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EDITORIAL   NOTE. 


The  last  volume  of  the  new  edition  of  the  Keferexce  Handbook  having  now  been  completed, 
it  becomes  a  pleasant  duty  to  acknowledge  my  indebtedness  to  those  who  have  been  associated  witli 
me  and  who  have  done  so  much  to  bring  this  great  undertaking  to  a  successful  conclusion.  The  num- 
ber and  nature  of  the  articles  contributed  by  each  of  them  may  be  learned  from  the  List  of  Aiithors 
and  their  Contributions,  which  is  published  at  the  end  of  the  present  volume.  This  list,  however, 
conveys  only  an  imperfect  idea  of  the  amount  of  time  and  labor  which  some  of  these  writers  have 
bestowed  upon  their  tasks.  Indeed,  only  those  who  have  themselves  done  work  of  equal  magnitude 
can  form  a  correct  estimate  of  the  credit  which  belongs  to  each  one  of  the  men  and  women  whose 
names  appear  in  this  list.  Whatever  usefulness  the  Handbook  possesses  as  a  whole  is  due  to  the 
intrinsic  value  of  its  component  parts.  If  a  large  proportion  of  these  articles  were  not  of  a  high 
order  of  merit  the  Handbook  as  a  whole  would  not  have  met  with  the  appreciative  reception  which 
has  been  accorded  to  it  by  the  medical  profession  of  the  United  States  and  Canada,  and  I  must  in  fair- 
ness state  that  a  great  deal  of  the  credit  for  the  organization  of  this  mass  of  useful  information 
belongs  to  my  associates ;  the  major  part  to  the  Department  Advisers,  a  list  of  whose  names  appears 
at  the  beginning  of  Vol.  I.  While  all  of  these  gentlemen  took,  in  the  beginning  of  the  enterprise, 
an  active  part  in  the  selection  of  topics  and  of  the  individuals  best  fitted  to  write  authoritatively  upon 
them,  a  few  of  their  number  have  continued  to  give  me  most  efficient  aid  throughout  the  entire 
progress  of  the  work.  I  refer  jjarticularly  to  Aldred  S.  Warthin,  of  Ann  Arbor,  Mich.,  Edward 
0.  Otis,  W.  T.  Councilman  and  Henry  K.  Stedman,  of  Boston,  Mass.,  John  Green,  of  St.  Louis, 
Mo.,  Col.  Charles  Smart,  U.  S.  Army,  and  Henry  H.  Eusby,  William  H.  Park,  George  T.  Jack- 
son, and  Robert  Lewis,  Jr.,  of  New  York.  I  am  also  under  obligation  to  many  of  the  contributors 
for  undertaking,  at  short  notice,  work  which  had  originally  been  assigned  to  other  writers,  who, 
owing  to  illness  or  for  other  reasons,  had  been  obliged  to  abandon  their  tasks.  I  should  be  glad  to 
mention  the  names  of  all  of  these  gentlemen  did  space  permit  me  to  do  so- 

The  elaborate  and  carefully  prepared  general  index  is  the  work  of  Dr.  E.  J.  E.  Scott,  of  this  city. 

A.  H.  B. 
New  York,  February  1st,  1904. 
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UMBELLIFER/E.— (TAe  Parsley  Fumihj.)  This  large 
family,  of  neaily  two  hundred  and  fifty  genera  and  at 
least  fifteen  hundred  species,  is  distinguished  for  its  aro- 
matic properties.  Elsewhere  in  this  work  we  have  dis- 
cussed the  drugs  ammoniac,  angelica,  anise,  asaftt'tida, 
caraway,  carrot,  couinm,  coriander,  fennel,  sumbid.  etc.. 
besides  certain  poisonous  species  in  a  .separate  article  on 
poisonous  lUants.  These  drugs  have  been  selcctcdfor 
individual  treatment,  not  because  they  arc  more  eflica- 
cious  than  many  others  in  the  family,  but  because  custom 
has  given  them  a  more  permanent  position  in  medicine 
and  commerce.  What  has  been  written  of  the  constit- 
uents and  properties  of  those  drugs  agrees,  in  general, 
with  the  facts  regarding  all  others  iu  the  family.  The 
so-called  constituents  are  volatile  oils,  oleoresins,  and 
gum-resins,  but  the  active  portions  are  iu  almost  every 
case  the  volatile  oils,  the  resins,  in  a  few  cases  only,  pos- 
sessing activity.  Their  properties  incline  more  toward 
antispasmodic  "and  carminative  than  toward  antiseptic  or 
e.vpectorant  elTects,  and  they  are  specially  valued  for 
their  pleasant  aromas  and  flavors. 

Of  Pnrdeji  (Apiuiii  Petroseiintim  L.)  both  the  root  and 
the  fruit  are  (juite  largely  employed.  The  former,  as  it 
occurs  dried,  in  commerce,  closely  resembles  a  carrot  in 
form  and  size,  except  that  it  is  usually  split  longitudi- 
nallv  into  quarters.  It  is  of  a  light  orange-yellow  color 
and  somewhat  annulate  externally,  and  pale-yellow  inter- 
nally, with  a  dark  zone  of  resin  tissue  near  the  centre.  It 
is  usually  rather  lough  and  elastic,  but  becomes  brittle 
when  very  dry.  It  Is  fragrant  and  of  a  pungent  and 
sweetish  "taste.  Besides  the  uses  named  above,  it  lias 
considerable  repute,  mostly  unprofessional,  as  a  genito- 
urinary stinuilant.  The  oil  of  this  fruit  contains  aju'ol 
(C.jHmC)  in  larger  quantity  than  does  that  from  other 
parts.  Pure  apiol  is  a  white  crystalline  body,  but  that 
usually  sold  is  in  the  form  of  a  yellowish-green  thick 
hquid!  Its  special  use  is  as  a  stimu"lating  eramenagogue, 
in  doses  of  0.2-0..")  gm.  (gr.  iij  -viij.).  Parsley  oil  is 
_given  in  doses  about  twice  as  large,  and  the  root  and 
fruit  in  doses  of  from  1  to  4  gm.  (gr.  xv.-lx.). 

Udery  fruit  {Aiiinm  f/zYrcfuZt'/is  L.)  is  closely  related  to 
parsley,  resembles  the  fruit  of  the  latter,  has  similar  prop- 
erties," though  less  active,  and  is  used  in  about  the  same 
doses.  Probably  its  chief  repute  depends  upon  the  very 
extensive  advertising  of  proprietary  preparations  bearing 
its  name,  but  not  of  its  nature. 

T/iapsifi,  or  Fulse  Turpeth  Root,  is  the  dried  root  of 
Thcqma  Garganicii  L.,  a  tall  perennial  of  the  .Mediterra- 
nean region.  Sometimes  the  entire  root  is  used,  some- 
times onlv  the  very  thick  tieshy  bark.  It  contains  a 
highly  irritant  yellow  oleoresiu  on  which  its  properties 
depend.  Its  use  has  been  revived  from  time  to  time  for 
its  counter-irritant  effects,  being  either  rubefacient  or 
vesicant,  according  to  the  method  of  application.  As  an 
emetic  poison  it  acts  very  much  like  nuistard,  though  it 
is  more  active,  and  iu  large  doses  it  is  a  violent  irritant 
cathartic.  As  a  rubefacient,  a  plaster  is  commonly  em- 
ployed containing  tive  per  cent,  of  its  resin,  condjined 
with  turpentine.  tSurgundy  pitch,  was,  etc. 
Vol.  VIII.— 1 


AVe  cannot  do  better  than  to  conclude  by  reprinting 
the  classitication  of  the  drugs  of  the  laiiuly  published  in 
the  preceding  edition  of  this  work. 

Firft  G?v.);yj.— Yielding  agreeable,  or  not  offensive,  oils 
from  their  fruits  (which  are  mostly  the  parts  used) :  stems 
and  roots  sometimes  eaten,  often  fragrant  and  slightly 
resinous;  generall}'.  European  s]ieeies  growing  in  open 
dry  places,  long  cultivated,  and  not  poisonous.  Tlie 
most  typical  examples  are  highest  on  the  list. 

iVrimc  OmstUucnts  Uiih  aiul  stcarnplenes). 

Anise Fluid  and  solid  nnetliol. 

Fennel  ....Hvdrn('rirln>ii  and  aneliml. 

Caniway Hvdrncai  boii  (carveiicl  and  carvol  (liquid). 

Ajuwan Hydroiailniii  and  ttiyiiml  (cryst.). 

Coriander Two  oils,  probably  hydrates  of  C'lottia. 

Cumin Two  oils,  "cyiuol  "  and  "  cuuiinol." 

1)111 Anethene  and  carvol. 

Parsnip ICssential  oil  and  niisoellaneous  substances. 

Celery Essential  oil  and  aplin  (an  inert  glucoside) . 

Parsley Oil  and  cryst.  stearoptene,  apiiu,  and  aplol. 

Iniperatoria Oils— peucedaniti. 

Carrot oil,  coloring  matler  (carotin). 

Angelica Oil,  angelic  add,  resin  (lias  colored  juice). 

LovaRe Oil.  resiu  (has  colored  juice). 

Etc.,  etc. 

Various  species  of  Eryugium  and  Saiiicula  have  similar 
properties  anil  uses. 

Seroiiil  Group.— Large  Persian  or  African  plants,  with 
milky  juice,  yielding  gum-resins  from  their  stems  and 
roots,  usually  offensive. 

ydiiie.  Cnnstilncntf. 

AsafaHida Resin,  gura,  sulpliureted  oil. 

('  ipopoimx Resin,  gum,  oil. 

Sunihul  Hesin,  bluish  oil. 

(ialhanuin Resin,  gum,  oil. 

Ammoniac Resin,  gum,  oil. 

Tliapsia  I  European) Irritating  resm  and  oil. 

Etc.    (See  Asaluetida.) 

Third  Group.— Plants  containing  poisonous,  bitter,  or 
nauseous  principles,  .sometimes  alkaloids  of  the  coniiue 
type,  not  usually  very  fragrant,  sometimes  Avithout  riYte. 

Conium  (hemlock) Alkaloids,  coniine,  conliydrine. 

ciriita         Ciculo.\;in,  neutral  (V)  poisonous. 

Hydrocotyle "  Vellarlu,"  qualities  indeflnite. 

Besides  these,  various  species  of  (Eimiithe,  Phellan- 
drium,  Sium,  and  others  have  more  or  less  ileleterious 
qualities.  Henry  U.  Pushy. 

UMBILICAL  CORD.— A  knowledge  of  the  develop- 
ment of  the  cord  is  prerequisite  for  understanding  its 
structure  at  birth.  Consequently  its  embryology  will  be 
described  first,  then  its  general  condition  at  term,  and 
finally  the  finer  structure'of  its  component  parts. 

E-m'sryology.— In  young  human  embryos  the  layer  of 
cells  which  later  forins  the  skin  does  not  encircle  the 
body.  After  covering  the  dorsal  and  lateral  body  walls 
this'layer  turns  upoultself,  and  over  the  back  of  the  em- 
bryo it  meets  and  joins  the  corresponding  layer  from  the 
op"posite  side,  thus  forming  a  closed  transparent  sac,  the 
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amniou  (Fig.  4827,  Am.).  Since  the  body  ■wall  is  thus 
lackini,^  on  the  ventral  side,  the  intestinal  tract  is  allowed 
to  protrude.  A  great  dilatation  of  the  primitive  intes- 
tine, the  3'olk  .sac,  projects  through  this  ventral  opening 


Am 


Fig.  4827.— Diagram  of  a  Human  Embryo  S.!."!  mm.  Long.  A  part  of 
the  entoderma!  tract  is  shown  bv  dotted  lines.  .4/«.,  Amnion; 
B.S;  body  stalls:  C/io.,  chorion ;  i'.S.,  yolk  sac.    (After  W.  His.) 

hounded  b_y  the  line  where  the  body  wall  is  reflected  to 
form  the  amnion.  The  yolk  sac  (Fig.  4827,  Y.S.)  is  sur- 
rounded by  an  extension  of  the  body  cavity  or  ca?loni. 
The  entire  embryo,  including  the  amnion,  lies  within  a 
hollow  sphere  of  tissue  lined  with  mesoderm  and  covered 
with  villous  ectoderm.  This  is  the  chorion,  a  small  frag- 
ment of  which  is  drawn  in  Fig.  4827  (C'/(0.).  As  made 
known  by  His,  the  human  embr}'0  is  never  free  from  the 
chorion,  "but  is  attached  to  it  by  a  posterior  continuation 
of  the  body,  named  the  body  stalk  (Fig.  4827,  B.S.).     If 

a  cross  section  of 
Fig.  4827  were 
made,  passing  be- 
tween the  letters 
C  of  C/io  and  B 
of  B.S. ,  the  body 
stalk  would  ap- 
pear as  in  Fig. 
4828.  On  its  dor- 
sal surface  is  the 
layer  of  ectoderm 
reflected  to  form 
the  amnion.  The 
ectoderm  has  a 
median  depression 
considered  by  His 
to  be  a  continua- 
tion of  the  medul- 
lary groove.  The 
bulk  of  the  body 
stalk  is  composed  of  mesoderm,  in  which  runs  a  tubular 
extension  of  the  intestinal  tract,  the  allantois.  This  is 
shown  in  lengthwise  view  by  dotted  lines  in  Fig.  4827. 
and  in  cross  section  in  Fig.  4828.  Tlie  inesoderm  of  the 
stalk  contains  at  this  stage  two  arteries  and  two  veins, 
known  as  the  allantoic  or  umbilical  vessels.  They  are 
constantly  arranged  as  in  Fig.  4829.  The  arteries  pass 
from  the  iliac  portion  of  the  aorta  along  the  body  stalk 
to  the  chorion,  into  the  villi  of  which  tliey  send  bninches. 
Tlie  veins  con  ve}'  the  chorionic  blood  back  to  the  embryo, 
passing  through  body  stalk  and  body  walls  to  the  liver. 
In  mammals  generally,  the  body  stalk  in  earliest  stages 
is  a  mass  of  mesoderm  covered  by  ectoderm  found  at  the 
posterior  end  of  the  embryo.  The  entodermal  prolon- 
gation then  extends  into  the  mesodermal  part,  and  the 
body  stalk  becomes  split  into  two  portions:  one  consist- 
ing of  ectoderm  and  mesoderm,  and  extending  between 
amnion  and  bodv  wall ;  the  other  consisting  of  mesoderm 
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Fig.  4828.— Dia^am  of  a  Cross  Section  of  the 
Body  Stalk  of  a  Human  Embryo,  md.  Med- 
ullary groove  ;  -4;;?,  amnion  :  T,  umbilical 
vein ;   .4.,  umbilical  artery  :    All,  allantois. 


and  entoderm,  and  now  lying  free  in  the  chorionic  cavitj'. 
The  latter  is  the  allantois.  It  acquii-es,  in  most  mam- 
mals, an  expanded  terminal  portion,  in  pigs,  for  exam- 
ple, becoming  a  vesicle  sovei'al  inches  long"  The  allan- 
tois may  then  become  adhei-ent  to  the  chorion,  .so  that 
the  allantoic  vessels  pass  over  into  the  chorionic  tissue. 
The  primates  and  Tarsius  differ  from  other  mammals  in 
that  the  allantois  is  never  separated  from  the  body  stalk ; 
its  cavity  remains  a  slender  tube,  called  the  (itldiildic 
duct. ;  and  its  connection  with  the  chorion  is  never  sev- 
ered. 

The  human  placenta  is  therefore  early  and  elaborately 
developed;  the  allantois  may  be  considered  rudimentary. 

A  later  stage  in  the  formation  of  the  cord  is  shown  "in 
Fig.  4829.  the  body  stalk,  instead  of  extending  back- 
ward, now  runs  almost  vertically.  The  yolk  saclias  be- 
come relatively  slender  toward  its  intestinal  attachment, 
the  narrow  portion  forming  the  yolk  stalk.  The  body 
walls  have  closed  in  around  tlie  yolk  stalk,  leaving  a  rela- 
tively smaller  ventral  opening.  The  ectoderm  over  the 
body  stalk  has  swung  forward  on  both  sides,  and  anteriorly 
to  tiie  yolk  stalk  the  folds  have  met  and  united.  The  re- 
sulting relations  are  seen  in  cross  section  in  Fig.  4830,  A, 
which  would  extend  from  X  to  X  in  Fig.  4820.  The  yolk 
stalk  now  lies  in  a  part  of  the  ca?lom  tiiiit  is  lined  with 
mesoderm,  and  is  covered  with  that  ectoderm  which 
passes  around  the  body  stalk.  The  single  umbilical  vein 
is  due  to  the  early  fusion  of  the  two  vessels  which  occurs 
just  outside  of  the  body.  It  takes  place  in  most  mam- 
mals, but  not  in  the  horse  (Bonnet).  In  man,  rarely  the 
two  veins  remain  apart.  The  umbilical  arteries  some- 
times fuse  as  reported  by  Hyrtl — a  very  uncommon  oc- 
currence. 

The  further  development  of  the  cord  is  chiefly  a  length- 
ening jirocess,  due  to  the  drawing  away  of  the  embryo 
from  the  line  of  reflection  of  the  body  wall  to  form  the 
amnion.  The  yolk  stalk  and  allantoi.s  are  stretched  out 
into  very  slender  tubes  (Fig.  4831).  The  yolk  sac  remains 
between  the  amnion  and  tlie  chorion.  A  cross  section  of  a 
later  stage  is  found  in  Fig.  4830,  B.  The  cadom  has  be- 
come quite  small.  It  contains,  at  F,  a  mass  of  meso- 
derin,  from  which  the  entodermal  yolk  stalk,  and  the 
blood-vessels  which  accompanied  it,  have  entirely  disap- 
peared. Bridges  of  mesoderm  form  mesenterj'-like  struc- 
tures across  the  ccelom,  and  finally  obliterate"  the  cavity. 
The  cord  then  shows  no  trace  of  the  yolk  stalk. 

The  CoitD  at  Birth.— At  birth  the  cord  is  a  smooth, 
glistening,  white  or  pearly,  apparently  twisted  rope  of 


Fig.  4S29.— Diagram  of  a  Human  Embryo,  2.B  mm.  Long.    Lettering 
as  in  Fig.  4827.     Iln  part  after  W.  His.) 

tissue  extending  from  foetus  to  chorion.  Its  length  is 
variable,  but  is  usual Ij'  about  5.5  cm. ;  the  extremes  are 
said  to  be  13  cm.  and  1G7  cm.,  respectively.  The  hu- 
man cord  is  relatively  much  longer  than  that  of  other 
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Vnibilical  ford. 
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auimals.  a  pt'culiarity  correlated  gratuitously  ■with  the 
great  distention  of  the  human  amniotic  cavit}'.  Its  diam- 
eter, also  viivial)le,  averages  13  mm.  The  "twisting'' 
of  the  cord,  wliich  begins  in  the  second  month,  is  gener- 
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Fig.  4SJU.— Sections  of  Umbilical  Cord.    .1,  Embryo  ot  21  mm. :  li.  fu'tiis  of  sixty-four  to  si.Kty-nine  days ; 
1',  l'».  yollv  stalls;  Coe^  coelom.    Otherwise  the  lettering  is  that  of  Fif^.  4s:^.     (Minol.) 


ally  due  to  the  spirally  arranged  vessels  ■svithin.  They 
may  be  seen  tlirough  the  semitransparent  substance 
which  forms  the  bulk  of  the  cord,  and  is  called  Whar- 
ton's jelly.  Local  thickenings  in  this  tissue  produce  the 
so-called  '"false  knots."  Other  irregularities,  purplish  in 
color,  are  due  to  intravascular  blood  clots.  Au  actual 
twisting  may  occur,  due  to  the  activity  of  the  fietus. 
Thus  the  cord  may  be  wound  three  times  arotuid  the 
neck  of  till'  child  witli  fatal  results,  or  around  the  litubs 
resulting  in  iutra-uterine  amputations.  Less  serious  en- 
tanglements are  frequent.  The  cord  may  be  tied  in  true 
knots,  which  rarely  if  ever  interfere  with  circulation, 
since  they  are  seldom  drawn  tight  until  birth. 

Attachments  of  the.  Cord. — Tlie  navel,  or  umbilicus,  is 
the  scar  wdnch  marks  tlie  place  of  separation  between  the 
persistent  and  caducous  portions  of  the  cord.  'I'lie 
persistent  part  is  lustreless  and  skin-covered,  differing 
from  the  rest  also  in  possessing  capillaries.  Its  length  in 
man  is  from  7  to  0  mm.  (KoUiker).  The  shorter  it  is, 
the  deeper  will  be  the  depression  at  the  navel,  which  is 
prodnced  by  its  contraction  (Virchow).  In  cattle  it 
measures  3  to  4  cm.,  and  a  protuberant  navel  persists  for 
some  time. 

At  the  distal  end  of  the  cord  the  umbilical  vessels 
branch  and  enter  the  chorionic  mesoderm.  The  outer 
covering  of  the  cord  is  continuous  Avith  the  amnion,  wldch 
spreads  out  over  these  vessels  and  is  in  contact  with  the 
chorion.  L'sually  the  cord  meets  the  chorion  at  right 
angles,  near  the  centre  of  its  placental  area.  Sometimes 
it  arrives  liy  a  more  acute  angle  at  the  placental  margin. 
Occasionally  the  vessels  reach  and  branch  in  the  uon- 
placental  chorion,  through  which  they  pass  to  the  pla- 
centa. This  is  the  velamentous  insertion.  Hyrtl  found 
eleven  velamentous,  nineteen  marginal,  fifty-four  e.xceu- 
tric,  and  si.xteen  central  insertions  in  one  hundred  pla- 
centas. The  velamentous  form  is  probably  due  to  the 
ovmn  becoming  implanted  with  its  body -stalk  turned 
away  from  the  deeidua  serotina  (Peters).  A  rare  forking 
of  tlie  cord  has  been  termed  the  insertio  furcata.  (For 
Schultze's  fold,  see  Yolk  Sne). 

Covering  nf  tlte  Cord. — The  epithelium  of  the  cord  has 
been  best  described  by  Minot  and  Bowen.  At  two 
months  the  ectoderm  is  a  single  layer  of  cells;  at  three 
months  (Fig.  4832)  it  is  two-layered,  the  outer  being  a  con- 
tinuation of  the  epitrichial  layer  of  the  skin  ;  at  five  and 
six  months  the  epitrichiuin  is  partly  cast  off.  and  the 
deeper  layer  lias  become  several  cells  thick,  with  its  outer 
part  eornified.  Thus  it  is  intermediate  between  the  many- 
layered  skin  and  the  single-layered  amnion.  There  are, 
moreover,  no  lines  of  demarcation  at  either  end  of  the 


cord.  The  similarity  between  amniotic  and  umbilical 
epithelia  is  shown  liy  the  "amniotic  villi"  which  occur 
on  both.  The  cord  of  the  cow  is  beset  with  these  ele- 
vations, which  in  flattened  form  are  found"  on  the  am- 
nion. They  ai-e  merely 
epithelial  prolifei'alions 
(Fig.  4833)  of  unknown 
significance.  The  cords  of 
domestic  animals  other 
t  han  r  ti  m  i  n  a  n  t  s  are 
smooth.  Sometimes  near 
tlic  placental  end  of  hu- 
man cords,  and  especially 
on  the  adjacent  amnion 
extending  from  Schultze's 
fold,  pinhead  elevations, 
or  larger,  flat,  white  areas 
may  be  found.  Figs.  4834 
and  483.5,  drawn  from 
secti(ms  of  the  amnion 
from  a  normal  afterbirth, 
indicate  that  these  struct- 
ures are  quite  like  skin. 
They  contain  a  dermis  of 
dense  connective  tissue, 
and  an  epidermis  of  ger- 
ininative,  granular,  corni- 
tied.  andcpitiichiiil  layers. 
The  covering  of  the  cord,  which  is  intermediate  in  its 
structure  between  skin  and  amnion,  is  called  skin  by 
Minot,  Foulis,  JIcMurrich,  and  others,  and  amnion  by 
Kiilliker,  Hertwig,  and  Kollmann. 

Wharton's  Jellt/. — The  tissue  of  the  cord,  except  near 
the  blood-ve.ssels,  is  of  a  unique  soit,  known  as  mucous 
connective  tissue,  or  Wharton's  jelly.  Under  the  epithe- 
lium, with  which  it  is  inseparably  connected,  it  may  be 
slightly  denser.  Between  the  three  blood-vessels  (Fig. 
4836),  the  tissue  is  loosest  and  forms  three  indistinct  col- 
umns, the  chord;e  funiculi.  Only  in  an  injected  alco- 
holic specimen  have  these  structures,  described  more  than 
one  hundred  and  twenty  years  ago,  apjieared  at  all  con- 


FlG.  4831.- 


-Diagram  of  a  Human  Embryo.  7  mm.  Long, 
as  in  Fig.  4839.    (In  part  after  W.  His.) 


Lettering 


spicuous.  In  the  meshes  of  the  tissue  is  a  gelatinous 
substance  containing  mucin ;  the  meshes  themselves  are 
of  white   fibrous  elements,  together  with  a  small  and 
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variable  amount  of  clastic  tissue.  The  latter  appears 
only  ill  late  stages.  In  a  young  pig  embryo  of  6  mm. , 
stained  by  ]MaUory"s  connective-tissue  method,  the  cord 
con.sists  of  a  loose  "network  of  anastomosing  cells  between 


Op 


^=^1 


Fig.  4832.— Epithelial  Covering  (Kp.)  of  the  Umbilical  Cord  of  an  Embryo 


of  Thi'ee  Mouths; 
(Minot.) 


rt,  its  epitrichial,  h.  its  inner  layer.     X  545  diameters. 


which  are  numerous  blue  fibi'ils  seeming  to  be  quite  in- 
dependent of  the  cells  (compare  Fig.  48-67).  Kickhefel, 
from  a  study  of  mucous  tissues,  and  others  from  general 
investigations,  consider  these  fibres  as  transformations  of 
cell  protoplasm.  jVIerkel  and  others  believe  them  inter- 
cellular in  origin.  Be  this  as  it  maj-,  the  fibrils  are  abun- 
dant in  the  cord  when  the  sulicutaneous  tissue  shows 
scarcely  a  trace  of  them.     In  18  mm.  pigs  the  subcuta- 


FiG.  4833.— Amniotic  Villus,  from  the  Umbilical  Cord  of  a  Foetal  Cow, 
20  cm.  Long.    X  55  diameters. 

neous  tissue  has  many  fibrils,  but  the  cells  are  closer  to- 
gether, and  their  pi'otoplasmic  processes  tiiore  slender 
and  shorter  than  those  in  the  cortl  of  the  same  embryo. 
In  40  mm.  pigs  the  contrast  between  the  o'dematous- 
looking  cord  and  the  relatively  compact  subcutaneous 
tissue  is  even  greater.  Free  anastomosis  of  the  proto- 
plasmic   processes    eliaracterizes    the    umbilical    tissue 

throughout  its  develop- 
ment. Virchow  consid- 
ered that  mucous  con- 
nective tissue,  embryonic 
subcutaneous  tissue,  and 


considered  as  a  "phase"  in  connective-tissue  diffeienti- 
ation,  an  idea  inconsistent  with  its  distinct  appeaiance 
in  emlH-yos  of  various  ages,  and  witli  the  fact  that  it 
alone  develops  without  any  capillary  circulation. 

Bli'oil-  Vessels. — The  cord  contains  usually  two 
parallel    arteries  and  one  vein,  all  pursuing  a 

(spiral  course,  with  the  arteries  winding  around 
^P-  the  vein  and  making,   in  extreme   cases,   forty 
revolutions.     Tiiese  may  be  either  from  left  t"o 
right  or  vice  versa  ;  sometimes  they  are  absent, 
1  the  vein  is  on 

tiie    outside,    or 

the  arteries  cross 

one  another. 

Except  for  a 

quite      constant 

mastomosis   be- 

t  w  c  e  n  the  ar- 
teries just  be- 
fore    reaching 

the  chorion, 

these  vessels  are 

w  i  t  h  o  u  t   cou- 

nectious    or 

branches. 
Henueberg  de- 
scribes the  histol- 
ogy of  the  arteries 
as  follows;  Each 
artery  possesses  an 
endothelium,  an  in- 
ner longitudinal 
m  «  s  c  1  e  lawyer  in 
which  elastic  tissue 
is  abundant,  b  u  t 
does  not  form  a 
single  internal  elas- 
tic membrane,  and 
some   longitudinal 


Fio.  4835.— Human   Amniotic   Villus.    Ep, 

epitrichium ;  S.C,  stratum  comeum; 
.s'-!/.  yiratiiiii  granulosum  ;  S,(?.,  stratum 
^rHnninaiivLiiii;  M.B.^  basement  mem- 
brane uf  very  dense  fibrous  tissue:  F.T., 
Dbrous  tissue ;  A.T.,  areolar  tissue.  X 
380  diameters. 


an   outer  circular  layer  containing 
fibres  and  delicate  elastic  elements. 
The  muscle  cells  arc  separated  by  an  unusual  amount  of 

coimective  tissue, 
simulating  p  ro  to- 
pi a  s  m  i  c  bridges. 
There  is  no  adven- 
titia.  The  vein  has 
an  endothelium  and 
a  muscle  lay  e  r  , 
chiefly  of  circidar 
fibres,  but  longitudi- 
nal biindles  appear 
inegularlj"  in  this 
layer  or  on  either 
side  of  it.  Elastic 
plates  are  more  high- 
ly developed  than  in 
tiie  arteries.  No  vasa 
vasoi'um  or  valves 
e.xist  in  the  umbilical 
vessels.  Hemorrhage 
when  the  cord  is  .severed  is  prevented  by  the  contrac- 
tion of  the  arteries,  rendered  possible  by  their  lack  of 
elastic  tissue  and  abun- 
dance of  muscle.  The 
vein  remains  open,  but 
the  lumen  of  the  artery 
is  ncai-ly  or  quite  oblit-  <^^?tX^!~- 


Fig.  4836.— Cross  Section  of  an  fmbilical 
Cord  at  Term.  1',  Remnant  of  the  al- 
lantois ;  V,  umbilical  vein ;  A,  A,  um- 
bilical arteries.    X  about  13  diameters. 


Fig.  4834.—"  Amniotic  Villus,"  from  a  Normal  Human  Amnion  at  Term.     X  55  diameters. 


the  vitreous  humor  were  quite  similar,  and  the  statement 
has  been  repeatedly  copied.  Since  the  vitreous  humor 
has  been  found  to  be  of  ectodermal  origin,  it  has  recently 
been  removed  from  this  group.     Wharton's  jelly  is  still 


crated  (Fig,  4836).  The  stimulus  causing  the  contrac- 
tion is  the  tearing,  of  the  cord,  which  in  cows  accom- 
panies the  expulsion  of  the.  fa'tus,  in  carnivora  is  ac- 
complished by  biting  and  in  swine  partly  by  trampling. 
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Henneberg's  experiments  eliminated  f)tlier  hypothetical 
factors,  such  as  the  clotting  of  the  blood  and  the  effect  of 
the  increased  pulmonary  circidation.  Lochmann  has  re- 
cently produced  general  contraction  of  the  vessels,  espe- 


4836.  F).  It  may  retain  its  lumen  until  birth,  when  if 
the  intra-abdominal  portion  is  also  pervious,  a  urinary 
fistula  at  the  umbilicus  is  produced.  For  intestinal  um- 
bilical fistula,  see  YrAk  Sac.  Frederic  T.  Letcis. 
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Fig.  4837.— Connective  Tissue  of  tlie  Umbilical  Cord  of  a  Human   Embryo  of  about  Three 
Months.     X  511  diameters.    Stained  with  alum  cochineal  and  eosiu.     (Minot.) 


BlBl.lO(iR.\PHY. 

Ahlfeld,  F. :  Die  Allantois  des  Menschen 
und  ihr  Verhaltnlss  zur  Nabelschnur. 
.4rch.  f.  Gynak..  ISTfi,  vol.  .x.,  p.  81. 

Bowen,  J.  T. :  The  Epitrichial  Layer  of  the 
Human  Epidermis.  .\nat.  Anz.,  1889, 
vol.  iv.,  p.  412. 

Foiilis,  J. :  The  Origin  and  Development  of 
the  Umbilical  Cord  and  its  Relation  to  the 
.\mnion.  Trans.  Med.  Chir.  Soc,  Edin- 
burgh, 1900,    vol.  xi.x.,  p.  11)4. 

Henneberg,  B. :  Beitriige  zur  feineren 
Struktur.  Entwickcltingsgcschichte  und 
Phvsiologie  der  t'TiihllicalL'efasse.  Anat. 
Hefte,  1902,  vol.  xix..  p.  .Vii. 

His.  W. :  Anatomic  nienschlicher  Embry- 
onen.  iii..  Leipzig.  lS8o. 

H('>rder.  L. :  Eiiiige  Fiille  von  Umschlingun- 
gen  der  Nabelschnur  seltener  Art.  Arch. 
1.  Gyniik.,  1877,  vol.  .\i.,  p.  364. 

Hyrti,  J. :  Die  Blutgefjisse  der  menschlichen 
Nachgeburt  in  nonnalen  und  abnormalen 
Verhiiltnissen,  Wien.  1870. 

Kickhefel,  G. :  Zur  Histologie  und  zur  syste- 
matischen  Stellung  der  schleimigen  Oder 
gallertigeu  Gewebe  dl■■^  Menschen.  Arch, 
f.  path.  Anat.,  181K,  v.il.  cx.xix..  p.  430. 

Kiilliker,  .\. :  Enlwickelungsgeschlcbte  des 
Menschen  und  der  hoheren  Thiere,  Leip- 
zig, 187SI. 

Lochmann.  T. :  Ziu"  Anatomie  und  Physi- 
ologie  der  Umbilikalgefiisse,  Heidelberg, 
1900. 

Merkel,  F. :  Zur  Hisfogenese  des  Binds- 
gewebes.  Verb.  d.  .\nat.  (icsel.,  l.'>95.  p.  41. 

Minot,  C.  S. :  Uterus  and  Embryo.  Journ. 
of  Morph..  1889,  vol.  ii.,  p.  341. 

Peters,  H. :  Beitriifie  zur  Kasuistik  der  vasa 
praevia  und  Gedankenzur  Theorieder  In- 
sertio  velamentosa.  Monatssch.  Geb- 
urtsh.  u.  Gyuilk..  1901,  vol.  xiii.,  p.  i. 

Sabine,  G.  H. ;  Notiz  iiber  den  Ban  der 
menschlichen  Nabelschnur.  Arch.  f.  Gy- 
nak., 187.5,  vol.  ix.,  p.  311. 

Tail,  L. :  Preliminary  Note  on  the  Anatomy 
of  the  Umbilical  Oord.  Proc.  Roy.  Soc. 
London,  187li,  p.  417. 

Virchow,  E. :  Die  Cellularpathologie,  fourth 
edition,  Berlin.  1871. 


cially  of  the  arteries,  by  electric  stimulation  of  the  living 
cord.  This  is  of  special  interest  since  the  many  attempts 
to  demonstrate  nerves  in  the  cord  have  failed.  Valentin 
is  said  to  have  traced  nerve  fibres  from  8  to  11  cm.  from 
the  navel;  other  investigators  have  been  less  successful. 
Lymp/iiitic!<. — Various  lymphatic  canals,  witli  stomata, 
have  been  reported  (Tail),  but  these  probably  are  merely 
intercellular  spaces.  Wandering  cells  are  ustially  scat- 
tered about  in  Wharton's  jelly.  In  a  rare  pathological 
specinien  of  the  human  cord,  which  is  dotted  with  small 
white  lesions  resembling  amniotic  villi,  polymorpho- 
nuclear leucocytes 
are  abundant.  "The 
acute  inflammatorj' 
process  has  not 
made  evident  any 
lymphatic  vessels. 

Allantois.  — The 
allantois,  as  discov- 
ered by  Sabine  and 
contlrmed  by  Ahl- 
feld. is  gcnei-ally  to 
be  found  as  an  oblit- 
erated canal  extend- 
ing throughout  the 
entire  cord  at  birth. 
In  earlier  stages  it 
has  a  lumen  bound- 
ed bycuboidal  cells 
(Fig.  4838.  en).). 
Later  it  is  merely  a 
strand  of  such  cells, 
sometimes  interrupted,  but  generally  to  be  found  be- 
tween or  equidistant  from  the  two  arteries.  In  the  distal 
part  of  the  cord  its  po.sition  is  more  variable  (see  Fig. 


-Cross  Section  of  the  Allantoic 
X  340  diameters.    (Minot.) 


UMBILICUS,  SURGICAL  AFFECTIONS  OF   THE.— 

Midformatiunf:. — Surgical  interest  in  the  umbilicus  begins 
at  birth,  since  there  may  be  important  congenital  malfor- 
mations of  this  part  of  the  body.  In  fretal  life  the 
vitello-intestinal  duct  passes  through  the  umbilicus  and 
connects  the  yolk  sac.  which  is  outside  the  abdomen  of 
the  fffitus,  with  the  intestine,  which  is  within  it.  Nor- 
mally this  duct  disappears  with  the  yolk  sac  at  about  the 
eighth  week  of  foetal  life,  but  it  may  pei-sist  and  give 
rise  to  a  cyst  at  the  umbilicus  or  a  fistula  lined  with 
mucous  membrane;  or,  if  the  calibre  of  the  duct  is 
greater,  the  intestine  itself  may  be  prolapsed  through  it, 
and  be  injured  when  the  umbilical  cord  is  tied  at  birth. 
Such  persistence  of  fwtal  structures  will  be  noticed  as  an 
umbilical  hernia  of  the  cord  at  birth;  or,  if  the  abnormal 
condition  is  less  marked,  a  iistula  will  be  seen  when  the 
cord  drops  off  a  few  days  later.  Such  a  fistuhi  may  or 
may  not  communicate  with  the  lumen  of  the  intestine. 
If  the  discharge  which  comes  from  tlie  fistula  is  purely 
mucous  in  character,  attempts  should  be  made  to  close  the 
opening  by  caustics  and  strapping  with  adhesive  plaster, 
in  order  toprevent  further  prolapse.  This  treatment  may 
succeed  in  curing  the  patient  even  if  the  discharge  con- 
tains a  little  faecal  matter.  If  the  faulty  closure  at  the 
umbilicus  is  more  marked,  an  operation  may  be  necessary 
to  cure  the  patient,  which  ojieration  in  its  essential  details 
is  the  same  as  that  performed  for  the  purpose;  of  closing  an 
artificial  anus— namelv.  opening  of  the  peritoiu-al  cavity, 
removal  of  the  fistula",  suture  of  the  intestine,  suture  of 
the  abdominal  wall.  This  is,  of  course,  a  serious  opera- 
tion for  a  3'oung  infant. 

The  edges  of  the  duct  may  be  everted,  in  which  case 
thei-e  wiirbe  presented  a  red"  pedunculated  tumor  which 
tends  to  project  more  and  more  from  the  umbilicus.  It 
is  covered  with  mucous  membrane  which  joins  the  sur- 


Iinaka  Sprlugs. 
Uripiiiia. 
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rouiiiling  skin,  there  beiug  uo  tistula.  Such  a  conditiou 
is  easily  iiiistalien  for  a  gruuuloiiia ;  but  if  it  is  excised 
tlie  penldiieal  cavil}-  will  probably  be  opened.  The  con- 
ditiou should  be  treated  by  removal  of  theiuucous  mem- 
brane from  the  mass  and  ligation  of  its  pedicle. 

In  f(etal  life  the  urinary  bladder  within  tlie  abdomen 
of  the  fii'tus  couimuuicates  with  the  allantois  outside  of 
the  fietus  by  a  duet  which  passes  through  the  umbilicus 
and  is  called  the  uraehus.  If  this  duct  persists  it  will  b(> 
opened  by  the  falling  away  of  the  cord  and  a  fistula  will 
be  exposed  which  discharges  mucus,  in  ease  only  a  por- 
tion of  the  duct  is  patent,  and  urine  if  the  whole  duct  is 
open  as  far  as  the  bladder.  Cauterization  and  pressure 
will  almost  invariably  elfect  a  cure  in  these  cases,  pro- 
vided the  urine  flows  freely  through  the  natural  chan- 
nels. This  condition  may  be  acquired  in  infants  or  chil- 
dren through  the  existence  of  au  obstruction  in  the 
urethra,  complicated  by  cystitis,  and  afterward  by  the  de- 
velopment of  inflammation  in  the  remains  of  the  uraehus. 
The  treatment  in  such  cases  is  first  to  establish  a  free  pas- 
sage for  tlu^  urine  through  the  urethra;  second,  to  cure 
the  cystitis;  and,  third,  to  dissect  up  the  urinarj'  fistula, 
suture  the  wound  in  the  bladder,  and  close  the  abdominal 
wound. 

Inflammation. — In  stout  peojile  the  luubilical  hollow- 
is  deep.  If  dust  and  secretions  of  the  skin  are  allowed 
to  collect  in  it,  a  ball  of  material  is  formed  which  may 
chafe  the  skin  and  set  up  ulceration  or  lead  to  the  forma- 
tion of  au  abscess.  Treatment  for  such  conditions  con- 
sists in  incision  aud  drainage. 

The  umbilicus  may  become  the  seat  of  a  purulent,  or 
biliarj',  or  urinary,  or  fa'cal  fistula,  as  it  is  the  thinnest 
portion  of  the  abdominal  wall.  The  origin  of  the  trouble 
may  be  shown  by  the  character  of  tlie  discharge ;  but  if 
this  is  simjil)-  mucous,  it  may  be  impossible  to  state 
from  what  organ  it  comes.  Diagnosis  may  be  assisted 
by  ingestion  of  food  containing  small  solid  particles — 
for  example,  huckleberries,— In-  irrigation  of  the  bladder 
with  colored  fluids,  etc.  Treatment  should,  of  course, 
be  directed  to  the  seat  of  the  trouble. 

Tnmiiis. — The  tumors  which  are  found  at  the  umbili- 
cus with  sulflcient  frequency  to  give  practical  impor- 
tance to  their  consideration  are:  granuloma  or  fibroma, 
sarcoma,  sebaceous  and  dermoid  cysts,  and  carcinoma. 

A  granuloma  may  develop  ii!  the  wound  caused  b}'  the 
dropping  olf  of  the  lunbilical  cord.  The  treatment  con- 
sists in  keeiiing  the  parts  clean,  in  app!3'iug  to  the  pedun- 
culated mass  hydrogen  peroxide,  carbolic  acid,  or  some 
other  caustic,  and  in  carefully  adjusting  a  gauze  pad 
which  is  to  be  held  in  po.sitiou  by  adhesive  plaster.  The 
object  of  these  last  measures  is  to  prevent  the  develop- 
ment of  umbilical  hernia.  A  sinnlar  tumor  may  form  in 
later  life  as  a  result  of  long-standing  ulceration  due  to 
imcleanliness.  Such  a  fibroma  should  be  removed  and 
the  wound  treated  as  above. 

Sarcoma  or  fibro-sarcoma  of  the  umbilicus  is  a  firm 
tumor  covered  with  normal  skin  and  possessing  no 
pedicle.  It  should  be  radically  excised,  and,  unless  the 
tumor  is  very  small,  it  is  better  to  open  the  peritoneal 
cavity  in  so  doing,  since  the  surgeon  can  then  be  more 
sure  of  cutting  away  all  the  growth. 

Sebaceous  cysts  and  dermoid  cysts  of  the  umbilicus 
may  reach  a  considerable  size.  The  proper  treatment  is 
the  removal,  not  only  of  the  contents,  but  of  the  cyst 
wall.     This  operation  may  open  the  peritoneal  cavit}'. 

Carcinoma,  usually  of  the  type  of  epithelioma,  forms 
a  shallow  ulcer,  with  a  firm  base  and  characteristic  foul- 
smelling  secretion;  or  it  may  grow  upward  in  a  cauli- 
flower-like mass  which  does  not  ulcerate  until  a  later 
stage.  The  prognosis  depends  upon  the  stage  at  which 
the  tumor  is  removed.  It  is  rather  better  in  sarcoma 
than  it  is  in  carcinoma. 

Secondary  carcinoma  of  the  umbilicus  occurs  in  some 
cases  of  cancer  <if  the  alimentary  tract  and  female  genital 
organs.  The  disease  extends  to  the  umbilicus  in  most 
cases  by  direct  continuity.  No  radical  treatment  is 
possible. 

Hernia. — Umbilical  hernia  existing  at  birth  or  devel- 


oping in  infancy  will  rarely  require  operation.  Such  a 
hernia  is  usually  small,  perfectly  reducible,  aud  easily 
controlled  by  a  small  ]iad  held  in  place  by  adhesive  plas- 
ter. A  curved  wooden  button  mould  covered  with  gauze 
makes  an  excellent  pad  for  this  purpose.  To  avoid  irri- 
tating the  skin  of  the  abdomen  the  plaster  straps  should 
be  left  in  place  several  days,  aud  each  time  they  are 
changed  they  should  be  placed  in  a  different  direction, 
for  example,  first  vertical,  then  horizontal,  then  oblique, 
etc.  The  new  pad  and  strapping  should  be  at  hand  be- 
fore the  old  one  is  removed,  and  the  finger  of  the  mu'se 
should  control  the  hernia  during  the  change  of  dressing. 
If  this  treatment  is  conscientiously  followed,  most  of 
these  hernia'  will  be  completely  cured  in  a  few  months. 
In  older  children  operation  is  required. 

Umbilical  hernia  in  adults  is  a  much  more  serious  con- 
dition. It  is  usually  complicated  with  adhesions,  so  that 
the  hernial  contents  are  only  partlj'  reducible.  On  this 
account  the  wearing  of  a  truss  is  unsatisfactory  and  pos- 
sibly dangerous.  (For  the  operative  treatment  of  umbili- 
cal hernia  see  article  on  Hernia.) 

Edward  Milton  Foote. 

UNAKA  SPRINGS.— Unicoi  County.  Tennessee. 

Post-Office. — Unaka  Springs  Hotel. 

Access. — Via  Southern  Railroad  to  Johnson  City, 
thence  via  Ohio  River  and  Charleston  railroad  (Tennessee 
division),  twenty-three  miles  to  Unaka  Springs. 

The  location  is  seventeen  miles  from  Jonesboro.  This 
resort  is  pleasantly  located  in  a  small  cove,  containing 
eight  or  ten  acres,  at  the  foot  of  the  Unaka  Mountains. 
The  location  is  about  2,000  feet  above  the  sea  level,  and 
is  entirely  surrounded  by  higher  elevations.  The  springs 
are  four  in  number  and  flow  about  9,(100  gallons  per 
hour.  No  analysis  has  been  made.  The  waters  are  said 
to  contain  iron  and  sulphate  of  magnesia.  They  are  rec- 
ommended for  indigestion,  chronic  dysentery,  and  other 
diseases. 

James  K.  Crook. 

UNDERWOOD  SPRING.— Cumberland  County,  Maine. 

PosT-tlKKRE. — Falmouth  Foreside. 

This  spring  is  located  on  the  shores  of  Casco  Bay.  It 
yields  about  200,000  gallons  of  water  per  day,  and  is 
said  to  have  been  used  by  white  men  since  the  daysof 
We_vmouth,  the  English  explorer.  The  following  recent 
analysis  w-as  made  l)_v  a  chemist  whose  name  we  have 
been  unable  to  secure:  One  United  States  gallon  con- 
tains (solids):  Sodium  chloride,  gr.  0.86;  silica,  gr.  0.50; 
calcium  carbonate,  gr.  0.48;  magnesium  carbonate,  gr. 
0.14;  potassium  sulphate,  gr.  0.12;  organic  matter,  none. 
Total,  2.10  grains. 

The  water  is  used  commercially.  Being  lightly  miner- 
alized and  entirely  free  from  organic  matter,  it  is  well 
adapted  for  table  use.  It  is  al.so  said  to  be  useful  in  con- 
ditions due  to  the  uric-acid  diathesis,  gall-stones,  urinary 
irritation,  gout,  rheumatism,  and  dyspepsia. 

James  K.  Crook. 

UNICORN   ROOT.     See  Ahtris. 

UPPER    RED  BOILING  SPRINGS.*— Macon  County, 

Tennessee. 

Pcisr-OFFICK. — Red  Boiling  Springs.     Hotel. 

Access. — Via  Nashville  and  Chattanooga  Railroad  to 
Carthage;  thence  tw-enty-five  miles  by  stage  lo  springs. 
Or  via  Louisville  and  Nashville  Railroad  to  Gallatin, 
thence  forty-five  miles  by  stage.  Or  vi;"i  Middle  and 
East  Tennessee  Central  Railroad  to  Hartsville;  thence 
twenty-eight  miles  by  stage. 

This  I'esort  was  formerly  known  as  Whitley  Springs, 
and  for  many  years  its  waters  have  had  a  wide  reputation 
in  this  section.  They  are  located  on  the  highhual  rim  in 
the  eastern  part  of  ^tacon  County,  a  region  well  known 
for  its  fine  climate  and  beautiful  scenery.  The  Red 
Spring  throw-s  up  a  large  amount  of  gas,  which  gives  it 

*No  connection  witu  Eed  BoilinK  Springs  (Vol.  VI.,  p.  862). 


6 


REFERENCE   HANDBOOK   OF  THE   MEDICxVL  SCIENCES. 


I'naka  Spriugs, 
Ura?iiiia. 


the  appearance  of  boiliug.  It  deposits  a  brilliant  red 
sediment,  which  covers  the  sides  and  bottom  of  its  basin 
and  imparts  a  reddish  tinge  to  the  water.  The  Black 
Spring  also  possesses  this  peculiar  boiling  characteristic. 
The  IJed  Spring  was  anal.yzed  by  Messrs.  J.  M.  Safford 
and  J.  C.  VVbartou  in  1893,  with  the  following  results: 
One  United  States  gallon  contains  (solids) :  Calcium  sul- 
phate, gr.  31. Ki:  calcium  carbonate,  gr.  7.03;  magnesium 
carbonate,  gr.  .5.75;  sodium  chloride,  gr.  43.87;  potassium 
chloride,  gr.  0.44;  aluminum  sulphate,  gr.  0.1.5;  iron  car- 
bonate, gr.  0.10;  silica,  gr.  0.47;  organic  matter  and  loss, 
gr.  2.4a."  Total,  91.39  grains.  Gases:  Snlphureted  hy- 
drogen and  carbonic  acid,  9.95  cubic  iuclies.  The  waters 
of  the  Red  Springare  highly  recommended  in  renal  and 
bladder  affections,  especially  those  arising  from  the  uric 
acid  or  litluemic  tendency.  They  are  believed  to  possess 
a  powerful  solvent  action  on  renal  calculi  and  gravel. 
These  waters  are  also  said  to  be  of  great  value  in  cases 
ot  chronic  uterine  iullammations,  lencorrhoea,  etc.  The 
Black  Spring  water  has  an  excellent  reputation  in  the 
treatment  of  rheumatism.  The  waters  of  both  springs 
possess  tonic  and  appetizing  qualities.  A  comfortable 
hotel,  with  modern  conveniences  and  abundant  bathing 
facilities,  was  built  in  1890.  There  are  also  a  uiuiiber  of 
private  boarding-houses  in  the  vicinity. 

James  K.  Cfook\ 

UPPER  SODA  SPRINGS.— Liskyou  County,  Califor- 
nia.     Hotel. 

These  excellent  springs  are  situated  on  the  line  of  the 
Shasta  scenic  route  of  the  Southern  Pacific  Railroad,  at 
an  elevation  of  2,363  feet  above  the  sea-level.  The  loca- 
tion is  in  Sacramento  Canyon,  and  is  picturesquely  sur- 
rounded by  immense  forests  of  pine,  fir,  spruce,  cedar, 
etc.  At  tiie  springs  is  a  quiet,  spacious,  old-fashioned 
hotel  with  wide  verandas  and  an  air  of  solid,  homelike 
comfort.  The  waters  are  of  the  alkaline-carbonated  class 
and  are  very  palatable  and  wholesome.  They  contain 
chlorides  of  sodium  and  potassium,  carbonates  and  bicar- 
bonales  of  sodium,  magnesium,  potassium,  iron,  calcium, 
sulphates  of  sodium  and  magnesium,  and  a  large  quantity 
of  free  carbonic-acid  gas.  The  water  is  aperient,  diu- 
retic, tonic,  and  antacid.  It  is  highly  recommended  in 
the  treatment  of  the  uric-acid  diathesis,  gravel,  and  cal- 
culi, and  irritative  states  of  bladder  and  kidne.ys.  The 
water  is  also  of  value  in  acid  dyspepsia  and  tlatulence. 

James  K.  Crook. 

UR/EMIA.  See  Auto-Inioxicatwns,  and  Kidneys,  Dis- 
eases of. 

UR/tMIA,  TREATMENT  OF.— Regarded  from  the 
standpiiint  of  treatnieni,  the  term  "  unvmia "  should 
cover  all  derangements  due  jirimarily  to  blood  poisoning 
on  accoiuit  of  deficient  elimination  by  the  kidneys.  The 
term  then  would  include  a  number  ot  functional  disorders 
causing  more  or  less  prolonged  invalidism,  as  well  as  the 
more  serious  conditions  to  which  it  is  commonly  applied. 
To  limit  the  term  to  a  more  delinite  series  of  changes  or 
symjitoms  is  not  practicable,  because  of  the  great  variet}' 
and  diverse  nature  of  the  poisons  operative  in  dilTerent 
cases.  How  entirely  dis.similar  such  poisons  may  be  is 
illustrated  by  the  fact  that  the  symptoms  which  follow 
upon  acute  obstructive  suppres.sion  of  the  urine  are  very 
different  from  those  which  occur  in  ordinary  ura-mia. 
Death  follows  in  such  patients  with  scarcely  one  of  the 
clinical  features  of  the  latterstate.  In  a  case  of  the  kind 
which  I  saw  in  consultation,  the  patient  had  his  left  kid- 
ney destroyed  by  a  calculus  becoming  imjiacted  in  its 
ureter  thirteen  years  before.  At  the  time  of  my  visit  he 
had  not  (lassed  any  urine  whatever  for  eight  days;  a  con- 
dition of  affairs  which  warranted  tlic  belief  that  a  cal- 
culus had  become  similarly  impacted  in  his  right  ureter. 
I  stated  that  if  not  relieved  by  operation  he  would  die,  as 
similar  cases  do,  without  any  symptoms  of  ordinary 
ura'mia;  and  so  he  did,  as  the  operation  was  refused. 
He  retained  liis  consciousness  up  to  the  end.  and  did  not 
experience  convulsions,  coma,  dyspnoea,  vomiting,  or  in- 


testinal symptoms,  and  there  were  no  evidences  of  pul- 
monary congestion  or  of  oedema  in  any  part  of  the  bodj-. 
His  death  was  apparently  due  to  asthenia  pure  and 
simple. 

A  careful  study  of  the  great  variety  of  symiitoms  of 
ura'mia  itself  in  different  patients  suggests  the  inference 
that  there  must  be  a  corresponding  variety  of  distinct 
poisons  present  in  them,  some  of  which  it  may  be  pos- 
sible to  recognize  by  their  own  special  properties,  in  the 
same  manner  as  we  would  recognize  an)'  of  our  drug 
poisons  by  their  special  properties.  'We  might  expect 
this  to  be  .so  a  priori,  because  modern  chemistry  has  dem- 
onstrated that  different  poisons  may  arise  in  the  decom- 
position of  even  the  same  tissues :  and  that  the  poisons  of 
uraemia  originate  in  the  disintegration  of  the  tissues  of 
the  bod)-,  scarcely  admits  of  a  doubt.  Thus,  two  distinct 
poisons  have  been  isolated  from  nervous  tissue,  viz., 
cholin  and  neurin,  and  their  presence  has  been  detected 
iu  the  cerebrospinal  fluid  drawn  off  during  life  in  pa- 
tients with  some  foi'in  of  disease  of  the  nervous  system 
of  a  degenerative  nature.  Of  these  two  poisons,  neurin 
is  much  the  more  virulent,  and  it  presents  properties 
quite  dilTerent  from  those  of  cholin. 

So  in  untmia  I  believe  that  we  have  among  others  one 
special  poison — viz.,  urea — which  is  commonly  present 
and  which  has  an  important  bearing  upon  the  course  of 
renal  diseases.  The  presence  of  this  poison  can  be  dis- 
tinguished by  its  own  specific  effects,  and,  what  is  more 
for  our  present  purpose,  it  can  be  combated  by  appro- 
priate treatment. 

In  all  cases  of  acute  nephritis,  from  the  onset  of  the 
first  symptoms,  a  remarkable  change  occurs  in  all  the 
arteries  of  the  body,  for  they  shrink  in  size,  and  the 
pulse  accordingly  rises  in  tension.  The  most  striking 
fact  about  this  change  is  its  subsequent  persistence,  for 
it  continues  as  long  as  the  nejihritis  continues,  and 
should  that  become  chronic  the  high  tension  becomes 
likewise  established  for  months  or  years.  This  has  led 
many  erroneously  to  attrilniti;  the  high-tensiou  pulse  of 
chronic  renal  disease  to  endarteritis,  supposedly  caused  by 
the  poisoned  blood  circulating  in  the  vessels.  But  while 
it  is  tr\ic  that  changes  in  the  coats  of  the  blood-vessels, 
especially  when  they  proceed  to  the  extent  of  obliterating 
the  lumen  of  the  arterioles,  will  mechanically  cause  high- 
tensiou  pulse,  yet  this  latter  symptom  appears  long  before 
such  changes  occur,  and,  as  we  will  show,  it  is  the  strain 
of  high  tension,  rather  than  the  toxic  condition  of  the 
blood,  which  causes  the  endarteritis. 

That  the  high  tension  is  due,  not  to  kidney  disease  as 
such,  but  to  the  presence  in  the  blood  of  some  special 
poison,  is  rendered  probable  by  the  opposite  condition 
iif  low-tension  pulse  in  some  patients  with  marked  iic- 
companiments  of  renal  derangement,  such  as  albumi- 
nuria and  ledema.  In  these,  however,  cardiovascular 
changes  are  siguiticantly  ab.sent,  the  arteries  being  every- 
where soft  and  permeable  and  the  heart  unaffected. 

In  the  other  class,  on  the  contrary,  the  pulse  is  hard 
and  wiry  and  the  artery,  though  smaller  than  natural,  is 
yet  easily  palpable  to  the  touch  from  being  overfull, 
while  in"  the  early  stages,  before  changes  have  taken 
place  in  its  coats!  it  may  feel  (or  be)  quite  smooth. 
Ere  long  the  heart  gives  signs  of  overwork,  from  the 
ischiemia  caused  by  the  universal  contraction  of  the  arte- 
ries, and  it  becomes  hypertrophied.  Acute  dilatation 
of  the  heart,  however,  may  occur  at  this  stage  and  be 
associated  with  very  serious  symptoms,  although  not  a 
sign  of  thickening  or  of  atheromatous  change  can  be  de- 
tected yet  in  the  arteries  acces.sible  to  examination. 

We  "have  at  our  command,  it  so  happens,  an  agent 
which,  when  it  is  experimentally  injected  into  the  circu- 
lation, produces  in  the  arteries  exactly  the  same  condition 
as  that  which  we  have  just  described.  Suprarenal  extract, 
or  its  active  principle,  adrenalin,  acts  as  a  very  powerful 
and  universal  vaso-constrictor,  and  thus  greatly  raises 
the  general  arterial  pressure,  so  that  its  effects  arc  indis- 
tinguishable from  those  of  the  supposed  blood  poison 
which  we  tind  operative  in  nephritis.  If  this  be  a  fact  it 
is  not  necessary  to  postidate  that  the  daily  amount  of 
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poison  generated  must  be  great  to  account  lor  the  higli- 
tension  pulse  that  persists  in  kidnej'  disease  for  months 
together,  because  Scliaffer  and  Oliver  have  shown  tliat 
nothing  is  so  extraordinary  about  adrenalin  as  the  mi- 
nuteness of  the  dose  whieli  will  act  on  the  whole  vascular 
system,  gr.  jjn  being  sufflcieut  to  affect  the  p\dse  of  a 
healthy  man.  If  the  supposed  kidney  poison  possesses 
properties  at  all  similar  to  those  of  suprarenal  extract, 
its  effect  v.'ovild  be  the  same  as  a  continued  overdosing 
wilh  this  drug.  Under  its  influence  both  arteries  and 
arterioles  throughout  the  bod}^  would  so  contract  that  the 
heart  would  labor  against  a  universal  obstruction,  until, 
after  first  enlarging,  it  might  suddenly  dilate  and  fail. 

Schaffer.  moreover,  reports,  as  one  of  the  striking  re- 
sults of  the  intravenous  injection  of  suprarenal  extract, 
a  most  extraordinary  shrinkage  of  the  kidney  itself,  a 
condition  which  could  not  fail  .seriously  to  impair  its  ex- 
cretion of  urea. 

It  follows  as  a  matter  of  course  that  the  administration 
of  vaso-dilators  is  indicated  in  all  such  conditions  as  we 
liave  just  described,  both  to  relieve  the  heart  from  its 
extra  labor  caused  by  arterial  obstruction,  and  to  restore 
the  normal  conditions  in  the  circulation  of  the  kidne3'S 
themselves.  For  this  purpose  the  nitrites  have  long  been 
emplo3'ed,  and  with  good  results.  The  nitrites,  however, 
in  every  form,  even  in  that  of  the  tetranitrateof  erythrol, 
liave  the  disa<lvantage  of  being  verj'  evanescent  in  their 
action,  and  the  dose  often  requires  to  be  nmcli  increa.sed 
in  order  to  keep  up  the  effect.  In  my  opinion  the  ideal 
vaso-dilator  is  aconite,  and  its  administration  in  doses  of 
five  drops  of  the  tincture,  three  or  four  times  a  day,  is 
followetl  in  time  by  the  most  unmistakable  beneficial 
effect,  not  alone  as  regards  the  general  systemic  symp- 
toms, but  also  in  respect  to  the  kidneys,  which  show  a 
marked  restoration  of  f \uictionaI  power.  In  this  case  the 
uneertainty  which  so  commonly  characterizes  therapeu- 
tical inferences,  cannot  justly  be  imputed  to  the  action 
of  aconite,  for  under  the  steady  administration  of  this 
remedy  the  daily  excretion  of  urea  increases  to  from  twice 
to  four  times  the  average  daily  amount  excreted  before 
its  administration. 

I  have  now  the  records  of  observations  made  on  ten 
patients,  foiu-  in  private  and  si.x  in  hospital  practice,  in 
whom  the  daily  excretion  of  lu'ca  was  first  estimated  for 
from  three  to  six  days  previous  to  taking  aconite,  and 
then  afterward  for  as"  long  a  time  as  the  remedy  was  ad- 
ministered— i.e..  for  periods  varying  from  three  weeks  to 
nine  months.  lu  two  of  these  patients  the  urea  rose  from 
8  to  33  gin.  daily  ;  in  one,  from  10  to  40  gm.  In  one  case, 
which  I  have  published,  the  excretion  rose  from  a  daily 
average  of  8  gm.,  noted  for  two  months,  to  33  gm.  daily 
after  five  drops  of  the  tincture  had  been  given  everj'  three 
hours  for  one  week.  The  aconite  was  continued  for  six 
months,  and  then  twice  diminished  to  half  the  dose. 
The  output  of  urea  soon  fell  to  14  gm. ,  but  returned  to 
30  on  resuming  the  full  dose.  After  six  months  the 
aconite  was  discontinued  and  the  nitrites  (tetranitrate  of 
erythrol)  were  substituted.  The  urea  again  fell  to  10  gm. , 
when,  the  aconite  being  again  resumed,  the  quantity  rose 
to  33  gm. 

The  same  results,  so  far  as  the  excretion  of  urea  is  con- 
cerned, followed  in  the  other  nine  cases.  Three  of  those 
were  hospital  patients,  and  in  two  of  them,  after  a  month's 
nseof  aconite,  theeffectof  omittiugitaltogether  forthree 
weeks  was  carefully  noted.  With  each  patient  a  week 
passed  before  the  elimination  of  urea  fell  otf,  but  then 
the  diminution  became  decided.  The  third  patient,  who 
came  into  the  hospital  with  anasarca  and  albuminuria, 
severe  cerebral  symjitoras.  and  extensive  cardio- vascular 
changes,  improved  so  much  that  he  refused  to  stay  long 
enough  for  us  to  observe  the  effects  of  withdrawing  the 
remedy. 

Next  to  the  improvement  in  the  kidneys,  including  the 
disappearance  of  albumin  and  casts,  the  most  marked 
effect  of  aconite  is  in  relieving  the  cardiac  oppression. 
In  the  case  above  alluded  to,  acute  dilatation  of  the  heart 
was  the  first  condition  which  her  physician  found,  and 
for  two  moiuhs  she  could  not  have  her  head  raised,  or 


even  be  turned  in  bed,  without  threatening  symptoms  of 
syncope.  Assoon  as  the  aconite  was  given,  it  seemed  to 
act  on  the  lieart  as  a  restorative  instead  of  a  sedative, 
doubtless  from  the  relief  which  the  heart  experienced 
from  the  removal  of  the  general  arterial  obstruction. 

On  the  other  hand,  I  hold  that  the  administration  of 
such  a  vaso-dilator  will  be  of  the  highest  service  in  pre- 
venting the  development  of  endarteritis,  besides  checking 
the  progress  of  changes  in  tlie  kidneys  themselves;  for  it 
is  well  recognized  that  atheroma  develops  in  the  arteries 
at  the  seat  of  the  most  long-continued  strain,  and  that  is 
just  what  high  tension  is  sure  to  induce. 

We  cannot  expect  much  from  aconite,  nor  from  any 
functional  vaso-dilators  for  that  matter,  in  conditions  in 
which  widespread  chronic  endarteritis  has  already  caused 
extensive  obliteration  of  the  smaller  arteries.  In  such 
conditions  the  pulse  tension,  as  already  remarked,  is  due 
to  permanent  closure  of  a  great  number  of  peripheral 
vessels,  and  neither  aconite  nor  any  similar  agent  can 
dilate  vessels  which  have  practieall)' ceased  to  exist.  In 
cases  of  senile  hearts,  therefore,  aconite  should  be  given 
with  discrimination.  Even  in  them,  however,  should  the 
pulse  be  not  only  of  high  tension,  but  also  rapid,  aconite 
may  be  advantageously  given  till  the  pulse  falls  to  normal 
frequency,  and  then  it  should  be  intermitted;  for  I  have 
seen  it  do  much  good  in  old  people  who,  from  their  quick- 
ened pulse,  appeared  to  have  some  acute  e.xacerbatiou  of 
chronic  renal  trouble. 

In  puerperal  eclampsia  we  have  a  remarkable  illustra- 
tion of  such  a  poison  being  rapidly  formed  and  giving 
rise  to  extreme  high  tension.  But,  in  addition  to  this 
high  tension,  we  have  the  most  dangerous  addition  of 
another  element,  viz.,  tlie  rapid  and  powerful  action  of 
the  heart  itself.  Schaffer's  experiments  with  intrave- 
nous injection  of  suprarenal  extract  supply  a  .striking 
parallelism  to  this  condition,  for  he  found  that  if,  after 
the  suprarenal  extract  had  been  injected,  the  vagi  were 
paralyzed  with  atropine,  the  heart  then  acted  very  vio- 
lently and  forced  such  an  increased  amount  of  blood  into 
the  contracted  arteries  that  an  enormous  rise  in  blood 
pressure  followed.  Under  these  circumstances  the  ex- 
cessive intracranial  vascular  tension  is  likely  to  give 
rise  to  a  fatal  status  epileptieus  unless  the  jjressure  be 
promptly  relieved.  It  would  seem,  therefore,  that  in 
puerperal  eclampsia  an  analogous  paralysis  of  the  vagus 
occurs,  either  by  overstimulation,  by  an  excessive  gener- 
ation of  the  vaso-constrictor  poison,  or  else  by  the  con- 
joint action  of  this  and  some  other  poison  resembling 
atropine.  This  surmise  cannot  be  considered  improb- 
able, if  the  varied  nature  of  the  poisons  of  urfemia  are 
considered. 

Clinically,  the  best  and  speediest  vaso-dilator  which 
we  can  use  to  relieve  such  a  condition  is  free  venesection  ; 
but,  if  that  be  objected  to,  then  veratrum  viride  should 
be  given  in  very  large  doses,  administered  accoi'ding  to 
the  effect  which  it  produces  on  the  tension  of  the  pulse, 
but  without  reference  to  any  other  consideration.  Aco- 
nite is  much  too  slow  for  such  au  emergency,  and,  be- 
sides, aconite  does  not  have  the  specific  effect  of  vera- 
trum on  the  great  splanchnic  blood-vessels.  Our  object 
is  to  quiet  the  heart  and  relax  the  arteries  by  bleeding 
the  patient,  as  has  been  expressed,  into  her  own  abdom- 
inal veins,  which  when  fully  relaxed  can  hold  all  the 
blood  of  the  body. 

Precisely  the  same  kind  of  convulsions  as  those  which 
take  place  in  puerperal  eclampsia  occur  in  acute  alco- 
holism in  men,  and  they  have  to  be  treated  in  the  same 
way,  either  by  full  venesection  or  by  doses  of  twenty 
drops  of  the  tincture  of  veratrum  viride  administered 
every  twenty  minutes  till  the  tension  of  the  pulse  is 
coiuiteracted.  I  have  given  two  drachms  of  this  tincture 
in  four  hours  and  a  half  in  a  case  of  that  kind,  and  as  a 
result  of  tliese  heroic  doses  the  convulsions  ceased  and 
the  patient  recovered. 

It  is  too  commonly  the  case  that  practitioners  are  con- 
tent in  their  examinations  of  the  urine  to  search  for  only 
what  ought  not  to  be  there,  such  as  blood,  albumin, 
casts,    pus,  sugar,  etc.     Their  examinations,  liowever. 
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shoulil  extend  also  to  determining  whether  the  urine  con- 
tains its  normal  ingredients  in  proper  proportion  and 
amo\int.  Often  the  urine  may  not  contain  any  foreign 
elements,  and  the  kidne_vs  be  free  from  any  organic  dis- 
ease, and  yet  the  patient  remain  seriously  out  of  health 
froiu  deticieut  elimination  of  urea  and  other  solids. 
Nothing  could  be  more  puzzling  than  the  narration, 
which  patients  often  make,  of  symptom.s  which,  particu- 
larly as  regards  nervous  manifestations,  seem  to  be  incon- 
sistent with  any  known  disease.  This  feature  of  itself 
should  lead  us  to  suspect  a  general  to.xsemia  of  some  kind, 
and  most  likely  either  of  renal  or  of  intestinal  origin. 
Headaches,  mental  depression,  severe  neuralgias  con- 
stantly shifting  from  one  part  of  the  body  to  tlie  other, 
all  kinds  of  para;sthesi;e,  somnolence  alternating  with 
insomnia,  and  a  sense  of  general  prostration,  especially 
in  the  morning,  and  also  in  some  instances  morning  pol}-- 
uria,  are  among  the  many  symptoms  of  which  such  pa- 
tients are  likely  to  complain.  The  diagnosis  of  the  con- 
dition is  at  once  made  clear  when  a  proper  examination 
fif  a  specimen  of  the  collected  urine  for  twenty-four 
hours  is  made,  and  the  output  of  urea  is  found  to  be  only 
oue-tifth,  one-third,  or  one-half  of  what  it  ought  to  be 
for  persons  of  their  age  or  weight.  The  elimination  of 
urea  ought  to  range,  for  a  woman  in  good  health,  be- 
tween 18  and  20  gm.,  but  it  is  singular  how  long  some 
women  will  live  eliminating  only  10  gm.,  or  5  gm.,  or 
even  only  4  gm. ,  daily  for  months  together.  Hysteria  is 
the  commonest  verdict  pronoimced  upon  them,  owing  to 
their  ever-changing  nervous  symptoms.  But  I  have  had, 
among  men,  a  number  of  patients  who  nianit'esled  just 
such  symptoms,  both  in  kind  and  in  number,  and  in 
them  1  have  found  the  urea  ou'^put  to  amount  to  from 
11  to  1.5  gm.,  when  it  should  range  from  23  to  30  gm. 
Noirastheuia  is  the  favorite  term  applied  to  cases  of  this 
nature. 

In  all  such  patients  the  pulse  tension  is  low,  and  there 
can  be  little  doubt  that  the  underlying  disorder,  what- 
ever it  ma)'  be,  dilTers  materially,  both  etiologically  and 
pathologically,  from  that  which  is  present  when  the  elimi- 
nation of  urea  is  low  but  the  pulse  tension  high.  In  true 
hysteria  I  have  not  found  the  elimination  of  urea  specially 
deficient.  As  to  the  other  solids  of  the  urine  the  records 
vary  remarkably.  Some  urines  with  a  low  percentage 
of  urea  have  a  great  excess  of  other  solids,  while  in  the 
case  of  others  the  total  solids  may  be  diminished.  The 
chief  factor,  therefore,  is  deficieucv  of  urea.  My  own 
view  of  the  etiology  of  these  disorders  is  that  they  are  of 
gastro-iutestinal  origin.  In  health  there  is  a  .signiticant 
association  between  the  intake  of  food  and  the  elimina- 
tion of  urea  by  the  kidneys.  "Within  the  lirst  hour  after 
a  full  meal  the  elimination  of  urea  is  from  twice  to  three 
times  what  it  will  be  in  the  fourth  hour  after  the  meal. 
That  fact  seems  to  explain  why  attacks  of  apoplexy  so 
commonly  follow  Christmas  or  Thanksgiving  dinners  in 
those  who  have  already  damaged  kidneys.  The  serious 
effects,  in  kidney  diseases,  of  errors  of  diet  are  a  further 
evidence  of  the  close  relation  of  the  gastro-iutestinal  tract 
to  the  renal  functions.  It  seems  to  me,  therefore,  quite 
conceivable  that  certain  disordered  states  in  the  alimen- 
tary canal  may  exert  an  inhibitory  effect,  so  to  speak, 
upon  the  elimination  of  an  adequate  amount  of  urea  by 
the  kidneys.  At  any  rate,  instead  of  aconite  or  vaso- 
dilators being  of  any  service,  I  have  found  the  restora- 
tion of  the  normal  output  of  urea  best  secured  by  a  per- 
severing and  systematic  use  of  intestinal  antiseptics.  A 
weekly,  or  bi-weekl}-,  dose  of  blue  pill  is  very  efficacious. 
On  rising  in  the  morning  the  patient  should  take  a 
drachm  and  a  half  of  sodium  sulphate,  or  of  sodium 
phosphate  with  ten  grains  of  sodium  salicylate,  dissolved 
in  a  tumbler  of  water  as  hot  as  he  can  sip.  The  ben- 
zoates  are  also  of  much  service.  Ten  grains  of  either 
the  sodium  or  the  ammonium  benzoate  may  be  men- 
tioned as  the  proper  dose.  Three  such  doses,  either  with 
or  without  an  equal  amount  of  .sodium  salicylate,  are  com- 
monly taken  (the  benzoate  and  the  salicylate  in  two  sep- 
arate capsules)  in  the  course  of  the  day — one  about  an 
hour  after  each  of  the  first  two  meals,  and  the  third  just 


before  retiring  for  the  night.  Some  physicians  prescribe, 
in  preference  to  the  above,  a  mixture  of  castor  oil  (tii 
XV.)  and  salol  (gr.  v.),  to  be  taken  half  an  hour  after 
each  meal  and  again  at  bedtime.  Each  dose  is  enclosed 
in  one  of  Starr's  shellac-covered  capsules.  Red  meats 
should  be  avoided,  especially  at  night,  and  among  vege- 
tables asparagus  and  Ijeets. 

The  treatment  of  urasmia  occurring  in  organic  derange- 
ments of  the  kidneys  is  treated  fully  elsewhere  (Vol.V..  p. 
343),  and,  therefore,  I  will  only  allude  to  some  particular 
conditions.  In  acute  scarlatinal  nephritis,  the  first  dan- 
ger signal  from  the  kidneys  is  not  tiie  appearance  of 
albumin  or  of  blood  corpuscles  under  the  microscope, 
but  a  diminution  in  the  quantity  of  urine  excreted  and 
a  fall  in  the  specific  gravity.  AVIien  a  discovery  of  this 
kind  is  made,  treatment  should  be  begun  at  once.  One 
of  the  most  effective  measures  that  can  be  employed 
under  these  circumstances  is  the  rectal  douche,  with  nor- 
mal saline  solution  at  llo°-120°  F. 

Action  of  the  bowels  always  causes  a  flow  of  urine  in 
health,  owing  to  the  nervous  association  between  these 
two  adjacent  viscera ;  and  this  association  stands  us  in 
excellent  stead  whenever  the  kidneys  are,  from  any  cause, 
failing  to  secrete.  I  would  place  more  reliance  upon  this 
one  than  upon  any  other  single  measure  in  scarlatinal 
suppression  of  urine.  At  least  two  gallons  of  the  hot 
saline  solution  should  be  allowed  to  run  in  and  out  at  a 
time,  the  best  instrument  for  which  purpose  that  I  know 
of  being  Kemp's  rectal  irrigator.  (See  article  on  Entcro- 
cli/nis  in  Vol.  III.)  I  liave  seen  also  most  excellent  re- 
sults from  hypodermoclysis  in  these  cases  and  in  the 
hemorrhagic  nephritis  of  diphtheria.  In  such  cases  it  is 
well  to  inject,  beneath  the  skin  of  the  flank,  from  two  to 
four  ounces  of  normal  saline  solution.  (See  article  on 
Hypodermoclysis  in  Vol.  IV.)  We  need  hardly  despair  of 
even  the  most  seemingly  desperate  case  of  scarlatinal 
suppression;  and  if  deep  coma  supervenes,  I  have  found 
effectual  a  procedure  recommended  by  Brown-Sequard  ; 
it  consists  in  dipping  a  tablespoon  in  hot  water  and  liold- 
ing  it  in  contact  with  the  skin  over  the  kidneys  until  the 
surface  shows  signs  of  being  scalded. 

With  reference  to  some  points  connected  with  the 
treatment  of  chronic  interstitial  nephritis,  I  may  state 
that  it  is  not  uncommon  fora  person  to  be  suddenly  taken 
with  uremic  convidsions  as  the  first  announcement  to 
anybody  that  he  has  Bright 's  disease.  Post  mortem  we 
find  that  such  persons  have  long  been  canying  diseased 
kidneys  with  them,  with  only  moderate  accompanying 
symptoms,  which  they  had  accredited  to  biliousness,  etc. 
Others,  on  the  contrary,  have  long  been  known  to  have 
kidney  disease,  but  they  have  got  along  fairly  well  for 
many  montlis,  or  they  have  even  attended  to  business, 
and  then  suddenly  serious  sj'mptoms  have  develojjed  and 
the  disease  has  soon  carried  them  off. 

I  believe  that  in  the  great  majority  of  such  patients 
there  has  entered  into  the  case  a  new  element,  the  recog- 
nition of  which  we  owe  to  recent  advances  in  pathology; 
I  refer  to  a  septic  invasion  of  the  kidneys  by  bacteria,  of 
which  the  commonest  form  is  the  colon  bacillus.  Dr. 
Flexner  has  been  one  of  the  foremost  investigators  who 
have  demonstrated  the  role  which  terminal  infections 
play  in  the  final  issue  by  death  of  many  chronic  dis- 
eases, particularly  diseases  of  the  heart  and  of  the  kid- 
neys. 

In  chronic  interstitial  nephritis  the  process  seems  to  be 
this:  A  patient  with  cirrhosed  kidneys,  who  has  had 
polyuria  for  months,  begins  to  pass  much  less  urine,  or 
perhaps  very  little.  He  is  then  beginning  with  vir- 
tually the  same  conditions  as  those  which  are  present  in 
a  case  of  commencing  scarlatinal  nephritis.  Soon  after- 
ward he  has  a  convulsion,  and  becomes  comatose,  or  he 
has,  during  the  night,  an  attack  of  un^mic  asthma  with 
oedema  of  tlie  lungs  and  pleiu'al  eifusion,  or  an  attack  of 
vomiting  and  diarrhcea.  Often  thereafter  the  kidnej's  stop 
secreting  altogether  and  death  follows.  At  the  autopsy 
the  kidneys  are  found  to  be  acutely  inflamed,  stuffed 
with  micro-organisms  of  various  kinds,  but  most  fre- 
quently with  the  colon  bacillus. 


ITriemla. 

I'reters. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL   SCIENCES, 


Tliere  is  nothing  so  much  to  be  dreaded  as  an  attack  of 
so-called  cholera  nioibus  iu  au  elderly  person.  In  such  a 
case  we  should  at  cmce  turn  our  attention  to  the  kidneys, 
to  tind  out  what  their  condition  is.  Something  also  of  this 
kind  undoubtedly  ocetus  in  those  cases  whicii  lieretofore 
have  been  regarded  as  simply  an  acute  exacerbation  of  the 
original  chronic  malady.  1  think  that  I  have  repeatedly, 
in  patients  whose  Icidncys  were  in  a  cirrhosed  condition, 
warded  olT  the  worst  results  after  threatening  symptoms, 
such  as  fever,  mental  clouding,  Clieyne-Stokes  breath- 
ing, vomiting,  and  the  like,  iiad  manifested  themselves, 
by  the  prompt  administration  of  mercurial  cathartics, 
followed  ever_y  two  or  three  hours  by  ten  grains  of  uro- 
tropin  combined  with  ten  grains  of  sodium  benzoate.  In 
my  experience  urotropin  does  not  cause  untoward  symp- 
toms if  .sodium  benzoate  is  given  along  with  it.  Of 
course,  hot  saline  rectal  irrigation  also  should  be  used, 
as  in  a  case  of  scarlatinal  suppression.  Against  the  pres- 
ence of  the  colon  bacillus  in  the  kidneys  urotropin  is  at 
least  as  much  of  a  specific  as  it  is  against  the  bacillus  ty- 
phosus. 

In  all  cases  of  chronic  interstitial  nephritis  our  prog- 
nosis must  always  be  uncertain,  because  we  can  never  be 
sure  how  much  working  kidney  substance  the.se  patients 
may  still  have.  Kot  uncommonly  the  most  unlooked-for 
improvement  in  the  action  of  the  kiduej's  will  occur,  and 
then  contin\ie  until  it  is  suddeulj'  cut  short  by  some  error 
of  diet,  such  as  a  too  hearty  meal  of  meat,  particularly  if 
taken  at  night.  With  reference  to  tliis  point  we  may  re- 
mark that  there  is  an  apparent  difference  in  the  activity 
of  proteid  metabolism  between  the  day  and  the  night 
hours.  We  have  a  whole  series  of  affections,  marked 
chiefly  by  nervous  disturbances,  which  are  evidently  due 
to  various  to-\a>mias,  and  whicli  are  all  characterized  by 
being  worse  in  tlie  earlj'  morning  hours.  Many  cases  of 
melancholia  and  of  migraine,  and  all  cases  of  Graves' 
<lisease  show  this  peculiarity.  In  Graves'  disease  the 
twenty-eight  symptoms,  aside  from  the  goitre  and  ex- 
ophthalmos, whicli  I  have  found  to  be  characteristic  of 
this  singular  malady,  are,  witliout  exception,  worse  in 
tlie  morning.  In  my  notes  I  have  records  of  no  less 
than  eight  who  could  not  write  or  sew  in  the  morning, 
but  could  do  so  in  the  evening.  In  all  such  cases  of 
melancholia,  migraine,  or  Graves'  disease,  I  enjoin  entire 
absence  from  red  meats,  especially  beef,  and  most  of  all 
at  night.  Tlien  again  the  first  attacks  of  gout  and  of 
peptic  asthma  always  occur  after  midniglit.  I  liave  re- 
peatedly noticed  that  many  patients  can  take  beef  at 
breakfast  or  at  luucli,  but  if  they  take  it  at  evening 
dinner  it  is  sure  to  cause  a  very  troubled  sleep.  All  these 
particidars  should  be  borne  in  mind  when  we  aim  to 
regulate  the  life  of  a  man  who  comes  to  us  with  a  high- 
tension  pulse  and  rigid  arteries. 

The  chemistry  of  these  night-generated  poisons  is  yet 
to  be  w(Mked  out,  but  there  can  be  no  doubt  that  they 
have  much  to  do  with  changes  which  take  place  in  the 
alimentary  canal,  changes  connected  with  the  nitrogen- 
ous elements  of  food,  particularly  the  red  meats;  and 
every  person  with  ciri'hosed  kidneys  shotdd  be  enjoined, 
like  an  asthmatic,  not  to  eat  heartily  after  midda)'. 

For  the  rest,  I  may  say  that  the  greatest  remedy  for 
auto-infection  and  the  best  prophylactic  against  the 
manifold  dangers  of  chronic  interstitial  nephritis  is  life  in 
the  o|ien  air.  Such  a  case  needs  a  milder  climate  in  win- 
ter, just  as  much  as  any  broncliitic  or  philusical  patient 
does.  Intestinal  antiseptics  are  of  the  greatest  value; 
and,  as  to  special  medicinal  remedies.  I  liave  great  faith 
iu  the  employment  of  gr.  ^^  of  bichloride  of  mercury, 
t.i.d.  for  one  week  out  of  three  weeks,  and  of  small  doses 
(not  more  than  five  grains)  of  sodium  iodide  t.i.d.,  to  be 
taken  for  prolonged  periods. 

There  can  scarcely  be  a  stronger  contrast  than  that 
which  exists  between  tin;  clinical  features  of  a  typical 
case  of  chronic  interstitial  nephritis  and  those  of  an 
equally  ty))ical  case  of  chronic  parenchymatous  nephri- 
tis. The  first  is  most  commonly  a  disease  of  middle  or 
of  past  middle  life,  and  is  associated  with  the  changes 
of  advancing  years.      Parenchymatous  nepiu'itis,  on  the 


other  hand,  attacks  the  young  oftener  than  the  aged, 
and  is  not  infreqtieut  among  childien.  In  kidney  cirrhosis 
albuminuria  is  usually  insiguiticant  in  anio\Hit.  repeated- 
ly is  absent,  and  at  no  time  is  of  much  import  as  such. 
In  parenchymatous  nephritis  albuminuria  is  steadily 
present  and  abundant.  But,  above  all,  in  interstitial 
nephritis  the  patient  is  never  waterlogged,  unless  fiom 
consecutive  heart  disease.  In  parenchymatous  nephritis 
there  is  from  the  beginning  a  tendency  to  a  general  leak- 
age of  water  into  the  tissues,  so  that  it  often  a])pears  first 
in  tlie  face  instead  of  the  feet,  and  the  mechanism  of  tliis 
dropsy  remains,  u))  to  the  present  time,  wholly  unex- 
jdained.  Along  with  these  conditions,  anauuia  occurs 
earl\'  and  is  jiersistent.  so  that  in  view  of  all  these  differ- 
ences there  can  be  little  doubt  that  the  systemic  poisoning 
in  the  one  disease  is  quite  different  in  kind  from  that  iu 
the  other. 

The  anatomical  clianges  in  tlie  kidneys  in  these  two 
forms  of  nephritis  are  equally  contrasting.  The  capsule 
of  the  tough  cirrliosed  kidney  is  found  to  have  become 
almost  an  integral  part  of  the  shrunken  organ.  It  so 
dips  into  and  adheres  to  the  kidney  substance  that  we 
have  to  tear  away  bits  of  this  if  we  wish  to  strip  off'  the 
membrane.  The  capsule  of  the  largo  white  kidney  is 
stripped  off'  the  soft  organ  as  readily  as  the  rind  is  f  i-om  an 
orange.  It  is  true  that  these  changes  are  not  uniformly 
restricted  to  disea,sed  kidneys  of  cither  kind,  and  inter- 
stitial changes  may  be  found  iu  parencliymatiuis  nephri- 
tis; furthermore,  kidneys  which  are  white  but  not  large 
are  not  uncommon.  But  the  clinical  tliff'erences  still  re- 
main as  marked  as  ever;  and,  moreover,  in  the  white  kid- 
ney we  find  conditions  which  readily  explain  why  those 
patients  are  so  difficult  to  relieve  or  cure.  The  glomeruli 
are  pressed  upon  by  masses  of  the  round  cells,  which 
fairly  stuff  Bowman's  capsules,  and  the  tubules  are 
choked  with  every  kind  of  debris. 

Now  it  would  seem  that  if  we  only  had  in  the  kidney 
the  double  circulation  of  tlie  lung,  all  this  ruinous  ac- 
cumulation might  be  got  rid  of.  We  have  interstitial 
pneumonia,  if  the  lung  exudates  are  not  removed,  just 
as  we  have  interstitial  nephritis  also  in  tlie  kiduej'  if  it 
remains  clogged  with  intlammatory  e.xudates;  but  inter- 
stitial ijueumonia  is  rare,  because  iu  the  lungs  we  have 
the  double  currents  of  the  pulmonary  artery  and  of  the 
bronchial  arteries,  and  between  them  the  immense  exu- 
dates of  a  croupous  pnetunouia  are  got  rid  of,  usually  be- 
fore tlie  stuffed  air  cells  are  damaged.  In  the  kidneys, 
on  the  other  hand,  we  have  tlie  one  I'cnal  artery,  which 
answers  to  th'e  pulmouar}'  artery  iu  the  lungs,  and  nothing 
more.  To  expect  that  the  kidney  capsule  will  allow 
enough  blood-vessels  to  enter  through  it  to  help  absorp- 
tion would  be  even  less  warranted  than  to  expect  help 
from  the  blood-vessels  of  the  pleura  to  assist  in  the  re- 
moval of  tlie  inflammatory  exudates  in  the  air  cells. 

We  seem,  in  this  condition,  to  have  an  obstacle  which 
wears  the  aspect  of  a  mechanical  obstruction  quite  insu- 
perable to  our  ordinary  medical  remedial  measures.  The 
attempt  to  increase  the  outflow  of  watery  urine  b}'  iire- 
scribing  diuretics  for  the  relief  of  the  drop.sy  oftener  fails 
than  succeeds,  AVe  may  temporarily  succeed  by  try  in  gone 
diuretic  after  another,  but  the  cause  of  the  dropsy  remains 
and  the  oedema  returns  just  the  .same  as  ever.  All  we 
can  do,  then,  is  to  throw  upon  the  skin  and  bowels  the 
task  of  working  vicariously  for  the  kidneys;  but  in  the 
majority  of  instances  we  mal-ie  no  real  headway.  Some 
patients  with  chronic  kidney  disease,  witli  ilropsy  and 
Jiersistent  albuminuria,  recover;  but  whether  they  do  so 
on  account  of  our  therajicutics,  or  whether  they  recover 
spontaneously,  we  cannot  tell. 

Such  conditions  would  suggest  the  advisability  of  hav- 
ing recourse  to  surgical  measures  of  relief  for  the  embar- 
rassed renal  circulation,  and  this  subject  has  of  late  been 
prominently  brought  to  the  attention  of  the  profession  by 
Dr.  George  M.  Edebohls,  of  New  York.  In  a  communi- 
cation published  by  him  in  the  New  York  Medical  Rec- 
ord, March  28tli,  1'.I03,  he  gives  reports  of  51  patients,  29 
females  and  22  males,  in  wliom  he  had  performed  decap- 
sulation of  the  kidneys  for  chronic  nephritis  of  the  inter- 
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stitial.  diffuse,  and  parencbj-matous  forms.  Of  these,  39 
cases  were  more  or  less  beuetited,  including  19  complete- 
ly cured,  none  being  considered  cured  unless  they  had 
been  for  si.v  months  free  from  any  signs  in  the  urine  of 
diseased  kidneys.  For  further  particulars  the  reader 
should  consult  his  pajjer:  but  there  can  be  no  doubt  that 
this  procedure  was  successful  in  a  suificient  number  of 
patients  with  serious  renal  changes  to  merit  its  extended 
trial  by  other  operators. 

That  the  beneficial  result  followed  upon  a  freer  circu- 
lation within  the  kidneys,  upon  the  removal  of  the  con- 
stricting capsule,  tliere  can  be  no  doubt;  but  whether  an 
additional  factor  existsin  the  development  of  a  new  sup- 
ply of  blood-vessels  formed  in  the  perirenal  ti.ssue  after 
the  capsule  has  been  removed,  is  doubted  by  Dr.  Harold 
A.  Jolinsou,  of  San  Francisco,'  who  decapsulatcd  the 
kidneys  of  ten  dogs  and  e.xaniined  the  kidneys  at  various 
dates  after  the  operation.  He  states  that  a  new  capsule 
is  formed  about  the  kidnej'S  without  the  development  of 
any  considerable  anastomosis  between  the  renal  and  the 
perirenal  vessels.  The  objection  to  this  observation  is 
that  the  results  of  such  an  operation  upon  healthy  kid- 
neys in  dogs  scarcely  prove  that  a  new  capsule  will  be 
formed  in  human  subjects  with  kidnej-s  so  embarrassed 
in  their  circulation  that  new  channels  can  be  taken  ad- 
vantage of  whenever  possible,  as  commonly  happens  in 
hepatic  cirrhosis. 

In  the  management  of  a  case  of  general  renal  dropsy, 
with  abundant  albuminuria,  I  may  add  that  I  have  re- 
peatedly ob.served  that  the  kidneys  start  >ip,  as  it  were, 
and  carr}'  off  the  water  when  milk  and  a  liuid  diet  are 
given  up,  and  solid  food,  including  meat,  given  instead, 
with  a  restriction  of  liquids.  The  effects  of  such  a 
change  in  regimen,  however,  should  be  watched  care- 
fully. 

As  to  diaphoresis,  the  subcutaneous  infiltration  makes 
the  skin  tense  and  glo.ssy.aud  thuscloses  the  sweat  ducts 
whiise  opening  on  the  surface  is  at  an  angle.  A  thor- 
ough oiling  of  the  skin,  therefore,  before  using  our  dia- 
phoretic measures,  makes  the  action  of  the  sweat  glands 
much  more  effective.  WHlidin  11.  Thomson. 

URAL;  URALIUM.— This  drug  is  also  known  ascMor/il- 
urctliiijir,  and,  as  its  name  implies,  it  is  a  compound  of 
urethane  and  chloral.  It  occurs  as  a  white  crystalline 
body,  readily  soluble  in  alcohol,  but  almost  insoluble  in 
water.     It  is  decomjjosed  by  hot  water. 

Ural  was  introduced  bj-  Dr.  Poppi,  of  Bologna,  in 
18^9,  as  a  better  hypnotic  for  neurotic  patients  and  tlie 
insane  than  are  most  of  the  drugs  employed  for  this  ]iur- 
pose.  He  considered  it  to  be  more  active  than  urethane 
and  more  safe  than  chloral,  and  better  borne  hy  the 
stomach.  In  the  hands  of  others  it  has  not  furnished 
such  favorable  results,  and  has  not  secured  an}-  position 
as  an  hypnotic  remedy.  Beaumont  Small. 

URANIUM  ACETATE    AND  NITRATE,  UO^CjHsOj- 

2n.,(-)  and  ru,(lIN(J,-,)2.6HA»,  are  yellow  crystalline 
salts  which  are  solulilein  water,  and  have  been  employed 
to  some  extent  in  diabetes  in  dose  of  0.01-0.03  gm.  (gr. 
\-\).  It  is  claimed  that  they  stimulate  the  sugar-con- 
suming cells  of  the  body.  The  acetate  has  also  been 
used  as  a  catarrh  snutt'  or  in  solution  as  a  nasal  douche. 
They  are  powerful  drugs,  and  there  is  very  little  clinical 
evidence  in  favor  of  their  employment  at  all. 

\V.  A.  Bastedo. 

URESIN  is  a  double  citrate  of  lithium  and  urotropine. 
which,  according  to  Kudintscheff  and  Soauki.  has  the 
power  of  diminishing  the  excretion  of  uric  acid  and  of 
dissolving  gravel.     The  dose  is  1  gm.  (gr.  xv.). 

IT'.  A.  Ba-itedo. 

URETERS,  PATHOLOGY    OF.— M.^lform.\tions  of 

Till';  UiiETKus. — The  ureters  take  their  embryonic  origin 
from  the  lower  part  of  the   Wolfliau  duct.     jMaltorma- 
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tions  of  the  ureters  are,  on  the  whole,  not  very  rare.  If 
the  kidney  of  one  side  is  absent  the  ureter  of  the  same 
side  is  generally  absent  also.  Sometimes,  however,  in 
this  case  the  ureter  maj' exist,  and  then  usually  as  a  small 
duct.  Absence  of  one  kidney  an<l  ureter  has  been  ob- 
served without  any  other  malformation  of-the  urogenital 
tract  but  kr3'ptorchismus.  Usually,  liowever,  in  such 
cases  other  malformations  are  ]5 resent,  and  uterus  unicor- 
nis, absence  of  the  vas  deferens  and  a  seminal  vesicle,  or 
a  malformation  of  one  side  of  the  prostate,  ha-ve  been 
found. 

Both  kidneys  and  both  ureters  may  be  missing ;  in  one 
case  of  this  kind  the  foitus  lived  ten  minutes  after  birth. 
In  cases  in  which  the  kidney  was  but  incompletely  de- 
veloped, the  ureter  also  showed  incomplete  development. 
In  one  such  case  the  ureter  did  not  reach  the  bladder;  in 
another  it  had  an  abnormally  small  lumen, 

A  partial  duplication  of  the  ureter  is  not  rare,  espe- 
cially in  its  upper  part.  Double  ureters  usualh'  unite 
before  they  enter  the  bladder.  A  perfect  duplication  of 
the  ureters  is  rare;  in  such  cases  the  points  of  entrance 
into  the  bladder  are  generall)'  near  each  other.  They 
may,  however,  end  as  much  as  \.5  cm.  removed  from 
each  other.  Double  ureter  is  sometimes  combined  with 
a  horseshoe  kidney ;  in  such  a  case  three  or  even  four 
ureters  ma}'  apparently  originate  from  one  kidney. 
Sometimes  two  ureters  end  in  two  separate  parts  of  one 
kidney  on  the  same  side.  In  this  case  the  ventral  ureter 
connects  with  the  lower  and  ventral  kidney,  the  dorsal 
ureter  with  the  dorsal  kidney,  situated  nearer  the  dia- 
phragm. The  first  ureter  enters  the  l)ladder  at  a  higher 
level  than  the  second  ureter.  This  arrangement  is  simi- 
lar to  the  one  found  in  a  doubling  of  the  Wolthau  duct. 
In  the  case  of  doubling  of  tlie  ureter  the  pelvis  of  the 
kidney  maj'  also  be  double,  or  may  be  single;  the  latter 
occurrence  is,  however,  much  less  frequent.  Double 
ureters  may  be  found  on  both  sides  or  on  one  side  only. 

Of  clinical  importance  are  congenital  valvular  projec- 
tions of  the  mucous  membrane  of  the  ureter,  which  are 
sometimes  met  with.  These  may  be  found  in  all  parts 
of  its  course,  especiall_v,  however,  at  the  place  of  its  en- 
trance into  the  bladder  and  pelvis.  If  the  concavity  of 
such  projections  is  directed  toward  the  kidney  they  may 
obstruct  the  flow  of  urine  and  cau.se  hydrone|ihrosis. 
Such  valves  ma}'  become  fixed  by  external  adliesions. 
Congenital  torsion  of  the  ureter  may  have  a  similar  signifi- 
cance. 

Besides  a  valvular  obstruction  a  congenital  stenosis  or 
atresia  has  been  found,  especially  in  the  lower  part  of 
the  ureter.  It  may  be  followed  by  a  great  dilatation  of 
the  upper  pait  of  the  ureter  and  by  a  forward  bulging  of 
itslower  part  eitheroutsideor  inside  the  bladder.  In  the 
latter  ease  such  a  diverticulum  may  cover  the  internal 
meatus  of  the  urethra.  Such  diverticula  of  the  ureter 
have,  howevei-,  also  been  found  in  cases  in  which  the 
ureter  was  patent. 

The  ureters  may  enter  the  pelvis  of  the  kidney  in  its 
centre  instead  of  at  its  lowest  point.  Under  these  con- 
ditions the  collection  of  urine  in  the  lower  part  of  the 
pelvis  may  entirely  occlude  the  opening  of  the  ureter. 
A  similar  result  may  be  produced  if  the  insertion  of  the 
ureter  into  the  pelvis  is  an  oblique  one.  A  projecting 
part  of  the  ureter  may  become  pressed  against  the  op- 
posite side  of  tiie  wall  of  the  ureter  by  the  collection  of 
urine.  Instead  of  running  straight  down  to  the  bladder 
the  ureter  may  be  bent  in  its  further  course  so  that  it 
forms  an  angle. 

The  ureter  may  enter  the  bladder  higher  up  than  is 
normal,  or  it  may  end  in  the  urethra  leollieulus  semi- 
nalis),  in  the  vesicuhe  .«emiuales  (in  the  male),  or  below 
the  external  meatus  of  the  urethra  and  in  the  uterus  or 
vagina  (female).  A  double  ureter  may  have  one  normal 
and  one  abnormal  ending. 

IxFLAMM.^Tiox  OF  THE  Ureteks. — Inflammation  of 
the  ureters  rarely  starts  in  the  ureters  themselves.  This 
may,  however,  "be  the  case  if  a  calculus  becomes  im- 
pacted in  a  ureter,  or  if  during  labor  the  ureters  become 
compressed  and  injured.     The  mechanical  lesion  may  be 
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followed  by  a  secondary  infection  with  micro-oi-a:auisms. 
Us\ially  infiammntion  of  the  ureters  is  secondary  to  in- 
llamniatory  changes  in  the  kidney  and  pelvis  of  the 
kidney,  to  cystitis,  or  to  iuflanimation  of  the  ovaries  or 
Fallopian  tubes,  or  of  the  connective  tissue  included  in 
the  fold  of  the  ligamentuni  latum.  In  the  latter  case  the 
infection  is  carric'cl  to  the  ureters  through  the  lymphatics; 
in  the  two  former  cases  the  jiropagation  of  the  infection 
may  take  place  eitlier  througli  tiie  urine  or  through  a 
continuous  growth  of  the  micro-organisms  along  the  mu- 
cous membrane.  On  the  whole,  the  ureters  are  not  very 
favorable  to  inllamnuitory  changes.  Cystitis  may  o.xist 
for  many  years  without  "the  affection  extending  to  the 
mucous  membrane  of  the  ureters.  Inflammation  may  be 
found  after  a  primary  cystitis  only  in  the  pelvis  of  tlic 
kidney,  the  ureters  remaining  unaffected.  These  facts 
seem  to  indicate  that  the  propagation  of  the  infection 
from  the  bladder  upward  takes  place  principally  througli 
urine  carrying  nncro-organisms  and  regurgitating  into 
the  ureters.  Such  a  regurgitation  can  easily  take  place 
if,  tliroughan  obstacle  to  the  outtlow  of  urine  in  the  ure- 
thra for  instance,  tirst  a  dilatation  of  the  ureters  takes 
place.  In  this  case  the  openings  of  the  ureters  into  the 
bladder  soon  become  enlarged  as  well,  l^.xperiments 
have  shown,  however,  that  even  without  a  previous  dila- 
tation of  the  ureters,  if  the  bladder  is  slowly  distended 
through  injection  of  a  solution  of  methylene  blue,  the 
injected  fluid  in  a  certain  number  of  cases  may  pass  up- 
ward into  the  ureters. 

Propagation  of  the  inflammation  of  the  kidney  to  the 
ureters  may  take  place  in  cases  in  which  the  pelvis  of 
the  kidney  is  infected,  as,  fur  instance,  in  cases  of  stone 
in  the  pelvis  or  of  pyelonephritis  following  abscesses  in 
the  kidney. 

Anatomically,  the  nuicous  membrane  is  red  (liyper- 
remia),  rodematous,  infiltrated  by  leucocytes,  while  its 
epithelial  cells  are  thrown  off  in  increased  numbers.  The 
intiltration  with  leucocytes  maj-  go  so  far  that  a  purulent 
inflammation  is  produced.  In  severe  cases  in  which  de- 
composition of  the  stagnating  urine  takes  place,  we  maj' 
find  a  diphtheritic  inflammation  of  the  nmcosa.  Dark 
membranes  are  formed,  consisting  of  a  fibrinous  exudate 
and  the  necrotic  superficial  parts  of  the  mucous  mem- 
brane. 

In  severe  chronic  inflammations  the  mucous  membrane 
may  hypertropliy  and  form  villous  projections;  in  other 
cases  a  simple  thickening  takes  place  through  prolifera- 
tion of  the  connective  tissue.  The  inflammation  some- 
times proceeds  from  the  ureter  to  the  connective  tissue 
surrounding  it,  the  latter  becoming  greatly  thickened  in 
consequence. 

In  certain  cases  of  chronic  inflammation  (ureteritis 
granulom,  nixlularis,  foUicularis)  we  lind  small  gray  mil- 
iary nodules  in  variable  number  disseminated  in  the  mu- 
cous membrane  of  the  ureters.  They  consist  of  collec- 
tions of  small  round  cells  similar  to  or  identical  with  the 
lymphocytes.  It  has  been  maintained  that  lymphoid 
tissue  is  normally  present  in  the  ureter  and  other  raucous 
membranes.  This  is,  however,  not  the  case.  In  new- 
born children,  and  also  in  healthy  adults,  it  may  be  en- 
tirely absent,  although  it  may  be  found  in  cases  in  which 
no  other  sign  of  a  past  inflammation  can  be  determined. 
If  these  nodules,  however,  are  present  in  large  numbers 
they  probably  point  to  a  chronic  inflammation.  The 
mucous  membrane  around  these  grayish  nodules  is  usu- 
all}'  red  and  anlematous.  These  nodules  have  also  been 
observed  in  typhoid  fever  and  in  diseases  of  the  kidneys 
and  of  the  heart.  A  similar  anatomical  sign  of  inflam- 
mation has  been  observed  in  the  conjunctivte. 

Ureteritis  Membreinaeed. — An  inflammation  has  been 
described  in  which  membranes,  several  centimetres  long, 
are  said  to  have  been  expelled  fi'om  the  ureters.  So  far 
a  confirmation  through  post-mortem  examination  does 
not  seem  to  have  been  recorded,  this  contention  being 
based  only  on  clinical  evidence. 

A  condition  without  much  clinical  significance,  yet  of 
pat  hological  interest,  is  the  ureteritis  eystica.  In  this  con- 
dition the  ureter  is  covered  with  superficial  cysts.     They 


are  especially  frequent  in  the  upper  half  of  the  ureter, 
near  the  pelvis  of  the  kidne}-;  they  are  usually  of  the 
size  of  a  pinhead  aii<l  sometimes  tliey  are  twice  as  large; 
they  contain  a  material  like  mucus.  Not  rarely  they 
are  distributed  in  small  groups  in  the  mucous  membrane, 
which  may  occasionall}'  form  jiolypoid  processes  contain- 
ing these  cysts.  They  are  often  found  combined  with 
inflammatory  conditions  of  the  ureters.  They  take  their 
origin  from  the  "Brunnschen  Epithehiester,"  formed  by 
an  ingrowth  of  the  ureteral  epithelium  into  the  connective 
tissue.  These  epithelial  nests  may  bnuich  and  form  sec- 
ondary processes;  at  the  surface  the_v  inay  become  oc- 
cluded by  connective  tissue,  and  the  cells  in  their  centre 
may  become  dissolved.  In  this  way  cysts  are  formed. 
The  degenerating  eiiithelial  cells,  together  with  certain 
products  of  the  blood,  may  give  rise  to  structures  which 
probably  incorrectly  have  been  believed  to  bo  inicro- 
organi-sms  and  the  cause  of  the  cyst  formation.  The 
structures,  described  by  difl'crent  authors  as  micro-organ- 
I'sms,  are  not  identical,  and  they  have  also  been  inter- 
preted in  a  different  way  by  different  in  vestigatoi  s  (my  xo- 
sporidia,  coccidia).  Similar  structures  seem  to  be  pres- 
ent in  the  colloidal  cysts  of  the  thyroid. 

Tuberculosis  op  the  Ureters. — A  primary  tubercu- 
losis of  the  lu-eters  is  not  known.  Tuberculosis  of  the 
ureters  is  either  descending,  following  tuberculosis  of  the 
kidney  and  of  the  pelvis  of  the  kidney,  or  ascending,  fol- 
lowing tuberculosis  of  the  bladder.  How  far  the  urine 
containing  shreds  of  tuberculous  material  and  bacilli  is 
responsible  for  this  propagation,  and  how  far  the  bacilli 
spread  by  way  of  the  lymphatics,  has  not  been  deter- 
mined. That  the  urine  isau  actual  source  of  infection  is 
shown  by  the  fact  that  in  descending  tuberculosis  it  is 
not  uncommon  for  the  narrowest  part  of  the  ureter  near 
its  entrance  into  the  bladder  to  be  affected,  the  upper 
parts  remaining  free.  Involvement  of  the  ureter  in 
chronic  tuberculosis  of  the  ki<lney  is  frequent.  The 
first  tuberculous  lesions  of  the  ureters  consist  of  small 
disseminated  gray  nodules  of  tuberculous  tissue  in  the 
mucous  membrane.  They  caseate  and  then  form  small 
ulcers.  In  the  beginning  the  epithelium  covering  these 
nodules  may  have  markedly  proliferated,  beconnng 
horny,  and  forming  cholesteatomatous  plaques.  In  the 
mean  time  new  nodules  are  formed  near  the  first  one, 
which  also  caseate  and  unite  with  the  fii'st.  The  outer 
part  of  the  ureter  and  the  surrounding  tissue  become 
thickened  through  proliferation  of  the  connective  tissue. 
The  process  progressing  in  this  way,  the  ureter  becomes 
often  transformed  into  a  tortuous  tube,  thicker  than  a 
finger,  with  cheesy  masses  inside  and  a  thick  fibrous 
Avail.  These  cheesy  masses  may  become  incrustcd  with 
lime  salts.  The  ureter  frequently  rt'maius  open,  but  it 
may  become  occluded  by  the  cheesy  masses  or  shreds  of 
tuberctdous  tissue  from  the  kidney.  In  ascending  tuber- 
culosis the  same  changes  are  first  to  be  found  in  the  lower 
half  of  the  ureter. 

Syphilis. — Lesions  of  the  ureter,  undoubtedly  due  to 
syphilis,  have  not  been  described.  In  certain  cases  of 
syphilis  an  inflammatory  thickening  of  the  wall  of  the 
ui'eter  has  been  foimd.  The  syphilitic  nature  of  this 
inflammatory  change,  however,  is  doubtful. 

FoiiEiCJX  Bodies  in  the  Ureters. — Stone  in  the  ure- 
ter, in  cases  known  so  far,  has  been  secondary  to  stone 
in  the  kidney  or  stone  in  the  pelvis  of  the  kidney.  If 
small,  such  a  stone  maj'  easily  pass  the  ureter.  If  some- 
what larger,  it  will  be  held  back  at  the  entrance  of  the 
ureter  into  the  bladder.  A  large  stone  may  obstruct  the 
lumen  of  the  ureter  at  any  place,  either  permanently  or 
for  some  time,  until  the  force  of  the  stream  of  urine 
presses  it  down  into  the  bladder.  In  passing,  a  stone 
may  injure  the  nuicous  membrane  of  the  ureter  and 
cause  hemorrhage.  If  kept  back  at  a  certain  jilace.  hy- 
dronephrosis may  follow.  The  outer  wall  of  the  ureter 
may  become  thickened  through  an  inflauimatory  reac- 
tion, or  the  pressure  of  the  stone  may  cause  atroph_v  of 
the  wall  of  the  ureter,  which  can  he  followed  by  an 
actual  rupture.  In  this  way  a  stone  may  penetrate  into 
the  surrounding  connective  tissue,  into  the  peritoneal  cav- 
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ity,  or  into  tlie  iutestines:  or  if  the  retention  of  tlie  stone 
occurs  at  the  lower  end  of  tlie  ureter,  the  stone  ma}-  pro- 
(.hice  an  artificial  passage  into  the  bladder. 

The  injurj-  caused  by  a  stone  may  be  complicated  bj' 
the  settling  of  micro-organisms  at  such  places;  then 
pyeloneiihritis  and  pyonephrosis  may  follow,  or  near  its 
wall  at  the  place  of  injury  an  abscess,  lodging  the  stone, 
ma.y  arise  at  tlie  side  of  the  ureter.  If  the  ureter  is  en- 
tirely occluded  by  a.stone,  its  lumen  below  tlie  obstruc- 
tion'may  become  considerably  shrunken. 

In  tropical  and  subtropical  countries  distomum  ha-ma- 
tobium  and  its  eggs  may  live  in  the  wall  of  the  ureters, 
and  maj'  cause  papillary  outgrowths  of  the  mucous 
membrane.  Another  parasite  to  be  found,  though  rarely, 
in  the  ureters,  is  eustrongylus  gigas.  In  cases  of  hemor- 
rhages from  the  ureter  or  kidney,  or  of  cbyluria,  coagula 
of  blood  or  lymph  may  till  its  lumen. 

Obstruction  of  the  Uheteks. — The  causes  of  ob- 
struction to  the  How  of  urine  in  the  ureters  may  be  the 
following:  Calculus  in  the  ureter,  .stricture  in  the  ureter 
through  inflammation  of  its  mucous  membrane,  or 
through  inflammation  of  the  surrounding  connective 
tissues.  Compression  of  the  ureter  through  e.vudatesin 
the  para-  or  perimetrium,  or  through  enlarged-  lymph 
glands  or  a  tumor.  Obsti'uction  caused  bj-  a  |)rojecting 
tumor,  by  tuberculous  products,  or  by  a  coagulum  of 
blood  or  lymjih,  by  parasites,  or  by  compression  of  the 
ureter  through  an  abnormally  situated  branch  of  the 
renal  artery.  The  formation  of  abnormal  folds,  or  of  a 
valve  caused  b_v  the  oblifjuity  of  the  ureter's  insertion 
Into  the  renal  pelvis,  or  a  twist  of  the  ureter  on  its  long 
axis,  may  also  obstruct  the  flow. 

Inflammatory  changes  in  the  mucous  membrane  lead- 
ing to  a  stricture  ma}-  be  caused  bv  the  injur}'  of  a 
calculus,  or  by  an  inflammation  with  formation  of  diph- 
theritic membranes.  Stricture  may  follow  an  ascend- 
ing inflammation,  originally  caused  by  the  gonococcus; 
whether,  however,  the  changes  in  the  ureters  are  also 
caused  by  t  ho  gonococcus  or  are  produced  by  a  secondary 
infection  w-ith  other  organisms,  is  not  certain. 

Obstruction  to  the  flow-  of  the  urine  in  the  ureters  may 
be  caused  by  changes  in  the  bladder  or  in  the  urethra. 
If  the  bladder  cannot  contract  sulliciently,  obstruction  in 
the  ureters  may  follow.  The  urine  collecting  behind  the 
obstacle  causes  a  dilatation  of  the  m'cters.  The  ureter 
may  not  only  become  dilated,  but  also  tortuous.  If  the 
condition  is  a  chronic  one,  the  wall  of  the  ureters  be- 
comes thickened;  this  thickening  is  produced  by  hyper- 
trophy of  the  muscular  coat.  Inflammatory  changes  also 
are  frequently  present  in  the  ureteral  wall,  contributing 
to  the  thickening.  The  result  of  a  chronic  obstruction  is 
hydronephrosis  and  destruction  of  the  kidney.  If,  as 
is  often  the  case,  micro-organisms  are  present  at  the 
point  of  lesion,  or  are  added  secondarily,  a  jjyonephrosis 
follows.  If  an  artificial  stenosis  of  the  ureter  is  produced 
in  animals,  hydronephrosis  does  not  necessarily  follow. 
Atrophy  of  the  kidney  may  be  the  only  result,  and  if  a 
hydronephrosis  does  follow-,  the  fluid  may  contain  urine 
(uronephrosis). 

In  the  case  of  a  congenital  obstruction  to  the  flow  of 
urine,  hydronephrosis  does  not  necessarily  follow ;  sim- 
ple atrophy  of  the  kidney  of  the  affected  side  may  be  the 
only  result. 

TrjroKS  of  the  Ureters. — Primary  tumors  of  the 
uterus,  rectum,  bladder,  and  kidney  may  secondarily 
affect  the  ureters.  Carcinoma  of  the  uterus  frequently 
penetrates  the  wail  of  the  ureters,  causing  hydronephro- 
sis. In  several  cases  one  ureter  was  in  its  w-hole  circum- 
ference included  in  a  fibroma  of  the  uterus,  probably  to 
be  exijlaincd  by  secondary  concrescence  of  originally 
separated  fibromatous  nodules. 

Primary  tumors  of  the  ureters  and  the  pelvis  of  the 
kidney  are  rare.  Benign  papillary  tumors  and  carcinoma 
have  been  found  most  freiiuently ;  myoma  striocellulare, 
sarcoma,  and  cndoffielioma  are  very  rare.  The  ordinary 
papillomata  consist  of  a  fibrous  centre  covered  by  one  or 
two  rows  of  epithelial  cells.  Tumors  showing  a  transi- 
tion from  typical  benign  papillomata  to  carcinomata  of  a 


papillomatous  structure  have  been  found.  Typical  pap- 
illomatous carcinomata  also  have  been  described ;  these 
are  rarer  than  the  benign  jjapillomata. 

The  fact  is  of  importance  that  in  several  well-authenti- 
cated cases  the  epithelium  of  a  papilloma  which  had  ex- 
isted for  some  time  as  a  benign  tumor,  later  on  began  to 
infiltrate  the  deeper  tissues,  thus  becoming  a  carcinoma. 
Besides  the  papillomatous  variety  of  carcinoma,  the  or- 
dinary non-papillomatous  carcinoma  has  been  found  in 
■the  ureters  and  in  the  pelvis  of  the  kidney.  It  may  have 
the  character  of  an  alveolar  carcinoma  -\xhh  ciiboidal 
cells,  or  it  may  be  of  the  cylindrical-celled  or  of  the 
squamous-celled  variety.  Transformations  of  the  epi- 
thefium  of  the  ureter  into  the  stratified  squamous  type 
have  also  been  observed  without  the  presence  of  a  tumor 
(leucoplasia). 

It  is  of  interest  to  note  that  quite  a  number  of  benign 
papillomata,  or  indeed  of  carcinomata,  may  be  present  at 
the  same  time,  and  that  tumor  nodules  may  even  extend 
the  entire  length  of  the  ureter,  reaching  the  bladder. 
The  favorite  sites  for  the  isolated  as  well  as  for  the  mul- 
tiple tumors  are  the  pelvis  of  the  kidney  and  the  vesic- 
ular end  of  the  ureters.  This  suggests  a  certain  analogy 
to  the  favorite  seat  of  a^sophageal  neoplasms. 

The  multiplicity  of  malignant  tumors  may  be  caused 
by  imiilantation  of  cells  carried  away  by  the  urine  and 
kept  back  at  places  where  a  greater  resistance  to  their 
passage  is  offered,  or  to  metastatic  growth  along  the 
lympli  channels.  Whether  the  multiple  occurrence  of 
the  benign  papillomata  is  to  be  explained  in  a  similar 
way,  is  still  doubtful.  In  several  instances  the  origin  of 
the  neoi)lasms  has  been  connected  with  the  presence  of  a 
stone  in  the  ureter.  No  convincing  case,  however,  has 
been  reported  so  far.  A  problem  is  thus  presented  simi- 
lar to  that  in  connection  with  the  gall  bladder. 

The  tumors  of  the  ureters  may  cause  hydro-,  liremato-. 
and  pyonephrosis.  Carcinoma  of  the  ureters  may  spread 
to  the  kidney,  bladder,  seminal  vesicles,  lymph  glands, 
and  peritoneum,  and  may  cause  metastases  in  thit  liver 
pleural  cavity,  and  lung.  Leo  Loeb. 

URETERS,  SURGERY  OF  THE.— The  ureter  is  a  flat- 
tened, whitish  tul)e  which  connects  the  pelvis  of  the 
kidney  w'ith  the  bladder.  It  begins  at  the  level  of  the 
twelfth  rib,  about  4  cm.  (1.6  in.)  from  the  median  line. 
It  crosses  the  pelvic  brim  one-third  of  the  distance,  that 
is,  about  3  cm.  (1.2  in.)  from  the  median  line,  to  the  ante- 
rior superior  iliac  spine.  It  can  be  palpated  just  above 
the  brim  of  the  pelvis.  In  the  pelvis  it  lies  just  in  front 
of  the  common  iliac  arfeiy  and  then  curves  sharply  for- 
ward to  pierce  the  base  of  the  bladder  (Fig.  4839).  In 
the  abdomen  it  lies  upon  the  psoas  magnus  muscle. 
Either  the  right  or  the  left  ureter  can  be  exposed  without 
opening  the  jjeritoneum,  through  an  oblique  incision 
parallel  w-ith  and  a  little  above  Poupart's  ligament.  The 
ascending  or  descending  colon  is  freed  and  pushed  toward 
the  median  line,  exposing  the  ureter. 

The  length  of  the  ureter  is  from  25  to  30  cm.  (10  to  12 
in.).  The  function  of  the  ureter  is  simply  to  transmit 
urine  which  collects  in  the  pelvis  of  the  kidney.  This  is 
done  by  a  slow  peristaltic  action.  The  portion  of  the 
ureter  close  to  the  bladder  can  be  palpated  in  man 
through  the  rectum,  while  in  woman  the  lower  end  of 
the  ureter  can  be  palpated  to  a  distance  of  5-8  cm.  (2-3 
in.)  through  the  vagina.  If  there  is  a  stone  in  any  por- 
ti<m  of  the  ureter  the  lower  end  is  said  to  be  extremel}- 
sensitive. 

Tvau)iiatisms. — Injury  to  the  ureteris  not  common.  It 
may  be  opened  by  stab  or  gunshot  wounds,  or  torn  by 
the"  passage  of  a  wheel  across  the  abdomen.  If  it  is  torn 
clear  across,  little  or  no  blood  will  enter  the  bladder,  so 
that  the  urine  passed  from  the  bladder  may  be  entirely 
clear.  If  it  is  partially  torn,  some  urine  from  the  injured 
side  may  reach  the  bladder.  In  either  case  fhei-e  will  be 
a  retroperitoneal  extravasation  of  urine,  with  more  or 
less  obstruction  in  the  corresponding  kidney.  Such  a 
condition  was  formerly  treated  by  repeated  aspirations. 
At  the  present  time  the  proper  procedure  is  to  expose  the 


13 


I'roters, 
I'retlira, 


REFERENCE  HANDBOOK   OF  THE  ]tfEDICAL  SCIENCES. 


ureter,  to  suture  or  tampon  the  ■wound,  or  to  resect  and 
suture  tlie  ureter  if  the  injury  is  more  severe.  In  any 
ease  drainage  should  be  empk\ved.  If  tlie  ureter  is  in- 
jured beyouil  hope  of  repair,  or  if  tliere  is  rettex  anuria 
threatening  the  life  of  the  patient,  ueplirectomy  should 
be  jierformed. 

The  ureter  is  frecjuently  injured  in  pelvic  operations, 
being  cut  or  seized  in  a  clamp  or  ligature.     This  is  espe- 


FiG.  4839.— Relations  of  Un-ters.     r.M.,  Right  ureter;    I. a.,  left  ui'eter;    r.s.r 
right  spermatic  vein ;   l.s.v.,  left  spermatic  vein. 


ciall}'  the  case  in  operations  for  carcinoma  of  the  uterus, 
■while  the  tube  is  less  often  injured  in  operations  for  car- 
cinoma of  the  rectum,  because  the  regional  lymph  glands 
in  the  latter  disease  are  not  so  near  the  ureters.  The  pa- 
tient ma}'  die  from  ureteral  infection,  or  from  obstruction 
to  the  urinary  ilo^sv,  or  he  may  recover  with  a  urinary 
fistula.  Long-continued  pressure  during  childbirth  may 
cause  necrosis  of  the  vvall  of  the  ureter  and  a  fistulous 
connuunication  between  it  and  the  uterus  or  vagina. 
Many  plastic  operations  have  been  devised  for  curing 
such  a  fistula.  They  consist  either  in  the  re-establish- 
ment of  the  wall  of  the  ureter,  or  in  its  implantation 
into  the  bladder  higher  up.  Details  of  this  operation  are 
given  in  te.xt-booUs  on  gynecology.  Many  operators 
make  it  a  practice  at  the  close  of  a  dillicult  pelvic  opera- 
tion to  examine  the  ureters  so  as  to  make  sure  they  liave 
not  been  injured.  It  is  also  a  good  practice  in  many 
cases  to  insert  a  ureteral  probe  before  operation  to  serve 
as  a  guide  to  prevent  injury  of  the  ureter. 

Inflammations. — Ureteritis  rarely  occurs  as  an  inde- 
pendent disease ;  it  forms  a  part  of  the  general  inflamma- 
tion of  the  urinary  tract.  Gonorrhoeal  inflammation  of 
the  ureter  may  give  rise  to  the  formation  of  ureteral 
valves  and  strictures.  Tuberculosis  changes  the  ■\vliole 
ureter  into  a  stilf,  inelastic  tube.  In  acute  inflammation 
the  ureter  is  very  tender,  and  in  chi-onic  inflammation  it 
is  thickened.  Both  of  these  conditions  may  be  recog- 
nized by  abdominal  palpation  in  not  too  stout  patients, 
and  also  by  examination  through  the  rectum  or  the  va- 
gina. Any  obstruction  in  the  ureter  is  of  the  greatest 
importance,  since  it  ma_y  lead  to  hydro-  or  pyonephrosis. 

There  is  a  disease  known  as  chronic  polypoid  ureteritis, 
in  which  the  mucous  membrane  of  tlie  ureter  is  thicklj- 
studded  with  cysts. 

If  a  renal  calculus  becomes  blocked  in  its  passage 
through  the  ureter  a  suppurative  periureteritis  may  be 


produced.  The  pus  which  forms  around  the  ureter  will 
.soon  destroy  its  wall,  giving  rise  to  exti^avasation  of 
urine. 

Obstruction. — The  lumen  of  the  ureter  may  be  blocked 
by  a  foreign  body,  such  as  a  calcidus,  or  a  blood  clot,  or 
an  existing  inflammation,  or  the  effects  of  a  previous 
one,  or  by  pressure  of  a  tumor  or  a  focus  of  inflammation 
outside  of  the  meter.  The  best  treatment  is  of  course 
to  remove  the  cause  if  possible. 

Tke.\tment. — An  inflammatory  condition 
may  be  treated  by  irrigation.  Strictures  of  the 
lower  end  of  the  ureter  may  be  dilated  by  metal 
catheters,  varying  in  diameter  from  2  to  5  mm. 
(0.1  to  0.3  in.). 

If  a  ureter  is  ruptured  by  traumatism  or  ac- 
cidentally cut  across  during  an  oi)eration  and 
its  ends  are  fi'eshened  and  sutured,  the  conti- 
nuity of  its  lumen  will  in  most  cases  be  re- 
stored. If  the  condition  is  such  that  owing  to 
damage  of  a  portion  of  the  ureter  or  a. stricture 
a  resection  is  necessary,  suture  at  once  becomes 
more  ditticult.  Schopf  first  sutured  the  ureter 
in  1886,  inserting  stitches  which  did  not  punc- 
ture the  mucous  membrane,  Bovee  suggested 
the  idea  of  cutting  the  ends  of  the  ureter  ob- 
liquely so  that  the  resulting  scar  shwild  not  be 
a  circular  one.  D'Antoma  invaginated  the  cen- 
tral end  of  the  ureter  into  the  peripheral  one, 
which  he  split  up  to  facilitate  the  operation,  and 
then  closed  by  suture.  Van  Hook  inserted  the 
central  end  into  a  lateral  split  in  the  peripheral 
end  (Fig.  4840).  The  peripheral  end  is  ligated 
above  the  lateral  slit.  All  of  the  methods  of 
suture  described  have  been  successfully  em- 
ployed. The  methods  of  implantation,  as 
shown  by  experiments  upon  animals,  give  the 
greatest  safety  against  leakage.  Unfortunately 
these  methods  may  be  impracticable  on  account 
of  the  loss  of  a  portion  of  the  ureter.  This 
tube  has  a  certain  elasticity,  so  that  direct  sut- 
ure may  be  possible,  even  when  the  loss  amounts 
to  as  much  as  8  em.  (3.3  in.).  The  nutrition  of 
the  ureter  is  kept  U]5  by  two  small  arteries  which  spring 
from  the  renal  artery  and  accompany  the  ureter  almost 
to  the  bladder;  hence  in  isolating  the  ureter  for  the  pur- 
pose of  suture,  it  should  not  be  peeled  bare  of  its  sur- 
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Fig.  4840  Illustrates  Different  Methods  of  Reiniiting  the  Cut  Ends  of 
the  Ureter  after  a  Portion  of  the  Tube  has  been  Resected.  (Van 
Hook's  lateral  uretero-ureteral  anastomosis.) 

rounding  connective  tissue.     "When  the  operation  is  fin- 
ished, the  ureter  should  be  covered  witli  peritoneum  or 
other  living  tissue  and  not  surrounded  with  gauze. 
If  the  defect  in  the  ureter  is  situated  at  its  upper  end, 
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it  may  bo  possible  to  suture  the  peripheral  portion  of  the 
ureter  into  the  pelvis  of  the  kidney.  If  the  defect  is  in 
the  lower  portion  of  the  ureter,  the  central  end  may  be 
implanted  in  the  upper  part  of  the  bladder.  Such  an 
imjilautation,  if  possible,  should  be  made  e.xtraperito- 
neallv.  In  some  cases  the  sutures  employed  have  been 
drawn  out  through  the  urethra.  Witzel  and  others  have 
implanted  the  ureter  obliquely  in  the  vesical  wall  so  as 
to  prevent  the  back  flow  of  urine.  In  most  of  these 
eases  a  catheter  iias  been  left  in  the  bladder  for  a  few 
days. 

The  ureters  have  several  times  been  implanted  in  the 
rectum  or  sigmoid  flexure,  but  the  success  of  this  opera- 
tion is  a  limited  one,  as  most  of  the  patients  have  died 
from  peritonitis  or  pyelonephritis  or  hydronephrosis. 

Edioanl  Milton  Foute. 

URETHANE. — By  the  simple  title  urethane  is  under- 
stood, in  medicine,  the  body  etliylic  urethane  (ethylic 
carbamate)  NH2.COOC2H5.  This  compound  occurs  in 
colorless  tabular  crystals,  soluble  in  water,  <aIcohol.  and 
ether.  It  has  no  odor  and  but  a  mild  ethereal  taste,  pro- 
ducing a  sensation  of  coolness  in  the  tongue.  Urethane 
operates  upon  the  animal  system  as  a  quite  pure,  though 
not  overpowerful  hypnotic,  without  effect  upon  the  pe- 
ripheral sensory  apparatus,  and  without  untoward  effects 
of  any  kind.  It  is  used  in  medicine  for  procuring  sleep, 
and  is  found  fairly  efficient  in  the  more  tractable  condi- 
tions of  insomnia.  Doses  of  1  gm.  (gr.  xv.)  conunonly 
suffice,  but  the  drug  may  be  required  in  two  or  three 
times  this  quantity,  and  such  large  doses  have  been  per- 
fectly well  borne.  The  remedy  hasalso  lieen  administered 
by  hy)iodermatic  injection.  jProm  the  uncertainty  of  its 
operation,  urethane  lias  not  established  itself  as  a  valuable 
medicine  and  is  not  official  in  the  United  States  Pharma- 
copccia.  It  may  be  prescribed  in  simple  aqueous  solu- 
tion. Edward  Curtis. 

URETHRA,  INJURIES  AND  DISEASES   OF   THE.— 

AN.\'ro.MV, — Tlie  uretlira  under  normal  conditions  is  a 
closed  canal,  averaging  about  eight  inches  in  length.  It 
is  to  be  divided,  both  anatomical!}-  and  clinically,  into 
two  chief  parts,  the  anterior  and  the  posterior  urethra. 

The  anterior  urethra  is  that  portion  which  extends 
from  the  meatus  to  the  anterior  layer  of  the  triangular 
ligament.  This  portion  is  on  the  average  about  six 
inches  in  lengtli,  and  is  itself  divided  into  three  portions, 
which  have  somewhat  different  clinical  characteristics. 
The  first  portion  extends  from  the  meatus  backward  for 
about  one-half  an  inch.  It  is  somewhat  wider  in  its  cen- 
tral ])ortion  than  at  either  of  its  extremities,  and  is  there- 
fore known  as  the  fossa  uavicularis.  The  constriction  at 
its  posterior  extremity  is  occasionally  of  some  impor- 
tance, as  the  point  of  an  instrument  may  become  arrested 
and  its  further  advance  prevented  until  a  proper  direction 
is  given. 

The  next,  or  median  portion,  extends  from  the  fossa 
navic\daris  backward  for  about  three  and  one-half  inches. 
It  is  without  constriction,  and  may  be  regarded  as  repre- 
senting the  calibre  of  the  urethra,  and  should  in  health 
permit  the  introduction  of  a  No.  26  F.  sound  w-ithout 
stretching. 

The  portion  of  the  urethra  lying  behind  this  median 
portion  and  in  front  of  the  triangular  ligament  is  known 
as  the  bulbus  in-ethra^,  or  bulb.  "  It  is  a  more  distensible 
and  roomy  portion  of  the  urethra,  and  under  pathological 
conditions  or  in  old  people  may  be  dilated  so  that  a 
pocket  occurs  just  in  fiont  of  the  triangular  ligament. 
This  portion  of  the  urethra  is  important  because,  owing 
to  itsdistensibility,  the  floor  is  here  readily  pushed  down- 
ward by  an  instrument  advancing  along  the  urethra  until 
it  lies  below  the  level  of  the  opening  in  the  triangular 
ligament,  and  the  instrument  is  then  arrested  because  its 
point  comes  sharply  against  the  ligament,  and  false  pas- 
sages are  here  of  common  occurrence.  It  is  also  to  be 
remembered  that  in  inflammatory  conditions  of  the  ure- 
thra the  disease  is  apt  to  remain  longer  in  this  region, 
possibly  owing  to  the  fact  that  it  is  the  most  dependent 


portion  of  the  fixed  tirethra  and  infectious  materials 
gravitate  into  it. 

The  deep  urethra,  or  that  lying  between  the  anterior 
layer  of  the  triangular  ligament  and  the  urethral  orifice 
of  the  bladder,  is  from  one  and  three-quarters  to  two 
inches  in  length  on  tlie  average.  It  is  divided  into  two 
portions:  that  lying  between  the  anterior  and  posterior 
layers  of  the  triangular  ligament,  or  the  membranous 
portion,  and  that  lying  behind  the  posterior  layer  of  the 
triangular  ligament  and  surrounded  hj  the  prostate  or  the 
prostatic  urethra.  The  membranous  portion,  as  its  name 
betokens,  is  easily  distensible,  and  prone  to  injury  both 
from  instruments  and  from  external  violence. 

The  prostatic  urethra,  or  that  portion  lying  within  the 
prostate,  is  interesting  chiefly  as  containing  the  orifices 
of  the  ejaculatory  ducts  and  of  the  glands  of  the  pros- 
tate. It  is  divided  at  the  centre  of  the  flocn-  Ijy  a  median 
elevation  known  as  the  verumontanum.  This  contains 
a  furrow  in  its  anterior  portion  into  which  open  the 
ejaculatorj-  ducts,  and  it  is  known  as  the  sinus  pocularis. 
It  is  believed  to  be  the  liomologue  of  the  uterine  cavity 
in  the  female.  On  either  side  of  the  verumontanum  lie 
the  prostatic  sinuses,  so  called,  into  which  open  the  ducts 
of  the  prostatic  follicles. 

While  the  anterior  urethra  may  be  artificially  con- 
sidered as  a  straight  canal,  it  is  not  .so  under  normal  con- 
ditions. The  posterior,  or  bulbous  portion,  is  more  or 
less  fixed  in  the  perineal  tissues,  having  in  the  erect  posi- 
tion an  almost  antero-posterior  direction,  though  rising 
somewhat  in  its  anterior  portion.  With  this  the  penile 
portion  makes  a  sharp  angle,  owing  to  the  pendulous 
position  of  the  anterior  urethra,  and  the  angle  so  formed 
is  commonly  known  as  a  penoscrotal  angle.  It  is  impor- 
tant as  being  commonly  the  seat  of  sensitive  granulations 
following  inflammatory  diseases  of  the  urethra,  and  of  so- 
called  spasmodic  stricture  and  strictures  of  large  calibre. 

Glands  of  ike  Urethra. — The  anterior  urethrals  plenti- 
fully provided  with  small  glands  situated  in  the  sub- 
mucous layer  and  opening  into  the  tirethra  by  ducts 
running  forward.  These  are  known  as  the  glands  of 
Littre,  and  are  of  prime  importance  in  inflammatory  con- 
ditions of  the  urethra. 

Cowper's  glands  lie  between  the  layers  of  the  triangu- 
lar ligament  on  either  side  of  the  membranous  urethra, 
and  open  b}'  ducts  of  con.siderable  length  into  the  bul- 
bous portion  of  the  urethra. 

The  prostatic  follicles  or  glands,  above  referred  to,  lie 
among  the  muscular  fibres  of  the  prostate  gland. 

INJURIES  OF  THE   URETHRA. 

The  pendulous  portion  of  the  urethra  is,  owing  to  its 
great  mobility,  little  liable  to  injury,  though  it  may,  of 
course,  be  injured  bj'  cuts,  stabs,  or  crushing  accidents 
involving  the  whole  pubic  region. 

The  bulbous  urethra  is  the  most  liable  to  accident,  and 
next  to  that  the  membranous  urethra. 

Ki'PTUKE  OF  THE  Urethra. — Etiolor/y. — Injury  to  the 
urethra  occurs  most  frequently  by  falls  upon  the  peri- 
neum astride  some  hard  object";  as  a  beam,  fence,  or  chair. 
Under  these  circumstances  the  urethra  is  forced  against 
the  pubic  ramus  upon  either  side,  the  force  of  the  blow 
rarely  being  exactly  median.  The  injuries  taking  place 
in  tliis  wa.v  may  vary  from  very  slight  and  trifling  lacer- 
ations to  complete  transverse  division  of  the  urethra. 

It  may  be  mentioned  here  that  another  not  uncommon 
form  ofinjury  to  the  urethra  is  from  the  careless  use  of 
still  instriuncnts,  which  tend  to  leave  the  urethra  in  the 
region  of  the  bulb,  especially  where  inflammatory  pro- 
cesses have  damaged  the  mucous  membrane.  The  injury 
in  these  cases  may  vary  from  slight  puncturetl  wounds 
to  complete  transverse  division,  as  in  one  case,  seen  by 
the  writer,  in  which  violent  efforts  to  pass  a  silver  catheter 
upon  an  old  man  with  prostatic  obstruction  resulted  in 
rupture  of  the  bulbous  urethra,  with  the  formation  of  a 
large  blood  clot  closely  simulating  conditions  found  in 
traumatic  rupture  of  the  urethra.  It  may  in  general  be 
said  that  the  amount  of  injury,  particularly  that  due  to 
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violence,  is  greater  than  cither  the  signs  or  symptoms 
would  indicate,  and  fur  this  reason  a  false  sense  of  se- 
curity may  lead  to  the  neglect  of  patients,  with  consider- 
alile  (UiHiage  to  the  luilbcuis  or  membranous  urethra. 

Piithokiyy  (Cliiiictil). — When  any  considerable  rent  has 
occurred  iu  the  urethra,  the  train  of  symptoms  fol- 
lowing is  due  to  the  e.xtrcniely  irritating  qualities  of  the 
urine  "which  inljltrates  the  tissues.  The  rapidity  with 
which  spreading  gangrene  may  take  place  from  infiltra- 
tions of  this  cliaracter  is  hardly  equalled  by  any  ])rocess 
seen  elsewhere  iu  tlie  body.  The  direction  in  which  the 
infiltration  will  spread  depends  upon  the  anatomical  ar- 
rangement of  the  fascite  in  this  region,  and  is  so  charac- 
teristic as  to  require  careful  consideration.  When 
rupture  takes  place  in  the  bulbous  portion  of  the  ure- 
thra, infection  will  spread  to  the  tissues  of  the  scrotum 
and  then  upward  through  the  space  between  the  pubic 
spine  and  the  insertion  of  the  fascia  into  the  symphysis. 
It  will  not  tend  to  go  downward  on  to  the  thigh,  owing 
to  the  adhesion  of  the  superficial  fascia  in  the  region  of 
Poupart's  ligament.  Having  once  gained  access  to  the 
front  of  the  abdomen  through  the  space  above  mentioned, 
it  may  spread  upward  to  almost  any  extent.  In  the  later 
stages  the  spread  may  be  more  atypical,  owing  to  the 
breaking  down  of  the  natural  barriers.  If  the  rupture 
take  place  in  the  membranous  portion  the  extravasation 
will  follow  the  layers  of  the  pelvic  fascia,  spreading  be- 
tween the  fascia  and  the  wall  of  the  pelvis,  and  possibly 
reaching  the  thigh  through  the  space  on  the  inner  side 
of  the  femora!  vessels.  If  rupture  occur  iu  the  prostatic 
urethra  the  infection  will  extend  into  the  connective  tis- 
sue in  the  pelvis  between  the  fascia  and  the  peritoneum, 
and  pelvic  abscess  may  result.  Rupture  of  the  prostatic 
urethra,  except  when  due  to  instruments  or  sharp  spicidcs 
of  bone,  in  fracture  of  the  pelvis,  is  almost  luiknown. 

The  most  characteristic  pathological  ]>heuomenon  of 
traumatic  rupture  of  the  urethra  is  the  formation  of  a 
blood  clot.  This  will  generally  be  foinid  in  the  perineal 
region  between  the  scrotum  and  the  anus,  and  will  vary 
from  a  very  small  quantity  to  an  amount  sufficient  to 
cause  a  bulging  tumor  as  large  as  an  orange.  At  first 
this  blood  is  unmi.xed  with  urine,  but  as  the  bladder  be- 
comes distended  leakage  will  take  place,  and  the  size  of 
the  tumor  may  be  considerably  increased  by  additions 
from  this  source. 

Rupture  occurs  most  commonly  upon  the  floor  of  the 
urethra,  and  in  llie  more  extensive  cases  the  urethra  may 
be  completely  divided,  with  the  exception  of  a  small 
strip  of  mucous  membrane  on  the  upper  wall. 

The  elasticity  of  the  tissues  forming  the  urethra  is 
great,  and  the  tendency  of  the  ends  to  retract  is  marked, 
but  not  excessive  except  where  complete  division  of  the 
urethra  has  occurred,  when  the  retraction  may  se]iarate 
the  divided  ends  of  the  urethra  for  a  considerable  dis- 
tauce,  the  intervening  space  being  filled  with  blood, 
urine,  and  tissue  detritus. 

Symploms. — Pain  is  not  a  characteristic  symptom  of 
rupture  of  the  lu'ethra,  and  extensive  damage  may  exist 
without  causing  severe  pain  except  on  micturition.  The 
contact  of  urine  with  the  raw  surfaces  is  always  extreme- 
ly painful,  but  with  this  exception  pain  may  be  striking 
by  its  absence. 

Hemorrhage. — A  small  amount  of  bleeding  from  the 
meatus  is  quite  characteristic  of  damage  to  the  uretlira. 
This  is  usually  seen  in  the  form  of  a  few  drops  of  blood, 
which  appear  shortly  after  the  injury,  aud  a  little  inter- 
mittent oozing  is  likely  to  continue  for  some  tune  if  treat- 
ment is  not  instituted.  Hemorrhages  of  considerable 
amount  are  extremely  rare,  though  instances  have  been 
occasionally  reported. 

Retention  of  Urine.— This  symptom  is  quite  character- 
istic of  rupture  of  the  urethra.  Generall\'  the  patient 
will  be  luiable  to  empty  liis  bladder  at  all.  though  in  the 
milder  degrees  the  attempt  may  he  successful  at  first,  and 
later  fail  on  account  of  swelling  which  occurs  aliout  t  he  in- 
jured part.  This  symptom,  taken  iu  connection  with  the 
slight  bleeding  from  the  meatus  and  the  history  of  injur}', 
is  almost  pathognomonic  of  rupture  of  the  tu'ethra. 


Tenesmus. — "Where  the  damage  is  sufficient  to  cause 
retention,  tenesnuis  will  alwa.vs  follow  after  a  longer  or 
shorter  time.  As  the  bladder  distends,  leakage  takes 
place  into  the  injured  area,  aud  the  pain  results  in  vio- 
lent bladder  tenesmus,  which  is  likely  to  cause  an  in- 
crease of  the  bleeding  from  the  meatus.  This  symptom, 
while  constant,  is  not  of  great  importance,  as  it  will 
occur  only  in  the  presence  of  other  symptoms  sutficieut 
in  themselves  to  warrant  the  diagnosis. 

Shock. — In  rupture  of  the  urethi'a  uncomplicated  by 
fracture  of  the  pelvis  or  extensive  damage  to  other  tis- 
sues, shock  is  not  a  prominent  symptom,  though  it  nia\- 
readil}'  occur  when  the  blow  causiug  damage  to  the  ure- 
thra has  at  the  same  time  struck  one  or  the  other  testicle 
with  sutlicicnt  violence  to  cause  the  rather  characteristic 
symptoms  of  shock  from  this  cause.  When  rupture  of 
the  urethra  is  a  complication  of  exten.sive  crusliiug  in- 
juries involving  the  pelvis,  shock  may  be  a  promiuent 
symptom:  but  iu  these  ca.ses  it  is  a  symptom  of  injury 
to  <ither  tissues  rather  than  to  the  urethra. 

Fever. — The  occurrence  of  fever  after  rupture  of  the 
urethra  is  not  an  imiuediate  symptom.  It  comes  only 
when  infection  of  the  blood  clot  has  taken  place,  aud  is, 
therefore,  too  late  a  symptom  to  be  of  diagnostic  value. 

Treatment. — When,  from  tlie  occurrence  of  any  of 
the  above  S3'raptoms.  rupture  of  the  urethra  is  suspected, 
an  attempt  shoidd  be  made  to  enter  the  bladder  with  a 
soft  instruiuent.  This  may  occasionally  be  successful, 
but  will  on  the  whole  do  more  to  confirm  the  diagnosis 
than  to  prove  itself  of  value  in  the  treatment.  The  in- 
strument will  generall}-  le.ive  the  urethra  at  the  point  of 
rupture  and  iiupiuge  upon  some  of  tlie  irregularities 
which  the  injury  has  caused.  If  a  stiffer  instrument  is 
to  be  tried,  the  attempt  must  be  made  with  the  greatest 
care,  the  attendant  bearing  in  mind  the  fact  that  he  will 
probably  fail,  and  that  it  is  his  duty  to  do  no  further  in- 
jury to  an  already  daiuaged  lu'cthra.  In  general  it  may 
be  said  that,  should  a  soft  instrument  fail  to  find  its  waj' 
into  the  bladder,  no  further  instrumentation  should  be 
undertaken  until  all  preparations  have  been  made  for 
an}'  operation  which  maj'  be  necessary  to  insure  success, 
for  to  attempt  to  enter  the  urethra  with  a  stiff  instrument 
without  being  prepared  to  take  the  consequences  should 
failure  result,  auil  resort  immediately  to  a  cutting  opera- 
tion, is  little  short  of  meddlesome  suigerj". 

If  the  means  for  radical  operation  be  not  at  hand,  over- 
distention  of  the  bladder  may  be  jirevented  by  aspiration 
above  the  pidjes.  This  is  not  to  be  regarded  as  a  curative 
measure,  and  will  not  preveut  the  leakage  of  urine  into 
the  damaged  (issues,  but  it  luay  contribute  to  the  com- 
fort of  the  patient  din-ing  ncccssar}-  delay. 

The  operation  of  election  is  perineal  section,  with  evac- 
uation of  the  blood  clot,  aud  if  possible  truion  of  the 
divided  ends  of  the  lU'ethra.  There  is  a  growing  tendency 
among  surgeous  to  do  this  operation,  even  in  cases  iu 
which,  under  ether,  an  instrument  can  be  made  to  pass. 
This  comes  from  the  conviction  that  the  amount  of  scar 
tissue  following  the  injury  will  be  less  when  treated  b.y 
the  open  method,  and  from  the  very  general  experience 
of  the  intractability  of  urethral  strictures  resulting  from 
this  accident. 

The  first  step  iu  the  operation  should  be  the  attempt  to 
pass  a  full-sized  souud.  This  will  probably  fail,  but  iu 
case  of  success  it  may  be  used  as  a  guide  to  perineal  sec- 
tion. If  it  fails  it  luay  still  be  used  as  a  guide  to  the 
point  of  rupture.  The  patient  should  then  be  placed  in 
the  litbotom.y  position,  aud  a  median  incision  made  in 
the  perineum.  When  the  blood  clot  has  been  evacuated 
aud  the  bleeding,  which  is  generally  most  marked  from 
tlie  posterior  end,  controlled,  search  should  be  made  for 
the  ends  of  the  iirethra.  The  anterior  end  can  generally 
be  found  without  dilliculty.  as  the  instrument  iu  the 
urethra  is  a  direct  guide  to  its  position  ;  but  the  discov- 
ery of  the  posterior  portion  may  be  a  matter  of  difficulty, 
or  even  inipo.ssibility. 

We  cannot  here  go  at  length  into  the  methods  of  search. 
If.  after  a  considerable  search,  the  posterior  fragment 
cannot  be  found,  recourse  should  be  had  to  retrograde 
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catheterization.  For  tliis  purpose  the  bladder  is  opened 
above  the  pubes,  as  described  iu  the  section  on  suprapu- 
bic cystotoni}'.  The  catheter  is  then  passed  from  the 
bladder  into  the  wound,  and  the  posterior  fragment  of 
the  urethra  can  generally  be  located.  This  having  been 
done,  the  further  procedure  is  the  same  iu  either  event. 

It  is  generally  thought  wise  to  attempt  to  unite  the 
divided  ends  of  the  urethra  and  thereby  diminish  the 
amount  of  scar  tissue.  This  is  best  done  with  catgut 
sutures,  which  may  or  may  not  include  the  mucous 
membrane.  When  the  wound  has  been  largel}'  closed 
two  courses  are  at  our  disposal:  either  a  large  soft-rub- 
ber catheter  may  be  passed  into  the  bladder  and  tied  in 
place,  or  it  may  be  passed  down  to  the  point  of  rujjture 
and  the  bladder  drained  with  a  perineal  tube.  Iu  either 
case  no  further  closure  of  the  wound  with  sutures  is  in- 
dicated, and  a  light  packing  of  gauze  should  be  left  in 
position.  The  rest  of  the  treatment  is  so  similar  to  that 
after  perineal  section  for  stricture  that  its  further  discus- 
sion will  be  unnecessary  here. 

Rupture  of  the  pendulous  portion  of  the  urethra  will 
be  accompanied  by  extravasation  into  the  tissues  of  the 
penis,  with  rapid  swelling,  cedenia,  and  tissue  necrosis, 
unless  relieved.  Incision  should  be  prompt  and  free,  the 
wounil  in  the  urethra  sutured  or  not,  according  to  its 
f.xtent,  tlie  external  wound  packed  with  gauze  and  the 
bladder  drained  with  a  catheter. 

FouERiX  Bodies  in  the  Urethu.^. — Foreign  bodies 
iu  the  uretlira  are  of  two  classes:  those  introduced  from 
without,  either  by  the  patient  or  by  the  doctor,  and  those 
coming  down  from  above,  as.  for  instance,  stones  which, 
having  passed  the  ureter,  have  become  impacted  in  the 
uretlira  and  obstruct  the  passage  of  urine. 

Of  the  foreign  bodies  introduced  from  without  there 
are  an  immense  variety,  of  which  detailed  account  can- 
not be  given  here,  and  their  introduction  by  the  patient 
is  generally  due  to  some  mental  perversion.  Occasion- 
ally pieces  of  instruments  or  catheters  may  break  off  and 
be  left  in  the  urethra.  In  these  cases  their  presence  is  at 
once  known  and  the  jirojier  measures  can  be  taken. 

Foreign  bodies  left  in  theanterior  urethra  can  occasion- 
ally be  forced  out  by  pressure  on  the  urethra,  but  such 
an  occurrence  is  unusual.  They  may  frequently  be  re- 
moved by  the  introduction  of  a  full-sized  endoscope  in  a 
good  light,  the  body  being  seized  with  proper  alligator 
forceps.  In  order  to  prevent  it  from  slipping  liack  along 
the  urethra,  which  it  has  a  marked  tendency  to  do,  the 
fingers  of  the  left  hand  should  compress  the  urethra  be- 
hind it  and  prevent  such  slipping.  Iu  case  removal  by 
the  endoscojie  is  impossible,  an  external  urethrotomj' 
over  the  body  is  always  proper,  and  the  only  necessary 
precaution  is  to  make  sure  that  the  body  is  firmly  held  iu 
position  before  the  incision  is  made. 

Foreign  bodies  in  the  deep  urethra  can  rarely  be  reached 
by  means  of  the  endoscope.  By  far  the  most  common  of 
these  bodies  are  uretliral  calculi  which  are  too  large  to 
pass  the  urethra.  In  these  cases  they  cannot  infrequent- 
ly be  pushed  back  into  the  bladder  by  the  use  of  a  full- 
sized  sound,  and  where  this  can  be  done  without  undue 
violence  it  will  serve  to  relieve  the  retention  which  al- 
ways exists.  Once  they  have  been  pushed  back  iuto  the 
bladder,  they  may  be  removed  by  the  measures  appro- 
priate to  stone  in  the  bladder.  When,  in  rare  instances, 
they  cannot  lie  jiushed  back  as  above  described,  a  small 
perineal  incision  or  boutonniere  can  be  made,  aud,  with  the 
forefinger  of  the  left  hand  in  the  rectum,  the  foreign  body 
can  be  grasjied  with  dressing  forceps  and  removed. 

INFLAMMATORY  DISEASES  OF  THE  URETHRA. 

InHammatory  conditions  affecting  the  urethra  may  be 
classified  under  four  general  headings.  These  are:  1. 
Gonorrha?al.    2.  Simple.     3.  Syphilitic.     4.  Chancroidal. 

GoNORiiucE.vi,  Infi..\mm.\tion. — The  space  at  our  com- 
mand will  not  permit  us  to  digress  into  the  interesting 
discussion  of  the  relation  of  the  gonococcus  of  Neisser  to 
this  disease.  Suffice  it  to  say  that  gonorrhceal  processes 
are  always  due  to  the  above-mentioned  organism,  and 
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that  when  doubt  of  its  presence  exists  the  classification 
cannot  be  made  with  certaiut}-.  The  occurrence  of  other 
organisms  closely  resembling  the  gonococcus  in  staining 
properties  and  morphological  characteristics  is  now  be- 
yond question,  and  in  doubtful  cases  the  question  can 
only  be  decided  by  cultures. 

I'atlioloijy. — The  prime  characteristic  of  this  organism, 
as  revealed  iu  the  varying  severity  of  the  inflammations 
which  it  causes,  is  its  affinity  for  mucous  membranes. 
While  the  gonococci  are  capable  of  producing  infiamma- 
tory  processes  elsewhere,  these  in  fiammations  arc  atypical 
and  do  not  show  the  same  virulent  characteristics  as  are 
observed  in  the  urethra.  Another  extremely  important 
characteristic  is  the  liking  of  the  gonococcus  for  the  deep- 
er layers  of  the  mucous  membrane  and  for  the  glandular 
structures  lying  in  the  submucous  layer.  Upon  this  char- 
acteristic depends  the  extremely  unsatisfactory  results  of 
treatment,  as  the  gonococcus,  once  fairly  established  in 
the  deeper  layers,  can  be  reached  with  difficulty,  if  at  all, 
and  may  slumber  for  months,  or  even  years,  in  some  of 
these  obscure  hiding  places. 

Syiiiptoms. — Acute  infection.  Where  an  acute,  fresh 
infection  or  original  infection  has  occurred,  a  well- 
marked  period  of  incubation  will  alwaj'S  be  found,  and 
the  absence  of  such  a  period  should  give  rise  to  serious 
doubt  as  to  the  diagnosis.  Infections  with  other  organ- 
isms of  a  transient,  unimportant  character,  and  so-called 
"flare-ups"  of  previous  infections,  will  show  little  or  no 
period  of  incubation,  but  a  fresh  infection,  uninfluenced 
by  previous  conditions,  will  always  show  a  well-marked 
period  of  incubation,  varying  from  four  to  ,seven  days. 

The  first  sj'mptom  isas  a  ruleasli.uht  itchingor  smart- 
ing of  the  urethra  accompanied  by  a  moderate  mucoid 
discharge.  In  ordinar_y  cases  this  rapidly  increases  dur- 
ing the  following  day  or  two,  and  the  patient  has  severe 
burning  on  urination  with  a  profuse  3'ellow  or  greenish 
purulent  discharge.  In  many  cases  about  this  time  a 
certain  amount  of  swelling  and  n?(lema  appears.  This  is 
first  noticeable  around  the  meatus,  and  is  evidenced  bj'  a 
slight  pouting  of  the  urethra.  This  is  followed  by  oede- 
ma of  the  penis — sometimes  extreme. — probably  due  to 
lym]ihatic obstruction.  The  lymphatics,  especially  upon 
the  dorsum,  are  often  to  be  seen  as  well-defined  red 
marks,  extending  up  to  the  region  of  the  put)es.  The 
glands  iu  the  groin  at  this  time  are  frequently  somewhat 
enlarged  and  tender.  As  a  rule  they  do  not  go  on  to 
suppuration,  and  are  in  this  waj'  to  be  distinguished 
from  the  suppurating  glands  most  commonly  seen  with 
chancroidal  ulcerations.  They  are  .genei'ally  more 
marked  ujjon  one  side  than  upon  the  otlier,  and  subside 
without  local  treatment. 

In  the  absence  of  treatment  the  discharge  and  inflam- 
matory sj'mptoms  continue  to  increase  for  from  ten  days  to 
two  weeks.  The  subsidence  without  treatment  is  a  slow- 
process,  and  probably  in  imcomplicated  cases  lasts  for 
from  six  to  eight  weeks,  at  which  time  a  certain  propor- 
tion of  untreated  cases  may  be  spontaneously  cured. 

The  occurrence  of  any  complications,  however,  may 
immensely  jirotract  the  course  of  tlie  di.sease,  and  there 
are  somecases  which  have  earned  for  themselves  with 
some  justice  the  title  of  "incurable." 

Posterior  Infections. — The  disease  starts  in  the  an- 
terior urethra,  generallj-  in  the  region  of  the  fossa 
navicularis,  and  tends  to  extend  slowly  backward  by 
continuitj'.  In  many  cases  it  ultimately  involves  the 
greater  part  of  the  anterior  urethra.  In  a  considerable 
proportion  of  cases  there  is  extension  to  the  posterior 
urethra.  This  extension  is  frequentlj-  due  to  continuity 
of  the  process,  but  may  undoubtedly  be  favored  by  the 
incautious  use  of  instruments,  or  by  injections,  and  has 
long  been  held  up  as  an  argument  against  the  use  of 
local  treatment  during  the  acute  stages.  Infection  of  the 
posterior  urethra  opens  the  way  to  a  great  variety-  of 
complications  which  do  not  belong  strictly  to  the  urethra 
itself;  that  is  to  sa}',  prostatitis,  seminal  vesiculitis,  epi- 
didymitis, orchitis,  and  Cowpei-itis.  These  do  not  fall 
within  the  scope  of  this  article,  and  for  their  discussion 
the  reader  is  referred  to  the  .sections  on  these  conditions. 
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Tlie  distinction  between  a  posterior  urethritis  anil  a 
prostatitis  is  hardly  to  be  made,  and  it  is  probable  that 
comparatively  few  cases  of  posterior  infection  occur 
witliout  some  involvement  of  the  prostate.  The  symp- 
toms of  a  posterior  infection  are  quite  dilTereut  from 
those  of  an  uncomplicated  anterior  urethritis,  and  it  is 
frequently  possible  to  decide  that  the  infection  has  passed 
the  triangular  ligament.  Thus,  frequency  of  micturition 
is  an  almost  unfailing  symptom,  and  may  vary  from  a 
very  moderate  increase  to  an  almost  persistent  tenesmus. 
Pain  is  likely  to  be  a  prominent  symptom,  and  the 
amount  of  pus  coming  with  the  latter  portion  of  tlie 
urine  will  be  found  to  be  increased.  Not  infrequently 
the  amount  of  di.schargs  from  tlie  anterior  urethra  de- 
creases at  this  time,  and  this  has  been  held  as  an  almost 
pathognomonic  sign  of  posterior  infection ;  but  while  it 
very  generally  occurs,  it  cannot  be  regarded  as  distinct- 
ive, and  the  reasons  for  its  occurrence  have  not  been  sat,- 
isfactorily  explained. 

Treatment  of  Actite  Anterior  Urethritis. — For  many 
years  the  effort  lias  been  made  by  surgeons  to  abort  this 
disease,  and  from  our  knowledge  of  the  infectious  agent 
this  is  theoretically  possible.  Practically,  however,  we 
rarely  see  these  cases  at  a  sufficiently  early  date,  as  symp- 
toms sufficient  to  attract  the  patient's  notice  do  not  as  a 
rule  occur  until  the  micro-organism  has  reached  the  deep- 
er layers  of  the  mucous  membrane  and  has  become  rela- 
tively inaccessible.  AVhere  we  have  an  opportunity  to 
treat  a  patient,  known  to  have  been  exposed,  before  the 
occurrence  of  symptoms,  we  are  rarely  in  a  position  to 
postulate  that  infection  would  certainly  have  taken  place, 
and  claims  of  this  kind  are  not  therefore  entitled  to 
weiglit.  Nevertheless,  certain  cases  may  be,  if  not  ac- 
tually aborted,  at  least  cut  short,  and  it  is  entirely  per- 
missible to  attempt  to  abort  cases  seen  within  twenty- 
four  hours  of  the  appearance  of  symptoms. 

The  methods  most  generally  employed  are  the  use  of 
antiseptic  injections,  or  irrigations  of  the  anterior  ure- 
thra, considerably  strongiT  than  would  properly  be  used 
in  more  developed  cases  or  for  any  considerable  length  of 
time.  Solutions  of  nitrate  of  silver  (one  to  three  or  four 
grains  to  the  ounce),  of  argonin  and  protargol  (from  two 
to  five  per  cent.),  and  argyrol  (fromtive  to  ten  per  cent.) 
are  amcmg  the  best.  In  order  to  be  successful  the  treat- 
ment must  be  carried  out  mostlj'  by  the  surgeon  him- 
self. 

A  fair  sample  of  these  methods  is  the  following:  A 
patient  seen  with  a  moderate  muco-puruleut  discharge 
containing  goaococci  is  given  an  injection  in  the  anterior 
urethra  of  a  solution  of  nitrate  of  silver,  two  grains  to  the 
ounce.  This  will  produce  aconsiderable  burning,  which 
will  subside  in  from  one-half  to  two  hours.  If  seen  in 
the  morning  the  patient  may  be  instructed  to  return  later 
in  the  day,  when  an  injection  of  the  .same  solution,  about 
one-lialf  strength,  may  be  given.  He  may  then  be  given 
a  solution  of  one  of  tlie  silver  salts  of  comparatively  mild 
strength — as,  for  instance,  a  oue-per-cent.  solution  of 
protargol — and  told  to  use  it  himself  as  an  interior  injec- 
tion, twice  before  the  next  visit  on  the  following  morn- 
ing. A  stronger  solution  of  one  of  the  silver  salts,  as, 
for  instance,  a  three-percent,  solution  of  protargol,  may 
then  be  given  by  the  surgeon,  while  the  patient  u.scs  his 
own  solution  at  noon  and  the  stronger  injection  is  given 
again  at  night.  In  t  he  more  favorable  cases  the  discharge 
may  be  promptly  ciiecked  and  the  gonococci  will  rapidly 
disappear,  and  by  the  end  of  a  week  the  case  may  be  in 
the  subacute  stage  and  run  a  comjmrativel.v  short  course. 

Jlost  cases,  however,  will  not  be  proper  subjects  for 
this  abortive  treatment.  Treatment  is  both  general  and 
local,  and  the  oiiinion  is  gaining  ground  that  both  forms 
of  treatment  are  of  value  for  patients  who  really  want 
to  get  well.  This  remark  may  seem  unnecessary,  but 
there  are  a  consideralile  number  of  patients,  more  espe- 
cially those  seen  in  hospital  practice,  who  will  not  give 
sufficiently  regular  attention  to  their  disease  to  make  its 
elaborate  treatment  worth  while.  These  patients  are, 
therefore,  best  given  general  treatment  and  not  sub- 
jected to  local  measures  until  the  acute  stage  has  so  far 


subsided  as  to  make  treatment  at  ver}'  short  intervals 
unnecessary. 

Generid  Treatment. — Tliis  includes  h_ygienic  incasures 
and  diet.  It  is  important  to  advise  scrupulous  regard 
for  the  general  health  and  avoidance  of  dissipation  or 
excess  in  any  direction.  Alcohol  must  be  absolutely  in- 
terdicted, and  we  have  frequently  seen  ginger  ale  do 
harm.  Highly  seasoned  irritating  foods,  fatty,  fried,  or 
strongly  acid  foods  arc  al.so  objectionable.  Smoking,  ex- 
cept to  excess,  is  not  objectionable.  The  drinking  of  large 
quantities  of  liquids — water,  or  perhaps  better,  milk — is 
valuable  as  a  diuretic,  and  in  this  connection  the  use  of 
alkaline  diuretics,  as  the  acetate  or  citrate  of  potash,  is 
useful.  Careful  instructions  in  regard  to  the  infectious 
nature  of  tlie  discharge  antl  the  importance  of  personal 
cleanliness  should  never  be  omitted. 

Of  the  drugs  known  to  have  a  beneticial  effect  upon 
the  mucous  membranes  of  the  urinary  tract  the  following 
are  the  chief;  balsam  of  copaiba,  oleoresin  of  cubebs, 
sandal-«'ood  oil,  salol,  and  urotropin. 

The  balsams  undoubtedly  have  some  effect  upon  the 
mucous  membranes  to  which  they  are  conveyed  by  their 
solution  in  the  urine. 

Copaiba  is  perhaps  best  suited  to  the  poorer  class  of 
patients,  to  whom  expense  is  important.  It  is  likely  to 
disagree  with  the  stomach  and  not  infrequently  produces 
erythematous  rashes,  which  promptly  disappear  upon 
withdrawal  of  the  drug. 

Cubebs  is  much  in  the  same  class  with  copaiba.  It  is 
slightly  less  nauseating,  and  in  our  experience  somewhat 
less  efficient. 

Sandal-wood  oil  is  the  most  effective,  but  most  expen- 
sive of  this  group.  In  order  to  act  proper!}'  it  must  be 
pure,  and  on  account  of  its  expense  it  is  frcquentlj' adul- 
terated. When  given  in  capsules  it  does  not  often  upset 
the  stomach,  and  its  most  common  unpleasant  effect  is 
pain  in  the  lumbar  region.  This  may  be  combated  by 
the  use  of  moderate  doses  of  salol,  but  in  some  cases  it 
will  force  the  abandonment  of  the  drug. 

Salol  is  regarded  as  a  urinary  antiseptic,  and  is  ex- 
creted in  the  urine  as  salicylic  acid  an<l  carbolic  acid.  Uro- 
tropin comes  much  under  the  same  heading,  and  acts  by 
virtue  of  the  formalin  which  it  liberates.  We  have  per- 
sonally not  seen  good  results  from  the  use  of  these  drugs 
in  acute  urethritis,  and  do  not  regard  them  as  likely  to 
appeal  to  the  mucous  membranes  in  the  same  manner  as 
do  the  balsams. 

Patients  who  cannot  or  will  not  come  frequently  to  see 
the  surgeon  may  be  treated  as  above  described,  with  ad- 
vice and  balsams,  and  they  will  Drobably  get  well  some- 
what more  quickly  than  if  left  untreated. 

Local  Treatment. — This  consists  in  the  application  of 
antiseptic  and  astringent  solutions  to  the  anterior  ure- 
thra. It  may  be  done  by  injection  or  by  irrigation.  In  jec- 
ti(nis  arc  given  with  a  small  blunt-pointed  syringe,  hold- 
ing from  one  to  two  drachms,  by  means  of  which  the 
anterior  urethra  is  distended  without  the  use  of  force 
sutficient  to  drive  the  solution  into  the  posterior  urethra. 
Irrigations  are  carried  out  with  a  soft-rubber  catheter 
(which  is  advanced  slowly  along  the  urethra,  washing  it 
out  continually  as  the  catheter  advances)  or  with  a  blunt 
nozzle,  through  which  a  considerable  stream  is  injected 
into  the  urethra,  at  first  with  sufficient  force  to  close  the 
cut-olf  muscle.  After  the  anterior  urethra  has  thus  been 
irrigated  the  solution  may  be  allowed  to  flow  back  into 
the  bladder,  and  is  then  passed,  thus  thoroughly  w.ash- 
ing  both  the  anterior  and  the  posterior  urethra  (Fig. 
4841). 

The  distinctive  characteristics  of  these  two  methods 
are  that  the  method  of  injection  uses  small  quantities 
and  ilepends  upon  anti.septic  and  penetrating  properties, 
while  the  method  of  irrigation  uses  solutions  less  active 
and  depends  upon  the  quantity  used,  in  part  at  least,  for 
its  mechanical  effect. 

The  solutions  used  for  injection  are  chiefly  the  silver 
salts.  These,  witli  the  exception  of  nitrate  of  silver,  are 
all  comparatively  modern  products  ami  are  to  some  ex- 
tent still  in  the  experimental  stage.     Their  claims  to  u.se- 
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fulness  depend  upon  the  fact  that  tliey  are  organic  salts 
of  silver  and  are  nut  precipitated,  as  are  the  inorganic. 
They  thus  have  greater  power  to  penetrate  to  the  deeper 
layers  of  the  raucous  mcinbi-ane,  and  tlieoretically,  at 
least,  are  more  likely  to  reach  the  organisms  beneath. 
There  are  several  of  them  at  present  which  have  each 
their  ardent  advocates,  and  we  cannot  undertake  to  dis- 
cuss their  relative  efticiency.  Argoniu  and  iirotargol 
mav  be  used  in  streugths  varying  from  one-half  to  four 
per  cent.  The  citrate'of  silver  should  be  used  saturated, 
which  is  about  one  to  four  thousand,  and  the  newest 
candidate  for  favor,  argyrol,  may  be  used  in  from  one 
to  ten-per-cent.  solutions.  They  are  all  less  irritating 
than  the  nitrate  of  silver,  and  the  evidence  goes  to  show- 
that  their  claims  to  attention  are  substantial. 

Where  injections  arc  to  be  used  they  should  be  given 
at  least  once  a  day  by  the  surgeon  himself,  and  during 
the  acute  stage  the  patient  should  use  a  less  powerful 
solution  twice  or  three  times  more  in  the  twenty-four 
hours.  The  number  of  injections  may  be  decreased  as 
the  inflammation  subsides.  All  solutions  used  in  this 
way  should  be  held  in  the  urethra  for  from  five  to  ten 
minutes,  as  in  this  way  their  efhciency  is  much  in- 
creased. 

The  solutions  most  commonly  used  for  irrigation  are 
permanganate  of  potassium  of  strengths  of  from  1  to 
3,000,  to  1  to  6,000;  C(]rrosive  sublimate,  1  to  10,000  to 
I'to  .50,000:  and  nitrate  of  silver,  1  to  4,000  to  1  to  8,000. 
Irrigation  should  always  be  carried  out  by  the  surgeon 
himself,  and  there  can  be  no  doubt  that  when  carelessly 
used  it  is  capable  of  doing  great  harm.  We  do  not  be- 
lieve that  it  is  a  procedure  which  can  safely  be  left  to 
the  patient,  and  think  that  its  greatest  field  of  usefulness 
is  in  connection  with  injections,  the  irrigation  being  given 
by  the  surgeon  and  the  injection  used  by  the  patient. 
Since  these  irrigations  depend  for  their  efficiency  in  part 
upon  the  quantity  used,  this  should  always  be  consider- 
able, and  most  authorities  agree  iu  advising  the  use  of 
from  one  to  three  pints.  If  the  solution  prove  irritating 
to  the  anterior  urethra  it  should  be  diluted  before  it  is 
allowed  to  flow  back  into  the  bladder.  The  method  in 
■which  a  catheter  is  employed  and  the  urethra  cautiously 
irrigated  inch  by  inch,  from  the  meatus  to  the  bulb,  care 
being  taken  to  sec  that  a  free  back  flow  is  kept  up,  com- 
mends itself  to  us  as  being  less  liable  to  be  followed  by 
complications,  and  we  arc  inclined  to  think  that  for 
practitioners  who  are  not  specialists  this  method  is  likely 
to  be  most  generally  useful. 

Treatment  uf  Ac'iite  Posterior  Vret/uitis. — The  occur- 
rence of  this  form  of  inflammation  hasalready  been  noted. 
When  this  is  confined  to  the  urethra  itself  the  process  may 
occasionally  be  headed  off  by  the  use  of  instillations  of 
nitrate-of-silver  (from  one  to  five  grains  to  the  ounce),  of 
which  solution  five  to  ten  drops  should  be  used.  As  a 
rule,  however,  these  cases  do  best  when  not  treated 
locally  during  the  acute  stage.  For  a  further  discussion 
of  this  the  reader  is  referred  to  the  pages  iu  the  article  on 
Prostate,  The,  in  Vol.  VI. 

CnRosic  Urethritis.— This  name  is  given  to  the 
cases  which,  with  or  without  treatment,  continue  for  an 
undue  length  of  time.  As  a  rule  the  only  symptom  is  a 
very  moderate  discharge,  most  noticeable  in  the  morning, 
and"  the  more  or  less  constant  presence  of  shreds  in  the 
urine.  It  generally  is  not  a  source  of  annoyance  to  the 
patient,  except  from  the  knowledge  that  he  is  not  cured. 
It  is  far  more  to  be  dreaded  as  a  source  of  infection  than 
the  more  acute  contlitions,  as  the  very  mild  symptoms 
lull  the  patient  to  a  false  sense  of  security  or  are  over- 
looked through  ignorance  of  the  damage  which  they 
may  cause.  The  treatment  belongs  really  in  the  province 
of  "the  specialist,  and  obstinate  cases  are  likely  to  be  a 
source  of  considerable  annoyance  to  the  general  practi- 
tioner. 

Continuance  of  the  inflammation  is  frequently  due  to 
infection  of  the  prostate  or  seminal  vesicles,  or  to  a  strict- 
ure, and  for  a  discussion  of  these  causes  the  reader  is  re- 
ferred to  other  sections  of  the  present  article.  Another 
not  uncommon  cause  is  the  so-called  granular  patches,  or 


granulations,  in  the  urethra.  These  arc  small  areas,  most 
commonly  found  in  the  luilb  oral  the  peno-scrotal  angle, 
where  the  infection  has  persisted  iu  the  deeper  layers  with 
more  or  less  destruction  of  mucous  membrane.  These 
patches  can  best  be  treated 
with  the  endoscope.  An  in- 
strument should  be  selected 
as  large  as  the  urethra  will 
accommodate  without  caus- 
ing tmduc  pain.  This  should 
be  passed  to  the  region  of 
the  bulb  and  the  obturator 
withdrawn.  Then,  with  a 
good  illumination,  the  sur- 
geon should  follow  the  whole 
course  of  the  pendulous  ure- 
thra, drying  his  field  from 
time  to  time 
with  an  appli- 
cator, and  accu- 
rately localize 
any  granular  m 
patches  which 
exist.  These 
can  generally  be 
distinguished  by  the  dif- 
ferent texture  of  the  tis- 
sues and  by  the  loss  of 
the  normal  lustre.  It 
must,  however,  be  ad- 
mitted that  these  granu- 
lations are  more  fre- 
quently found  by  those 
who  are  expert  in  the 
use  of  the  endoscope 
than  by  those  who  use  it 
onlj'  occasionally.  The 
granulations  should  be 
touched  with  nitrate  of 
silver,  from  fifteen  to 
thirty  grains  to  the 
ouucc,  and  generally 
after  one  or  two  appl" 
cations  marked  improve- 
ment will  be  seen. 

Another  common 
cause  of  a  slight  amount 
of  discharge  is  to  be 
found  in  the  persistence 
of  infection  in  the  glands 
of  the  urethra.  These 
can  hardly  be  reached 
by  local  applications, 
and  are  best  treated  by 
stretching  the  urethra 
moderately  with  sounds 
or  with  a  Kollmau  dila- 
tor. This  should  not  be 
done  more  than  once  in 
five  to  seven  days,  and 
the  urethra  should  be 
carefully  irrigated  with 
some  mild  antiseptic  so- 
lution after  instrumenta- 
tion. The  patient  should 
also  be  given  either  one 
of  the  balsams  or  the  oil 
of  sandal-wood,  which 
act  extremely  well  in 
these  chronic  or  sub- 
acute cases.  The  use  of 
astringent  washes,  as 
permanganate  of  potas- 
sium, sulphate  or  sulpho-carbolate  of  zinc,  and  the  like, 
is  also  useful,  as  the  discharge  is  iu  part  due  to  hyper- 
secretion of  a  slightlv  injected  mucous  membrane,  which 
will  yield  nicel.v  to  the  use  of  astringents,  either  by  in- 
jection or  by  irrigation. 


Fig.  4841.— Valentine  Appuratus  for 
Irrigating  the  Urethra  and  Bladder. 
The  support  for  the  apparatus  is  at- 
taohi'il  I"  Uii'  wall  or  to  the  wood- 
work iif  tlio  rnoui  in  such  a  manner 
that  the  bottom  of  the  irrigator  (fi) 
is  nine  feet  from  the  floor.  The  pa- 
tient sits  on  a  chair  eighteen  Inches 
high.  All  irrigations  are  per- 
fofmcil  from  tliis  elevation ;  differ- 
ences in  tlic  force  of  the  stream  are 
procured  by  drawing  back  or  push- 
ing forward  the  flange  (/i).  a.  a, 
board  with  brass  rod  (g);  c,  collar 
holding  irrigator ;  rf,  pulley  to  raise 
irrigator  for  use  or  to  lower  it  for 
cleaning  and  BUing,  hut  not  fur  pro- 
ducing variations  of  force  of  stream; 
c,  cord  for  drawing  up  irrigator;  /, 
ring  at  end  of  hoisting  cord;  g, 
brass  rod,  serving  as  track  for  metal 
block  which  supports  collar;  ?,  soft- 
rubber  tube  six  and  one-half  feet 
long;  ./,  ring  for  fourth  finger;  ;, 
shield  for  dii'ecting  flow  from  ure- 
thra into  basin  on  patient's  lap :  in, 
small  ring  for  suspending  stopcock 
when  not  In  use ;  ii,  nozzle  in 
place ;  o,  pointed  nozzle  for  normal 
meatus;  p,  dome-shaped  nozzle  for 
large  meatus;  q,  flattened  nozzle 
for  small  meatus;  r,  nozzle  for 
irrigating  female  urethra  and 
bladder. 
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Other  Forms  of  Uuetiikitis.— There  still  remain  to 
be  eonsiilei'cd  throe  other  forms  of  urethritis,  which  are 
important  rliictly  because  they  are  occasionally  con- 
founded with  giiuorrhfoal  urethritis.  Such  mistakes  can 
hardly  occur  except  where  a  diagnosis  is  to  be  made  be- 
tween the  later  stages  of  an  acute  urethritis  and  the  ear- 
lier .stages  of  tlu'Se  other  varieties.  An  inflammation  of 
the  urethra  coming  on  after  a  definite  jieriod  of  incuba- 
tion, accomjianied  by  a  profuse  purulent  discharge  and 
showing  the  presence  of  intracellular  diplococci,  can 
hardly  be  mistaken.  It  is  not  to  be  denied  that  there  are 
other  diplococci  in  the  urethral  discharges,  and  that  thej- 
may  occasionally  stand  in  an  etiological  relation,  but 
these  are  very  rarelj-  capable  of  producing  a  profuse  dis- 
charge, with  other  .symptoms  of  acute  infection.  When 
we  have  to  deal  with  a  so-called  "  gleety  "  discharge, 
showing  the  presence  of  diplococci,  the  diagnosis  cannot 
be  so  easily  made,  and  it  is  also  true  that  even  the  use  of 
Gram's  staiu  is  not  sufficient  to  distinguish  between  these 
organisms,  and  cultural  methods  alone  are  to  be  regarded 
as  absolute.  When,  therefore,  the  importance  of  an  ac- 
curate diagnosis  is  extreme,  no  staining  or  morphological 
distinctions  are  to  be  regarded  as  absolute.  The  most 
important  question  which  the  practitioner  is  called  upon 
to  decide  is  the  distinction  between  a  fresh  infection  and 
the  lighting  up  of  an  old  gonorrlueal  inflammation.  As 
is  well  known,  this  tendency  to  recur  is  very  marked, 
even  after  the  lajise  of  months  or  years.  A  "  flare-up, " 
so  called,  may  generally  be  distinguished  by  its  rapid 
onset,  showing  little  or  no  period  of  incubation,  its  com- 
paratively mild  course,  and  its  tendency  to  subside  under 
mild  treatment.  Gonocoeci  will  generall}'  be  present  in 
considerable  numbers  at  first,  but  they  rapidly  disappear. 
These  cases  are  to  be  distinguished  from  the  ca.ses  of  so- 
called  "simple  urethritis,"  which  are  due  to  infections  of 
the  urethra  with  other  organisms.  It  is  now  beyond 
question  that  other  organisms  arc  capable  of  exciting 
urethritis,  but  they  act  rather  as  a  local  irritant  and  differ 
markedly  from  a  gonorrlueal  infection.  They  show  lit- 
tle or  no  ])eriod  of  inculiation,  the  discharge  as  a  rule  is 
muco-piiruleut,  and  the,y  subside  in  a  few  days,  with  or 
without  treatment.  If  the  discharge  be  examined  under 
the  microscope  a  variety  of  cocci  and  bacilli  may  be 
found,  and  possibly  intracellular  organisms.  The  infec- 
tion is  frequently  not  pure,  and  mixed  cultures  are  gen- 
erally to  be  obtained.  It  is  of  the  first  importance  that 
these  cases  slioukl  not  be  confused  with  a  true  gonor- 
rhccal  infection,  as  serious  consequences  might  follow 
such  a  mistake. 

Treatment. — These  cases  do  well  under  mild  astringent 
or  antiseptic  irrigations,  and  are  to  be  treated  locally 
from  the  very  start.  As  a  rule  they  subside  in  the  course 
of  a  week  or  ten  days. 

CnANCROiD.\i,  Urethritis. — The  possibility  of  a  chan- 
croidal ulceration  extending  into  the  urethra  as  far  as  the 
fossa  navicularis  must  be  remembered.  As  a  rule  the 
diagnosis  is  accompanied  by  no  difficulties,  and  the  e\'i- 
denceof  an  ulcerative  process  generally  extending  out  on 
to  the  glans  will  render  the  diagnosis  easy.  The  treat- 
ment is  that  of  chancroidal  ulcers  elsewhere. 

Syphilitic  Urethritis. — Intra-urethral  chancres  are 
not  uncommon.  Their  presence  is  accompanied  by  a 
moderate  purulent  or  muco-purulent  discharge,  which 
might  be  mistaken  for  an  atj'pieal  case  of  gonorrha?a. 
Such  errors  may  be  avoided  by  palpation  of  tlie  anterior 
urethra,  which  will  show  the  presence  of  an  indurated 
ai'ca,  generally  in  the  first  inch  and  a  half  of  the  urethra. 
These  are  to  be  distinguished  from  peri-urcthral  ab- 
scesses, or  so-called  folliculitis,  by  their  hardness,  and  bj- 
the  absence  of  tenderness;  often  b}'  their  position  at  or 
near  the  meatus,  and  by  the  appearance  of  a  roseola. 
The  treatment  is  that  of  syphilis  elsewhere. 

STRICTURE   OF  THE    URETHRA. 

Strictures  of  the  urethra  may  be  congenital  or  acqtiired, 
but  the  vast  majority  of  strictures  with  wliich  the  prac- 
titioner has  to  deal  come  imder  the  latter  heading. 


Congenital  Strictures. — Congenital  strictures  of 
the  urethra  are  rare.  They  are  generally  at  the  meatus 
and  maj-  be  of  extremely  small  calibre. 

The  etiology  is  obscure.  Cases  of  stricture  further  back 
than  the  meatus  have  been  reported  as  congenital. 

The  most  generally  accepted  theory  in  regard  to  the 
causation  of  hypospadias  and  epispadias  is  that  they  are 
due  toiutra-uteriue  stricture  with  rupture  and  sloughing. 
If  this  theory  be  accepted  it  will  clear  up  the  etiology  of 
congenital  strictiu'e. 

The  treatment  is  that  of  stricture  in  the  adult. 

Acquired  Stricture. — Sjias/rwdic  Stricture. — Under 
this  heading  we  must  consider  the  so-called  spa.sraodic 
strictures,  which,  though  not  strictures  in  the  narrowest 
sense  of  the  word,  are  j'et  frequently  productive  of  the 
symptoms  of  stricture.  They  are  due  to  spasm  of  the 
muscular  fibres  in  the  urethra,  producing  more  or  less 
obstruction.  By  far  the  most  common  cause  of  spasm  is 
a  .sensitive  area  due  to  inflammation,  which  may  be  suffi- 
ciently localized  to  be  described  as  ulcer.  This,  when 
approached  by  an  instrument,  resents  the  interference, 
causing  contraction  of  the  muscular  fibres  and  a  conse- 
quent obstruction  to  the  passage  of  the  instrument.  It 
may  in  this  way  give  rise  to  signs  closely  resembling 
organ'c  stricture,  and  is,  to  be  distinguished  largely  by 
the  history,  which  will  as  a  rule  show  an  entire  absence 
of  symptoms  except  when  the  urethra  is  examined  with 
an  instrument. 

There  are  also  cases  of  spasmodic  stricture  apparently 
of  purely  nervous  origin.  These  occur  in  neurotic  indi- 
viduals, and  are  most  pronounced  when  their  nervous 
symptoms  are  prominent.  The  diagnosis  is  tn  be  made 
oidy  upon  the  history,  an  entire  absence  of  infiammatory 
disease,  and  the  demonstration  of  the  absence  of  local 
areas  of  congestion.  It  is  probable  that,  if  put  to  this 
test,  the  niunber  of  spasmodic  strictures  of  nervous  origin 
will  not  be  found  large.  Spasmodic  stricture  disap- 
pears under  full  surgical  anesthesia. 

Organic  Strictnre.- — The  two  prime  causes  of  organic 
stricture  are  trauma  and  gonorrho^al  urethritis. 

Tramnatic  stricture  has  already  been  discussed  under 
rupture  of  the  urethra  and  will  not  be  further  mentioned 
here. 

While  it  is  not  to  be  denied  that  urethritis  of  other  than 
gonorrhoea!  origin  is  at  times  sufliciently  severe  to  be 
capable  of  producing  true  organic  stricture,  cases  in 
which  such  has  actually  occurred  are  extremely  rare. 

Pathology. — The  trouble  begins  with  the  loss  of  a 
small  portion  of  the  mucous  membrane,  which  results  in 
the  failure  of  the  tissues  to  protect  the  deeper  jjarts,  and 
as  a  result  they  become  infiltrated  with  urine.  This  sets 
up  an  inflammatoryexudatein  the  submucous  layer,  with 
the  deposit  of  fibrous  tissue.  It  is  stated  upon  good  au- 
thority that  the  fibrous  tissue  liere  formed  differs  from 
scar  tissue  in  other  regions  by  showing  a  greater  tendency 
to  contract.  This  may  be  real  or  due  to  the  fact  that  in 
many  cases  infiltration  has  taken  place  about  the  whole 
circumference  of  the  urethra,  and  that  a  very  moderate 
amount  of  contraction  at  any  one  part  will  produce  a 
very  decided  contraction  of  the  whole.  It  is  also  to  be 
remembered  that  the  process  of  formation  is  an  extremely 
slow  one,  and,  therefore,  that  the  scar  is  laid  down  layer 
upon  layer  in  the  endeavor  to  protect  the  deeper  parts 
from  the  extremely  irritating  urine  which  infiltrates  it. 
In  this  way  a  concentric  scar  is  formed,  and  we  need  not 
suppose  any  exceptional  qualities  in  the  fibrous  tissue  in 
order  to  show  an  extremely  persistent  tendency  to  con- 
tract. 

Changes  in  Other  Organs. 

(Jlianges  in  the  Urethra. — The  changes  in  the  urethra 
itself  due  to  stricture  and  yet  not  immediately  at  the 
point  of  stricture,  are  due  to  the  fact  that  the  urethra 
lichind  the  point  of  naiTowihgis  not  completely  emptied. 
The  condition  begins  by  the  retention  of  a  drop  of  urine 
liehiiid  the  strict\u'e — leading  to  irritation  and  frequently 
a  sUght  discharge,  which  is  often  referred  to  as  a  "  gleet." 
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This  is  nothing  more  than  the  attempt  on  the  part  of  the 
mucous  membrane  to  protect  itself  against  the  irritating 
properties  of  the  urine.  As  the  process  goes  on  and  the 
narrowing  becomes  more  complete,  there  is  dilatation  of 
the  urethra  at  this  point,  which  may  become  e.xtreme. 
With  this  dilatation  goes  a  decrease  in  vitality  of  the  tis- 
sues, with  consequent  maceration  and  perforation  of  the 
mucous  membrane,  leading  to.  a  small  abscess,  which 
may  go  on  to  the  formation  of  a  fistulous  opening  behind 
the  stricture  and  in  extreme  cases  to  extravasation  of 
urine.  The  abscesses  and  fistula  thus  formed  may  be 
multiple,  and  the  cause  of  multiple  fistula  formation  is 
not  necessarily  the  presence  of  multiple  strictures.  j\Iul- 
tiple  fistulre  may  and  frequently  do  e.xist  with  but  one 
stricture.  This  is  tlue  to  the  fact  that,  as  the  fistula  be- 
comes chronic,  much  fibrous  tissue  is  deposited  along  its 
walls,  which  then  contract  and  tlie  fistula  no  longer 
serves  to  drain  the  cavity  from  which  it  started.  The 
infection  then  extends  in  another  direction,  with  the  for- 
mation of  a  new  fistula,  and  the  process  may  go  on  until 
several  are  formed,  giving  rise  to  the  condition  known  as 
"a  watering-pot  perineum." 

Extravasiition  of  urine  is  due  to  a  rupture  of  the  ure- 
thra behind  a  stricture,  and  differs  in  no  vmy  from  that 
which  occurs  from  traumatic  rupture  of  the  urethra. 

Changes  in  the  Bladder,  Ureters,  and  Kidneys. — With 
the  increasing  obstruction  in  the  urethra  comes  a  liyper- 
trophy  of  tlie  bladder,  with  not  infrequent  sacculation, 
and  unless  this  hypertrophy  absolutely  keeps  pace  with 
the  obstruction  there  comes  a  time  when  tlie.  bladder  is 
not  completely  emptied,  and  there  is  residual  urine  and 
a  condition  favoring  cystitis.  The  number  of  cases  in 
which  some  residual  urine  is  to  be  found  is  probably 
much  larger  than  is  generally  supposed,  and  is  stated  by 
some  writers  as  high  its  sixty  per  cent.  With  the  occur- 
rence of  residual  urine  of  any  amount  there  comes  a  back 
pressure  upon  the  ureters  and  pelves  of  the  kidneys,  re- 
sulting in  dilatation  and  thereby  favoring  infection  not 
only  of  the  ureter  and  pelvis,  but  also  of  the  secreting 
portions  of  the  kidney.  In  this  way  arise  the  conditions 
known  as  pyelonephritis.  or"'surgical  kidney,"  rendering 
any  surgical  operation  risky. 

Varieties  of  Stricture. — It  is  customary  to  describe 
the  anatomical  characteristics  of  a  stricture  as  one  of 
three  varieties. 

A  stricture  which  is  extremely  narrow  and  resembles 
a  band  constricting  the  urethra  is  spoken  of  as  linear. 

A  wider  band,  which  constricts  a  moderate  amount  of 
the  urethra  in  a  symmetric  manner,  is  spoken  of  as  an 
annular  stricture. 

A  stricture  of  greater  length,  which  has  narrowed  the 
urethra  unequally  in  its  ilifferent  parts  and  has,  there- 
fore, pushed  the  portion  of  the  canal  which  remains 
patiUous  first  to  one  side  and  then  to  the  other,  is  spoken 
of  as  tortuous. 

The.se  varieties  are  not  of  great  importance  in  tlie  treat- 
ment of  stricture,  for  in  some  cases  all  three  varieties  may 
be  present  in  one  patient,  and  it  is  difficult,  without  the 
u.se  of  complicated  apparatus,  to  decide  exactly  as  to 
the  particular  class  to  which  a  given  case  belongs. 

Strictures  are  also  divided,  according  to  their  diameter. 
Into  strictures  of  large  and  strictures  of  small  calibre. 
This  is  a  distinction  which,  in  the  light  of  our  present 
knowledge,  might  properly  be  abandoned.  The  term  of 
"large  calibre"  was  introduced  by  Otis  and  his  follow- 
ers, who  regarded  any  narrowing  of  the  canal  below  that 
calibre,  established  by  an  arbitrary  scale,  as  evidence  of 
stricture.  To-day  it  is  generally  admitted  that  many  so- 
called  strictures  of  large  calibre  should  projjerly  have 
been  regarded  as  physiological  narrowings  of  the  canal, 
and.  as  the  term  carries  with  it  no  important  distinction, 
it  should  properl}'  be  abandoned.  For  practical  pur- 
poses, only  the  strictures  which  were  termed  by  Otis 
"strictures  of  small  calibre  "are  to  be  regarded  as  organic 
strictures  at  all.  It  is  alwaj's  proper  in  describing  a 
stricture  to  speak  of  it  as  a  large  or  a  small  stiicture,  but 
when  these  expressions  are  u.sed  they  are  not  intended  to 
lefer  to  the  term  "'stricture  of  large  calibre,"  which  has 


come  to  carry  with  it  an  especial  meaning,  and  is  not  to- 
day believed  to  be  in  accordance  with  the  facts. 

Loc.\TioN  OF  Strictures. — There  are  three  points  in 
the  urethra  at  which  organic  stricture  is  most  commonly 

to  be  found. 
First,     the 
region  of  the 
bulb. 

Second, 
the  region  of 
the  p  e  11  o  - 
scrotal  angle. 

Third,  a  point  at  the  iiosterior 
limits  of  the  fossa  navieularis. 

True  stricture  of  the  menilira- 
nous  urethra  is  rare  except  in 
cases  of  rupture  of  the  urethra. 

Stricture  of  the  prostatic  ure- 
thra is  jirobably  unknown. 

Symptoms  of  Stricture. — 
Organic  stricture  of  the  urethra 
may  exist  without  symptoms; 
in  fact,  in  the  early  stages  most 
strictures  do  not  attract"  the  pa- 
tient's attention. 

A  gleety  discharge  with  the 
constant  presence  of  shreds  in 
the  urine  is  a  very  constant 
symptom  of  stricture. 

Slight  burning  or  irritation 
and  slight  frequency  of  urina- 
tion are  commonly  observed,  but 
they  are  by  no  means  constant. 

Dribbling  at  the  end  of  the 
act  of  urination  is  common,  and 
due  to  the  inability  of  tlie  ure- 
thra to  contract  regularly  and 
empty  itself. 

Irregularities  in  the  shape  of 
the  stream  of  urine  are  popu- 
larly supposed  to  be  important, 
but  as  they  are  largely  due  to  the 
shape  of  the  meatus  they  need 
not  be  given  much  importance. 

DitHculfy  in  starting  the 
stream  is  a  more  common  symp- 
tom and,  though  likely  to  be  duo 
to  other  causes,  should  always 
attract  attention. 

Frequency  of  urination  in 
marked  degree  and  of  constant 
character  is  a  late  s3'niptoni, 
due  to  changes  in  the  bladder 
resulting  in  the  accumulation  of 
residual  urine. 

Retention  of  urine  is  a  com- 
paratively late  symptom,  but 
may  occur  with  strictures  of 
moderately  large  calibre,  espc- 
cially  after  careless  instrumenta- 
tion, exposure  to  cold,  or  ex- 
cesses in  alcohol.  In  these  cases 
it  is  due  to  an  acute  congestion 
of  the  mucous  membrane,  which 
is  usually  temporary. 

Diagnosis. — The  diagnosis  of 
stricture  is  to  be  made  onlj'  b.y  a 
careful  local  examination  of  the 
urethra,  such  examination  hav- 
ing been  suggested  by  almost 
any  one  of  the  above-mentioned 
symptoms.  It  is  wise  to  carry 
out  such  an  examination  in  a 
routine  wa.y,  and  the  following 
routine  is  suggested,  not  because 
of  exceptional  value,  but  because 
4842. -Curved  Steel  ''  ^^'^  ''een  found  valuable  in 
Sound.  practice: 
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Examination  should  be  begun  witlv  a  sound  as  large  as 
the  meatus  'will  eomfortably  admit.  If  this  is  arrested  a 
smaller  size  may  be  tried,  but  stiff  instruments  smaller 
than  18  or  20  F.  cannot  be  regarded  as  safe.     The  pres- 


FiG.  4843.— Varieties  of  Bougie  d  Boule. 


ence  of  stricture  having  been  ascertained  with  the  sound, 
examination  may  then  be  made  with  the  bougie  a  boule 
(Fig.  4843).  The  larger  sizes  of  this  instrument  are  likely 
to  give  confusing  results,  as  it  is  difficult  to  distinguish 
physiological  from  pathological  narrowings.  With  these 
instruments  it  is  possible  to  locate  the  position  of  the 
stricture  and  its  size,  if  it  will  admit  them  at  all.  Thej' 
are  not  of  much  Value  in  sizes  smaller  than  No.  10  F.,  as 
the  points  become  engaged  in  small  pockets  in  the  ure- 


FiG.  4,'44.— Gum-Elastic  Bougie. 

thra.  If  sizes  smaller  than  this  are  required,  flexible 
bougies,  either  of  the  English  webbing  or  the  French 
make,  are  most  valuable.  With  them  the  presence  of 
organic  stricture  can  be  definitely  ascertained  by  the 
peculiar  gripping  sensation  felt  as  they  are  being  with- 
drawn. This  sensation  is  sufficiently  peculiar  to  be  dis- 
tinctive if  once  felt.  If  soft  bougies  cannot  be  passed, 
resort  must  be  had  to  the  filiform  bougies.  These  are 
extremely  liable  to  be  caught  in  the  orifices  of  the  ducts 


more  chronic  cases  it  will  fail  and  must  be  replaced  by 
some  more  radical  method,  but  an  attemjit  at  cure  by 
this  means  is  never  out  of  place  except  in  cases  in  which 
retention  has  either  occurred  or  is  threatened,  or  in  which 
nothing  but  a  filiform  bougie  or  the  small 
sizes  of  bougies  can  be  pas.sed. 

For  strictures  of  a  calibre  18  to  20  of 
the  Fi'cnch  scale  the  conical  steel  sound 
is  the  best  instrument.  This  should  be 
])assed  gently  thro\igli  the  stricture,  no 
force  being  used  and  no  attemjit  being 
made  to  increase  the  sizes  more  rapidlj^ 
than  is  compatible  with  comfort.  The 
object  to  be  attained  is  to  dilate  the  strict- 
ure so  gradually  as  not  to  cause  bleed- 
ing except  in  most  moderate  amounts. 

For  strictures  below  18  F.  the  .soft  gum 
elastic  bougies  are  safer,  as  the  smaller 
sizes  of  steel  sounds  are  deadl)'  weapons 
except  in  the  hands  of  the  very  expert. 
G  radii  III  Dilalation. — 
The  pos,sibility  of  dilat- 
ing a  .stricture  by  the  pas- 
sage of  instruments  of 
increasing  size  depends 
upon  the  stirring  up  of  a 
mild  grade  of  inflamma- 
tion in  the  stricture,  thus 
promoting  absoi'ption  and 
softening  the  scar.  For 
this  reason  instruments 
should  be  passed  at  such 
intervals  as  give  the  best 
results  in  individual  cases. 
The  interval  will  vary  from  three  to  six  or  seven  days, 
and  the  attendant  should  be  guided  by  the  facility  with 
which  the  sizes  can  be  increased.  The  average  interval 
will  be  about  once  in  five  days.  After  dilatation  has 
been  carried  up  to  28  or  30  F.  the  interval  .should  be  ex- 
tended as  rapidly  as  possible  without  the  occurrence  of 
recoutracliou.  In  this  way  it  may  soon  be  increased 
from  weeks  to  months,  and  a  condition  attained  when  the 
patient  can  either  pass  an  instrument  for  himself,  or  visit 
his  surgeon  once  or  twice  a  year  to  see  that  the  calibre 
has  been  maintained. 

Any  instrumentation  should  be  followed  by  a  thor- 
ough washing  of  the  urethra,  to  remove  as  far  as  po.ssible 
dangers  of  infection. 

This  form  of  treatment  will  fail  in  cases  of  old  strict- 
ure with  much  scar-tissue  formation,  particularlj-  those 
which  bleed  very  readilj-,  and  in  which  each  gain  in  size 
is  accompanied  by  coi'responding  damage  to  the  mucous 
membrane.  If,  after  a  moderate  trial  of  one  or  two 
months,  no  notable  gain  has  been  attained,  it  is  better  to 
resort  to  some  more  radical  form  of  treatment  than  w-aste 
further  time  in  what  is  likely  to  prove  a  hopeless  task. 

There  are  also  a  certain  number  of  what  are  known  as 
"resilient  strictures,"  which,  though  thev  can  be  dilated 
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Fig.  4845.— Filiform  Bougies. 


and  glands  of  the  urethra,  and  their  use  is  a  matter  of 
some  ditficulty  and  belongs  to  the  province  of  the  special- 
ist. 

Treatment. — The  treatment  of  stricture  of  the  ure- 
thra iuay  be  briefly  considered  under  three  general  head- 
ings: 

1.  Gradual  dilatation. 

2.  Continuous  dilatation. 

3.  Urethrotomy,  internal  or  external. 

Gradual  dilatation  is  the  treatment  of  election  in  all 
cases  above  No.  10  of  the  French  scale.     In  many  of  the 


up  to  or  above  20  F.,  cannot  be  kept  at  this  figure  ex- 
cept by  constant  treatment,  and  show  a  very  marked 
tendency  to  lecontract.  Under  these  circumstances,  after 
a  fair  trial  of  gradual  dilatation,  resort  should  be  had  to 
cutting  operations. 

Continuous  Dilatation. — The  term  "continuous  dilata- 
tion "  is  applied  to  a  method  occasionally  applicable  to 
strictures  of  small  calibre;  through  which  only  the  small- 
est insti'uments  can  be  passed.  It  may  be  tried  on  any 
passable  stricture  before  resorting  to  cutting  operations, 
but  is  likely  to  prove  successful  only  in  a  small  number 
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of  cases.  A  filiform  bougie  may  be  passed  tlirough  tlie 
stricture  and  fastened  in  place.  After  the  lapse  of 
twenty-four  to  forty -eight  hours  it  will  be  found  that  a 
larger  instrumeul  can  be  inserted.  These  small  solid  in- 
struments in  the  urethra 
do  not  interfere  with  the 
passage  of  urine.  B3' 
gradually  increasing  the 
size  every  few  days, 
with  the  patient,  of 
course,  under  constant  observation. 
it  maj'  be  possible  to  obtain  a  cali- 
bre sufliciently  large  to  warrant 
the  employment  of  gradual  dilata- 
tion. It  is  to  be  remembered,  how- 
ever, that  this  treatment  is  appli- 
cable only  to  a  small  class  of  cases 
under  constant  observation,  and  re- 
quires considerable  skill  and  an  in- 
timate knowledge  of  the  treatment 
of  stricture  in  order  to  be  success- 
ful. 

Urethrotomy. 

General  Preparation  fm-  All  Vre-- 
tliral  Operations. — Whenever  possi- 
ble any  urethral  operation,  with 
the  exception  of  meatotoniy,  should 
be  preceded  by  a  preparation  as 
for  any  major  surgical  operation. 
Bowels,  diet,  etc.,  should  receive 
careful  attention.  Urotropin  in 
doses  from  ten  to  fifteen  grains  in 
twenty-four  hours  should  be  given 
for  a  day  or  two  previous  to  opera- 
tion. 

An(VKthetics.  —  Meatotomy  may 
always  be  done  with  cocaine  ana-s- 
thesia.  For  all  other  urethral  op- 
erations full  surgical  ana-sthesia  is 
in  general  to  be  preferred.  luter- 
jU  nal  urethrotomy  may  be  done  un- 

jfa_^  (Jer  cocaine,  but  the  an.Tsthesia  is 
not  certain  to  be  complete  and  the 
surgeon  is  likely  to  feel  hurried  and 
to  do  the  operation  less  thoroughly. 
Before  any  cutting  operation  the 
exact  position  of  the  stricture  should 
be  ascertained  by  means  of  bougie 
a  boule. 

The  operations  upon  the  urethra 
coming  luider  the  head  of  urethrot- 
omy may  be  divided  into  two  gen- 
eral groups: 
Internal     Urethrotomt    and 
External   Urethrotomy. — Internal     Urethrotomy. — 
This  procedure  becomes  the  operation  of  election  under 
the  following  general  conditions : 

1st.  Stricture  of  the  meatus.  All  narrowings  of  the 
meatus  sutflcient  to  be  pathological  are  best  treated 
by  cutting  operations,  as 
dilatation  in  this  region  is 
likely  to  be  both  painful 
and  unsuccessful. 

2d.  In  strictures  anteri- 
or to  the  bulb,  large 
enough  to  admit  the 
necessarj'  instruments, 
under  the  following  con- 
ditions: 

{a)  When  gradual  dila- 
tation, tried  for  a  sufficient  length  of  time,  has  failed  to 
give  good  results. 

(J)  In  case  of  so-called  "irritable  strictures,"  namely, 
those  followed  by  increased  discharge,  increase  of  spasm, 
urethral  fever,  etc. ;  also  in  the  so-called  "  resilient  strict- 
ures. " 

if)  The  presence  of  urinary  fistulte  and  other  suppura- 


Fig.  4,'<46.  —  Teevan's 
Modification  of 
Malsonneuve's 
Urethrotome. 


tive  peri-urethral  com])lications  not   requiring  perineal 
section. 

((/)  To  admit  the  passage  of  instruments  prior  to  opera- 
tions within  the  bladder,  as  in  litholapaxy  or  before  opera- 
tion on  an  enlarged  prostate,  to  permit  urethral  drain 
age. 

There  are  two  general  types  of  internal  urethrotomy  : 

1st.  The  operation  cutting  from  before  backward.  For 
this  the  Maisouneuve  and  modifications  of  this  instrument 
(Fig.  4846)  serve  as  a  type.  Briefly  described,  the  opera- 
tion is  as  follows: 

A  filiform  bougie  is  passed  through  the  stricture  and 
the  instrument  is  then  attached  to  this  as  a  guide.  The 
shaft  is  passed  down  to  the  anterior  face  of  the  stricture 
and  the  knife  is  then  pushed  forward  until  all  stricture 
tissue  has  been  divided.  Tlie  knife  is  then  witiidrawn 
into  its  sheath,  the  instrument  removed,  and  a  bulbous 
bougie  or  sound  passed  to  ascertain  that  all  the  scar  tis- 
sue has  been  divided.  The  objection  to  operations  of 
this  type  are  that  it  is  difficnlt  to  divide  the  whole  thick- 
ness of  the  stricture,  and  consequentlj-  the  cutting  has 
to  be  rejieated. 

2d.  Operation  cutting  from  behind  forward. 

In  this  country  the  instrnmeut  invented  by  Otis,  and 
Wyeth's  modification  of  the  same,  are  much  more  gener- 
ally used.     These  do  their  cutting  from  behind  forward. 

The  Otis  urethrotome  is  passed  until  the  cutting  blade 
is  half  an  inch  behind  the  posterior  face  of  the  stricture. 
The  instrument  is  then  screwed  open  until  the  stricture 
is  put  upon  the  stretch,  when  the  knife  is  withdrawn  so 
as  thoroughly  to  divide  the  scar  tissue.  The  instrument 
is  then  further  screwed  open  in  order  to  insure  full  dila- 
tation at  the  point  of  incision.  A  full-sized  sound  .should 
then  be  jiassed  in  order  to  ascertain  whether  or  not  the 
calibre  of  the  urethra  is  normal.  This  operation  is  ap- 
plicable to  any  part  of  the  urethra  anterior  to  the  bulb. 

In  the  portion  of  the  urethra  between  the  bulb  and  the 
posterior  limits  of  the  fos.sanavicularis  all  cutting  should 
be  done  on  the  roof  in  the  median  line.  Strictures  in  the 
fossa  and  at  the  meatus  should  be  cut  upon  the  floor. 
Strictures  behind  the  limits  above  mentioned  should  not 
be  treated  by  internal  urethrotomy  except  when  com- 
bined with  external,  on  account  of  the  danger  of  wound- 
ing large  vessels  and  giving  rise  to  primary  or  secondary 
hemorrhage.  In  all  operations  within  the  urethra,  except 
at  the  meatus  or  of  very  minor  degrees,  it  is  wise  to  tie  in 
a  catheter  for  the  first  day  or  two.  This  serves  the 
double  purpose  of  preventing  hemorrhage  and  avoiding 
a  possibility  of  infiltration  of  urine. 

Meatotomy. — Operations  within  an  inch  of  the  meatus 
maybe  done  with  a  blunt-pointed  straight  bistoury,  and, 
as  above  mentioned,  all  cutting  should  be  upon  the  floor. 
If  preferred,  the  Otis  instrument  may  be  used  in  the 
reversed  position. 

E.rternal  Urethrotomy. — External  urethrotoni}'  becomes 
the  operation  of  election  for  the  great  majority  of  all 
strictures  at  or  posterior  to  the  bulb,  which  require  any- 
thing more  than  gradual  dilatation.  It  will  be  seen, 
therefore,  that  the  operations  anterior  to  the  bulb  are 
amenable  to  internal,  those  posterior,  to  external  ure- 


FiG.  484V.— Otis  Dilating  Urethrotome. 


throtomy.  This  operation  is  particularly  adapted  to 
tight  strictures  of  the  bulbous  portion,  with  or  without 
urinary  fistula-;  to  traumatic  stricture:  and  to  all  so- 
called 'impassable  strictures.  The  type  of  operation  in 
external  urethrotomy  will  vary  with  the  possibility  of 
passing  a  guide  through  the  stricture.  It  has  become 
customary  to  speak  of  all  operations  done  with  a  guide 
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as  simply  "oxterual  uiethrotomy."  When  no  guide  can 
be  intiiidiicetl  the  term  "external  urethrotomy  withouta 
guide,"  or  perineal  section,  is  generally  adopted. 

External  Urtthrntmiiy  irith  a  Guide. — All  the  precau- 
tions above  mentioned  with  regard  to  the  prejiaration  of 
the  patient  and  location  of  the  stricture 
should  be  observed.  Full  surgical  antes- 
thesia  is  necessarv.  The  operation  most 
generally  done  is  that  modelled  after  the 
operation  originally  described  by  Syme. 
It  is  briefl}'  as  follows: 
The   patient  is  placed  in  the  lithotomy 


trusted  to  an  assistant,  to  be  held  strictly  in  the  middle 
line,  and  the  urethra  is  opened  at  the  point  where  the 
staff  shows  the  face  of  the  stricture  to  be.  The  stall  is 
then  tinned  so  that  its  hooked  extremity  catches  the 
upper  angle  of  the  wound  and  draws  it  upward.  Jlr. 
Wheelhouse  advises  the  placing  of  guide  stitches  in 
either  side  of  the  opening  in  the  urethra,  to  act  as  retract- 
ors and  give  a  better  view  of  the  bottom  of  the  wound. 
This  move  will  be  found  of  great  utility.  Then  fol- 
lows a  search  for  the  posterior  portion  of  the  lu-cthra, 
and  this  must  be  prosecuted  carefully  in  a  dry  field, 
the  operator  sticking  strictly  to  the  middle  line.     The  ori- 


Fic.  4848.— Gouley  Tunnelled,  Grooved  Guide. 


position.  A  grooved  guide  is  passed,  care  being  taken  to 
ascertain  that  it  has  entered  the  bladder,  and  is  held 
strictly  in  the  middle  line.  The  knife  is  then  introducetl 
in  the  middle  line  of  the  perineum,  about  half  or  three- 
quarters  of  an  inch  in  front  of  the  anus  or  behind  the 
stricture.  AVith  the  lilade  of  the  knife  turned  upward, 
it  is  pushed  rapidly  forward  luitil  it  strikes  the  groove 
of  the  guide,  when  the  cut  is  continued  upward,  com- 
pletely dividing  all  stricture  tissue  from  behind  forward. 
The  guide  is  then  withdrawn  and  a  full-sized  sound 
passed  to  make  sure  that  the  stricture  is  completely 
divided.  This  is  withdrawn  and  a  catheter  is  tied  in 
place  in  order  to  drain  the  bladder  and  form  a  smooth 
surface  around  which  the  wound  may  heal.  In  regard 
to  the  length  of  time  during  which  this  catheter  should 
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FIG.  4840.    Wheelhouse  Staff. 

remain  in  place  much  difference  of  opinion  exists. 
Many  of  the  best  authorities  advise  that  it  should  be 
removed  after  two  or  three  days,  long  before  the  wound 
is  healed  and  while  urinarj'  leakage  will  still  occur  free- 
ly. It  has  seemed  wiser  to  me  to  leave  the  catheter  in 
place  for  a  week  or  ten  days,  or  even  two  weeks,  until 
the  wound  is  nearly  closed.  It  ma}'  be  necessary  to  re- 
move the  first  catheter  and  replace  it  by  another,  but  I 
believe  that  smooth  healing  without  complication  is 
more  likely  to  be  obtained  by  the  adoption  of  this 
course  than  when  the  catheter  is  removed  in  a  few  days 
and  the  urinary  fistula  allowed  to  close  as  best  it  can. 

Extcnml  Vrethrotviiiy  without  a  Guide. — Perineal  Sec- 
tion.— This  operation  is  among  the  most  difficult  and 
tedious  of  the  operations  of  surgery.  It  should  never  be 
undertaken  except  by  a  surgeon  who  is  prepared  for  a 
major  operation.  The  best  light,  the  best  assistance,  and 
the  best  surroundings  should  always  be  secured.  Before 
deciding  to  do  the  operation  without  a  guide  a  painstak- 
ing attempt  should  be  made  to  pass  a  filiform  bougie 
through  the  stricture,  for,  if  this  can  be  done,  the  opera- 
tion is  converted  instantly  from  one  of  great  difficulty  to 
one  of  perfect  simplicity.  Attempts  to  pass  an  instru- 
ment having  failed,  two  courses  are  open,  one  by  far  the 
best:  to  open  the  urethra  in  front  of  the  stricture  and 
attempt  to  find  the  opening  in  the  stricture  (Wheelhouse 
operation),  or  the  knife  may  be  boldly  plunged  into  the 
apex  of  the  prostate  behind  the  stricture  and  the  urethra 
opened  at  this  point  (Cock's  operation). 

Wheelhmtse  Operation. — For  tliis  operation  a  special 
straight  grooved  staff  terminating  in  a  hook,  inventeil 
by  Mr.  Wheelhouse,  is  frequently  used  (Fig.  4849). 

With  the  patient  in  the  lithotomy  position,  this  staff, 
with  its  groove  upon  the  floor  of  the  urethra,  should  be 
passed  down  to  the  face  of  the  stricture.     It  is  then  in- 


lice  will  frequently  be  found  nearer  the  roof  than  the  floor 
and  everj  likely  pocket  should  be  searched  with  a  probe 
luitil  the  right  one  be  found.  If  the  bladder  be  distended 
with  urine,  pressure  with  the  hand  above  the  pubes  may 
force  a  few  drops  of  urine  out  at  the  opening,  thus  giv- 
ing the  key  to  the  situation.  Time,  patience,  and  a  good 
light  are  the  prime  requisites  to  success,  but  iu  the  most 
skilful  hands  hours  may  be  consumed  in  the  search.  In 
case  of  failure,  after  prolonged  search,  the  bladder  may 
be  opened  above  the  pubes  and  an  instrument  passed 
through  the  urethra  from  behind  forward,  or  Cock's 
operation  may  be  done.  I  am  inclined  to  believe  that 
suprapubic  cystotomy  and  retrograde  catheterization  is 
an  operation  which  has  been  too  much  dreaded,  and  that 
it  may  frequently  be  done  without  running  a  risk  so 
great  as  that  taken  by  a  prolonged  and  fruitless 
search  for  the  urethra.  When  the  orifice  has  been 
found,  a  probe-pointed  gorget  or  grooved  director 
should  be  passed  to  the  bladder  and  the  stricture 
divided  along  the  floor  or  dilated  with  a  proper  dila-  ■ 
tor.  After  this  a  full-sized  steel  sound  should  be 
passed  to  the  bladder,  it  being  made  to  turn  the 
corner  at  the  urethral  opening  with  the  assistance  of  the 
gorget.  This  having  been  done,  the  bladder  should  be 
washed  out  and  a  catheter  tied  in  place  to  secure  per- 
manent drainage.  Some  authorities  advise  the  drainage 
of  the  bladder  with  a  perineal  tube  brought  out  at  the 
perineal  wound  and  left  in  position  for  a  few  days.  I 
believe  that,  except  in  cases  complicated  with  ab.scess 
formation  or  enlarged  prostate,  an  in-lying  catheter  will 
secure  sufficiently  good  drainage  and  promote  a  more 
rapid  healing  of  the  wound. 

Cock's  Operation. — This  operation  may  be  dismissed 
with  the  comment  that  to  plunge  a  knife  blindly  into  the 
tissues  in  order  to  open  a  urethra,  the  position  of  which 
is  uncertain,  is  not  to-day  a  sound  surgical  procedure. 

MlSCELI,.4.NE0US  METHODS  OF  OPER.VTION. — Divulnion. 

— The  operation  of  divulsion,  though  still  practised  by 
some  of  the  best  genito-urinary  surgeons,  hardly  comes 


\ip  to  the  standard  of  modern  acc\iracy.  It  is  impossible 
to  tell  in  exactly  what  direction  the  splitting  force  will 
be  exerted,  and  the  rent  may  occur  in  an  undesirable 
place.  It  seems  to  have  no  obvious  advantages  over  a 
carefully  practised  internal  urethrotomy,  and  is  capable 
of  giving  bad  results  through  the  formation  of  excessive 
scar  tissue. 
Excision. — A  considerable  number  of  surgeons  have 
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practised  the  operatiou  of  excising  w"ell-localized  strict- 
ures tlirough  a  perineal  opening.  Tljese  liave  been 
treated  by  an  atteuiijt  to  bring  the  ends  of  the  urethra 
together,  by  grafting,  and  by  plastic  operations.  In  some 
of'the  best  cases,  however,  the  ends  of  the  urethra  have 
been  left  separated  and  allowed  to  granulate  up  over  an 
in-lying  catheter.  The  operation  appears  to  have  given 
excellent  results  in  properly  selected  cases. 

Elecfroli/sis. — The  application  of  electricity  to  the  ab- 
sorption of  strictures  has  been  enthusiastically  advocated 
from  time  to  time.  Its  advocates  have,  however,  gen- 
erally been  enthusiasts  whose  results  have  not  been  veri- 
fied "by  general  experience,  and  it  may  be  confidently 
asserted  ^hat  electricity  cannot  be  expected  to  cure  or- 
ganic stricture  of  tlie  urethra. 

Prognosis  of  Opei!ative  Tre.\t3ient  op  Strictuke. 
— Internal  urethrotomy  is  frequently  referred  to  as  a  triv- 
ial operation,  devoid  of  danger.  This  statement,  how- 
ever, cannot  be  allowed  to  stand  in  the  face  of  statis- 
tics, and  a  practitioner  advising  the  operation  must  reckon 
with  a  mortality  in  the  vicinity  of  two  per  cent. ,  when 
all  cases  are  taken  into  consideration.  While  this  is  not 
a  large  mortality,  it  is  sufficiently  important  to  empha- 
size tlie  necessity  of  doing  the  operation  only  when  it;  is 
distinctly  indicated. 

Uncomplicated  cases  of  external  urethrotomy  should 
not  have  a  mortality  higher  than  that  of  internal  ure- 
throtomy. The  possibility  of  complications  is,  however, 
considerable,  as  the  strictures  of  the  deep  urethra,  to 
which  this  operaticm  is  applicable,  are  more  likely  to 
have  affected  the  other  urinary  organs,  thereby  increas- 
ing the  risk  of  any  surgical  operation. 

Perineal  section  is  au  operation  of  considerable  mor- 
tality, which  cannot  be  accurately  stated,  but  is  probably 
in  tlie  vicinity  of  fifteen  per  cent.  This  is  due  to  the  fact 
that  the  cases  are  much  less  favorable  for  operation  on 
account  of  the  frequency  of  pyelitis  and  pyelonephritis, 
and  the  mortality  is  not  directly  due  to  the  operation 
itself,  but  to  conditions  antedating  the  operation.  It 
must,  liowever.  be  considered  as  a  distinctly  dangerous 
operation,  but  the  mortality  should  never  deter  a  proper- 
ly qualified  surgeon,  as  the  conditions  which  call  for  it 
are  certain  either  to  prove  fatal  or  to  leave  the  patient  in 
a  condition  less  favorable  for  o))eration. 

Resi'LTS  op  Tre.\tment. — The  ultimate  results  in  the 
treatment  of  stricture  of  the  urethra  may  be  considered 
from  two  points  of  view  : 

1st.  As  affected  by  the  position  of  the  stricture,  and 

2d.  By  the  method  of  treatment. 

Position  of  the  iSirictiirc. — lu  general  it  may  be  said 
that  the  outlook  for  radical  cure  decreases  with  the  dis- 
tance the  stricture  is  situated  from  the  meatus.  Stricture 
at  or  near  the  meatus,  if  treated  by  a  proper  cutting 
operation,  is  practically  alway  sentirely  relieved.  Strict- 
ures of  the  pendulous  urethra  can  generally  be  radically 
cured.  Strictures  of  the  bulbous  and  membranous  ure- 
thra generally  require  the  more  or  less  continuous  use  of 
instruments  in  order  to  maintain  a  full  calibre. 

Method  of  Treiitment. — Gradual  dilatation  will  radically 
cure  a  certain  number  of  cases  of  stricture  of  the  anterior 
urethra.  The  exact  proportion  cannot  be  accurately 
stated,  but  in  the  majority  of  cases  the  full  calibre  of  the 
urethra  is  maintained  only  by  the  occasional  passage  of 
instruments. 

Internal  urethrotomy  is  more  likely  to  produce  radical 
cure  in  pro]ierly  selected  cases  of  stricture  of  the  anterior 
urethra.  The  percentage  of  cures  cannot  with  certainty 
be  stated  at  over  fifty  per  cent.,  and  in  extensive  or  nar- 
row strictures  it  is  not  notably  more  successful  than 
gradual  dilatation. 

ExteriKtl  Urethrotomy  and  Perineal  Section. — Strictures 
of  the  deep  urethra  requiring  external  urethrotomy  or 
perineal  section  are  rarely,  if  ever,  radically  cured  by 
operation,  A  certain  amount  of  recontraction  is  to  be 
expected,  and  permanent  ciu'e  should  never  be  promised 
to  the  patient,  though  it  may  occasionally  result.  The 
old  saying,  "Once  a  stricture  always  a  stricture,"  is  no- 
where more  applicable  than  to  the  deep  urethra. 


Complications  of  Stricture  of  the  Urethra. — The  most 
serious  complication  reciuiring  surgical  treatment  is  ab- 
scess formation  and  infiltration  of  urine.  The  direction 
which  the  septic  processes  will  take  has  been  already 
described  under  the  section  on  rupture  of  the  urethra. 
Where  the  rupture  takes  place  owing  to  an  organic  strict- 
ure of  the  urethra,  the  process  is  likely  to  be  more 
insidious  in  its  onset,  but  none  the  less  disastrous  in  its 
consequences.  Extreme  destruction  of  tissue  in  the  re- 
gion of  the  bulbous  and  membranous  urethra  and  in  the 
loose  tissue  of  the  scrotum  occasionally  takes  place. 
The  treatment  shoidd  consist  in  free  incision  and  drain- 
age of  all  accessible  infected  areas,  together  with  relief 
of  the  stricture. 

Hemorrhage.' — Hemorrhage  in  operations  for  stricture 
of  the  urethra,  eitlier  internal  or  external,  is  rarely 
serious.  When  occurring  iu  internal  urethrotomy  it 
can  be  efficiently  controlled  b,y  the  passage  of  a  full-sized 
catheter  to  the  bladder,  followed  by  pressure  along  the 
urethra  against  the  catheter.  This  can  sometimes  be  ex- 
erted by  a  T-baudage,  pressing  the  parts  snugly  against 
tlie  pubes,  or  by  winding  a  narrow  bandage  or  strip  of 
adliesive  plaster  about  the  penis. 

Hemorrliage  follo^ving  external  urethrotomy  can  be 
controlled  by  pressure  or  by  packing  the  wound.  Care 
should  be  taken  to  ascertain  that  leakage  is  not  going  on 
backward  into  the  bladder,  as  evidenced  by  the  occur- 
rence of  clots  iu  the  urine  coming  through  the  catheter, 
or  by  failure  of  the  catheter  to  drain.  Should  the  hemor- 
rhage taking  place  iu  this  direction  be  alarming,  it  may 
be  controlled  by  the  distention  of  the  deep  urethra  with 
a  perineal  tube,  combined  with  packing  the  wound. 
These  hemorrhages  may  be  jirimary  or  secondary,  and 
are  rarely  of  serious  note. 

Septica.mia.—\i  is  extremely  rare  to-day  that  serious 
general  infection  follows  operations  upon  the  urethra 
except  where  rupture  of  the  urethra  or  abscess  formation 
has  already  occurred.  Much  of  the  improvement  is 
probably  due  to  the  use  of  urinary  antiseptics,  of  which 
urotropiu  is  at  present  the  most  valuable.  However,  in 
isolated  cases  extremely  virulent  streptococcus  infections 
occur,  which  are  as  a  rule  rapidly  fatal.  Treatment 
should  lie  addressed  to  supporting  the  patient's  con- 
dition, and  will  probably  have  little  effect  upon  the  re- 
sult. Hugh  Cabot. 

URICIDIN  is  a  granular  salt  containing  the  sulphate, 
chloride  and  citrate  of  sodium,  the  citrate  of  litliium,  and 
other  salts.  It  is  made  by  adding  20  parts  of  sulphuric 
acid  and  4  parts  of  hydrochloric  acid  to  sufficient  clarified 
lemon  juice  to  represent  50  parts  of  citric  acid.  This  is 
then  nearly  neutralized  with  sodium  bicarbonate,  1  part 
of  lithium  carbonate  is  added,  and  it  is  evaporated  down 
and  granulated.  It  is  employed  iu  teaspoonful  doses  in 
gout  and  rheumatism.  IF.  -1.  Busteelo. 

URINARY  BLADDER,  EXTIRPATION  OF.— History. 

— The  first  operation  for  removal  of  the  bladder  was 
made  by  Bardenheuer,  in  1887,  in  the  male.  The  first 
operation  in  the  female  was  made  by  Pawlik,  in  1888. 
Since  that  time  more  than  a  hundred  cases  have  been  oper- 
ated upon.  In  this  country  the  operation  has  been  done 
by  many  different  surgeons,  both  in  the  male  and  in  the 
female.  In  the  female,  Martin,  of  Chicago,  was  the  first 
to  operate,  his  first  operation  being  in  1893.  The  bladder 
was  removed  with  a  uterine  filiroid.  He  has  also  oper- 
ated on  several  other  cases.  Mann,*  of  Buffalo,  has  oper- 
ated on  three  cases,  the  first  one  in  1900.  C.  C.  Frederick, 
of  Buffalo,  E.  Reynolds,  of  Boston,  and  A.  Lapthoru 
Smith,  of  Montreal,  have  each  operated  once.  The 
operations  upon  the  male  for  exstrophy  have  been  quite 
numerous. 

IxDKATiONS. — The  indications  for  the  performance  of 
this  operatiou  are:  first,  incurable  disease  of  the  bladder, 
such  as  cancer  and  tuberculosis ;  .second,  exstrophy  ;  third, 
incurable  disease  of  surrounding  organs  which  has  begun 

*  Trans.  Amer.  Gyn.  Soc,  1901. 
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to  involve  the  bladder,  such  as  cancer  of  the  uterus  in 
the  female. 

MANAtiEMENT  OP  THE  UnETERS.— In  the  male  the 
method  generall_v  proposed  has  been  the  grafting  of  tlie 
ureters  into  the  bowel.  In  100  cases  collected  by  Bovee 
the  ureter  was  grafted  into  the  bowel  separately  81  times ; 
by  the  Maydl  and  Pozza  method,  44  times;  into  the  ure- 
thra, 13  times;  into  the  vagina,  8  times;  and  into  the 
skin.  4  times.  This  is  tlie  most  important  question  con- 
nected with  the  operation,  and  must  be  clearly  under- 
stood. As  the  conditions  in  tlie  male  and  the  female 
vary  very  much,  dilTerent  methods  may  be  used  in  the 
two  se.xes.  I  will,  therefore,  first  consider  the  methods 
in  the  male. 

The  lirst  plan  used  by  Bardenheuer  was  to  Insert  the 
cut  ends  of  the  ureters  directly  into  the  rectum.  E,\- 
perimentalion  upon  the  lower  animals,  by  Peterson  and 


Fig.  4851.— Extirpation  of  the  Bladder.    The  dotted  line  shows  line 
of  incision.    The  ureter  (»)  is  roughly  sliown  entering  the  bladder. 

others,  shows  conclusively  that  this  is  an  exceedingly 
dangerous  method,  as  in  almost  every  case,  within  a 
comparatively  short  time,  infection  travelled  from  the 
bowel  to  the  kidney,  and  the  animal  died  of  this  compli- 
cation. The  same  thing  has  been  noted  in  man,  and  the 
method  is  now  considered  so  dangerous  as  to  be  practi- 
cally given  up. 

Maydl  pi-oposedthe  removal  of  the  trigone  of  the  blad- 
der with  the  ureters,  and  the  transplantation  of  this  piece 
of  tlie  mucous  membrane  of  the  bladder  directly  into  the 
intestine.  The  results  of  this  have  been  very  much 
better,  as  the  natural  valvular  action  at  the  end  of  the 
ureters  seems  to  prevent  the  ingress  of  infecting  germs; 
so  that  many  cases  in  which  this  has  been  performed 
have  been  permanently  successful.  This  can  only  be 
done  in  cases  in  which  the  trigone  is  healthy,  so  that  in 
exstrophy  of  the  bladder  it  is  the  only  recognized  method. 
In  the  case  of  malignant  disease  and  of  tuberculous  dis- 
ease, which  are  most  apt  to  affect  the  posterior  wall  of 
the  bladder,  it  may  be  impossible  to  dissect  out  the  tri- 
gone; in  which  case  it  will  be  necessarj-  to  put  the  cut 
ends  of  the  ureters  into  the  intestine.  But,  as  this  is  al- 
most certainly  fatal,  it  would  seem  to  rule  out  operations 
for  removal  of  the  bladder  for  these  indications  in  the 
male  in  a  large  proportion  of  cases. 

In  the  female  wo  have  the  choice  of  two  methods,  both 
of  wliicli  have  been  jiroved  to  be  successful.  We  may 
either  open  the  ureters  into  the  vagina  by  a  previous 
operation,  as  was  done  b_y  Pawlik,  or  we  may  leave  the 
cut  ends  of  the  ureters  opening  into  the  vagina  after  the 
removal  of  the  bladder — methods  which  really  amount 
to  the  same ;  or  we  niay  perform  the  operation  of  Maydl, 
or,  better  still,  its  modification  by  Pozza. 


Pozza's  operation  differs  from  Maydl's  in  that  more  of 
the  mucous  membrane  of  the  bladder  is  removed,  and  the 
trigone  is  not  retained  in  one  piece,  but  is  divided  by 
making  a  longitudinal  median  incision  before  separation. 
The  results  of  both  the  Ma}'dl  and  Pozza  operations  have 
been  most  .satisfactory.  Out  of  forty-four  cases  only  two 
died  of  infection. 

The  grafting  of  the  ureter  to  the  skin  has  been  done 
ten  times,  but  the  results  are  not  encouraging.  Sonnen- 
berg  implanted  the  exposed  ureter  of  an  ectopic  bladder 
into  the  urethra  of  the  glans  penis.  In  all.  more  than 
twelve  cases  have  been  done  by  this  method.  It  leaves 
dribbling  of  urine,  but  this  is  more  easily  taken  care  of 
than  is  grafting  to  the  skin. 

In  the  female,  when  the  bladder  is  removed,  by  re- 
moving at  the  same  time  a  portion  of  the  anterior  wall 
of  the  bladder  the  cut  ends  of  the  ureters  may  be  left 
entirely  alone ;  and,  when  cicatrization  has  taken  place, 
the}' will  be  found  to  empty  into  the  vagina.  This  gives 
an  opportunity  of  making  a  receptacle  for  the  urine  out 
of  the  vagina  by  simply  closing  the  vaginal  entrance. 
As  the  urethra  must  also  necessarily  be  cut  in  removing 
the  bladder,  it  also  will  open  into  the  vagina,  and  the 
patient  will  be  able  to  empty  the  vagina  through  the 
urethra,  either  liy  the  catheter  or  b}'  voluntarj'  effort,  as 
was  done  in  Pawlik's  case.  If  the  vagina  is  maintained 
in  an  aseptic  condition  during  healing,  ascending  infec- 
tion will  bo  prevented.  After  complete  healing  of  all 
the  ]iarts  the  danger  of  infection  will  be  very  greatly 
diminished. 

In  exstrophy  of  the  bladder,  in  the  female,  the  Maydl  or 
the  Pozza  operation  may  bedone  on  the  vagina,  thus  ob- 
viating the  necessity  of  opening  tlie  abdomen. 

The  Jlauclaire-Gersunj"  operation  consists  in  implant- 
ing the  ureters  into  the  rectum,  which  is  cut  off  from  the 
liowel  above  after  an  artificial  anus  has  been  made.  Ger- 
suny  modified  the  original  operation  by  bringing  the 
bowel  exit  into  the  sphincter  ani,  thus  doing  away  with 
the  artificial  anus  and  maintaining  a  separate  receptacle 
for  the  urine. 

Technique. — Exsh'opJti/  in  Men. — The  trigone  is  first 
dissected  out  with  the  ureters.  The  abdomen  is  then 
opened  and  the  trigone  carried  into  the  rectum  through 
an  incision  and  .sewed  in  place.  After  this  the  bladder  is 
removed  and  the  opening  closed.  The  incision  may  be 
made  curved,  with  its  concavity  downward  from  one  in- 
guinal canal  to  the  other ;  a  vertical  incision  may  be  made 
which  can  be  enlarged  by  a  transverse  incision  crossing 
the  lower  end  of  the  vertical  one. 

In  wonun  the  Pozza  operation  will  be  necessary,  in 
order  to  get  around  the  uterus.  If  it  is  desired  to  trans- 
plant the  ureters  into  the  vagina,  a  transverse  incision 
may  be  made  down  to  the  peritoneum.  After  the  tri- 
gone has  been  dissected  out,  the  vagina  can  be  pushed  up 
by  an  assistant  and  opened  and  the  trigone  inserted.  It 
will  be  necessary  to  dissect  off  the  mucous  membrane  of 
the  vagina  on  the  anterior  wall  beforehand,  so  as  to  make 
a  raw  surface  to  which  the  trigone  can  adhere.  The  clos- 
ure of  the  vagina  can  be  left  to  a  later  date. 

Cancer  or  Tuhercuhisis  in  the  Mule. — Although  the 
indication  may  seem  to  be  urgent,  so  far  the  technique 
of  the  operation  is  not  complete  enough  to  warrant  its 
performance  unless  the  parts  around  the  bladder  are 
health}'.  This  can  be  satisfactorily  ascertained  onlj'  after 
the  bladder  is  opened.  Suprapubic  cystotoni}-  must  first 
be  performed,  and  the  bladder  carefully  examined.  If 
the  trigone  be  healthy,  the  abdomen  must  then  be  opened 
by  a  free  longitudinal  incision,  the  bladder  thoroughly 
disinfected  and  laid  open,  and  the  trigone  may  then  be 
dissected  out  (the  patient  being  in  tlie  Trendelenburg 
position),  with  the  ureters,  and  put  into  the  rectum ;  after 
which  the  bladder  may  be  easily  removed,  mostly  by 
blunt  dissection. 

Cuneer  or  Tuberculosis  in  the  Female. — Owing  to  the 
fact  that  the  ureters  may  be  left  undisturbed  in  the  fe- 
male, the  operation  is  much  easier  than  in  the  male. 
After  the  bladder  has  been  carefully  washed  out,  a  me- 
dian abdominal   incision  is  made,  and  the   patient  put 
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iu  the  Trendelenburg  position,  self-retaining  retractors 
being  introduced.  The  peritoneal  covering  is  then  in- 
cised over  the  bladder  from  side  to  side.  The  bladder  is 
afterward  loosened  with  the  linger  down  to  the  attach- 
ments of  the  base,  so  that  it  is  held  only  by  the  urethra, 
ureters,  and  attachments  to  the  anterior  wall.  These  arc 
then  cut  with  strong  scissors,  so  as  to  remove  a  portion 
of  the  anterior  wall  of  the  vagina  as  big  as  a  fifty -cent 
piece.  Any  bleeding  vessels  are  tied  and  the  peritoneum 
•closed  over  the  seat  of  the  bladder  with  catgut  suture. 
If  the  patient  be  in  good  condition,  and  no  previous  in-, 
faction  of  the  bladder  exists,  the  vaginal  entrance  may 
then  be  closed  by  a  plastic  operation. 

Aftbr-Theatment. — In  order  to  keep  the  urine  asep- 
tic, and  thus  prevent  ascending  infection  of  the  ureters,  in 
all  these  operations  it  is  well  to  give  the  patient  large 
doses  of  benzoate  of  ammonium,  beginning  a  few  days 
before  the  operation.  In  women  the  vagina  must  be 
kept  well  cleansed  out  and  drained.  If  the  vagina  be 
closed  at  the  time  of  the  operation,  a  self-retaining  cathe- 
ter should  be  passed  through  the  urethra  and  left,  the 
vagina  being  washed  out  through  the  catheter  at  least 
twice  a  day. 

Results. — Bovee  has  collected  100  operations.  •  Of 
these  the  operation  was  done  21  times  for  malignant  dis- 
ease, 3  times  for  tuberculosis,  once  for  epispadias,  once 
for  fibroid  of  the  uterus,  and  5  times  for  conditions  not 
noted. 

In  exstrophy  Maydl's  operation  was  done  38  times, 
with  8  deaths;  Pozza's  operation,  4  times — no  deaths; 
ana.stomosis  of  the  ureters  into  the  rectum,  10  times,  with 
3  deaths;  and  separate  anastomosis  into  sigmoid,  twice, 
both  patients  dying.  Sounenberg's  operation  was  done 
18  times — no  deaths. 

For  malignant  disease  21  operations  were  done,  with 
11  deaths. 

In  7  the  ureters  were  grafted  into  the  vagina,  with  1 
death  from  collapse,  and  1  from  peritonitis  on  the  ninth 
day. 

For  tuberculosis,  3  cases,  with  3  deaths,  are  reported. 

Altogether  there  were  26  deaths  in  100  cases.  Sixty- 
nine  operations  for  exstrophy  gave  19  per  cent,  mortality, 
and  31  operations  for  other  conditions  gave  42  per  cent, 
mortality.  Matthetc  D.  Mann. 

URINARY  SEDATIVES.— The  conditions  which  re- 
quire the  use  of  viiinary  .seiiatives  may  be  dependent 
upon  some  state  of  the  urine  itself  or  upon  something  en- 
tirel3'  independent  of  it. 

1.  Certain  drugs  may  cause  intense  irritability  of  the 
whole  urinary  tract — as,  for  example,  cantharides  and 
turpentine.  A  very  acid  urine  or  one  containing  crystals 
of  uric  acid  or  of  calcic  oxalate  may  give  rise  to  symp- 
toms of  irritation.  Again,  a  decomposing  urine  may  pro- 
duce similar  effects.  An  alkaline  urine,  especially  when 
associated  with  jihosphaturia,  may  also  give  rise  to  dis- 
comfort. 

2.  We  may  begin  at  the  kidney  and  find  an  occasional 
exciting  factor  outside  of  the  urine  itself,  even  as  far 
down  as  the  meatus.  Pyelitis  is  a  frequent  cause,  as  are 
cystitis  and  vesical  calculus.  In  women  a  uterus  which 
is  anteverted  pushes  into  the  bladder,  while  a  retroverted 
uterus  may  pull  upon  that  same  viscus.  Pelvic  tumor, 
either  prostatic  in  men  or  of  the  various  kinds  to  which 
women  are  liable,  may  diminish  the  size  of  the  bladder 
by  direct  pressure,  or  by  traction,  to  such  an  extent  that 
the  desire  to  empty  it  is  very  frequent.  Tumors  of  the 
bladder  have  a  similar  effect  at  times,  though  in  these 
cases  the  sense  of  a  foreign  body  in  the  bladder  seems 
very  often  to  furnish  the  stimulus.  Stricture  of  the 
urethra  seldom  gives  signs  of  urinary  irritability  until,  iu 
the  process  of  contraction,  it  has  reached  such  a  small 
calil)re  that  there  is  back  pressure  in  the  bladder.  Final- 
ly, an  adherent  and  tight  foreskin  is  a  well-known  cause 
of  occasional  noctvu'nal,  or  even  diurnal,  incontinence,  in 
children.  We  have  thus  very  briefly  suggested  the  more 
frequent  causes  of  urinaiy  irritability,  as  we  can  only 
Lope  for  relief  in  a  given  case  by  carefully  studying  out 


the  exciting  factor.  No  good  can  be  gained  and  much 
harm  juay  be  done  by  trying  to  cure  all  cases  with  any 
one  remed}'. 

3.  To  the  two  classes  of  irritability  mentioned  we  must 
add  a  third,  iu  which  we  can  find  no  ta^ngible  stimulus, 
and  have  to  fall  back  upon  a  purely  nervous  origin  for 
the  affection. 

Many  remedies  which  have  in  the  past  been  considered 
valuable  in  these  cases  have  in  recent  years  fallen  into 
disuse ;  some  deservedly  as  of  little  value,  others  through 
having  been  supplanted  by  more  powerful  drugs,  acting 
in  the  same  manner  and  more  convenient  to  use. 

As  regard8_  the  cases  which  are  due  to  some  condition 
of  the  urine  itself,  an  excessively  acid  urine  can  be  ren- 
dered less  irritating  either  by  increasing  the  ingestion  of 
liquids,  and  so  diluting  it,  or'by  giving  one  of  the  alkalies. 
The  citrate  or  acetate  of  potassium  is  most  useful  in  these 
cases.  Few  patients  will  drink  enough  water  unless  given 
specific  directions.  Each  of  the  salts  named,  when  given 
in  fairly  large  doses,  has  the  effect  of  producing  thirst 
and  thereby  making  it  easier  for  the  patient  to  take 
enough  water,  while  at  the  same  time  it  renders  the  urine 
alkaline.  Care  should  be  taken  not  to  make  the  urine 
too  alkaline,  lest  we  get  a  deposit  of  phosphates.  If  we 
are  confronted  by  an  excessively  alkaline  condition  of  the 
urine,  it  can  be  corrected  by  giving  a  drug  that  will 
change  the  reaction.  The  mineral  acids  are  of  little  or 
no  value  for  this  purpose.  Benzoic  acid  is  useful. 
Given  as  benzoate  of  sodium,  by  the  mouth,  it  is  excreted 
in  the  urine  as  benzoic  acid,  which,  besides  the  effect  of 
rendering  the  excretion  acid,  also  exerts  an  antiseptic 
effect.  Ten  grains  given  in  a  glass  of  water  three  times 
a  day  is  usually  enough.  Urotropin  makes  the  urine 
acid,  and  causes  rapid  disappearance  of  the  phosphates  in 
cases  in  which  they  are  deposited  in  alkaline,  neutral,  or 
slightly  acid  lu-ine  Five  grains,  given  well  diluted 
twice  a  day,  is  an  ordinary  dose.  It  is  particularlj'  valu- 
able in  the  cases  in  which  the  urine  is  alkaline  from  de- 
composition, as  it  is  broken  up  in  its  passage  through 
the  body,  and  the  formalin  which  is  set  free  is  elimi- 
nated by  the  kidneys.  In  these  cases  the  dose  may  have 
to  be  considerably  increased.  The  bactericidal  action  of 
this  remedy  is  marked.  Boric  acid  in  sufficient  doses 
will  render  the  urine  acid,  but  it  is  less  well  borne  by  the 
stomach  than  are  the  remedies  mentioned.  Salol  will 
give  an  acid  urine,  and  is  often  of  value,  especially  in 
cystitis. 

In  cases  in  which  the  irritability  is  due  to  crystals  of 
uric  acid  or  of  oxalate  of  lime,  measures  looking  to  the 
elimination  of  the  source  of  the  crystalsare  needed.  The 
usual  antirheumatic  remedies  will  remove  the  excess  of 
uric  acid.  At  times  there  is  much  difficulty  in  prevent- 
ing the  formation  of  oxalate-of-lime  crystals.  In  the  ob- 
stinate cases,  in  which  other  methods  fail,  one  or  two 
drops  of  strong  nitro-muriatic  acid,  taken  after  meals  in  a 
full  glass  of  water,  will  relieve  the  difticidty. 

A  careful  regulation  of  the  diet  is  of  great  importance 
in  these  cases.  The  amount  of  meat  should  be  restricted 
when  the  uric  acid  is  in  excess.  It  should  be  borne  in 
mind  that  fruit  at  times,  and  r'lubarb  often,  cause  an 
excess  of  calcic  oxalate  in  the  urine.  Hajmaturia  has 
been  known  to  follow  after  eating  rhubarb,  so  great  was 
the  irritation  caused  b_y  the  calcic  oxalate  crj'stals. 

In  case  the  discomfort  comes  from  the  use  of  certain 
drugs,  as  cantharides  or  turpentine,  the  omission  of  the 
medicine  would  at  once  suggest  itself. 

Alcohol  is  always  contraindicated  in  any  inflammation 
of  the  genito-urinary  tract,  and  we  often  see  the  first 
serious  symptoms,  in  a  prostatic  or  strictui-e  case,  follow 
the  ingestion  of  even  a  moderate  amount  of  alcohol.  A 
source  of  irritation  which  is  often  not  considered  is  gin- 
ger ale.  This  is  especiall.y  harmful  in  gonorrhcea,  and 
I  have  seen  a  severe  exacerbation  follow  its  u.se.  Under 
the  same  conditions  highly  spiced  foods,  such  as  curries, 
Welsh  rarebit,  etc.,  should  be  carefully  avoided. 

Pj'elitis.  whether  of  tuberculous  or  of  some  other  origin, 
must  needs  be  treated  by  drugs;  some  medicine  must  be 
used  which  is  eliminated  by  the  kidneys.    Of  these,  prob- 
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ably  all  owe  their  value  almost  entirely  to  their  antiseptic 
action.  The  remedies  promising  most  are  uiotrojiin, 
bucliu,  uva  ursi,  pareira  brava,  and  chimapliila.  Uro- 
tropin  is  best  given  in  doses  of  five  grains  three  times  a 
day.  The  dose  of  the  Huid  extract  of  each  of  the  other 
drugs  mentioned  is  a  teaspoonful,  well  diluted,  three  or 
four  times  a  day.  These  all  have  a  slight  antiseptic  ac- 
tion, as  shown  by  the  diminished  tendenej'  to  decomposi- 
tion when  the  urine  is  left  standing.  This  is  particularly 
true  of  urotropin,  but  in  very  large  doses  it  may  cause 
some  frequency  of  urination  by  rendering  the  urine  too 
acid.  Uva  ursi  has  some  diuretic  action,  as  has  also 
chimapliila.  Buchu  does  not  increase  the  amount  of 
urine  appreciably.  In  the  very  chronic  form  the  stig- 
mata of  Zea  Mays  will  be  found  a  more  effective  remedy, 
as  they  stimidale  the  renal  epithelium  directly.  A  tea- 
spoonful  of  the  fluid  extract  may  be  given  every  four 
hours.  In  rare  cases,  in  wliich  sotnetliiug  stimulating  is 
required,  small  doses  of  turpentine  may  be  of  value.  If 
the  pyelitis  be  associated  with  renal  calcuhis,  a  surgical 
operation,  with  removal  of  the  stoms  and  temporary 
drainage  of  the  kidney,  offers  tliebest  hope  of  permanent 
relief.  By  correcting  tlie  reaction  of  the  urine  we  may 
prevent  any  increase  in  the  size  of  the  stones,  but  tlie 
chance  of  cau.sing  them  to  dissolve  is  remote.  Hyos- 
cyamus,  phenacetin,  belladonna,  and  opium  in  its  vari- 
ous preparations,  afford  temporary  relief.  Sweet  spirits 
of  nitre  at  times  helps  and  may  relieve  the  vesical  tenes- 
mus, which  is  often  associated  with  this  disease.  In  tu- 
Iierculous  cases  thei-e  is  little  hope  of  permanent  relief  ex- 
cept through  nephrectomy  or  through  the  breaking  down 
and  complete  disappearance  of  the  organ,  in  consequence 
of  Avhich  it  will  cease  altogether  to  secrete  any  urine. 
In  these  cases  the  pain  is  often  referred  to  parts  of  the 
urinary  tract  which  are  situated  lower  down  and  ■which 
are  not  involved  in  the  disease. 

In  the  cases  due  to  diminution  of  the  size  of  the  blad- 
der from  extraneous  causes  the  removal  of  those  causes  at 
once  suggests  itself.  In  prostatic  h^'pertrophy  the  flow 
from  an  overdistended  bladder  may  easily  be  mistaken 
for  abnormal  frequency  of  urination.  This  possibility 
should  be  investigated  before  seeking  for  a  further  cause. 
O  verdistention  may  also  occur  in  connection  with  a  strict- 
ure of  small  calibre.  Drawing  off  the  residual  urine 
under  the  strictest  aseptic  precautions  one  or  more  times 
daily  may  entirely  relieve  the  symptoms.  The  adminis- 
tration of  five  grains  of  urotropin  three  times  a  day  di- 
minishes the  danger  of  cystitis.  In  cystitis  an  antiseptic 
which  will  be  elisuinated  in  the  urine  is  indicated.  In 
many  cases  washing  out  the  bladder  once  or  twice  a  day 
with  an  antiseptic  solution,  such  as  a  four-per-cent.  so- 
lution of  boric  acid,  is  necessary.  When  stronger  anti- 
septic washes  are  needed,  one  of  permanganate  of  potas- 
sium or  of  citrate  of  silver  will  be  found  serviceable. 
Nitrate  of  silver  is  more  stimulating  and  should  seldom 
be  used  in  solutions  of  more  than  one  grain  to  the  ounce. 
Pareira  brava  is  said  to  be  useful  in  chronic  catarrh  of  tlie 
bladder.  It  checks  bleeding  in  these  cases  and  diminishes 
the  muco-purulent  secretion.  Cubebs,  copaiba,  and  san- 
dal-wood, though  more  effective  in  irritation  of  the  ure- 
thra, exert  their  influence  through  the  medium  of  the 
urine  and  are  of  use  in  bladder  affections.  This  is  espe- 
cially so  of  the  oil  of  sandal-wood.  All  of  these  drugs 
resemble  eacli  other  closel}'.  It  should  be  borne  in  mind 
that  while  they  are  being  taken  the  urine  is  somewhat 
irritating.  When  they  are  given  in  large  do-ses,  they 
give  rise  to  a  constant  desire  to  urinate,  and  the  pain  and 
difiiculty  in  doing  so  are  great.  In  some  cases,  in  which 
the  bladder  and  urethra  are  much  inflamed,  tlie  pain  may 
be  so  great  as  to  lead  to  complete  retention.  The  ordi- 
nary dose  of  each  of  these  drugs  is  ten  minims  three  times 
a  day.  They  are  best  given  in  capsules,  as  the  taste  is 
disagreeable.  Even  in  doses  of  ten  minims  twice  a  day 
the  oil  of  sandal-wood  at  times  gives  so  much  backache 
that  it  has  to  be  discontinued. 

For  the  relief  of  the  pain  and  frequency  of  urination 
associated  with  the  presence  of  a  calculus  in  the  bladder, 
operation  alone  is  of  any  avail.     Morphine  or  belladonna 


or  a  combination  of  the  two  may  afford  great  temporary 
relief. 

At  times  we  are  forced  to  abandon  our  search  for  a 
tangible  cause  and  fall  back  upon  a  neurosis  as  an  ex- 
planation of  the  trouble.  Here  we  may  expect  relief 
from  the  use  of  nervous  sedatives,  such  as  one  of  the 
bromides  or  hyoscyamus.  Treatment  of  the  condition 
through  the  urine  proves  as  a  rule  unsuccessful,  and 
washing  out  the  bladder  often  only  aggravates  the  pa- 
tient's suffering.  In  the  tenesmus  of  tuberculosis  wa'ih- 
iug  the  bladder  is  generally  worse  than  useless,  especially 
if  we  have  to  pass  a  catheter  for  this  purpose. 

In  tlie  cases  in  which  we  need  urinary  sedatives,  when 
the  cause  lies  in  the  urethra  itself,  copaiba,  sandal-wood 
oil,  and  cubebs  give  great  relief.  In  the  intense  burning 
which  accompanies  micturition  and  which  does  not  yield 
to  internal  medication  or  local  treatment,  the  injection 
into  the  urethra  of  a  two-percent,  solution  of  cocaine 
alleviates  the  distress  temporarily.  In  men,  luination 
with  tlie  penis  submerged  in  water  as  hot  as  can  be  borne, 
often  gives  relief. 

Finally,  in  those  cases  of  incontinence  in  children  in 
which  tlie  trouble  does  not  yield  to  belladonna  in  full 
dfises,  and  appears  to  be  caused  by  an  irritable  bladder, 
circumcision  at  times  effects  a  cure. 

Franklin  G.  Balch. 

URINE. — Physical     Properties.      Quantity. — The 

amount  of  urine  voided  is  dependent  (1)  on  the  state  of 
the  renal  epithelium ;  (3)  on  the  rapidity  of  the  blood  flow 
through  tile  kidneys.  It  is  independent  of  the  blood 
pressure. 

A  normal  healthy  adult  of  the  average  weight  of  75 
kgm.  passes  from  1,500  to  3,000  c.c.  of  urine  in  twenty- 
four  hours.  Infants  pass  ab.solutely  less,  but.  in  propor- 
tion to  their  body  weight,  relatively  more  urine;  this  is 
largely  due  to  the  liquid  diet.  Abundant  ingestion  of 
fluids  increases  diuresis  ("J'i/fcr  j7o(«s);  sweating  (violent 
exercise,  hot  weather)  decreases  it.  Less  uriue  is  nor- 
mally passed  at  night  than  during  the  day;  in  chro'iic 
nephritis  this  ratio  may  be  reversed. 

Patholorjy. — Destructive  renal  lesions  or  local  circula- 
tory disturbances,  in  order  to  influence  the  flow  of  urine, 
must  be  bilateral ;  unilateral  interference  with  diuresis 
is  compensated  by  the  healthy  organ. 

(«)  Polyriria.  The  more  chronic  the  nephritis  the 
greater  the  tendency  to  polyuria  (contracted  kidney, 
amyloid).  This  is  chiefly  due  to  the  contraction  of  the 
renal  tissues  and  the  resulting  acceleration  of  the  blood 
flow.  During  convalescence  from  acute  nephritis;  in 
heart  and  lung  di.sease  as  soon  as  the  circulatory  disturb- 
ances begin  to  be  compensated;  in  diabetes  mellitus,  and 
insipidus;  after  psychic  shocks,  and  in  various  neuroses 
(urina  spustiat);  after  the  exhibition  of  certain  drugs 
(see  Diuretim),  and  after  the  ingestion  of  certain  articles 
of  food  (tea,  coffee,  alcohol,  etc.) — the  flow  of  urine  is 
increased. 

(b)  Olignria.  In  acute  nephritis,  in  acute  exacerbations 
of  chronic  nephritis,  and  in  heart  and  lung  diseases  lead- 
ing to  stasis  the  flow  of  urine  is  decreased. 

(c)  Anuria.  In  nrtemia  (occasionally),  in  diseases 
causing  great  loss  of  fluids  through  other  emunctories 
than  tlie  kidneys  (acute  gastritis  and  intestinal  catarrh, 
with  profuse  vomiting  and  diarrhoea,  cholera,  dysentery), 
in  rapidly  progressive  forms  of  aua-mia,  and  in  hysteria, 
the  urine  may  be  altogether  suppressed. 

Determination. — The  urine  should  preferably  be  col- 
lected from  morning  to  morning  before  eating;  the  blad- 
der should  be  emptied  before  the  collection  is  begun; 
the  patients  should  urinate  before  going  to  stool,  as,  par- 
ticularly in  old  women,  much  urine  may  be  lost  during 
the  act  of  defecation.  The  total  quantity  may  be  meas- 
ured or  determined  by  weighing;  the  weight  multiplied 
by  the  specific  gravity  yielding  the  volume.  For  clini- 
cal purposes  the  former  method  is  best;  for  exact  deter- 
minations the  latter  is  to  be  preferred. 

The  Specific  Gravity.— The  specific  gravity  of  the 
urine  is,  as  a  rule,  high  when  little  urine  is  voided  and 
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low  when  the  flow  of  urine  is  alniudaut.  Tlie  same 
factors,  therefore,  that  deterniiue  ]ihysiological  fiuctua- 
tious  in  tlie  amount  of  urine  also  determine  corresponding 
fluctuations  in  its  specitic  gravit}-.  As  the  normal  total 
quantity  varies  from  1,500  to  2,000  c.c,  so  the  normal 
specific  gravity  varies  correspondingly  from  1.025  to 
1.015. 

The  specific  gravity  of  the  urine  is  an  index  of  the  ex- 
cretion of  urinary  solids.  If  the  latter  were  all  heavier 
than  water,  the  last  two  figures  of  the  specitic  gravity 
(expressed  in  four  figures)  would  directly  indicate  the 
(|uantity  by  weight  of  urinary  solids  contained  in  one 
litre  of  urine.  As  some  of  the  excreta  are,  however, 
heavier  than  water,  or  of  the  same  specific  gravitj-,  their 
weight  is  greater  than  indicated  by  these  two  figures.  It 
has  been  found  empirically  that  the  last  two  figures  of 
the  specific  gravity  multiplied  by  2.2337  give  the  weight 
in  grains  of  the  solids  in  one  litre  of  the  urine.  [Exam- 
ple: Specific  gravity  =  1.018;  18  multiplied  by  2.2337 
=  40.2066  grains  of  solids  in  one  litre  of  urine.]  This 
calculation,  while  not  absolutely  accurate,  is  useful  for 
comparative  studies. 

Patholog-y. — In  severe  fehnle  diseases  the  specific  grav- 
ity is  usually  low  without  a  corresponding  increase  of 
urine  as  soon  as  the  patient "s  vitality  begins  to  flag  and 
general  metabolism  is  reduced. 

In  aeiile  and  subactite  nephritis  the  specific  gravity  is 
usually  high,  the  water  excretion  correspondingly  re- 
duced. In  the  healing  stage  of  acute  nephritis  the  flow 
often  increases,  whereas  the  specific  gravity  remains 
low ;  this  indicates  that  the  kidneys  are  regaining  their 
power  to  excrete  water,  but  not  as  yet  to  eliminate  solids. 
In  acute  exacerbations  of  cliroiiic  nephritis  and  in  the 
terminal  stages  of  destructive  inflammation  and  degen- 
eration of  tlie  kidneys  the  specific  gravity  is  reduced; 
when  it  oc<'urs  suddenly,  this  is  a  bad  proguostic  omen, 
and  often  inilicates  threatening  ura'mia.  In  contracted 
kidney  the  specific  gravity  is  low  and  the  flow  abimdant. 
In  diabetes  mellitus  the  flow  is  great  and  the  specific 
gravity  ver}-  high,  whereas  in  diabetes  insipidus  the  flow 
is  also  great,  but  the  specific  gravity  very  low. 

DeteriniiKitiuii. — The  specific  gravity  may  be  deter- 
mined («)  by  weighing  with  a  hydrostatic  balance,  (4) 
with  a  pyknometer,  and  (c)  with  an  aerometer.  The 
first  method  is  useful  oul}'  in  very  exact  work,  and  re- 
quires a  complicated  balance;  it  will  not  be  described 
here.  The  second  and  third  methods  are  useful  for  clini- 
cal work.  In  ordinar_y  comparative  studies  the  aerometer 
is  quite  sufficient. 

The  pjikniiiiteter  is  a  flask  with  a  long  neck  that  is 
drawn  out  in  one  place  (see  Fig.  4852);  at  the  narrowest 
point  is  a  mark;  the  flask  is  closed 
with  a  ground-glass  stopper.  The 
flask  is  first  filled  with  distilled  water 
to  the  mark  and  weighed;  it  is  then 
filled  with  the  filtered  urine  to  the 
mark  and  weighed  again.  The  weight 
of  the  urine  divided  by  the  weight 
of  the  water  gives  the  specific  grav- 
ity. It  is  very  important  that  the 
temperature  of  the  water  and  that  of 
the  urine  should  be  exactly  alike  when 
the  pyknometer  is  filled  and  when 
it  is  weighed.  For  other  forms  of 
pyknometers  than  the  one  shown  in 
Fig.  4852,  see  text-books. 

The  aerometer  (urometer).  This  in- 
strtunent  consists  of  a  glass  cylinder 
and  a  float  (see  Fig.  48^53).  The  lat- 
ter should  be  graduated  from  1.000  to 
1.040.  It  is  better  to  have  two  floats, 
the  one  reading  from  1.000  to  1.020 
and  the  other'from  1.020  to  1.040. 
The  urine  is  poured  into  the  cylinder,  the  float  introduced 
into  the  urine,  and  the  specific  gravit}'  read  off  directlj- 
from  the  aerometer  scale.  Here,  too,  the  temperature  is 
important;  it  should  be  about  17.5°  C,  for  the  aerom- 
eters are  graduated  at  this  temperature.     If  the  urine  is 
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warmer  than  17.5'  C,  one-third  of  a  urometer  degree 
should  be  added  for  each  degree  of  temperature;  if  the 
urine  is  colder  than  17.5°  C,  the  reading  should  be  cor- 
rected by  subtraction— one-third  urometer  degree  for 
each  degree  of  temperature.  [Example:  Urine  20.5° 
C  specitic  gravity  1.017.  Corrected,  1.017  +  3  X  i 
=  1.018.]  A  temperature  scale  is  found  on  many 
urometers. 

Re.^ction. — Normal  urine  is  never  neutral  to  litmus; 
it  is  either  acid,  amphoteric,  or  alkaline.  The  acidity  is 
never  due  to  the  presence  of  free  acid, 
but  to  the  excess  of  acid  salts  (mono- 
basic phosphates  and  urates)  over  al- 
kaline salts  (dibasic  phosphates  and 
urates).  AVhen  the  two  are  mixed  in 
certain  definite  proportions  the  reaction 
becomes  amphoteric.  The  urine  lic- 
comes  alkaline  after  eating  (HCl — se- 
cretion) and  after  the  ingestion  of  cer- 
tain salts  of  vegetable  origin  (citrates, 
tartrates,  etc.),  as  the  latter  are  excre- 
ted as  carbonates.  Old  urine  is  usu- 
ally alkaline  as  the  micrococcus  tire* 
generates  ammonium  carbonate. 

Pathologically  the  acidity  of  the 
urine  is  always  increased  in  febrile 
processes,  for  here  increased  katabolism 
of  proteid  with  liberation  of  sulphuric 
and  phosphoric  acids  from  proteid  sul- 
lihur  and  proteid-phosphorus  occurs. 
In  leukfemia,  scurvy,  and  diabetes  the 
urine  is  also  in  general  acid. 

Increased  alkalinity  is  a  valuable  sign 
only  if  the  above-named  physiological 
factors  can  all  be  excluded.  It  is  im- 
portant to  determine  whether  the  uri- 
nary alkalinity  is  due  to  the  liberation  Fi''- 
of  ammonia  or  to  the  presence  in  solu- 
tion of  fixed  alkali.  Free  ammonia 
signifies  fermentation  of  the  urine  and  points  to  cysti- 
tis. Fi.xed  alkali  appearing  in  excess  in  fresh  urine  may 
be  due  to  the  withdrawal  of  acid  from  the  body  ( vomiting 
and  frequent  lavage),  to  the  admixture  of  alkaline  secre- 
tions from  the  urinary  passages,  or  to  the  rapid  absorp- 
tion of  exudates  and  "transudates. 

Determination. — For  clinical  purposes  the  litmus  test 
is  sufficient :  blue  litmus  iiaper  turning  red  in  acid  urine, 
and  red  litmus  paper  ttirning  blue  in  alkaline  urine.  If 
the  blue  color  remains  after  the  paper  dries,  the  alkalinity 
is  due  to  fixed  alkali;  if  it  vanishes,  to  free  ammonia. 

Optical  Properties. — (a)  Color.  The  color  of  the  urine 
is  dependent  on  its  concentration,  its  reaction,  and  the 
pigments  it  contains.  Normal  urine  may  be  from  pale 
yellow  to  reddish-brown.  The  greater  the  concentration 
the  darker  the  color.  Acid  urine  becomes  more  jiale 
when  it  is  alkalinized,  and  alkaline  urine  darker  when 
it  is  acidified. 

Certain  pathologic  pigments  change  the  color  of  the 
urine.  Bile  pigment  colors  it  green  or  brown,  blood  pig- 
ment red  to  brown  red,  urobilin  dark  brown,  and  mel- 
anin brown  to  black.  Certain  aromatic  decom])osition 
products  that  are  found  in  the  body  (iudican,  phenols) 
cause  the  urine  to  turn  dark  on  standing.  Certain  fruits 
(cherries,  raspberries,  etc.)  and  certain  medicaments  im- 
part a  characteristic  color  to  the  urine  (see  carbolic  acid, 
coal-tar  preparations,  resoi'cin,  naphthol,  salol,  chiysaro- 
biu.  rheum,  senna,  santonin,  etc.). 

(A)  Fluorescence.  Pale  jellow  normal  urine  shows  a 
liluish,  yellowish-red  urine,  a  greenish  or  yellow  fluores- 
cence. Urine  containing  albumin  shows  more  fluores- 
cence than  normal  urine,  and  aminoniacal  urine  more  than 
urine  that  is  not  decomposed. 

(c)  Behavior  toward  Polarized  Light.  Normal  urine  is 
almost  always  slighth'  lan'orotary :  it  is  never  dextro- 
rotary,  and  hardly  ever  optically  inactive.  The  presence 
of  certain  abnormal  constituents  (dextrose,  levulose,  gly- 
curonicucid,  etc.)  produces  typical  polarimetric  phenom- 
ena that  will  be  described  below. 
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(il)  The  Speetrum.  Normal  iiviiKi  sliows  no  absorption 
biincls,  but  the  coefficient  of  liglit  extinction  varies  in 
tlilTerent  regions  of  the  speclruni.  In  pathologic  urines 
liicniatoporjiliyrin,  uroer\tlirin,  and  urobilin  iiroduce  t_vp- 
ical  sjiectra  (see  below). 

ODon. — Fresii  normal  urine  lias  a  cliaracteristic  odor 
tliat  is  not  disagreeable^.  Tlic  disagreeable,  so-called, 
urinous  odor  is  due  to  the  jiresence  of  baclerial  dccom- 
posilidu  pidducts  (iirob.'dily  auuuonia  and  ]ihenols).  Oc- 
casionally the  urine  enills  an  odor  tjf  Il-iS  (hydrotliio- 
n\n'ia).  Certain  subst^mces  impart  a  cliaracteristic  odor  to 
the  urine  Avhcn  taken  liy  nioutli  (valerian,  garlic,  copaiba, 
culjclis,  saffron,  turpentine  [violets],  etc.).  The  peculiar 
odor  of  the  urine  after  eating  asparagus  is  due  to  metliyl- 
niercaptan. 

TiiANsp.MtENXY. — Normal  acid  uriue  is  clear,  for  the 
normal  aciil  and  neutral  salts  of  the  urine  are  all  readily 
soluble  ill  water.  Normal  acid  urine  becomes  cloudy  if 
more  ([uailriurate  is  excreted  than  can  be  dissolved  in 
the  urinary  water.  Normal  alkaline  uriue  is  always 
cloudy,  for  the  alkaline  salts  of  the  unne  (i.e.,  normal 
phosphates  and  carbonates  and  diphosphates  of  the  alka- 
line earths)  are  essentially  insolulile  in  water  or  in  the 
mixture  of  neutral  and  acid  salts  in  solution  in  the  urine. 
The  proteid  constituents  of  clear  urine  are  not  in  true 
solution,  but  in  colloidal  solution;  lience  the  tendencj'  of 
the  urine  to  filter  with  decreasing  rapidity.  Tiie  scanty 
epitlielia,  the  mucin  bodies,  and  the  crystals  in  suspen- 
sion in  normal  urine  form  a  fine  cloud  (nubecula)  on 
standing. 

FuEiizi.Nci  Point  (CuYoscopY).— The  freezing  point  of 
the  urine  nwiy  be  considered  an  index  of  the  osmo-regu- 
lating  function  of  the  kidneys.  The  attempt  has  been 
made  to  utilize  freezing-point  determinations  ("'cryos- 
copy  ")  in  tiie  diagnosis  of  renal  di.seases.  The  results 
obtained  so  far  b_y  different  investigators  arc,  however, 
ambiguous,  even  contradictory,  so  that  this  method  is 
for  the  present  of  subordinate  importance.  This  field  is 
nevertheless  promising,  and  as  soon  as  the  technique  shall 
be  simplified  and  perfected  cryoscopy  may  become  a 
valuable  laboratory  adjuvant  to  diagnosis.  For  a  review 
of  the  complete  literature  to  date  see  H.  Strauss:  Zeitschi: 
f.  Hill.  Med.,  1903,  vol.  xlvii.,  jip.  3:57  to  407. 

Ei>ECTiac  Conductivity. — The  resistance  offered  by 
the  urine  to  the  passage  of  an  electric  current  has  been 
utilized  in  oriler  to  determine  the  cjuantity  of  mineral 
salts  present  in  the  urine.  There  is  without  doubt  a 
connection  between  the  total  ash  of  the  urine  and  its 
conductivity.  Only  those  urinary  constituents  can  be 
estimated  by  determining  the  electrical  conductivity  that 
are  electrolytes,  and  it  might  be  imagined  that  the  large 
number  of  non-electrolytes  that  may  be  present  in  nor- 
mal and  pathological  urines  wcnild  interfere  with  this 
determination.  It  has  been  shown,  however,  that  such 
bodies  as  urea,  uric  acid,  even  sugar  and  albumin  in  the 
quantities  ordinarily  present  in  pathologic  uriue,  exercise 
only  a  very  small  effect  in  lowering  the  couductivitj'  of 
the  urine.  The  conductivity  of  the  urine  is  essentially, 
therefore,  a  function  of  the  total  mineral  content,  and  the 
determination  has  a  significance  similar  to  that  of  the  de- 
termination of  the  specific  gravity.  It  is,  however,  more 
accurate.  This  method,  when  simplified  as  to  technique, 
will  ]n-ove  a  valuabli^  aid  in  the  determination  of  the 
eliminatory  power  of  the  kidneys  for  inorganic  constitu- 
ents. In  combination  with  similar  determinations  with 
the  blood  serum  it  ]iromises  to  throw  much  light  on  the 
pathology  of  renal  insutticiency  and  of  a  variety  of  meta- 
bolic disorders. 

CIIEJIICAL  EXA^MINATION. 

Organic  Constituents. 

The  Ai.m-.MiNS. — Albumin iiriri. — P/ii/.iiolof/ieal  Alhn- 
minuria.  Every  urine  contains  traces  of  albumin  that  arc 
derived  from  cellular  elements.  This  albumin  is  nucleo- 
albuminand  dilTers  from  the  albumins  of  the  serum;  tlie 
quantities  normally  present  in  the  urine  are  so  small  that 
they  cannot  be  delected  by  ordinary  tests;  the  substance 


must  first  be  isolated  from  large  quantities.  Every 
albuminuria  of  an  hiviiidUKjenic  type  must  be  considered 
imtholdgical,  and  the  conception  of  a  phyainhMjicdl  excre- 
tion of  serum-albumiu  that  someauthorsadvocateshould 
be  discarded.  All  that  the  term  physiological  albumi- 
nuria implies  is  tliat  a  small  quantity  of  blood  alluimin 
may  occasionally  be  excreted  in  apparently  liealthy 
subjects;  that  this  albuminuria  may  be  transitory,  and 
that  it  may  lead  to  no  serious  conseiiuences.  A  biologic 
lihenomenon,  however,  becau.se  it  is  innocent,  need  noi, 
therefore,  be  physiological.  Transitory  albuminuria  in 
otherwise  healthy  persons  (muscular  exerci.se,  cold  bath- 
ing, pregnancy,  and  psychic  shock)  must  alwaj's  be  at- 
tributed to  circulatory  disturbances  in  the  kidneys  or  to 
slight  nutritional  impairment  of  the  glomerular  or  tubu- 
lar epitlielia.  Subjects  with  such  albuminurias  should 
always  be  considered  predisposed  to  proper  renal  disease. 

Pailiohirjical  Albn mill n rill.  Fluids  containing  albumin 
(pus,  blood,  lymph,  cystic  fluid,  and  sperma)  may  enter 
the  urine  below  the  kidneys  (albuminuria  spuria  e.rtra- 
renalis ;  pseudo-alhuminuria),  or  soluble  albumin  may 
enter  the  urine  within  the  kidneys  from  the  blood  (iilhu- 
miniiria  vera-reniilin).  The  two  forms  can  usually  be 
differentiated  without  ditficulty.  In  -1.  e-vtra-reiialis  the 
centrifuged  and  filtered  urine  contains  only  a  small  per- 
centage of  alliumin  as  compared  to  the  number  of  cellu- 
lar elements  in  the  sediment.  If  the  latter  consists  of 
pure  pus,  tlie  albumin  percentage  in  the  filtrate  com- 
pared with  the  number  of  cellular  elements  in  1  mm.^  of 
the  sediment  should  be  as  1:50,000.  If  it  exceeds  this 
proportion,  then  the  albuminuria  should  not  be  consid- 
ered duo  to  the  admixture  of  pus  alone.  In  affections 
of  the  kidneys  that  iiroduce  only  a  slight  degree  of  true 
all)uuiinuria{eoiitiacted  kidney)!  he  comljination  of  extra- 
renal albuminuria  (e.g.,  cystitis)  and  renal  albuminuria 
may  be  ditficult  to  recognize.  Hero  the  study  of  the 
cellular  sediment,  on  the  one  hand,  of  general  clinical 
symptoms  (heart,  arteries,  and  retina),  and  of  certain 
peculiarities  of  the  urine  (quantity  and  specific  gravity) 
on  tlie  other,  must  determine  the  diagnosis. 

In  ^1.  renalis  the  excretion  of  albumin  may  be  due 
to  (1)  inflammatory  and  degenerative  lesions  of  the  renal 
tissues;  (2)  circulatory  disturbances  in  the  kidneys;  (3) 
certain  febrile  diseases  (bacterial  toxins  and  lowered  blood 
pressure);  (4)  ana^nia  and  cachexia  (hx'matogenous  albu- 
minuria). Finall)',  there  are  certain  forms  of  cyclic  and 
intermittent  albuminuria  of  unknown  etiology  occurring 
in  healthy  subjects  or  in  sufferers  from  very  chronic  types 
of  nephritis. 

In  acute  nephritis  the  percentage  of  albumin  is  high  (as 
high  as  five  per  cent.,  although  usually  not  above  one 
percent.).  In  certain  cliroiiic  forms  of  nephritis  the  per- 
centage may  bo  ei|ually  high.  As  a  rule,  however,  the 
more  chronic  the  nephritis  tlie  smaller  the  jiercentage  of 
albumin.  In  very  chronic  forms  (here  may  even  be  no 
albumin  at  all. 

In  true  albuminuria  the  urine  may  contain  the  follow- 
ing albumins  alone  or  in  combination:  (1)  Serum-albu- 
min (serin) ;  (2)  serum  globulin  (paraglobulin) ;  (3)  mucin 
(nucleo-albumin) ;  (4)  albuniose ;  (5)  peptone;  (6)  fibrin 
(fibrinogen?);  (7)  luemoglobin  (metha'iuoglobin) ;  (8) 
"Bence-Joues  albumin  "  ;  (!))  histou  and  nucleo-histon. 

Serum  Alhuiiiiii  and  Olabnlin. — -These  two  albumins 
almost  invariably  occur  togetlier  in  pathological  urine. 
The  proportion  of  the  two,  the  so-called  "albumin  quo- 
tient "  (serum-globulin),  varies  greatly  in  different  cases. 
It  may,  moreover,  differ  not  only  from  the  i|Uotient  of 
normal  serum,  but  also  of  the  .serum  of  the  nephritic  pa- 
tient. The  tests  for  serum-albumin  aud  globulin  may 
be  described  together. 

TextK.  Only  those  four  tests  are  given  hero  that  are  of 
value  clinically  and  that  render  it  possible  to  differen- 
tiate these  albumins  from  albumoscs,  nuclco-albumins, 
etc.  For  the  numerous  other  albumin  reactions  I  refer 
to  text-books  of  physiological  chemistry. 

1.  The  Nitric  Aeid  Test.— A  small  (piantity  of  cold  fil- 
tereil  urine  is  poured  jnto  a  test  tube  and  a  few  cubic 
centimetres  of  concentrated  nitric  acid  allow'cd  to  slowly 
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flow  down  the  sides  of  the  vessel.  If  albumin  is  present, 
an  opaque  zone  forms  at  the  plane  of  contact ;  if  the 
amount  of  albumin  is  small,  the  ring  may  not  form  for 
one  or  two  minutes. 

Urates,  certain  balsams,  and  resins  may  form  a  similar 
ring;  the  albumin  ring,  however,  begins  at  the  plane  of 
contact  and  e.\tends  upward,  whereas  the  urate  ring  is 
more  apt  to  begin  above  tiie  plane  of  contact  and  gradu- 
ally extend  down  to  the  acid.  The  urate  ring,  moreover, 
does  not  appear  if  the  urine  is  well  diluted.  It  also  dis- 
appears ou  heating.  The  ring  produced  by  balsams  and 
resins  is  soluble  in  ether,  and  may  be  made  to  disappear 
by  heating  the  liquid  with  this  solvent.  Nucleo-ulbuniin 
and  albuniosesalsoform  a  ring  with  nitric  acid.  Tiie  test 
should  always  be  repeated  with  diluted  urine;  if  the  ring 
becomes  thicker  in  the  diluted  urine,  the  presence  of 
nucleo-albumin  is  rendered  probable.  The  albumose 
ring  disappears  on  heating  and  reappears  on  cooling,  the 
liquid  meanwhile  turning  bright  yellow;  if  the  li<iuid 
becomes  only  partially  clear  on  heating,  albiunin  and 
albimioses  may  be  present  together.  Urea,  if  present  in 
large  quantities,  may  crystallize  out  in  this  test  as  urea- 
nitrate  and  form  a  white  zone  above  the  acid.  The  crys- 
talline character  of  this  precipitate  usually  reveals  its 
origin.  If  the  urine  contains  much  pigment  or  indo.xyl 
multicolored  rings  may  ajijiear  below  the  albumin  ring. 

2.  The  Boiling  Test. — The  urine  is  slightly  acidulated 
with  acetic  acid  and  boiled.  A  flocculeut  precipitate 
may  be  due  to  the  presence  of  albundn  or  of  earthy 
phosphates.  One  or  two  drops  of  nitric  acid  for  every 
cubic  centimetre  of  the  urine  are  now  added;  if  the  pre- 
cipitate dissolves,  it  consisted  of  phosphates;  if  it  does 
not  dissolve,  or  if  it  becomes  more  intense,  it  consisted  of 
albumin.  Care  must  be  taken  to  add  just  enough  nitric 
acid,  for,  if  too  little  is  added,  only  a  portion  of  the  basic 
phosphates  is  converted  into  acid  phosphates  and  the 
albumin  in  combination  witli  a  base  (albuminate)  remains 
in  solution;  if  too  nnieh  nitric  aciil  is  added,  albumin- 
nitrate  forms,  and  this,  too,  remains  dissolved.  The 
danger  of  dissolving  the  albumin  in  an  excess  of  acid  is 
decreased  if  acetic  a('id  is  used  instead,  and  if  the  urine, 
prior  to  boiling,  is  mixed  with  one-sixth  volume  of  sjit- 
urated  sodium  cblorid<'  solution. 

Bence-Jones  alhumin  also  coagidatcs  on  heating  in 
acid  urine,  but  at  a  low  temperature  (.")()'  C),  and  on 
boiling  this  coagulate  disappears.  Albumoscs  and  nu- 
cleo-albumins  (mucins)  are  not  precipitated  by  this  test. 

3.  The  Potassium  Ferrocyanitle  Test. — This  is  the  most 
delicate  one  of  the  ordinary  clinical  tests.  The  urine  is 
rendered  strongly  acid  with  acetic  acid  and  a  ten-per- 
cent, solution  of  |iotassiiun  ferrocyanide,  added  drop  by 
drop.  If  albumin  is  present  even  in  traces,  a  cloudi- 
nes.s  appears  at  once;  if  large  quantities  are  present,  a 
tlocculent  precipitate  appears.  In  this  test  the  urine 
should  first  be  filtered  until  it  is  clear;  if  owing  to  the 
presence  of  microbes  the  mine  cannot  be  cleared,  a  speci- 
men of  the  urine  should  always  be  compared  with  the 
specimen  treated  with  the  reagent  in  order  to  determine 
whether  the  cloudiness  has  become  more  pronounced  in 
the  latter.     It  is  well  to  dilute  the  urine  for  this  test. 

Albumoses  are  also  tlirown  down,  but  they  dissolve 
on  boiling  the  li(|uid  an<l  n^appear  on  cooling.  If  tiie 
urine  contains  much  nnicin  or  mate,  precipitates  form 
when  the  acetic  acid  is  added;  but  they  can  both  be 
made  to  disappear  if  the  urine  is  warmed. 

4.  The  Biuret  Reaction. — The  urine  is  treated  with  po- 
tassium hydrate  solution  and  a  ten-per-cent.  copper  sid- 
jjliate  solution  added  drop  by  drop.  In  the  presence  of 
albumin  alone  the  liquid  turns  pure  violet ;  in  tlio  presence 
of  albumoses  or  peiitoncs  it  ttirns  rose;  if  albumin  and 
albumoses  or  peptone  are  present  together,  the  urine 
assuines  tints  intermediary  bet  ween  violet  and  rose.  If 
small  quantities  of  albumins  are  present,  care  must  be 
exercised  not  to  add  too  much  copper  solution,  as  other- 
wise the  violet  or  rose  tint  is  obscured  by  the  blue  of  the 
reagent. 

Special  Test  for  Globulin.— The  excretion  of  globulin 
is  of  subordinate  clinical  interest ;  only  a  few  cases  are  on 
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record  in  which  it  appeared  alone  in  the  urine;  occasion- 
ally, however,  it  may  be  desirable  to  exatnine  the  urine 
for  its  presence.     The  following  metliod  is  practical: 

The  urine  is  mixed  with  an  eriual  volume  of  saturated 
ammonium- or  magnesium-sulpiiati^  solution;  this  jire- 
cipitates  the  globulins  and  alliuinoses,  but  leaves  the 
serum-albumin  in  solution  (the  latter  being  precipitated 
only  if  the  urine  is  satiu-ated  with  the  above  salts).  The 
precipitate  is  dissolved  in  one-per-ccnt.  soda  solution  and 
the  liquid  acidified  with  acetic  acid.  Albumoses  remain 
in  sohition  while  globulins  are  precipitated,  and  this 
precipitate,  moreover,  is  insoluble  in  sodium  chloride 
solution. 

Qiiiintitative  Estimntion  of  Coayulahle  Albumin. — For 
accinate  determinations  a  measured  quantity  of  the 
urine  should  be  acidified  and  boiled,  the 
coagulate  collected  in  a  weighed  filter, 
washed  with  water,  alcohol,  ether,  dried 
to  a  constant  w<'ight,  and  weighed.  A 
nitrogen  determination  is  then  made 
with  a  portion  of  this  residue  (Kjeldahl 
method,  see  below),  and  the  valu((  ob- 
tained multiplied  by  (i.2.'5  (albumin  con- 
tains 16  per  cent  of  N;  if  therefore  we 
find  X  nitrogen,  this  corresponds  to 
ij"/  =  6.2.5  times  X  of  albumin).  The 
figure  obtained  by  this  nuilli])lication 
indicates  in  grams  the  amount  of  albu- 
min iiri'sent  in  the  (juanlily  of  residue 
used  for  the  determination.  From  this 
the  amount  present  in  the  total  urine 
can  be  calculated. 

For  ordinary  clinical  purjioses  of  com- 
parison the  method  of  Ksbach  is  suffi- 
ciently accurate.  The  method  is  based 
on  the  precipitation  of  albumin  by  pic- 
ric acid.  The  apparatus  used  is  called 
Ksbach's  albtmiinometer  (Fig.  48.54) 
The  tube  is  filled  with  urine  to  f/'and 
with  reagent  to  R.  The  two  liquids  are 
thoroughly  mixed  by  inverting  tlie  tube 
several  times.  The  apparatus  is  then 
allowed  to  stand  for  twenty-four  hours 
at  room  temperature  and  the  height  of  . 
the  column  of  precipitate  determined.  The  figures  |  to 
7  on  the  apparatus  below  ('  indicate  the  amount  of  al- 
bumin in  grams  per  litre  of  urine;  if,  therefore,  e.y.,  the 
height  of  the  column  of  coagulate  corresponds  to  3,  the 
urine  contains  3  gm.  of  albumin  to  the  litre  (1,000  c.c), 
or  0.3  per  cent.  Esbach's  reagent  is  10  gm.  of  picric 
acid  and  20  gm.  of  citric  acid  dissolved  in  1  litre  of 
water.  In  this  test  the  reaction  of  the  urine  should  be 
acid,  its  specific  gravity  not  above  1.010,  and  it  should 
not  contain  more  than  0.4  percent,  of  albumin;  other- 
wise the  determination  is  not  accurate.  It  will  be  nec- 
essary, therefore,  as  a  rule,  to  dilute  and  acidify  the 
urine  prior  to  making  the  determination.  Occasionally 
the  precipitate  of  albumin  will  not  settle;  then  this 
method  cannot  be  employed;  nor  can  it  be  employed  if 
the  urine  contains  quinine  or  unlipyrin. 

^ludeo-Albnmin  (Mueiiis).— The  mucin  of  the  older 
writers  has  been  shown  to  consist  of  albumin  in  combina- 
tion with  one  of  these  acids  that  are  usually  present  in 
the  urine,  viz.,  nucleinic  acid,  chondroitin-sulphuric 
acid,  and  taurocholic  acid.  On  the  addition  of  acetic  acid 
to  the  urine  these  compounds  are  precipitated  as  nucleo- 
albumin,  chondro-albumin,  and  allnunin  taurocbolate. 
These  bodies  alone  or  combined  form  "  mucin."  and  it  is 
quite  clear  that  the  character  of  this  substance  must 
vary  according  to  the  relative  quantities  of  these  acids 
present  in  the  urine.  The  taurocbolate  is  often  absent 
from  normal  urine,  but  it  is  present  in  abundance  in 
icteric  urine.  Chondro-albumin  is  a  glycoproteid  and 
can  be  split  into  proteid  and  carbohydrate,  while  nucleo- 
albumin  is  a  "  phosphorous  proteid  "  and  can  be  split 
into  proteid  and  nuclein. 

Mucins  are  always  present  in  traces  in  normal  urine. 
Tliey  are  excreted  "in  excess  in  desquamative  catarrh  of 
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tlie  urinary  passages,  in  infectious  forms  of  nephritis 
(diplitlieria  and  scarlatina),  in  toxic  ncpliritis  (tar,  pyro- 
gallol,  corrosive  sublimate,  arsenic),  in  typhoid  fever,  in 
croupous  pneumonia  (disappearing  within  twenty-four 
fo  forty-eiglit  hours  after  the  crisis),  after  chloroform 
anjtsthesia,  and.  particularly,  in  icterus. 

TeMs.  Clouding  of  the  diluted  urine  with  acetic  acid 
speaks  for  the  presence  of  mucin  bodies;  if  the  mixture 
is  shaken  with  chloroform  or  ether,  a  cloudy  ring  of 
mucin  forms  at  the  plane  of  contact  after  tlie  liquids 
have  been  allowed  to  separate.  Mucins  give  the  nitric 
acid  test  (see  above),  but  the  ring  of  coagulate  lirst  forms 
0.5  to  1  cm.  above  the  acid  and  later  extends  down  to  it. 
If  the  urine  is  sufficiently  diluted,  the  urate  ring,  tliat 
behaves  similarly,  is  not  formed.  In  order  fully  to  iden- 
tify the  substance  it  must  be  i.solated  from  large  quanti- 
ties of  the  urine  (see  text-books  of  physiological  chem- 
istry). 

Albumoses  and  Peptone. — It  is  doubtful  whether  pep- 
tone (in  the  sense  of  Klihue)  ever  appears  in  the  urine. 
Recent  investigations  have  .shown  the  peptones  of  the 
older  writers  to  be  albumoses  (heniialbumose,  deutero- 
albumose  [peptone  in  the  sense  of  Brt'icke],  propeptnne, 
histon,  etc.).  All  these  bodies  appear  in  the  urine  when 
the  intracellular  disassimilation  of  the  proteids  is  per- 
verted as  the  result  either  of  bacterial  invasion  (sup- 
puration, tuberculosis),  or  of  intoxication  with  certain 
inorganic  poisons  (phosphorus),  or  of  certain  nietaliolic 
disorders  of  unknown  pathogenesis  (osteomalacia).  P}'o- 
genic  "peptonuria"  is  clinically  important,  for  the  diag- 
nosis of  "  pus  somewhere  "  may  frequently  be  strength- 
ened by  the  appearance  of  albumoses  in  the  urine;  the 
differentiation  is  also  occasionally  possible,  with  the  aid 
of  this  sign,  between  purulent  and  tuberculous  or  simple 
serous  exudates  (meningitis,  pleuritis,  etc.). 

T'eds.  In  order  to  get  rid  of  the  common  albumins  the 
urine  is  treated  with  an  equal  volume  of  saturated  salt 
solution,  acidified  with  acetic  acid  and  boiled.  The 
solution  is  filtered  hot;  coagulated  albiunins  remain  be- 
hind while  albumoses  go  into  the  filtrate  from  which 
tliey  separate  on  cooling.  The  filtrate  should  give  the 
biuret  reaction  (see  above),  and  the  precipitate  formed 
on  cooling  should  redissolve  on  boiling. 

Tlie  differentiation  of  the  different  albumoses  that  may 
be  present  in  the  urine  is  possible,  but  the  chemical 
manipulations  incident  to  this  separation  are  so  com- 
plicated that  a  description  of  these  methods  lies  beyond 
the  .scope  of  this  article.  (For  an  excellent  expose  of  the 
subject  see  Neubauer  u.  Vogel,  "Ilarnanalyse,"  1898, 
pp.'466  to484.) 

Fihrin  (Fihrinngen). — These  bodies  occasional]}'  appear 
in  the  urine  in  ch.vluria  and  in  hiematuria,  also  in  croup- 
ous inflammation  of  the  urinary  passages  (tuberculosis, 
diphtheria).  Fibrinogen  only  appears  in  profuse  htcma- 
turia,  and  its  presence  may  be  suspected  fi'om  the  forma- 
tion of  coagula  in  the  urine;  the  latter  may  form  either 
■within  the  urinary  passages  or  not  until  the  urine  is 
voided. 

Test.  The  coagula  are  filtered  ofE,  repeatedly  washed 
with  a  five-  to  ten-per-cent.  solution  of  NaCl  dissolved 
in  a  boiling  one-per-eent.  soda  solution,  or  in  a  0.5-per- 
cent HCl  solution  (the  coagulate  must  not  dissolve  in 
cold  soda  or  HCl  solution!),  and  the  liquid  s\ibniitted  to 
the  ordinary  tests  for  albumin.  It  the  coagula  consisted 
of  fibrin,  these  tests  will  be  positive. 

Umnixjlobin  (Methcemofihibin) — Ilcematuria,  Hcemogldbin- 
uria.  In  hamatnrid  the  blood  enters  the  urine  some- 
where in  the  urinary  passages;  it  may  be  the  result  of 
acute  inflammatory  affections,  neojilasms,  or  trauma  of 
the  kidnej'S,  ureters,  bladder,  or  urethra. 

In  hcemmjlnhiniirin  blood  pigment  that  is  alread}'  in 
solution  in  the  renal  blcxid  parses  through  the  renal  epi- 
tlielia  into  the  urine;  hicmoglobinuria  may  be  the  result 
of  poisoning  (potassium  chlorate,  muslu-ooms,  sulphu- 
reted  I'ydrogen,  arseniated  hydrogen,  pyrogallic  acid, 
etc.);  it  may  also  follow  the  transfusion  of  l)lood  from 
one  species  to  another;  it  may  follow  severe  cutaneous 
burns  and  certain  infectious  diseases.     Finallv,  there  is 


an  independent  form  of  paroxysmal  hemoglobinuria  of 
unknown  etiology. 

In  lia'inoglobiuuria  the  filtered  urine  is  always  red, 
whereas  in  hiematuria,  provided  the  urine  is  fresh,  the  fil- 
trate may  be  colorless.  Other  substances  than  blood 
pigment  may,  however,  impart  a  red  color  to  the  urine 
so  that  recourse  must  bo  had  to  one  of  the  following  tests 
in  order  to  establish  tlie  presence  of  hivmoglobin  in  the 
urine.  (For  the  detection  of  blood  corpuscles  in  the 
sediment  see  below.) 

Tents.  1.  Boiling. — In  the  presence  of  blood  i)igment 
a  brown  coagulate  forms  that  usually  floats  on  the  sur- 
face of  the  liquid  and  that  can  be  decolorized  by  shaking 
the  urine  with  sulphuric  acid-alcohol. 

3.  Heller's  Test. — This  test  is  based  on  the  formation 
of  hfemochromogen  from  haemoglobin  by  the  action  of 
caustic  alkali.  Five  drops  of  a  ten-percent,  sodium 
hydrate  solution  are  added  to  half  a  test  tube  of  urine. 
'The  mixture  is  boiled  and  allowed  to  stand.  The  earthy 
phosphates  and  carbonates  in  the  precipitate  will  be 
found  color-^'d  brown,  brown-red,  or  blood-red  (Iwemo- 
chromogen  spectrum).  In  alkaline  urine  the  test  may 
fail  because  the  phosphates  are  already  precipitated ;  to 
such  urine  an  equal  volume  of  normal  acid  urine  may  be 
added  in  ortler  to  obtain  the  reaction. 

3.  Almen's  Test. — To  10  c.c.  of  urine  is  added  a 
mixture  of  5  c.c.  of  old  oil  of  turpentine,  and  5  c.c.  of 
tincture  of  guaiac.  If  blood  pigment  is  present,  a 
white  ring  will  form  that  gradually  turns  blue.  The 
test  may  be  modified  by  adding  5  c.c.  of  ether  and  shaking 
the  mixture;  the  ether  dissolves  the  pigment  and  forms 
a  blue  layer  on  top  of  the  urine. 

4.  Teichmann's  Test. — The  precipitate  obtained  in 
tests  1  or  3,  or,  better  still,  the  precipitate  obtained  by  the 
addition  to  the  tiriue  of  tan-  _ 
nil!  solution,  is  filtered  off, 
washed  with  water  and  al- 
lowed to  dry  in  the  air.  A 
small  portion  is  placed  on  a 
slide  with  a  crystal  of  so- 
dium chloride  and  a  drop  of 
glacial  acetic  acid,  covered 
with  a  cover  slip  and  heated 
to  boiling  for  about  one  min- 
ute, the  evaporating  fluid 
being  constantly  replaced  by 
glacial  acetic  acid,  drop  by 
drop.  As  soon  as  the  fluid 
turns  brown,  it  is  allowed  to 
cool  .slowl}'.  Under  the  mi- 
croscope liamin  ciTstals  (Teichmann's  crystals.  Fig.  4855) 
of  characteristic  form  and  arrangement  will  be  seen. 

5.  Spectroscopic  Test. — The  diluted  urine  on  direct 
spectroscopic  examination  gives  the  spectrum  either  of 
oxy haemoglobin  or  of  methsmoglobiu.  provided  the 
urine  is  acid.  On  addition  of  ammonium  sulphide  the 
spectrum  of  gas-free,  reduced  h;i?mog!obin  appears. 
After  treating  the  urine  with  caustic  alkali  (see  Test  2) 
the  spectrum  of  haemochromogen  ajipears. 

^'  Bence-Jones  Albumin." — This  bod}-  occurs  in  the  urine 
in  association  with  multiple  myomata  of  the  bones. 
Nothing  is  known  of  its  origin.  It  may  be  formed  in 
the  intestinal  tract  by  some  perverted  process  of  dis- 
assimilation. This  albumin  is  usually  considered  an 
albumose,  but  it  differs  from  all  other  known  digestive 
albumo.ses.  It,  moreover,  resembles  true  albumin  inas- 
much as  it  coagulates  on  heating  to  100'  C.  (Magnus- 
Levy),  and  yields  primary  and  secondary  albumoses  on 
peptic  digestion.  No  lietero  group  can.  however,  be 
demonstrated  among  the  digestive  products.  The  body 
has  been  found  crystallized  in  the  urine. 

Test.  If  urine  gives  a  marked  albumose  reaction  (see 
above),  the  presence  of  Bence-.Jones  albumin  may  be 
suspected,  for  only  in  "  Bence-Jones  albumosuria  "  do  we 
find  such  large  quantities  of  "  albumo.se."  Such  urine 
should  be  treated  with  an  equal  volume  of  .saturated 
ammonium-sulphate  solution — in  this  way  the  body  is 
salted  out.     It  can  be  furthei'  identified  by  submitting  it 
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to  peptic  digestion  and  determining  tlie  absence  of  lietero- 
albiimose  and  the  presence  of  proto-albumosc  in  tlie  mix- 
ture of  digestive  products. 

Hislon  and  yncleo-Hhton. — Tliese  two  albumins  are 
derived  from  the  cell  nuclei;  they  occasionally  ajipc-ar  in 
the  urine  in  affections  accompanied  b}-  great  destruction 
of  leucocytes. 

Test.  The  urine  is  free^  from  albumin  by  boiling, 
cooled,  and  precipitated  with  four  volumes  of  alcohol 
(95  per  cent.).  Tlie  precipitate  is  dissolved  in  hot  water 
and  the  solution  allowed  to  cool.  In  order  to  get  rid  of 
uric  acid  it  is  acidified  with  HCl  and  allowed  to  stand 
for  four  hours:  the  uric-acid  crystals  are  filtered  olT  and 
the  filtrate  precipitated  with  ammonia:  tlie  precipitate 
is  then  washed  with  water  containing  a  little  ammonia 
and  redissolved  in  diluted  acetic  acid.  This  solution,  if 
histon  is  present,  should  coagulate  on  boiling  and  give 
the  biuret  reaction. 

NiTiioGExous  Constituents  Other  th.\n  Albumins. 
— From  eighty-three  to  ninety-three  per  cent,  of  the 
urinar}'  nitrogen  is  secreted  as  urea;  the  remaining  seven 
to  .seventeen  per  cent,  of  nitrogen  appears  in  the  urine 
in  the  form  of  diamins,  amido  acids,  urea,  puriu  bodies 
(uric  acid  and  it.s  congeners),  nucleinic  acid,  creatiu  and 
creatinin,  oxaluiic  acid,  allantoin,  preformed  ammonia, 
etc. 

The  Total  Nitrogen  and  ^iitrorjenous  Eqitilibrium. — AVe 
speak  of  nitrogenous  equilibrium  when  the  output  of 
nitrogen  corresponds  to  the  intake.  The  level  of  nitro- 
genous equilibrium  varies  in  different  persons  and  in  one 
and  the  same  individual  at  different  times.  It  is  depend- 
ent on  the  health  of  the  subject,  the  mode  of  life,  the 
composition  of  the  food,  etc.  The  following  rules  gov- 
ern the  level  of  nitrogenousequiiibrinm :  If  an  individual 
is  fed  on  a  constant  diet  sufficiently  abundant  to  main- 
tain full  nutrition,  then  the  urinary  N-excretion  becomes 
■constant  at  the  expira.tion  of  from  two  to  four  days. 
The  organism,  however,  has  a  tendency  to  accomtn<idate 
the  N-ontput  to  the  N-intake:  and  the  N-output  of  one 
period  of  twenty-four  hours  is  dependent  on  the  N-intake 
of  the  preceding  period  of  twenty-four  hours.  If  the 
N-intake  is  altered,  the  latter  factor  chiefly  determines 
the  Noutput  in  the  beginning:  after  the  expiration  of  a 
number  of  days,  however,  the  determining  influence  of 
the  former  factor  predominates.  If,  therefore,  the 
N-intake  fluctuates  from  day  to  day,  the  sum  of  the  N- 
ontput  during  a  prolonged  period  of  time  will  equal  the 
sum  of  the  N-intake  during  this  time;  but  for  individual 
periods  of  twenty-four  hours  during  this  time  great 
differences  in  the  N-output  will  become  apparent.  It  is 
clear,  therefore,  that  au_y  calculation  in  regard  to  the  rela- 
tion between  N-intake  and  N-output  that  is  based  on  an 
observation  extending  onl}'  over  a  period  of  twenty-four 
hotu'S  is  altogether  devoid  of  value. 

A  healthy  adult  can  maintain  N-ecpiilibriura  on  0.6 
gm.  of  albumin  per  kilogram  body  weight  pro  die — or 
with  more.  As  soon  as  less  N  is  ingested,  N-equilibrium 
•can  no  longer  be  maintained,  for  the  organism  then  be- 
gins to  disassimilate  its  projjer  tissues  in  order  to  cover 
the  deficit.  The  upper  boundary  of  N-disassimilation 
has  so  far  not  been  determined. 

Determination  of  Total  Urinary  Nitrogen. — Consider- 
able N  is  eliminated  in  the  foeccs :  this  N  is  in  part  de- 
rived from  the  gastro-intestinal  secretions,  in  part  from 
desquamating  epithelia,  and  in  part  from  ingesta  that 
are  not  absorbed.  This  amotmt  of  N  must  be  included 
in  the  calculation,  and  must  be  determined  in  metabolic 
studies.  N-equilibrium  is  only  established  when  Food- 
N  minus  F;eces-N  egvah  Urine-N. 

The  urine  should  be  gathered  from  morning  (before 
breakfast)  to  the  following  morning,  not  from  night  to 
night.  The  N  found  in  such  urine  correctly  indicates 
the  total  N  excreted  in  twenty-four  hours:  (a)  \f  the  last 
nitrogenous  food  is  ingested  at  least  eight  or  ten  hours 
prior  to  the  collection  of  the  last  urine  (hence  the  advan- 
tage of  collecting  from  morning  to  morning):  (4)  if  no 
great  fluctuations  are  permitted  in  the  amount  of  water 
ingested  dining  the  period  of  observation  as  against  pre- 
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vious  periods;  for  abundant  water-drinking  washes  out 
an  abnormal  amount  of  nitrogenous  material,  wliereas 
restriction  of  fluids  exercises  the  reverse  effect  and  favors 
the  retention  of  nitrogenous  material. 

The  KjeUlahl  Method  for  Determining  the  Urinary  N. 
— This  method  is  simpler  than  all  other 'methods  for 
determining  nitrogen;  it  is  more  rapid  and  does  not  re- 
quire so  much  skill  and  experience  on  the  part  of  the 
oi)erator.  The  method  is  based  on  the  following  princi- 
ple; The  nitrogenous  substances  of  the  urine  on  boiling 
with  concentrated  sulphuric  acid  are  destroyed  and  all 
Hie  nitrogen  that  is  not  in  direct  combination"  with  oxy- 
gen is  converted  into  ammonia,  and  hence  is  jn-esent  "in 
the  solution  as  ammonium  sulphate.  If  the  acid  solution 
is  now  treated  with  hot  soda  lye.  the  annnonia  is  liber- 
ated; it  is  distilled  into  a  measured  quantity  of  normal 
acid  and  the  excess  of  acid  titrateil  back. 

According  to  the  concentration  of  the  urine  5  c.c. 
or  10  c.c.  of  urine  are  poured  into  a  so-called  Kjeldahl 
flask  (i.e. ,  a  flask  of  hard  glass  with  a  round  bottom  and  a 
longneck,  holding  from  200  to  300  c.c):  to  this  are  added 
20  c.c.  of  concentrated  H.jSO,,  and  a  small  quantity 
(about  one-third  gram)  of  the  yellow  oxide  of  mercury. 
The  mixture  is  boiled  until  the  solution  becomes  quite 
colorless,  care  being  taken  not  to  heat  too  rapidly  in  order 
to  prevent  the  escape  of  vapors.  On  cooling,  the  contents 
of  the  Kjeldahl  flask  is  transferred  to  a  Kjeldahl  retort  by 
repeated  rinsing  with  a  little  distilled  water.  The  Kjel- 
dahl retort  is  a  large  round-bottomed  flask  holding  about 
oOO  c.c.  To  the  liquid  in  this  retort  are  added  40  c.c, 
of  a  solution  of  sodium  sulphide  (40  gm.  to  1,000  c.c.  of 
water),  160  c.c.  of  sodium  hydrate  solution  (270  gm.  to 
1.000  c.c.  of  water),  and  a  small  quantity  of  talcum. 
The  sulphide  is  necessary  in  order  to  decompose  the 
amido-compounds  of  mercury  that  form  and  that  would 
not  give  up  all  their  nitrogen  if  sodium  hydrate  alone 
were  used.  The  talcum  is  added  in  order  to  render 
ebullition  more  gentle  and  to  prevent  bumping.  As 
soon  as  all  the  solutions  have  been  poured  into  the 
retort  it  is  immediately  connected  with  a  condenser  and 
the  distillation  begun.  The  vapors  of  ammonia  and 
the  water  are  collected  in  a  flask  containing  40  c.c.  of  a 
one-fourth  normal  H-SOj :  the  distillation  is  continued 
until  about  two-thirds  of  the  fluid  have  gone  over; 
the  condenser  is  then  rinsed  with  water  and  the  wash- 
ings added  to  the  distillate.  The  acid  is  now  retitrated 
with  a  one-fourth  normal  sodium  hydrate  solution, 
using  rosolic  acid  as  an  indicator.  The  difference  indi- 
cates the  amount  of  acid  neutralized  by  the  ammonia. 
As  1  c.c.  of  the  one-fourth  normal  solution  represents 
0.003.5  gm.  of  N,  this  figure  must  be  multiplied  b}'  the 
number  of  cubic  centimetres  of  urine  (.5  or  10)  used 
for  the  analysis  in  order  to  determine  the  amount  of 
N  contained  in  this  quantity  of  urine.  The  N  in  the 
twenty-four  hours'  urine  can  easily  be  calculated  from 
thi.s.  There  are  numerous  modifications  of  the  Kjeldahl 
method,  but  the  above  plan  has  been  found  quite  satis- 
factory and  altogether  reliable  in  the  hands  of  the  author. 
(For  these  modifications  and  for  certain  refinements  of  the 
methods  I  refer  to  Huppert:  "Analyse  des  Harns,"  1898, 
pp.  801  to  807). 

Diamins. — The  diamins  (putrescin  and  cadaverin)  are 
of  rare  occurrence  in  the  urine  of  man  and  are  of  subordi- 
nate clinical  importance. 

Amido  Aciels.  — Of  this  group  of  nitrogenous  urine  bodies 
earbamie  acid  is  occasionall}-  found  in  normal  urine,  but  it 
has  no  clinical  significance.  It  is  too  rare,  moreover,  to 
merit  di-scussion  in  this  condensed  article.  Other  mem- 
bers of  this  group — viz.,  cystin,  leucin,  and  tyrosin — fre- 
quently appear  in  the  urine  in  crystallized  form;  they 
will  hence  be  discussed  in  detail  under  the  heading  of 
urinary  sediments  (see  below). 

Urea. — The  excretion  of  urea  is  dependent  on  two  fac- 
tors, viz. :  (1 )  the  ingestion  of  nitrogenous  food  (chiefly 
albumins):  (2)  the  cataholism  of  the  organized  albumin 
of  the  body.  As  the  latter  factor  is  a  minor  source  of 
urea,  and  as  it  is,  moreover,  fairly  constant,  the  excretion 
of  urea  maybe  said  to  be  largelj-  dependent  on  the  inges- 
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tion  of  proteid  pabulum.  In  interpreting  tlie  plus  or 
iiiiuus  of  urea  excretion  both  factors  must  nevertheless 
be  included  in  the  calculation,  for  it  is  clear  that  a  dis- 
eased person  who  is  consuming  an  abnormal  quantity 
of  the  organized  albumin  of  his  proper  tissues,  and  at 
the  same  time  is  eating  a  normal  amiiunt  of  proteid  food, 
will   excrete  more  urea  than  a  healthy  individual  who 

is  destroying  a  normal 
amount  of  body  tissues 
and  is  eating  the  same 
amount  of  food.  Or, 
again,  a  health}',  under- 
fed subject  will  excrete 
less  urea  than  an  under- 
fed, diseased  subject,  for 
the  latter  contributes 
more  to  the  urinarj-  ni- 
trogen from  his  own  tis- 
sues. 

Norinal  urine  contains 
as  much  as  four  per  cent, 
of  urea.  The  average 
quantity  excreted  in 
twenty  -  four  hours  by 
a  healthy  adult  on  a 
mixed  diet  is  33  gm. 
liluctuations  in  the  urea 
excretions  from  20  to  45 
gm.  may  nevertheless 
still  be  within  physio- 
logical limits;  a  person 
performing  hard  physi- 
cal labor  will  excrete 
more  than  33  gm. ;  a  per- 
son leading  a  sedentary 
life  less.  On  a  diet  con- 
taining little  N  or  after 
fasting  the  urea  excre- 
tion may  fall  to  15  to 
20  gm.  Women  excrete 
from  20  to  32  gm.  a  day. 
On  a  diet  rich  in  N  as 
much  as  100  gm.  may  be 
excreted.  Tlie  excre- 
tion of  urea  is  alwaj's 
increased  in  febrile  dis- 
eases, and  in  diabetes 
mellitus.  It  is  always 
decreased  in  affections 
of  the  liver  and  kidney 
parenchyma,  and  in  all 
chronic  disorders  that 
are  accompanied  by  mal- 
nutrition. 

TeMs.  Qualitative  tests 
for  urea  are  of  no  clini- 
cal importance.  Quantitative  estimations  of  the  urea 
excretion,  on  the  other  hand,  are  of  great  clinical  interest 
as  an  index  of  a  variety  of  functional  and  organic  per- 
versions that  have  been  indicated  above. 

Estimation  of  the  Urea  from  the  Specitic  Gravity  of 
the  Urine. — As  urea  is  the  chief  solid  constituent  of  the 
urine,  the  urea  content  can  be  approximately  estimated 
from  the  specific  gravity.  Empirically  it  has  been  deter- 
mined that  urine  of  a  specific  gravity  of  1.014  contains 
about  one  per  cent,  of  urea;  of  1.014  to  1.020,  about 
one  and  a  half  per  cent. ;  of  1.020  to  1.024,  about  two 
to  two  and  a  half  per  cent. ;  of  1.028,  about  three  per 
cent,  of  urea.  In  febrile  and  cachectic  states,  in  which 
the  urinary  chlorides  are  reduced,  this  estimation  must 
be  corrected.  For  the  chlorides  in  these  diseases  are 
excreted  in  such  small  amounts  that  they  exercise  no  ap- 
preciable influence  on  the  urinary  specific  gravity.  Con- 
sequently, a  given  specific  gravitj'  indicates  more  urea 
than  is  given  in  the  above  figures. 

Of  the  accurate  methods  for  determining  urea  the 
method  of  Hlifner  is  the  most  convenient  for  clinical 
work,  the  method  of  MOrner  and  Sjoquist  the  most  accu- 
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rate  for  scientific  work.  These  two  methods  alone  will 
therefore  be  described.  The  titration  method  of  Liebig- 
Pflilger,  the  method  of  Folin,  etc.,  are  all  very  good,  but 
they  do  not  sur|)ass  in  convenience  nor  in  accuracy  the 
two  methods  mentioned  and  to  be  prescntlj'  described. 

The  Hypobromite  Method  of  Hiifner  (Knop).— This 
method  is  based  on  the  fact  that  sodium  hypobromite  in 
alkaline  solution  decomposes  urea  into  nitrogen,  carbon 
dioxide  and  water,  according  to  the  following  formula: 

CO(NH,)g  -f    3NaOBr    =   3NaBr  +  CO,  -f 

Urea.       Sodium  hypobromite.  2HS0  -\-  2N 

The  COj  that  develops  is  absorbed  liy  the  soda  lye 
while  the  N  passes  through  t  he  lye  and  is  measured ; 
from  the  volume  of  N  liberated  the  amount  of  urea  can 
be  calculated.  This  method  is  inaccurate  in  two  respects: 
(1)  the. amount  of  N  liberated  is  never  quite  as  large  as 
the  theoretical  amount;  (2)  hypobromite  of  soda  also 
liberates  N  from  other  nitrogenous  constituents  of  the  urine 
than  urea.  Notwithstanding  these  two  sources  of  error, 
the  method  is  sufficiently  accurate  to  merit  general  em- 
ployment. 

Hufner's  Apparatus  (Fig.  4856)  consists  of  three  parts, 
viz. :  (1)  a  cylindrical  vessel.  A,  connected  by  a  glass  cock, 
B,  with  a  smaller  cylindrical  receptacle,  C  ;  (3)  a  dish,  D, 
that  is  connected  with  the  upper  end  of  A  by  a  rubber 
cork  (as  shown  in  the  figure),  so  that  the  open  upper 
extremity  of  A  protrudes  iuto  D;  (3)  an  eudiometer  tube, 
E,  that  should  be  from  30  to  40  cm.  long,  2  cm.  wide,  and 
should  be  graduated  for  0.2  cm.  The  eudiometer  tube 
can  be  held  in  an  inverted  position  over  the  upper  end  of 
A  by  a  clamp,  F,  attached  to  a  stand,  6. 

The  Hypobromite  Solution.— Seventy  cubic  centimetres 
of  thirty-per-cent.  sodium  hydrate  solution  are  diluted 
with  180  cc.  of  distilled  water;  the  solution  is  then  mixed 
with  5  c.c.  of  bromine.  The  bromine  dissolves  in  the  lye, 
and  sodium  bromide  and  sodium  hypobromite  are  formed 
according  to  the  formula: 

3NaOH  +  Br,  =  NaBr  +  NaBrO  -f  11,0 

The  hypobromite  solution  should  be  kept  in  a  cool,  dark 
place  in  a  tightl}'  stoppered  bottle,  and  should  be  made 
fresh  every  few  days,  as  otherwise  the  sodium  hypobro- 
mite is  apt  to  decompose  into  sodium  bromide. 

Method  of  Performing  the  Determination. — ^The  urea 
content  of  the  urine  is  first  estimated  from  the  specitic 
gravity  (see  above)  and  the  urine  diluted  so  as  not  to  con- 
tain more  than  one  per  cent,  of  urea.  Of  this  diluted 
urine  exactly  5  c.c.  are  allowed  to  flow  from  a  long 
pipette  into  the  small  receptacle,  G,  care  being  taken 
not  to  spill  any  of  the  urine  in  A,  the  pipette  is  carefully 
rinsed  with  water,  and  these  washings  also  allowed  to 
flow  into  C,  until  the  latter  receptacle  is  filled  to  the 
cock,  B.  The  cock  is  now  closed.  A  is  now  filled  to 
overflowing  with  hypobromite  solution;  the  dish,  D,  and 
the  eudiometer  tube,  E,  are  then  filled  witli  concentrated 
NaCU  solution  and  the  latter  inverted  in  the  former  and 
held  over  the  open  upper  end  of  A  by  the  clamp,  F.  The 
cock,  B,  is  now  opened.  As  the  hypobromite  solution  is 
heavier  than  the  urine,  it  runs  down  through  B  into  C'and 
at  once  causes  an  active  development  of  gas  (CO,  and  N). 
The  CO,  is  absorbed  in  the  sodium  hydrate  solution  con- 
tained in  A,  while  the  N  rises  up  through  .1  anil  collects 
in  the  tube  E.  The  reaction  is  over  in  about  twenty 
minutes.  The  eudiometer  is  then  transferred  to  a  deep 
vessel  filled  with  water  of  room  temperature  and  allowed 
to  stand  there  for  fifteen  minutes;  the  reading  is  finally 
made  in  such  a  way  that  the  levels  of  the  fluid  in  the 
vessel  and  in  the  tube  are  made  equal.  At  the  same 
time  the  temperature  of  the  water  and  the  barometric 
pressure  are  noted. 

The  volume  of  gas  must  now  be  reduced  to  0°  C,  760 
mm.  and  absolute  dryness :  this  is  done  according  to  the 
formula: 

_  V  (B  -  W) 

760  (  l-f  0.0036  t  )  354.3 

V  =  Volumes  of  nitrogen  (corrected). 
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V  =  Volume  iudicated  on  eudiometer. 

B  =  Barometric  ijressure. 

W*  =  Tension  of  water  vapors  at  temperature  i. 

t  =  Temperature  of  water. 

0.0036  =  Coefficient  of  expansion  of  gases  for  r  C. 

As  urea  only  yields  354.3  c.c.  of  N  instead  of  the 
theoretic  amount  of  372.7  c.c,  when  it  is  disassociated 
with  hypobromite  solution,  V  must  be  divided  b)'  3o4.3 
in  order  to  obtain  the  correct  amount  of  N  develojied,  for 

354.3   :  1  =  V    :  x 
V 
'''  "  354.3 

If  5  c.c.  of  urine  were  employed  for  the  determination, 
V  multiplied  by  30  gives  the  percentage  of  urea. 

A  simpler  apiiaratus,  called  a  ureometer,  has  been  con- 
structed on  a  similar  principle  as  Hiifner's  apparatus,  but 
the  results  obtained  with  this  modified  apparatus  are  alto- 
gether inaccurate  and  essentially  valueless.  These  ureom- 
eters  are  unfortunately  in  common  use. 

Method  of  Mm-nw  and  SjOquist.. — The  method  is  baseil 
on  the  following  principle:  If  the  urine  is  treated  with 
barium  chloride  and  barium  hydrate  in  certain  projior- 
tions,  all  nitrogenous  constituents,  with  the  exception  of 
urea,  are  precipitated  from  the  solution  by  a  mixture  of 
ether  alcohol.  In  the  filtrate  the  N  is  determined  after 
Kjeldahl  and  the  urea  calculated  from  this  amount  of  N. 

Execution:  Five  cubic  centimetres  of  urine  (if  neces- 
sary after  removal  of  any  albumin  that  it  may  contain) 
are  treated  in  a  small  Hask  with  5  c.c.  of  baryta  mixture 
(saturated  solution  of  barium  chloride  ])lus  five  per  cent. 
barium  h3'drate)  and  100  c.c.  of  a  mixture  of  one  volume 
of  ether  and  two  volumes  of  alcohol  (97  per  cent.). 
The  flask  is  allowed  to  stand  for  twenty-four  liours;  the 
precipitate  is  then  filtered  off,  repeatedly  washed  with 
ether-alcohol;  the  filtrate  treated  with  magnesia  usta  in 
order  to  drive  off  any  ammonia  tiiat  may  be  in  solution, 
and  the  ether-alcohol  driven  off  at  a  temperature  of  55" 
C.  The  temperature  should  never  be  allowed  to  rise 
above  60°  C.  When  the  volume  of  the  filtrate  is  reduced 
to  10  or  15  c.c,  the  N  determination  is  made  with  a 
measured  proportion  of  the  liquid.  The  urea  is  calcu- 
lated from  the  N  by  multiplying  the  latter  with  V,  or 
2.143. 

Purin  Bodies,  Uric  Arid  and  Its  Congeners.—  Uric  Arid. 
Uric  acid  is  a  normal  constituent  of  the  urine.  A  healthy 
adult  excretes  from  0.2  to  1.25  gm.  of  uric  acid  in  the 
twenty-four  hours  to  from  80  to  85  gm.  of  tu-ea.  i.e.. 
about  one  to  two  per  cent,  of  the  urinary  N  appears  in 
the  urine  in  the  form  of  uric  acid. 

The  excretion  of  uric  acid  is  subject  to  many  fluctua- 
tions in  health  and  in  disease.  The  chief  and  probably 
the  only  source  of  uric  acid  are  the  nucleins  of  cell  nuclei, 
and  as  these  nucleins  maybe  derived  either  from  the  food 
or  from  the  cells  of  the  tissues  of  the  organism,  the  ex 
cretion  of  uric  acid  is  determined  on  the  one  hand  by  the 
amount  of  nuclein-containing  food  that  is  ingested  and  on 
the  other  hand  by  the  catabolism  of  the  proper  tissues  of 
the  body.  The  old  view  that  uric  acid  is  an  oxidation 
product  of  any  form  of  albumin  has  been  shown  to  be 
wrong.  The  administration  of  very  large  quantities  of 
albuminous  pabulum  containing  no  nucleins  is  not  followed 
by  an  increase  in  the  uric-acid  excretion.  The  adminis 
tration,  however,  of  luiclein  or  of  nuclein-containing  food 
is  always  followed  by  increased  excretion  of  uric  acid. 
On  the  other  hand,  a  subject  fed  for  a  long  time  on  a  diet 
containing  no  nucleins,  or  a  subject  after  a  prolonged 
period  of  fasting,  still  excretes  appreciable  quantities  of 
uric  acid ;  in  the  former  case  tlie  increase  of  uric  acid 
was  derived  from  the  food  nucleins  ("exogenous  uric 
acid");  in  the  latter  case  the  excreted  uric  acid  was  de- 


*  The  values  for  W  at  ordinary  temperatures  are  the  following  : 

10°  C.  =    9,126  16°  C.  =  13,.519  22°  C.  =  19,67.i 

11°  C.  =    9.7.il  17°  C.  =  14.fi09  2:!°  C.  =  20,909 

12°  C.  =  10,421  18°  C.  =  15,351  24°  C.  =  22,211 

13°  C.  =  11,130  19°  C.  =  16,34.5  2.5°  C.  =  23,.582 

14°  C.  =  11,883  20°  C.  =  17,396 

15°  C.  =  12,667  21°  C.  =  18,505 


rived  from  the  tissue  nucleins  ("endogenous  uric  acid  "). 
Whereas  the  former  factor  is  constant  and  independent  of 
I  lie  individual  in  the  sense,  namely,  that  a  definite  quan- 
tity of  food  uuclein  leads  to  the  excretion  of  a  definite 
and  calculable  quantity  of  uric  acid,  the  latter  factor  is 
inconstant,  varies  in  different  individuals,  and  cannot  be 
calculated  in  advance.  It  varies  from  0.1  to  0.2  giu.  a 
day  in  normal  adtdts. 

All  attempts  to  find  "normal  "  values  or  to  determine 
the  significance  of  fluctuations  in  the  uric-acid  excretion 
are  altogether  fictitious  as  long  as  the  purin  bodies  of  the 
food  are  not  included  in  the  calculation.  The  diversity 
of  opinions  aiuong  different  authors  in  regard  to  the  effect 
of  albuminous  food  on  the  uric-acid  excretion  can  be  ex- 
plained as  follows :  Those  who  argue  that  an  albuminous 
diet  increases  the  urinary  uric  acid  experimented  with  a 
diet  containing  much  meat  (and  consequently  xanthin 
bases,  nucleins,  etc.),  whereas  those  who  claim  that  a 
]iroteid  diet  exerci.ses  no  effect  on  the  uric-acid  excretion 
worked  with  vegetable  albumins,  milk,  eggs,  etc.,  all 
articles  that  contain  little  purin. 

Pathologically  the  excretion  of  uric  acid  is  increased  in 
febrile  disorders  and  in  other  diseases  in  which  theie  is 
loss  of  tissue  albumin  ;  here  the  uric-acid  increase  usually 
proceeds  prn-i  passu  with  the  urea  increase.  In  leuka-mia 
tlie  uric  acid  is  often  absolutely  increased ;  here  the 
catabolism  of  many  leucocytes  must  be  made  responsible. 
In  gout  and  the  uric-acid  diathesis  (goutiness)  there 
is  much  divergence  of  opinion.  The  consensus  of  newer 
wiitcrs  who  looked  to  a  constant  diet  of  known  nuclein 
content  during  their  investigations  seems  to  be  that  the 
uric-acid  excretion  is  somewhat  increased  during  the 
attack,  and  that  immediately  {'receding  the  attack  the 
uric-acid  excretion  is  slightly  decreased.  In  the  intervals 
between  the  attacks  the  uric-acid  excretion  in  gouty 
subjects  differs  in  no  way  from  that  in  normal  subjects. 

Qualitjitive  Tests  for  Uric  Acid. — See  under  urinary 
sediments  (below). 

Quantitative  Estimation. — Of  the  many  methods  for 
deteriuining  the  uric  acid  in  the  urine  the  method  of 
Ludwig-Salkowski  is  the  best,  the  luost  accurate,  and  the 
most  rapid. 

The  method  of  III intz  was  in  univcrsiil  use  for  many 
years.  It  is  so  simple  that  even  to-day  many  clinicians 
employ  it.  While  the  results  of  this  method  are  very 
inaccurate  in  the  sense,  namely,  that  far  too  little  uric 
acid  is  indicated,  it  nevertheless  has  a  place  in  the  clinical 
laboratory  for  determinations  of  a  rclalire  increase  or  de- 
crease of  uric  acid  in  the  same  individual.  The  method 
is  carried  out  as  follows:  Two  hundred  culiic centimetres 
of  urine  are  treated  with  10  c.c.  of  concentrated  hydro- 
chloric acid;  the  mixture  is  allowed  to  stand  for  forty- 
eight  hours  and  the  crystalline  deposit  of  uric  acid  fil- 
tered off;  the  crystals  are  washed  with  alcohol  and  ether 
and  dried  at  110°  C. 

Tlie  Method  of  Luding-Salh-owski. — Uric  acid  is  preci])!- 
tated  from  urine  that  lias  been  treated  with  an  animo- 
niacal  magnesia  solution  by  amnioniacal  silver  nitrate 
solution.  The  resulting  precipitate  consists  of  silver- 
magnesium  urate.  (The  chlorides  remain  in  solution. )  If 
this  precipitate  is  treated  with  alkali  .sulphide,  the  silver 
is  precipitated  as  silver  suliihide.  Avhereas  the  urate  goes 
into  solution  as  alkali-uratc.  From  the  latter  solution 
uric  acid  crystallizes  after  acidulation  and  evaporation  to 
a  small  volume.  The  crystals  are  gathered  on  a  filter, 
washed  and  weighed  as  above.  The  addition  of  amnio- 
niacal magnesia  solution  causes  precipitation  of  triple 
phosphate,  and  this  mingling  with  the  gelatinous  urate 
precipitate  renders  the  latter  more  flocculent  and  easier  to 
wash,  etc. 

Execution  :  Three  solutions  are  required,  viz. ; 

1,  An  amnioniacal  silver  solution.  Twenty-six  grams 
of  silver  nitrate  are  dissolved  in  water  and  so  much  am- 
monia added  until  the  brown  precipitate  that  forms  is 
redis.solved  in  the  excess  of  ammonia.  The  solution  is 
then  filled  up  to  1,000  c.c.  with  water  and  kept  in  a  dark 
place. 

3.  Magnesia  mixture.     One  hundred  grains  of  crystal- 
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lized  magnesium  chloride  are  dissolved  ia  water  aud  a 
large  excess  of  ammonia  added.  This  leads  to  the  precipi- 
latiou  of  magnesium  liydroxide.  A  solution  of  ammo- 
nium chloride  that  is  saturated  in  the  cold  is  now  added 
in  such  quantity  that  tlie  precipitate  of  magnesium 
hydroxide  is  redissolveil.  The  moderately  clear  solutiou 
is  filled  up  to  1,000  c.c. 

3.  Solution  of  sodium  (or  potassium)  monosulphidc. 
Ten  grams  of  NaOH  or  15  gm.  of  KOH  are  dissolved 
in  1,000  c.c.  of  water.  One-half  of  this  solution  is 
saturated  with  hvdrosen  disulphide  gas  aud  then  added 
to  the  other  half,  the  KOH  or  NaOH  employed  fur 
this  preparation  must  be  free  from  nitrate  or  nitrite,  for 
this  solution  is  added  to  the  urate  solutiou  before  it  is 
acidulated :  on  acidulation  any  nitric  or  nitrous  acid  would 
be  liberated  aud  these  acids  decompose  uric  acid. 

The  conceutratiou  of  these  reagents  is  arranged  so 
that  10  c.c.  of  each  suffice  for  100  c.c.  of  uriue.  It  has 
been  established  that  this  proportion  precipitates  all 
the  phosphates  aud  urates,  and.  on  the  other  Imnd.  redis- 
solves  all  the  iiric  acid  from  the  precipitates  that  form 
even  if  the  uriue  contains  a  very  large  proportion  of  uric 
acid. 

One  hundred  cubic  centimetres  of  urine  are  poured 
into  a  beaker.  Ten  cubic  centimetres  of  solution  1  and 
10  c.c.  of  solution  2  are  mix»d  in  another  vessel  and 
treated  with  so  nnicli  ammonia  that  the  precipitate  of 
silver  chloride  that  forms  is  redissolved;  sometimes  a 
floeculent  precipitate  of  magnesium  hydroxide  forms, 
but  tills  does  not  interfere  with  the  reaction.  The  reagent 
is  slowly  poured  into  the  uriue.  A  gelatinous  precipitate 
forms  that  is  allowed  to  settle  partially  and  is  then 
filtered  off  and  washed  with  very  weak  ammonia  water 
until  the  washings  are  free  from  silver  aud  from  chlorides. 
The  precipitate  is  then  brought  from  the  filter  into  a 
beaker,  either  by  perforating  the  lilter  and  squirting  the 
precipitate  tlirough,  or,  if  a  suction  pump  is  used,  by 
transferring  the  bulk  mechanically  with  a  glass  rod  and 
then  rinsing  the  balance  into  the  beaker  with  the  stream 
from  a  wash  bottle.  Ten  cubic  centimetres  of  solution  3 
are  now  mixed  with  10  c.c.  of  water  and  heated  to  lioiling. 
The  filter  is  rinsed  with  this  solution  and  the  whole  added 
to  the  suspension  of  the  precipitate;  the  mixture  is  then 
heated  to  boiling  over  a  small  flame,  the  deposit  of  silver 
sulphide  filtered  off,  frequently  washed  with  hot  water, 
washings  and  filtrate  acidulated  with  dilute  IICl  (5  c.c. 
■of  HCl  [1.13  specific  gravity]  diluted  one-fourth  are  suffi- 
cient), and  evaporated  to  about  20  c.c.  On  cooling,  the 
iiric  acid  crystallizes  out.  Some  writers  claim  that  all 
the  uric  acid  is  depo.sited  after  an  hour:  it  is  better  to 
allow  the  solutiou  to  stand  for  at  least  six  hours.  The 
uric  acid  is  filtered  off,  washed  with  alcohol  and  ether 
and  weighed.  For  every  10  c.c.  of  the  mother  liquor 
and  washings  0.0000.5  gm.  of  uric  acid  is  added  to  the 
result,  for  this  small  amount  of  uric  acid  is  soluble  in  10 
c.c.  of  water  and  consequently  remains  in  solution. 

Salkowski  has  modified  this  method  slightly.  Instead 
of  decomposing  the  silver  urate  precipitate  with  alkali 
sulphide,  he  passes  a  stream  of  hydrogen  sulphide  gas 
through  the  suspension  of  silver  urate  in  acidulated 
water;  the  silver  salt  is  decomposed  in  the  same  way,  the 
sulphide  of  silver  being  thrown  down,  while  the  uric 
acid  passes  into  solution ;  the  mixture  is  heated  to  boil- 
ing, filtered,  and  the  filtrate  treated  as  above.  This  modi- 
fication has  no  advantages  over  the  original  Ludwig 
method — in  fact,  requires  more  care  and  more  parapher- 
nalia. 

If  sugar  or  albumin  is  present  iu  the  urine,  they  must 
be  removed  before  the  uric-acid  determination  is'  made. 
Ludwig  advises  removing  the  albumiu  as  follows;  The 
urine  is  treated  with  concentrated  sodium  chloride  solu- 
tion (10  to  15  c.c.  to  every  100  c.c.  of  urine),  acidulated 
with  acetic  acid  and  boiled.  The  albumins  coagulate  and 
can  be  removed  by  filtration ;  the  filtrate  must  be  filled 
up  to  the  original  voltnne  of  the  urine. 

If  the  urine  contains  uric-acid  crystals,  these  must 
be  dissolved  by  warming  before  the  urine  is  measured  oft'. 
The  iirecipitation  of  urates  may  often  be  prevented  by 


adding  a  iiinch  of  sodium  bicarbonate  to  the  urine  iuune- 
diately  after  it  is  voided. 

Of  other  methods  for  determining  uric  acid  only  the 
underlying   principles  will   be   given  in  this   place;  for         » 
details  I  refer  to  the  text-books. 

Method  of  llupkins.  Thirty  grams  of  ammonium 
chloride  are  dissolved  in  100  c.c.  of  the  cold  uriue.  This 
leads  to  the  precipitation  of  ammonium  urate;  the  latter 
is  filtered  off  aud  washed,  then  dissolved  in  boiling  water 
aud  acidulateil  with  HCl ;  after  concentration  of  the  solu- 
tion ami  cooling  the  uric  acid  crystallizes  out  aud  can  be 
\veighed  as  above. 

Some  authors  prefer  to  determine  the  amount  of  uric 
acid  by  titration,  either  acid  metrically  or  with  iierman- 
ganate  of  potassium,  or  as  silver  magnesium  salts  (see 
Huppert,  "Harnanalyse,"  1898,  p.  814)"^ 

Mitlwcl  of  Folin.  The  uric  acid  is  precipitated  with 
the  following  reagent:  500  gm.  of  ammonium  sulphate, 
5  gm.  of  uranium  acetate,  (iO  c.c.  of  a  teu-per-cent.  solu- 
tion of  acetic  acid  dissolved  in  050  c.c.  of  water:  75  c.c.  of 
this  reagent  are  added  to  300  c.c.  of  urine.  Soon  a  mucoid 
bod.v  separates  from  the  urine  that  is  removed  by  filtra- 
tion; the  filtrate  is  then  treated  with  concentrated  am- 
monia; this  leads  to  the  precipitation  of  ammonium  urate. 
The  latter  is  washed  into  a  beaker,  treated  with  concen- 
trated sulphuric  acid,  and  titrated  at  once  with  one-twen- 
tieth decinormal  solutiou  of  potassium  permanganate. 
Each  cubic  centimetre  of  the  reagent  corresponds  to 
0.00375  gm.  of  uric  acid.  As  ammonium  urate  is  slightly 
soluble  a  correction  of  0.003  gm.  must  be  made  for  every 
100  c.c.  of  urine. 

Plain  Bases.  (Sj'nonyms:  Xanthin  Bases,  Nuclein 
Bases,  Alloxuric  Bases).  To  this  group  belong  many  sub- 
stances, of  which  the  following  have  been  found  in  human 
urine:  Xanthin,  heteroxanthiu,  paraxanthin,  gtianin,  hy- 
poxanthiu,  adenin,  episarcin,  caruin,  epiguanin,  aiid 
"the  unknown  basis  of  Krilger  and  Wullf. ''  The  most 
important  of  these  bodies  is  xanthin.  The  quantity  of 
purin  bases  occurring  in  the  urine  is  very  small.  On  a 
mixed  diet  the  urine  voided  in  twenty-four  hours  contains 
87  gm.,  on  an  animal  diet  4-1  mgm.,  and  on  a  vegetable 
diet  (peas  and  cabbage)  73  mgm..  or  (apples  and  carrots) 
111  mgm.  If  the  uric-acid  nitrogen  voided  on  these  dif- 
ferent varieties  of  diet  is  calculated  at  100,  the  nitrogen 
of  the  purin  bases  (figured  for  xanthin)  equals  18.1,  7.6, 
18.1,  and  35.8.  The  amount  of  xanthin  bases  excreted, 
therefore,  equals  only  a  fraction  of  the  uric  acid  ex- 
creted. The  daily  normal  excretion  equals  from  0.015  to 
0.06  gm.  Of  this  amount  0.015  to  0.03  is  xanthin:  hy- 
poxantliin  aud  guanin  are  next  in  importance,  then  come 
paraxanthin  and  heteroxanthin.  The  other  members  of 
the  group  are  of  rare  occurrence  and  of  very  subordinate 
Importance. 

The  purin  bases  are  derived  from  nuclein;  they  may 
consequently,  like  uric  acid,  be  derived  from  the  food 
nucleins  or  from  the  tissue  nucleins.  Their  relation  to 
uric  acid  is  as  follows:  If  nuclein  or  nuclein-containing 
organs  (spleen  pulp)  are  allowed  to  stand  at  body  tem- 
perature with  free  access  of  oxygen,  uric  acid  is  formed ; 
if  oxygen  is  withheld,  the  purin  basesare  formed  instead. 
It  is  possible  to  convert  ptirin  bases  into  uric  acid  by  the 
aid  of  organ  extracts,  for  the  latter  apparently  contain  an 
"oxydase"  that  can  produce  this  oxidation.  Pathoge- 
netically  the  purin  liases  probably  play  a  role  iu  the  uric- 
acid  diathesis,  for,  as  I  have  shown,  they  can  cause  cer- 
tain renal  lesions  that  are  identical  with  the  lesions  of 
granular  nephritis  iu  gout,  and  also  certain  caidiovascu- 
lar  changes  that  are  similar  to  those  seen  in  nephritis, 
arteriosclerosis,  etc.  5Iuch  has  been  written  in  regard  to 
the  relation  existing  between  the  elimination  of  uric  acid 
and  of  the  xanthin  bases.  It  was  believed  for  a  time  that 
a  decrease  of  the  uric-acid  excretion  was  compensated  by 
a  corresponding  increase  in  the  purin-base  excretion  in 
gout  and  goutiness.  These  findings,  including  my  own, 
have  since,  however,  been  shown  to  be  uncertain,  owing 
to  the  fact  that  the  method  for  the  determination  of  purin 
bases  (Krilger  and  Wulff)  was  deficient.  Both  uric  acid 
and  purin  liases  may,  of  course,  also  be  increased  or  de- 
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creased  togetlier.  lu  leukemia  the  greatest  amount  of 
puriu  bases  (aud  of  uric  acid)  is  excreted.  Tea  and  coffee, 
owing  to  tlie  theobromine  (dimethyl  xanthin)  aud  caffeine 
(trimethyl  xautliin)  they  incorporate  lead  to  the  excretion 
of  methylated  xanthin  aud  heteroxauthin.  Xanthin  some- 
times forms  a  crystalline  sediment  in  the  urine.  This 
will  be  descriljed  under  urinarj-  sediments. 

For  the  present  the  quantitative  determination  of  tlie 
puriii-base  exr:retion  is  of  subordinate  cliuical  impor- 
tance; the  method,  moreover,  iscoraplicated  and  requires 
more  skill  aud  more  apparatus  thau  arc  usually  at  the 
disposal  of  the  clinician  and  practitioner.  The  following 
method  of  Sdlkowski  gives  accurate  results.  The  method 
is  based  ou  the  precipitation  of  uric  acid  and  purin  bases 
together  as  silver  salts  and  the  subsequent  separatiou  of 
the  latter  from  this  precipitate. 

Execution:  A  measured  quantity  of  urine  is  treated 
with  anunoniacal  magnesia  mixture  and  ammoniacal  sil- 
ver solution,  as  described  above  (Ludwig-Salkowski 
method)  under  "uric  acid."  The  uric  acid  is  removed  as 
in  the  Ludwig  method,  and  the  final  filtrate,  which  con- 
tains llie  puriu  bases,  together  with  the  washings,  treated 
with  ammoniacal  silver  solution.  This  reprecipitates  the 
puriu  bases.  The  precipitate  is  collected  on  a  filter, 
washed,  dried,  incinerated.  Theash  is  dissolved  indilute 
nitric  acid  aud  the  silver  estimated  in  this  solution  b_v 
titratiou.  The  best  method  of  titration  is  with  potiis- 
sium  sulphocyanide,  using  ammouio-ferric  alum  as  au  in-  , 
dicator.  In  a  compound  of  the  silver  salts  of  xanthin. 
hypoxanthiu,  etc.,  one  atom  of  silver  represents  0.377 
gin.  of  nitrogen,  or  0.7381  gm.  of  the  bases.  Conse- 
quently 1  c.c.  of  the  sulphocj'anide  solution  will  corre- 
spond to  0.003  gm.  of  nitrogen,  or  0.00.543  gm.  of  the 
bases.  The  sulphocyanide  solution  is  made  up  as  fol- 
lows: The  solution  should  coutain  13.9849  gm.  to  a  litre. 
The  salt  is  very  lij-groscopic,  so  that  it  cannot  be  weighed 
acciu'ateiy.  Therefore  a  concentrated  solution  is  made 
aud  standardized  against  a  silver  solutiou  containing 
39.043  of  silver  nitrate  to  the  litre,  using  ammonio-ferric 
alum  as  an  indicator. 

The  separation  and  identification  of  the  different  mem- 
bers of  the  group  of  purin  bases  is  possible,  but  it  re- 
quires very  much  time  and  considerable  chemical  skill. 
As  this  separation  is  of  no  clinical  value,  but  merely  of 
]ihysiological  Interest,  it  will  not  be  described  in  this 
article. 

A'ucleinie  Add. — This  body  occurs  in  small  quantities 
in  the  urine  eitherin  combination  with  a  proteid  molecule 
(see  nucleo-albumiu),  or  occasionally  free.  Nucleinic 
acids  are  a  combination  of  purin  bases,  phosphoric  acid, 
aud  of  a  uitrogeu-free  molecule  (possibly  pentose).  They 
coutain  as  much  as  9..5  per  cent,  of  phosphorus;  uuclco- 
albumins  contain  about  1.5  per  cent,  of  phosphorus. 
Nucleinic  acid  is  precipitated  from  the  urine  together 
with  choudroitin  sulphuric  and  taurocholic  acids  (icterus) 
if  the  greater  portion  of  the  inorganic  salts  are  removed 
from  the  urine;  the  latter  are  therefore  removed  by 
dialysis,  the  liquid  treated  with  dilute  acetic  acid,  and 
the  precipitate  removed  by  filtration  ;  the  filtrate  of  urine 
containing  no  albumin  is  now  treated  with  a  small  quan- 
tity of  blood  serum  (1.5  c.c.  to  a  litre)  and  allowed  to 
stand.  The  precipitate  contains  the  nucleinic  acid,  to- 
gether with  cliondroitin  sulphuric  and  taurocholic  acids 
(icterus).  The  presence  of  nucleinic  acid  is  finally  deter- 
mim-d  by  determining  tlie  presence  of  phosphorus  and  of 
purin  bases. 

Alhiiitoiii. — This  body  is  occasionally  found  in  the  urine 
of  new-boru  children  (during  the  first  week  of  life),  in  the 
urine  of  pregnant  women,  and  occasionally  in  the  urine 
of  men.  It  is  a  normal  constituent  of  cat's,  dog's,  and 
rabbit's  urine.  It  appears  to  be  au  iutermediary  product 
in  the  oxidation  of  uric  acid ;  but  it  docs  not  occur  in  the 
urine  of  man  after  excessive  feeding  with  uuclein -con- 
taining food  (Loewi).  Its  clinical  significance  is  so  small 
that  methods  for  detecting  and  estimating  allantoin  will 
not  be  given. 

Kvuttin  (Kreatiniii), — Kreatin  has  occasionally  been 
found  in  the  urine  of  man.     It  is  rapidly  converted  into 


kreatiniu,  however,  and  the  latter  substance  is  constantly 
found  in  the  urine  in  quantities  varying  from  0.6  to  1.3 
gm.  in  the  twenty-four  hours'  quantit}'.  It  is  derived 
from  the  disassimilatiou  of  muscle  tissue  either  of  the 
food  or  of  the  organism  proper.  In  the  muscles  of  the 
bod}-  kreatin  is  always  formed  first,  antl  this  is  secondarily 
converted  into  kreatiniu  in  its  further  passage  through 
the  blood  and  tissues.  The  excretion  of  kreatiniu  is 
chiefly  dependent  on  the  diet — much  meat,  much  kreatiniu. 
But  even  if  all  muscle  meat  is  withheld,  or  if  the  meat  is 
first  leached  out  with  water  (Rubner)  a  certaiu  amount  of 
kreatiniu  continues  to  be  excreted.  Physical  exercise 
seems  to  increase  the  kreatiniu  excretion. 

Pathologically  kreatiniu  has  been  found  increased  iu 
febrile  disorders  of  various  kinds,  an<l  in  diabetes.  It  has 
been  found  decreased  in  chronic  nephritis,  in  diabetes  in- 
sipidus, and  in  the  period  of  convalescence  from  acute 
diseases,  also  in  anaemia,  chlorosis,  tuberculosis.  The 
clinical  significance  of  a  plus  or  minus  iu  the  kreatiniu  ex- 
cretion is  so  far  not  understood.  More  casuistic  data  must 
be  collected  before  this  sign  can  be  utilized  in  the  inter- 
pretation of  morbid  states. 

I'ests.—QtiiiUiative.  Weyl's  Test. — A  small  quantity 
of  the  filtered  urine  is  treated  with  a  few  drops  of  a  ten- 
per-ceut.  solution  of  sodium  hydrate  and  one  drop  of  a 
ten-per-cent.  solution  of  sodium  uitroprusside.  If  the 
urine  contains  kreatiniu,  it  turns  ruby  red  and  then 
yellow.  If  the  urine,  after  it  has  turned  yellow,  is  now 
acidulated  with  acetic  acid  and  heated,  it  turns  green, 
then  blue,  and  finally  precipitates  a  blue  sediment.  This 
reaction  does  not  occur  in  the  cold.  Instead  of  acetic 
acid  certain  other  organic  acids  can  be  employed. 

Kreatin  does  not  give  this  test,  neither  do  allantoin, 
xanthin,  leucin,  tyrosin,  and  other  bodies  that  are  genet- 
ically related  to  kreatiniu.  The  only  other  urinary  cou- 
stituteut  (with  the  exception  of  certain  rare  hydantoins) 
that  gives  a  similar  color  test  is  acetone;  ou  acidulation 
with  acetic  acid  the  liquid,  however,  turns  red  with  ace- 
tone, whereas  with  kreatiniu  it  turns  blue.  It  is  easy  to 
drive  off  any  acetone  that  may  be  present  by  first  boiling 
the  urine  for  a  few  minutes. 

Test  of  Jaft'e. — The  uriue  is  treated  with  a  few  drops  of 
dilute  sodium  hydrate  and  a  few  drops  of  picric  acid; 
the  liquid  at  once  turns  red,  even  in  the  cold.  This  reac- 
tion can  still  be  obtained  in  the  presence  of  1  part  of 
kreatiniu  to  5,000  parts  of  water.  No  other  kuown  con- 
stituent of  the  urine  gives  this  test. 

QiKintitatu'e  Detenniniition, — Kreatinin  forms  a  double 
conipoimd  with  chloride  of  zinc — that  is  essentially  in- 
soluble iu  alcohol  (1  to  9,317).  This  properly  is  utilized 
for  the  quantitative  determination. 

Execution :  Two  hundred  to  300  c.c.  of  urine  are 
rendered  alkaline  with  lime  water  and  ti'eated  with  a 
solutiou  of  calcium  chloride  so  long  as  a  precipitate 
continues  to  form.  The  mixture  is  allowed  to  stand  for 
one  or  two  hours  and  filtered.  The  filtrate  is  slightly 
acidulated  with  sulphuric  acid  and  evaporated  1o  asyrupy 
consistence  iu  the  water-bath.  While  still  warm  it  is 
treated  with  40  to  50  c.c.  of  alcohol  of  95  per  cent. 
The  mass  is  thoroughly  mixed  washed  into  a  beaker 
with  a  small  quantity  of  95-per-cent.  alcohol  and  allowed 
to  stand  in  a  cool  place  for  from  six  to  eight  hours. 
The  precipitate  is  filtered  off  and  washed  and  the  filtrate 
and  alcoholic  washings  evaporated  back  to  about  50  c.c. 
This  solution  is  now  treated  with  0.5  c.c.  of  an  alcoholic 
chloride-of-zinc  solution  and  allowed  to  stand  for  two  or 
three  days.  The  crystals  of  kreatinin-zinc  chloride  are 
then  gathered  on  a  weighed  filter,  repeatedly  w-ashed 
with  alcohol  until  the  filtrate  shows  no  chloriue  reaction, 
dried  and  weighed.  One  gram  of  kreatinin-zinc  chloride 
represents  0.6343  gm.  of  kreatinin.  In  order,  therefore, 
to  determine  the  amount  of  kreatinin  present  in  the 
quantity  of  urine  employed  for  the  determination,  the 
figure  obtained  from  weighing  the  ziuc  compound  must 
be  multiplied  by  0.6343. 

The  reagent  employed  for  precipitating  the  kreatinin- 
zinc  compound  {i.e. ,  the  alcoholic  solution  of  zinc  chloride) 
is  made  by  treating  a  saturated  watery  solution  of  ziuc 
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chloride  with  alcohol  until  the  mixture  has  a  specific  grav- 
ity of  1.200. 

Oxdluric  and  Oxalic  Acids. — Oxaluric  acid  occurs  ouly 
in  iusigniticaiit  traces  in  uoniial  urine,  usually  in  the  form 
of  the  ammonium  salt.  Oxalic  acid  is  always  present  in 
normal  urine.  It  usually  occurs  as  the  calcium  salt, 
which  is  held  in  solution  hy  diacid  .sodium  phospliate.  It 
precipitates  with  facility  on  standing  and  then  forms  char- 
acteristic crystals  (see  urinary  .sediments).     Whereas  ox- 

COOH 
alic  acid    |  contains  no  nitrogen,  it  may  nevertheless 

COOH 
be  discussed  in  this  place  in  connection  with  oxaluric 
acid,  as  both  these  substances  are  ciiemically  and,  prob- 
ably, genetically  closely  related.  Oxaluric  acid  readily 
.splits  up  into  oxalic  acid  and  urea  according  to  the 
formula; 


CO.NH 

COOH.NH- 

Oxaluric  acid. 


>  CO  +  11,0 


COOH  /NH, 

r=    I  +  CO 

COOII  \NHs 

Oxalic  acid.  Urea. 


Both  may  be  derived  from  uric  acid,  although  oxalic 
acid  may  also  be  derived  from  other  sources.  It  has  re- 
cently been  shown  to  be  an  intermediary  produced  in  the 
degradation  of  dextrose.  It  ma}'  further  be  derived  from 
certain  articles  of  food,  as  asparagus,  apples,  grapes,  and 
spinach.  It  is  possible  that  a  certain  amount  of  the  urin- 
aiy  oxalic  acid  is  derived  from  this  source. 

The  normal  oxalic-acid  excretion  is  about  0.03  gm.  in 
twenty-four  houi's.  Oxalicacid  is  occasionally  found  in- 
creased in  diabetes.  Some  clinicians  speak  of  vicarious 
oxahiria  in  this  disease,  for  it  seems  that  the  sugar  excre- 
tion decreases  occasionally  as  the  oxalic-acid  exci-etion 
increases.  If  oxalic  acid  could  uUitiiatcly  be  shown  to  be 
an  oxidation  or  a  splitting  product  of  blood-sugar  (see 
above),  this  peculiar  relation  would  be  easily  explained. 
OxaliU'ia  has  finally  been  vested  with  tlie  dignity  of  an 
independent  clinical  entity  (oxalic-acid  diathesis,  idio- 
pathic oxaluria).  The  .syndrome  of  this  condition  is 
rather  vague :  the  chief  manifestations  being  a  variety  of 
subjective  symptoms,  emaciation,  and  a  great  increase 
in  the  excretion  of  oxalic  acid  (as  much  as-  0.5  gm.  in 
1.000  c.c.  of  urine).  No  pathologic  organic  lesions  are 
discoverable. 

Extiination  of  Oxalic  Acid.  Qualitatively  crystals  of 
oxalic  acid  can  be  lecognized  by  their  solubilit}'  in  IICl 
and  their  insolubility  in  acetic  acid  (see  also  "  urinary 
sediments").  The  quantity  of  oxalic  acid  is  determined 
as  follows: 

Method  of  Neubauer. — The  total  quantity  of  the  urine 
excreted  in  twent3'-tour  hours  is  treated  with  calcium 
chloride  and  ammonia,  tlien  slightly  acidulated  with  acetic 
acid  and  allowed  to  stand  until  the  sediment  settles  at  the 
bottom  of  the  vessel.  It  is  advised  to  add  a  few  drops  of 
an  alcoholic  thymol  solution  in  order  to  prevent  the  ex- 
cessive development  of  micro-organisms,  for  tiie  latter  may 
render  subsequent  clearing  of  the  urine  by  filtration 
difflcult.  The  precipitate  is  filtered  ofl:  and  placed  into 
dilute  hydrochloric  acid  together  with  the  filter,  the 
liquid  heated  a  little,  filtered,  and  the  residue  washed  with 
water  until  the  tilti'ate  is  no  longer  acid.  The  filti'ate 
and  washings  are  then  evaporated  to  a  small  volume; 
while  still  hot  this  liquid  is  oversalurated  with  ammonia 
and  colored  with  a  few  drops  of  litmus  tincture  as  an 
indicator  of  the  reaction.  The  solution  is  allowed  to 
stand  for  twenty-four  ho>.;rs  and  the  crystals  of  calcium 
oxalate  gathered  on  a  weighed  filter;  the  weight  of  the 
filter  ash  must  be  known.  The  precipitate  is  washed  free 
from  chlorides,  dried,  inciiieiated  in  a  platinum  crucible 
and  glowed  to  constant  weight.  This  convei'ts  the  oxa- 
late of  calcium  into  the  oxide  of  calcium.  Fifty-six  parts 
of  calcium  oxide  coiTespond  to  ninety  parts  of  oxalic 
acid.  The  weight  of  the  calcium  oxide  must,  therefore, 
be  multiplied  liy  |f  =  1.6071.  in  order  to  give  the  amount 
of  oxalic  .acid  present  in  the  total  quantity  of  urine  used 
foi  the  estimation. 

There  are  several  sources  of  error  in  this  method   (hat 


render  the  results  not  quite  accurate  in  the  sense  that  too 
little  oxalic  acid  is  indicated.  In  view  of  the  small  quan- 
tities of  oxalic  acid  excreted  in  the  urine  these  small  eri'ors 
become  relatively  large.  Other  methods  (Baldwin  [Dun- 
lop],  Salkowski)  in  the  writer's  experience  are  fully  as 
complicated  as  the  old  method  of  Neubauer,  and  no  more 
accurate.  In  view  of  the  slight  clinical  significance  of 
small  fluctuations  in  the  oxalic-acid  excretion  and  the 
small  need  of  performing  quantitative  estimations  these 
other  methods  will  not  be  described  in  this  article. 

CAUiioiiYDn,\TES. — Normal  urineahvays  contains  small 
quantities  of  carbohydrates,  notably  the  following  three: 
animal  gum,  dextrose,  and  Lsomaltose.  Chemically  re- 
lated to  these  are  the  conjugate  glycuronates,  and  certain 
glucosides  (cliondroitin-sulphuric  acid,nucleinic  acid, and 
"  mucin  ").  Occasionally  pentose  is  also  found  in  normal 
urine.  Under  pathological  conditions  the  urine  may  con- 
^  tain  levuloses  (laiose)  and  certain  polysaccharides,  viz., 
erythrodextrin  and  glycogen. 

Carbohj/dratcs  in  Oenend. — Certain  reactions  are  com- 
mon to  a'l  carbohydrates  occurring  in  normal  urine. 
They  may  consequently  be  utilized  for  the  detection  of 
these  bodies. 

(1)  The  Benzol-ester  Reaction  (Baiimann).  If  the  lu'ine 
is  shaken  with  benzoyl  chloride  and  a  quantity  of  sodium 
hydrate  added  sufficient  to  decompose  the  latter,  a  jire- 
cipitate  of  benzoyl  compounds  is  formed  that  incorpo- 
rates dexti'ose,  isomaltose,  and  animal  gum. 

(2)  The  Furfural  Reaction.  Cai'bohydrates  are  decom- 
posed by  sulphuric  acid,  and  one  of  the  products  of  this 
decomposition  is  furfurol.  The  latter,  even  in  very 
minute  quantities,  gives  definite  color  reactions  with  cer- 
tain reagents,  viz.,  a-naphthol,  thymol,  xylidin,  and 
resorcin.  In  addition  to  glucose,  isomaltose,  animal  gum, 
and  pentoses,  albumen  also  gives  this  reaction  with 
nnaphthol.  In  perfoiining  the  test  albumen  should 
therefore  be  removed  first. 

(3)  llie  Reduction  of  Metal  Oxides.  Normal  urine  re- 
duces cupric  and  mercuric  oxide  in  alkaline  solution,  and 
can  also  convert  oi'thonitrophenyl  propionic  acid  in  alka- 
line solution  into  indigo  blue.  This  method  can  hardly 
be  utilized,  however,  to  determine  the  presence  of  carbo- 
hydrates in  ^normal  urine.  It  is  important  merely  to  re- 
member that  normal  urine,  owing  to  tlie  presence  of  certain 
reducing  carbohydrate  bodies  possesses  slight  reducing 
powers,  and  that  this  factor  must  be  included  in  deter- 
mining thecupric-reducing  powers  of  pathological  urines. 

Carbohj'drates  are  commonly  divided  into  monosac- 
charides, disaecharides,  and  polysaccharides.  The  di-  and 
polysaccharides  may  be  considered  condensation  products 
of  monosaccharides  with  lossof  water.  Inversely  diand 
polysaccharides  can  lie  split  by  hydi-olytic  decomposition 
(addition  of  water)  into  the  original  component  monosac- 
charide molecules. 

Monosaccharides. — -We  distin,guish  among  the  monosac- 
charides tiioses,  tetroses,  pentoses,  hexoses,  heptoses, 
etc.,  according  to  the  number  of  carbon  atoms  the  mole- 
cules contain.  Of  these  different  sugars  the  pentoses  and 
the  hexoses  (i.e.,  the  sugars  containing  five  and  six  com- 
binations) are  alone  of  physiological  and  pathological 
interest. 

Pentoses.     See  article  on  Pentosuria . 

Ilex'ises.  Glucose  (grape  sugar,  glycose,  dextrose) 
CeHi  jOo.  As  already  stated,  normal  urine  always  contains 
traces  of  glucose.  After  the  abundant  ingestion  of 
glucose,  of  disaecharides  and  polysaccharides,  the  ex- 
cretion of  monosacchai'ides  (dexti-ose  or  levuloset  in  the 
urine  may  increase.  This  condition  is  called  (diiiientary 
glycosuria  (e  sacchiiro). 

Glyemuria  (synonyms  glycuria,  melituria),  i.e.,  the  ex- 
cretion of  dextrose  in  the  urine,  may  occur  in  a  great  va- 
riety <if  conditions. 

Certain  drugs,  an  uranium  salts,  corrosive  sublimate,  phos- 
phoric acid  (iuti-avcnously),  lead  to  the  excretion  of  dex- 
trose; certain  other  dru.gs,  ti&  cliloralamide,  chloral,  nitro- 
benzol.  and  nitrotoluol.  orthonitro  propionic  acid,  lead  to  the 
excretion  of  reducing  substances  thatare  frequently  taken 
for  sugar.     On  carefid  examination  it  will  be  found,  how- 
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Urlue. 
Urine. 


ever,  that  these  reducing  substauces  rotate  the  plane  of 
polarized  light  to  the  left,  aud  are  therefore  not  dex- 
trose, and  that  thej-  do  not  ferment  with  yeast,  aud  are 
therefore  not  levulose.  As  a  matter  of  fact,  the  bulk  of 
these  reducing  substauces  consists  of  glj'curonic  acid  com- 
pounds that  these  drugs  form  in  their  passage  through 
the  bodj'.  It  is  interesting  to  note,  liowever,  that  in 
addition  to  these  conjugate  glycuronates,  dextrose  may 
appear  in  the  urine  at  the  same  time. 

Certain  drugs  that  lead  to  cel'ular  rifiphi/ria,  as  carbon 
motiiuiOe,  nmyl  nilrite, curare,  methijlddphiniii.  strychnine, 
morphine,  chloroform,  ether,  and  otlier  drugs  that  produce 
asphj-xia  by  narcosis,  may  all  produce  gl\cosiHia. 

Pli!ori(liin  produces  sugar  excretion  in  a  tlilferent  way 
than  any  of  the  other  poisons  enumerated.  Whereas  in 
all  the  glycosurias  mentioned  the  excretion  of  sugar  is 
preceded  by  the  accumulation  of  abnormally  large  (juan- 
tities  of  sugar  in  the  blood,  scil.  hyperglycieniia,  in 
phloridzin  glycosuria  the  blood-sugar  is  not  increased 
above  normal.  The  exact  pathogenesis  of  phloridzin 
glycosuria  is  still  a  subject  of  controversy.  Pliloridzin  is 
a  glucoside  made  from  the  bark  of  the  roots  of  ap|)le  and 
cherry  trees.  On  boiling  with  acids  it  decomposes  into' 
phloretiu  and  phlorose,  the  latter  being  a  monosaccharide 
that  is  closelv  related  to  glycose.  One  gram  of  phloridzin 
per  kilogram  of  body  weight  administered  to  dogs  by  the 
mouth  leads  to  the  excretion  of  as  mucli  as  eigliteeu  per 
cent,  of  dextrose  in  the  urine ;  the  excretion  of  sugar  nuvj' 
continue  for  two  or  three  days  after  the  administration  of 
a  single  dose.  In  man  von  Mering  caused  the  daily 
excretion  of  about  100  gm.  of  dextrose  for  thirty  consecu- 
tive days  by  injecting  3  gm.  of  phloridzin  everj'  day. 
As  soon  as  the  exhibition  of  phloridzin  was  stopped,  the 
excretion  of  dextrose  also  ceased. 

Phloridzin  glycosuria  is  without  doubt  due  to  .some 
remit  process.  This  is  clearly  shown  by  the  absence  of 
hyperglyciemia,  even  though  the  ureters  are  ligated  or  the 
kidneys  extirpated.  la  fact,  phloridzin  injected  into  one 
of  the  renal  arteries  at  first  leads  to  the  excretion  of  dex- 
trose only  from  this  one  kidney ;  later  the  otliei'  kidney 
also  begins  to  excrete  sugar. 

Two  possible  explanations  can  he  proffered  in  the  light 
of  our  present  knowledge,  viz.  :  either  phloretin  damages 
the  renal  epithelium  in  the  sense  that  the  latter  becomes 
abnormally  permeable  for  dextrose,  or  phloridzin  is  disin- 
tegrated into  its  two  components  in  the  kidney — the  sugar 
component  being  excreted,  the  phloretin  returning  into  the 
circulation,  recombiuing  with  sugar  to  form  phloridzin, 
and  finally  again  undergoing  decomposition  in  the  kid- 
neys. If  the  latter  assumption  is  correct,  the  process  of 
sugar  excretion  would  be  continued  until  tinally  the 
phloretiu  itself  would  be  completely  eliminated.  A 
strong  argument  in  favor  of  this  theory  is  the  observa- 
tion that  phloretin  itself  can  produce  glycosuria.  In  view 
of  the  fact  tinally  that  changes  in  the  renal  epithelia  have 
never  been  observed  after  the  administration  of  phloridzin, 
the  latter  pathogenesis  is  the  one  now  almost  universally 
accepted. 

Glycosuria  also  appears  after  injuries  to  the  liver,  and 
in  many  chronic  diseases  of  this  organ.  It  may  appear 
in  the  course  of  a  great  variety  of  nervous  disorders  (viz., 
apoplexy,  brain  tumor,  encephalomalacia,  cerebrospinal 
meningitis,  dementia  paralytica,  multiple  sclerosis,  tabes 
dorsalis,  traumatic  neurosis,  various  functional  neuroses, 
and  in  certain  psychoses).  In  man}'  of  these  disorders 
the  sugar  does  not  spontaneously  appear  in  the  urine, 
but  only  after  the  administration  of  carbohydrate  pabu- 
lum in  quantities  so  small  that  it  would  not  lead  to  sugar- 
excretion  in  a  normal  subject.  Here,  then,  the  power  of 
nsKimilatirKj  carbohydrate  is  merely  reduced,  hence  the 
glyco.suria. 

Gl}-cosuria  may  accompany  Basedow's  disease,  myxw- 
denia,  arromer/aly,  and  Addison's  di.tease  ;  sugar  appears 
in  the  urine  after  the  injection  of  thyroid  and  suprarenal 
e.v  tracts. 

In  gout,  obesity,  and  arteriosclerosis,  in  certain  diseases  of 
the  pancreas,  in  syphilis,  in  cholera,  malaria,  carbuncle,  and 
other  infections,  sugar  may  appear  in  the  urine. 


Finally,  glycosuria  is  the  most  typical  symptom  of 
diabetes  meliitus  and  of  e.rperimentccl  diabetes  occurring  in 
depancreatized  animals. 

Tests  for  Glucose.  No  simple  test  exists  for  the  quan- 
titative detection  of  gluco.se  to  the  exclusion  of  all  other 
sugars  that  may  appear  in  the  urine.  From  a  clinical 
standpoint  this  differentiation  is  fortunately  not  very 
important ;  hence  I  will  not  describe  the  complicated  meth- 
ods we  possess  for  isolating  and  identifying  dextrose  in  a 
mixture  of  sugars  and  other  carbohydrates  and  carbo- 
Iiydrate  derivatives.  Of  the  many  urinary  sugar  tests 
we  possess  the  following  are  the  niost  practical  and  the 
most  simple : 

Fehliug's  Test  (moditication  of  Trommcr's  test).— 
Trommer's  test  was  carried  out  as  follows:  The  urine 
was  rendered  alkaline  with  potassium  hydrate  solution;  a 
strong  solution  of  copper  sulphate  was  then  added  drop 
by  drop  until  a  portion  of  the  cupric  hydrate  remained  un- 
dissolved ;  the  mixture  was  then  heated.  If  appreciable 
qufintities  of  sugar  were  present,  yellow  or  red  cupric 
oxide  was  precipitated  even  before  "the  boiling  point  was 
reached,  while  at  the  same  time  the  liquid  becsime  some- 
what decolorized.  This  test  is  quite  seusitive.  Trom- 
mer  was  able  to  detect  the  presence  of  0.001  per  cent,  of 
sugar.  Unfortunately  a  large  number  of  substances  other 
than  sugar  can  produce  the  same  reaction — for  instance, 
uric  acid,  krcatinin,  allantoiu,  nucleoalbumin,  bile  pig- 
ments, conjugate  glycuronates,  etc.  If  the  reduction 
occurs  before  the  mixture  is  boiled,  this  reaction  is  al- 
ways due  to  sugar.  It  only  occurs,  however,  if  the  per- 
centage of  sugar  is  large. 

Fehling  modified  this  test  by  substituting  a  mixture  of 
potassium-sodium  tartrate  (Rochelle  or  Seignette  salts) 
and  caustic  alkali  for  the  .simple  caustic  alkali  solution. 
Fehliug's  alkaline  solution  is  made  up  as  follows:  173 
gm.  of  Rochelle  salt  and  120  gm.  of  sodium  hydrate  are 
dissolved  in  500  c.c.  of  water.  For  quantitative  work 
(see  below)  it  is  best  to  first  prepare  a  sodium  hydrate 
solution  of  1.3-1  specific  gravity  and  to  dissolve  100  c.c. 
of  this  lye  with  173  gm.  of  Rochelle  salt  in  the  necessary 
amount  of  water.  The  copper-sulphate  solution  should 
contain  34.68  gm.  of  copper  sulphate  to  500  c.c.  of  water. 
The  two  solutions  .should  be  kept  separately.  Before 
performing  the  test  equal  parts  of  the  solutions  are  mixed 
and  diluted  with  five  volumes  of  water.  As  sugar  is  the 
only  important  urinary  ingredient  that  reduces  an  alka- 
line copper  solution  at  a  temperature  below  the  boiling 
point  {i.e.,  at  about  80°),  the  author  prefers  to  perform 
the  Fehling  test  as  follows:  Equal  portions  of  the  urine 
and  of  the  reagent  are  poured  into  two  test  tubes  and 
each  tube  heated  to  boiling  ;  both  tubes  are  then  allowed 
to  cool  off  a  little  and  the  reagent  then  poured  into  the 
urine.  If  sugar  is  present,  the  yellow  or  red  oxide  of 
copper  will  appear  almost  at  once  and  all  through  the 
liquid.  This  method  of  performing  the  test,  aside  from 
being  more  positive  for  sugar,  is  much  more  delicate  for 
small  quantities  of  dextrose. 

Nylander's  Bismuth  Test. — This  test  is  based  on  the 
same  principle  as  the  Trommer-Febling  test — i.e.,  the 
power  of  dextrose  to  reduce  metallic  salts.  Here  the 
reduction  of  subnitrate  of  bismuth  is  utilized  instead  of 
the  reduction  of  sulphate  of  copper.  The  test  has  this 
ad  vantage  over  the  Fehling  test — that  uric  acid,  kreatinin, 
and  horaogeutisinic  acid  do  not  reduce  bismuth  subni- 
trate. After  rheum,  senna,  salol,  antipj'rine.  quinine,  the 
urine,  however,  always  gives  this  test.  The  presence  of 
uroery thrin  or  of  hfematoporphyrin  may  simulate  a  reduc- 
tion. If  the  urine  contains  much  ammonia  salt,  the  test 
may  fail  even  in  the  presence  of  dextrose. 

Nylander's  reagent  consists  of  4  gm.  of  sodium  and 
potassium  tartrate,  3  gm.  of  bismuth  subnitrate,  and  10 
gm.  of  sodium  hydrate  dissolved  in  90  c.c.  of  boiling 
water.  The  solution,  after  cooling,  must  be  filtered  and 
preserved  in  a  dark  bottle. 

Ten  parts  of  the  urine  are  treated  with  one  part  of  the 
reagent  and  boiled  for  several  minutes  (at  least  two  to 
three  minutes!).  It  is  imperative  to  boil  for  some  time. 
If  dextrose  is  present,  a  gray  or  dark-brown  precipitate 
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of  bismuthous  oxide  or  a  black  precipitate  of  metallic 
bismuth  will  form. 

Feniieutatiou  Test. — Glucose  is  split  into  alcohol,  car- 
bon dioxide,  and  certain  other  products  {i.e.,  succinic 
acid,  glycerin,  etc.)  by  the  action  of  yeast. 

CeH.nO.      =       3C,H,0      +  2C0a 

Glucose.  Alcobol.  Carbon  dioxide. 

According  to  this  formula,  which  represents  the  chief 
reaction  that  occurs,  a  given  quantity  of  sugar  should 
yield  51.1  per  cent,  of  alcohol  and  48.9  per  cent,  of  car- 
bon dioxide.  As  a  matter  of  fact,  only  48.6T  percent, 
of  alcohol  and  4{i.54  per  cent,  of  carbon  dioxide  are 
formed,  the  deficit  being  made  up  by  3.71  percent,  of 
glycerin  and  succinic  acid  andO.94  percent,  of  unknown 
substances.  It  will  be  seen,  however,  that  the  iiropor- 
tion  between  the  two  main  products  remains  the  same, 
viz.,  as  1.045: 1  as  called  for  by  the  equation.  The  tem- 
perature optimum  for  the  alcoholic  fermentation  of  sugar 
lies  at  34"  C.  Below  15'  C.  the  process  is  not  com- 
pleted, and  above  45'  C.  it  does  not  take  place  at  all. 
Sugar  solutions  of  from  four  to  eight  per  cent,  ferment 
more  rapidly  than  more  or  less  concentrated  solutions. 
The  proper  propurtion  of  CO2  (46.54  per  cent.)  is  only  ob- 
tained if  not  more  than  one-half  part  of  fresh  doughy 
yeast  is  used  for  one  part  of  sugar.  More  j'east  leads  to 
the  development  of  more  CO;,  owing  to  the  auto-fermen- 
tation (development  of  buds)  of  the  yeast  that  in  itself 
leads  to  the  generation  of  CO2. 

The  test  is  performed  as  follows:  A  little  compressed 
yeast  is  shaken  with  about  25  c.c.  of  urine  and  the  mix- 
ture placed  into  a  saccharometer  (Eiuhoru's  saccharom- 
eter)  If  glucose  is  present  CO2  will  be  developed  at 
room  temperature,  or  better  at  34°  C.  The  gas  accumu- 
lates at  the  top  of  the  tube.  Before  performing  this  test 
the  yeast  should  be  placed  into  a  glucose  solution  in  order 
to  determine  whether  it  is  active.  xVs  normal  urine  fre- 
quently ferments  a  little,  a  ccmtrol  tube  should  be  com- 
pared with  the  tube  to  be  tested.  If  the  percentage  of 
sugar  is  very  small,  the  CO^  ma_y  bo  absorbed  before  it 
rises  to  the  top  of  the  tube.  In  case  the  urine  gave  a 
positive  Fehliug  nr  Nylander  test,  but  apparently  does 
not  ferment,  it  is  well  to  repeat  one  of  the  reduction  tests 
after  the  urine  has  been  kept  in  the  fermentation  tube 
for  twenty-four  hours.  If  at  the  end  of  this  time  the 
urine  no  longer  reduces  copper  or  bismuth  salts,  then 
we  may  know  that  the  original  reduction  was  due  to 
fermentable  carbohydrate  (glucose).  If  it  still  reduces 
Fehling's  or  Nylander's  solution,  then  we  may  conclude 
tliat  the  original  reduction  was  wholly  or  in  part  due 
to  the  presence  in  the  urine  of  unfermentable  carbohy- 
drates. 

The  Phenylh.ydrazin  Test. — This  test  was  formerly 
considered  quite  pathognomonic  for  pathologic  sugai'S 
in  the  urine.  Since  it  has  been  shown,  however,  that 
normal  urine,  when  treated  with  phenylhvdraziu  may 
occasionally  precipitate  crystals  that  resemlile  in  appear- 
ance the  t_viiical  gluco.sazon,  the  validity  of  this  test 
seems  impaired.  The  author,  it  is  true,  has  never  so  far 
succeeded  in  obtaining  such  crystals  from  normal  urine, 
but  statements  to  this  effect  are  made  by  competent  au- 
thorities. 

In  addition  to  certain  sugars  (see  below)  the  pentoses 
and  glycuronic  acids  give  osazons  with  phenylhydrazin. 
Acetone  and  diacetic  acid  give  a  hydrazin  that  is  almost 
insoluble;  oxalic  acid  gives  a  salt  that  is  not  very  solu- 
ble; urea  in  concentrated  urines  gives  a  peculiar  com- 
pound with  phenylhydiazin.  While  acetone  and  oxalic 
acid  will  probably  never  be  confounded  with  stigar,  and 
while  urea  is  probably  never  present  in  sufficient 
amounts  in  human  urine  to  produce  the  formation  of 
the  phenylhydrazin  compound,  and  while,  tinally,  free 
glycuronic  acid  probably  never  occurs  in  the  urine, 
nevertheless  all  these  possible  sources  of  error  must  be 
considered  when  interpreting  the  significance  of  a  phenyl- 
hydrazin crystallizatiini. 

Our  chief  aid  in  dill'erentiating  the  different  osa- 
zons that  aie  formed  from  various  sugars  is  the  melting 


point,*  as  this  differs  so  considerably  that  the  osazons 
can  usually  be  distingtushed  by  this  means  alone. 

The  test  is  performed  as  follows:  10  c.c.  of  urine  are 
poured  into  a  test  tube  and  to  it  are  added  0.5  to 
0.75  gm.  of  phenylhydrazin,  and  not  quite  twice  as 
much  (1  to  1.5  gra.)  of  sodium  acetate.  AVith  a  little 
practice  the  amount  of  pheuylhj'drazin  and  the  pro- 
portion of  sodium  acetate  can  be  estimated  with  sufficient 
accuracy.  The  mixture  is  heated  to  boiling,  and  if 
all  the  sallsdo  not  dissolve  readily,  a  little  water  is  added. 
The  tube  is  then  placed  into  boiling  water  for  from 
twenty  to  thirty  minutes  and  then  allowed  to  cool  slowly. 
It  is  best  to  turn  off  the  flame  under  the  water-bath  and 
to  allow  the  tube  to  cool  in  the  bath.  At  the  expiration 
of  half  an  hour  the  tube  is  placed  into  cold  water.  In 
this  way  better  crystals  are  obtained.  A  number  of  rapid 
tests  have  been  described;  but  I  find  the  technique  de- 
scribed above  to  be  absolutely  reliable,  whereas  I  have 
on  several  occasions  known  the  "five-minute  tests"  to 
fail;  this  applies  particularly  to  urines  containing  only 
small  amounts  of  sugar.  As  soon  as  the  tube  is  placed 
into  cold  water,  if  not  before,  a  yellow  crystalline  pre- 
cipitate of  phenA'l-glucosazon  appears.  Sometimes  this 
sediment  appears  amorphous  on  naked-eye  inspection. 
On  microscopic  examination,  however,  it  will  be  found 
to  consist  of  fine  needles  that  are  arranged  in  bundles 
and  sheaths.  They  are  of  a  bright  yellow  color.  The 
precipitate  must  present  this  microscopic  appearance; 
flakes  and  plates  of  yellow  material  prove  nothing  in 
regard  to  tlie  presence  of  sugar.  In  doubtful  cases  a 
melting-point  determination  of  the  crystals  must  be 
made.  (For  the  technique  see  text-books  on  chem- 
istry.) 

This  test  can  be  performed  even  if  the  urine  contains 
small  cjuantities  of  albumin.  Large  quantities  of  albu- 
min are  preferablj'  first  removed  by  boiling  and  filtra- 
tion. The  test  is  very  delicate  and  indicates  the  presence 
of  0.1  per  cent,  of  sugar.  The  test  requires  a  little  prac- 
tice, but  after  the  technique  is  once  mastered  it  consti- 
tutes one  of  the  most  satisfactory  and  reliable  tests  for 
sugar,  particularly  in  combination  with  one  of  the  reduc- 
tion tests. 

Polarimetric  Examination. — For  the  qualitative  recog- 
nition of  glucose  in  the  urine  the  polariscopic  test  is  not 
very  satisfactory  because  many  other  substances  besides 
sugar  can  turn  the  plane  of  polarized  light  to  the  right 
or  the  left.  The  presence  of  glucose  should,  therefore, 
never  be  diagnosed  from  dextro-rotation  alone.  If  a 
specimen  of  urine  gives  one  of  the  above  tests,  and  if  in 
addition  it  shows  marked  dextro-rotation,  this  evidence 
may  be  considered  highly  corroborative  of  the  presence 
of  dextrose.  Normal  urine  tmns  the  plane  of  polarized 
light  slightly  to  the  left ;  albumen  is  also  levorolary ;  bil- 
iary acids  are  dextrorotary.  All  these  bodies  can  be 
precipitated  from  the  urine  b}'  sugar  of  lead.  This 
source  of  error  can,  therefore,  be  eliminated  by  treating 
the  urine  with  sugar  of  lead  and  making  a  polarimetric 
examination  of  the  filtrate;  dextro-rotation  may  appear 
in  the  latter,  whereas  it  was  previously  neutralized  by 
the  presence  of  levorotary  substances  in  the  urine.  Other 
levorotary  bodies  that  may  mask  the  dextro-rotation  pro- 
duced by  small  quantities  of  glucose  are  levulose,  conju- 
gate glycuronates,  and  /3-oxybutyric  acid.  If  the  urine 
is  allowed  to  ferment  and  is  examined  with  the  polar- 
iscope  before  and  after  fermentation,  the  error  introduced 
by  the  presence  of  these  levorotary  reducing  substances 
may  occasionally  be  detected  and  controlled  (see  Glycu- 
ronates below). 

For  a  detailed  description  of  the  polarimeter  and  the 
technique  of  polarimetry  I  refer  to  special  text-books 
on  physics. 

'Helling  Points  of  Variotia  Osazons. 

Glucose SOl-SO-l"  C. 

Levulose 204-205°  C. 

(ialactose 193°  C. 

Maltose ". 2flB°  C. 

Isomaltose 150-1.53°  C. 

Lactose 200°  C. 
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There  are  many  other  qualitative  tests  for  sugar,  but 
their  description  lies  beyond  the  scope  of  this  article. 
The  ones  given  are  the'  best;  they  are  sufficient  for  all 
clinical  purposes. 

Quantitatire  Estimation  of  Glucose. — By  Titration,  (n) 
According  to  Feb  ling. — In  pure  siigar  solutions  the 
susrar  percentage  can  be  determined  by  -weighing  the 
cuprous  oxide  precipitate.  In  the  case  of  the  lu-ine  this 
cannot  be  done  because  a  portion  of  the  o.xide  is  held  in 
solution  by  the  ammonia  that  develops  when  urine  is 
boiled  -with  Fehling's  alkaline  solution.  It  is  possible, 
however,  to  deteriaine  the  volume  of  urine  that  is  re- 
quired to  reduce  the  cuprous  oxide  salt  in  a  definite  vol- 
ume of  Fehling's  solution.  The  correct  volume  of  urine 
is  determined  by  observing  the  exact  point  at  which  the 
blue  Fehling's  solution  becomes  discolored.  In  observ- 
ing the  color  change  one  should  not  wait  too  long,  but 
should  examine  as  soon  as  the  cuprous  oxide  begins  to 
settle  and  leaves  a  narrow  zone  of  clear  fluid  on  top.  If 
one  waits  too  long,  a  bluish  tinge  may  return  owing  to 
the  oxidation  of  tliat  moiety  of  fhe  cuprous  oxide  that  is 
held  in  solution  by  ammonia.  In  case  the  cuprous  oxide 
does  not  settle  rapidly  the  addition  of  some  sodium  hy-- 
drate  hastens  the  precipitation. 

The  specific  gravity  of  the  urine  having  been  deter- 
mined in  order  approximately  to  estimate  the  amount  of 
sugar  it  contains  (see  above),  it  should  be  diluted  so  far 
that  it  does  not  contain  more  than  0.5  percent.  It  is 
good  practice  to  always  dilute  diabetic  urine  five  to  ten 
times.  The  dilute  urine  is  poured  into  a  burette;  5  c.c. 
of  the  alkaline  and  5  c.c.  of  the  cupric  solution  (see 
above  for  Fehling's  solution)  are  now  mixed  and  diluted 
with  40  c.c.  of  water.  The  solution  is  heated  to  the  boil- 
ing point  and  the  urine  allowed  to  flow  into  it  slowly  and 
carefully.  A  red  or  yellow  precipitate  of  cupric  or 
cuprous  oxide  forms  and  the  blue  color  of  the  fluid  dis- 
appears. The  test  should  be  repeated  several  times  until 
the  exact  quantity  of  urine  required  to  bring  about  the 
discoloration  is  determined  to  0.1  c.c.  A  number  of 
methods  have  been  devised  to  determine  the  point  of  dis- 
coloration more  accurately,  but  none  of  these  methods 
have  proven  useful  in  the  author's  practice.  For  clinical 
purposes  the  above  simple  method  is  sufficiently  accu- 
rate. In  order  to  calculate  the  sugar  percentage  it  must 
be  remembered  that  each  cubic  centimetre  of  Fehling's 
solution  corresponds  to  5  mgm.  of  sugar;  if  10  c.c.  of 
Fehling's  solution  were  reduced  by  a  given  quantity 
of  urine,  then  this  quantity  of  urine  contained  ten  times 
5  mgm.,  or  50  mgm.,  or  0.05  gm.  of  sugar.  As  the  urine 
used  for  the  test  was  diluted.'the  quantity  of  the  original 
urine,  that  contains  an  equal  amount  of  sugar,  can  be 
determined  by  dividing  the  cubic  centimetres  of  diluted 
urine  by  the  figure  indicating  how  often  the  urine  was 
diluted.  For  example,  if  8.4  c.c.  of  diluted  urine  were 
required  to  reduce  10  c.c.  of  Fehling's  solution,  and  if 
the  urine  was  diluted  sis  times,  then  the  0.05  gm.  of 

8  4 
sugar  were  contained  in  -i-c.c.  =  1.4  c.c.  of  the  original 

urine;  100  c.c.  of  this  urine,  therefore,  would  contain 
3.57  gm.,  or  3.57  per  cent. 

Method  of  Knapp.— This  method  does  not  require  as 
much  practice  as  Fehling's  quantitative  method.  It  is 
based  on  the  fact  that  mercuric  cyanide  in  alkaline  solu- 
tion is  reduced  by  glucose  to  metallic  mercury.  In  this 
test,  too,  however,  there  is  an  unavoidalile  source  of 
error,  for  the  urine  always  contains  substances  that  can 
reduce  the  merc\iric  cyanide  solution.  For  very  accu- 
rate estimations  the  urine  should,  therefore,  be  fermented 
and  its  mercuric-reducing  powers  after  fermentation  de- 
termined. The  figure  obtained  in  this  way  should  then 
be  subtracted  from  the  values  for  the  total  reducing 
powers;  for  ordinary  clinical  purposes  this  correction  is 
superfluous. 

For  performing  this  test  the  urine  shoidd  be  freed  from 
albumin  by  boiling  with  dilute  acid  and  filtering.  The 
urine  should  not  contain  more  than  one  per  cent,  of  sugar 
by  a  preliminary  test  or  bj-  estimation  from  the  specific 
gravity;  the  sugar  percentage  should  first  be  estimated, 


and.  if  the  percentage  is  too  high,  the  tuine  correspond- 
ingly diluted. 

The  reagent  should  contain  10  gm.  of  pure  dry  mer- 
curic cyanide  and  100  c.c.  of  .sodium-hydrate  solution  of 
the  specific  gravity  of  1.145  (or  13.3  gm.  'of  sodium 
hydrate)  to  the  litre.  The  reagent  is  conveniently  made 
by  dissolving  10.V.54  gm.  of  chemically  pure  mercuric 
chloride  in  a  little  water  and  adding  so  much  cyanide  of 
potassium  that  a  drop  of  sodium-hydrate  solutif)n  no 
longer  produces  a  precipitate:  to  this  mixture  are  added 
100  c.c.  of  NaOH  (specific  gravity  1.145)  as  above.  Then 
the  whole  is  filled  up  to  1  litre. 

Twenty  cubic  centimetres  of  this  reagent  are  diluted 
with  75  to  85  c.c.  of  water.  The  dilution  depends  some- 
what on  the  percentage  of  sugar  in  the  diluted  urine; 
the  smaller  the  amount  of  sugar  the  less  the  dilution. 
The  diluted  reagent  is  heated  to  the  boiling  point  and 
titrated  with  urine.  From  1  to  3  c.c.  of  the  urine  should 
be  allowed  to  flow  in  at  once  and  the  mixture  boiled  for 
half  a  minute  after  each  addition  of  urine.  As  soon  as 
approximately  enough  urine  has  been  added  to  reduce  all 
the  mercuric  cyanide,  the  mercury  (and  the  phosphates) 
settle  to  the  bottom  and  the  licjuid  becomes  clear.  The 
reaction  is  complete  when  the  supernatant  fluid  contains 
no  more  mercury  salt.  In  order  to  determine  the  absence 
of  the  latter,  a  number  of  reagents  have  been  recom- 
mended (viz.,  ammonium  sulphide  by  Knapp,  the  origi- 
nator of  the  method;  sulphureted  hydrogen  bj'  Leussen, 
and  stannous  oxide  solution  by  Brumm).  The  writer 
has  found  the  last-named  indicator  to  be  the  best  and 
uses  it  exclusivel}'.  The  alkaline  solution  of  stannous 
oxide  is  prepared  by  dissolving  .50  gm.  of  stannous 
chloride  in  soda  lye  and  diluting  the  solution  to  1  litre. 
This  reagent  does  not  keep  for  a  long  time,  as  the  stan- 
nous salt  is  soon  oxidized.  The  addition,  however,  of  a 
little  metallic  tin  prevents  this  oxidation  and  preserves 
the  reagent  indefinitely.  A  drop  of  the  clear  superna- 
tant fluid  described  above  is  placed  on  a  porcelain  dish 
and  a  drop  of  the  stannous  chloride  solution  added.  If 
the  fluid  still  contains  mercury  the  drop  turns  gray;  if  it 
does  not,  it  remains  clear. 

The  calculation  of  the  sugar  percentage  of  the  urine  to 
be  tested  is  based  on  the  composition  of  Knapp's  reagent; 
for  the  latter  is  compounded  so  that  20  c.c.  correspond 
to  0.05  gm.  of  glucose.  The  calculation  is  similar  to  the 
one  outlined  above  under  •'  Fehling's  test." 

The  ^Method  of  Pavy. — B}-  the  addition  of  ammonia 
to  Fehling's  solution  the  cuprous  oxide  formed  in  Fehl- 
ing's test  is  held  in  solution,  and  the  color  change  indi- 
cating the  end-reaction  is  consequently  not  masked  by 
the  precipitate  in  suspension. 

Pavy  adds  300  c.c.  of  ammonia  (specific  gravity  0.880) 
to  130  c.c.  of  Fehling's  solution,  and  fills  the  mixture  up 
to  1  litre.  Of  this  solution,  from  the  Fehling's  solution 
which  it  contains,  1  c.c.  should  indicate  0.6  mgm.  of  glu- 
cose. In  reality,  however,  it  only  indicates  0.5  mgm. 
Tn  other  words,  it  is  exactly  0. 1  time  as  strong  as  Feh- 
ling's solution.  The  solution  can  be  kept  indefinitely. 
The  above  error,  according  to  a  later  conununication  by 
Pavy,  can  be  corrected  by  dissolving  30,4  gra.  of  potas- 
sium hydrate,  30.4  gm.  of  Rochelle  salt,  300  c.c.  of  am- 
monia ("specific  gravity  0.880),  and  4.1.58  gm.  of  copper 
sulphate  in  1  litre  of  water:  of  this  mixture  1  c.c.  =0.5 
mgm.  of  sugar  or  10  cc.  indicate  5  mgm.  of  sugar  as  the 
original  Fehling's  solutiem. 

'The  titration  should  be  performed  with  exclusion  of 
the  air.  A  small  flask  holding  80  c.c.  is  closed  with  a 
stopper  with  two  perforations.  Through  the  one  hole 
passes  the  burette,  through  the  other  a  U-tube  filled  with 
pumice  stone  that  is  saturated  with  dilute  acid  in  order  to 
bind  the  escaping  fumes  of  ammonia  Ten  cubic  centi- 
metres of  the  reagent  are  diluted  with  an  equal  volume 
of  water  and  boiled  for  a  few  minutes  imtil  all  the  air  is 
driven  out  of  the  flask.  Then  the  diluted  urine  is  allowed 
slowly  to  flow  into  the  boiling  reagent  until  discolora- 
tion is  complete.  This  method  is  very  convenient.very 
easy  of  execution,  and  sufficiently  accurate  to  merit'the 
universal  popularity  that  it  enjoys. 
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Other  methods  of  quantitative  sugar  determiDation  by 
titratiou  have  no  advantages  over  the  three  described. 
Thej'  are,  therefore,  omitted. 

By  Fermentation,  (a)  Direct  Determination. — With 
the  aid  of  a  saccliarometer  (see  above),  provided  witli  a 
scale,  the  percentage  of  sugar  may  be  read  oil  directly, 
the  amount  of  carbonic-acid  gas  developing  during  a 
stated  time,  at  a  certain  temperature,  and  in  urine  diluted 
to  a  certain  strengtli,  indicating  the  amount  of  sugar 
disassociated  by  the  yeast.  The  results  of  this  test,  even 
in  complicated  apparatus,  are  very  inaccurate,  for  the 
sources  of  error  are  many.  For  clinical  purposes  of  com- 
parison, Einhorn's  saccharimeter  is  nevertheless  a  useful 
instrument. 

(h)  Differential  Density  Determination  before  and  after 
Fermentation. — The  density  of  the  urine  before  and 
after  fermentation  is  determined  and  the  difference  in  the 
densities  multiplied  by  an  empirical  factor;  the  latter  is 
obtained  by  dividing  the  figures  for  sugar  (obtained  by 
some  other  method)  by  the  difference  in  the  densities  of 
such  a  stated  sugar  solution  of  known  percentage  before 
and  after  fermentation.  It  is  known  empirically  that  a 
diminution  in  the  density  of  0.001  corresponds  to  the  loss 
of  0.234  per  cent,  of  sugar  by  fermentation.  In  order  to 
accelerate  fermentation  certain  nutritive  salts  may  be 
added  to  the  urine.  The  be.st  addition  is  a  mi.xture  of  2 
gm.  of  Kochelle  saltsand  2gm.  of  diacid  potassium  phos- 
phate to  each  100  c.c.  of  the  urine;  on  addition  of  10  gm. 
of  compressed  yeast  to  100  c.c.  of  urine  jirepared  in  this 
way  fermentation  (at  30  to  34  c.c.)  is  usually  complete 
within  three  hours.  Before  determining  the  specific 
gravity  the  suspended  yeast  cells  should  be  precipitated 
by  lead  chromate;  100  c.c.  of  the  urine  are  treated  with 
10  c.c.  of  a  solution  of  neutral  potassium  chromate,  sat- 
urated in  the  cold,  and  10  c.c.  of  a  solution  of  lead  ace- 
tate. For  purposes  of  comparison  the  original  urine 
should  be  treated  with  the  same  precipitating  mixture 
and  the  same  nutritive  salts,  as  the  presence  of  these 
salts  naturally  changes  the  specific  gravity.  It  has  been 
found  empirically,  however,  that  the  addition  of  0.0178 
to  the  specific  gravity  of  the  original  urine  corrects  this 
error.  The  density  determinations  are  best  perfoi'uied 
with  the  pykuometer,  as  aerometers  do  not,  as  a  rule, 
give  readings  that  are  accurate  for  a  sufficient  number  of 
decimal  points.  The  difference  in  the  specific  gravities 
multiplied  by  0.334  indicates  the  amount  of  sugar  in 
percent.  If  the  urine  contains  more  than  0.5  per  cent, 
of  sugar,  this  method  yields  excellent  results.  When 
less  than  0.5  per  cent,  is  present,  tlie  method  is  not  so 
accurate. 

Polarimetric  Determination.  See  under  qualitative 
tests;  for  the  details  I  refer  to  text-books  of  chemistry 
and  physics. 

Levulose. — Two  levuloses  occur  in  human  urine,  i.e., 
fructose  and  laiose.  The  former  is  the  more  important 
of  the  two. 

Levulomria  (Fructosuria). — In  the  older  literature  a 
few  isolated  cases  are  on  record  of  dextrosuria  in  which 
at  the  same  time  a  small  quantity  of  levulose  was  ex- 
creted. Quite  recently  Rosin  and  Labaud  (Zeitsc/ir.  f. 
klin.  Med.,  1902,  vol.  Ixxiv,  p.  182)  have  shown  that  con- 
siderable quantities  of  levulose  are  excreted  in  a  large 
proportion  of  cases  of  diabetes,  and  that  in  addition  there 
is  a  group  of  cases  in  which  levulose  alone  is  excreted, 
or  in  which  only  minimal  quantities  of  dextrose  are 
excreted  together  with  large  quantities  of  levulose.  In 
the  latter  group  of  cases  there  is  at  the  same  time  levulo- 
suria. 

The  presence  of  levulose  is  not  easy  to  detect  if  the 
urine  at  the  same  time  contains  much  dextrose.  The 
characteristic  features  of  such  urine  are  the  following; 
The  urine  in  the  first  place  must  give  the  so-called  Seli- 
wanoff  reaction  (see  below).  This  indicates  the  presence 
of  levulose  (and  of  certain  rare  ketoses  that  need  not  be 
considered  clinically).  The  reaction  of  the  urine  must 
be  acid  (diabetic  urine  that  has  not  undergone  decompo- 
sition usually  (>a(id).  for  in  alkaline  urine  dextrose  seems 
spontaneously  to  undergo  metamorphosis  into  levulose 


and  maunose.  In  alkaline  urine,  therefore,  the  value  of 
Seliwanoff's  reaction  as  an  indicator  of  levulose  is  im- 
paired. 

Seliwanoff's  Reaction  for  Levulose. — Equal  parts  of 
urine,  fuming  hydrochloric  acid,  and  a  few  grains  of 
resorcin  are  rapidly  heated;  a  deep  reil  color  appears 
and  a  dark  precipitate  forms  that  is  soluble  in  alcohol 
with  a  bright  red  color. 

In  order  to  determine,  in  the  second  place,  the  propor- 
tion of  levulose  to  dextrose  the  following  plan  may  be 
pursued ;  The  sugar  of  the  urine  is,  first,  determined  by 
use  of  the  reduction  tests,  and,  second,  by  polarization. 
If  there  is  a  considerable  difference  in  the  amount  of 
sugar  indicated  by  these  two  tests,  if,  e.g.,  more  sugar  is 
indicated  by  reduction  than  by  polarization,  then  the 
urine  is  subjected  to  fermentation  until  no  rotation  can 
be  obtained  and  until  the  reaction  of  Seliwanoff  is  nega- 
tive. If  the  reducing  power  of  the  urine  disappears  at 
tlie  same  time,  then  the  difference  between  the  figures 
obtained  from  reduction  and  polarization  of  the  original 
urine  must  be  attributed  to  the  presence  of  considerable 
quantities  of  levulose,  for  no  other  urinary  substance 
excepting  fructose  (levulose)  is  fermentable  and  gives 
Seliwanoff's  reaction  at  the  same  time. 

The  following  example  (quoted  from  Rosin  and  La- 
baud,  loc.  cit.)  may  illustrate  the  method: 

Case  IV.- — Criue  gives  marked  Seliwanoff  reaction. 
Titration  (Fehling)  indicates  7.1  per  cent.,  polarization 
6.4  per  cent.  After  fermentation:  Seliwanoff  reaction 
negative,  polarization  0.  Titration;  The  urine  contains 
less  reducing  substance  than  would  correspond  to  0.1 
per  cent,  dextrose.  Difference  between  titration  and  po- 
larization, 0.7  per  cent. 

The  presence  of  levulose  in  many  cases  of  diabetic 
urine  may  aid  in  explaining  the  well-known  fact  that 
titration  of  diabetic  urine  so  frequently  indicates  higher 
values  for  sugar  (dextrose)  than  polarization.  We  must 
imagine  that  the  tendency  of  the  dextrose  to  rotate  the 
plane  of  polarized  light  to  the  right  is  in  part  neutralized 
by  the  opposite  tendency  of  the  levulose  present  in  such 
urines  to  rotate  it  to  the  left. 

Other  reducing  bodies  like  pentose  and  glycuronic  acid 
occur  in  too  small  quantities  to  impair  the  validity  of 
the  viewpoint  enunciated  above.  Urines,  moreover,  that 
do  not  give  Seliwanoff's  reaction  do  not  reveal  the  differ- 
ences described.  Levulose,  therefore,  is  in  all  probabil- 
ity the  chief  and  only  cause.  Rosin  and  Lebaud  suc- 
ceeded in  strengthening  this  view  by  manufacturing 
levulo.se  as  such  from  urine  giving  the  above  tests  (they 
employed  the  method  of  C.  Neuberg,  i.e.,  they  precipi- 
tated the  levulose  with  methyl-phenylhydrazin  as  a 
methyl-phcuylosazon). 

Other  methods  have  been  proposed  to  determine  the 
presence  of  levulose  in  diabetic  urines;  but  all  of  these 
are  complicated,  and,  moreover,  ambiguous;  none  of 
them  gives  results  that  are  so  conclusive  as  the  above 
method,  so  that  they  will  not  be  discussed  in  this  article. 

Laiose  (Syn:  Leo's  Sugar).  This  sugar  was  found  by 
Leo  in  three  out  of  twenty-one  diabetic  urines.  Here, 
too,  titration  revealed  from  1.2  to  1.8  per  cent,  more 
sugar  (calculated  for  dextrose)  than  polarization.  In 
order  to  identify  this  interesting  sugar  it  must  be  isolated 
from  the  urine  as  follows: 

The  urine  is  treated  with  lead  acetate  and  the  lead  pre- 
cipitate filtered  off;  the  filtrate  is  treated  with  ammonia; 
the  precipitate  contains  laiose  and  dextrose.  It  is  washed 
out  with  water  and  decomposed  with  HiS;  the  lead  sul- 
phide is  filtered  off  and  the  filtrate  evaporated  to  a  syrupy 
consistence  in  the  vacuum  over  concentrated  H2SO4.  The 
syrupy  residue  is  dissolved  in  methyl  alcohol  and  the 
dextrose  precipitated  bj'  a  solution  of  barium  hydrate 
in  methyl  alcohol.  So  much  of  the  reagent  should  be 
added  that  the  liquid  becomes  alkaline.  The  mixture  is 
filtered,  the  ammonia  removed  bj'  placing  the  dish  under 
a  bell  jar  or  over  HiSOi.  This  leads  to  the  precipitation 
of  barium  carbonate  and  some  barium  dextrose.  The  ba- 
rium is  removed  from  the  filtrate  by  COj.  The  methyl 
alcohol  is  removed  by  distillation  in  vacuo;  the  residue 
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Urine. 
Urine. 


is  dissolved  iu  water.     It  contains  any  laiose  that  may  be 
present. 

Laiose  is  distinguislied  from  otlier  sugars  by  the  fol- 
lowing properties:  It  is  not  so  sweet  as  dextrose;  has 
smaller  reducing  powers,  and  does  not  ferment  so  actively. 
It  lias  a  specific  rotatory  power,  and  it  forms  a  com- 
pound with  phenylhydrazin.  Although  laiose  possesses 
all  these  properties  that  seem  to  class  it  with  the  sugars, 
it  is  not  identical  with  any  known  sugar.  In  fact,  it 
appears  doubtful  whether  it  is  a  hexose  or  a  pentose. 
(See  also  Leo:    Virchow's  Archie,  vol.  cvii.,  p.  108,  1887). 

Dimcchnrides. — ImmaUnM  has  been  isolated  from  the 
urine  in  small  quantities.  It  is  precipitated  with  other 
carbohydrates  as  a  benzol  ester  when  the  urine  is  treated 
with  benzoyl  chloride  (see  above,  page  38).  It  is  possible 
that  it  is  formed  from  dextrose  in  process  of  isolation. 
This  sugar  is  clinically  altogether  unimportant. 

Lactose  {Sugar  of  Milk). — This  sugar  is  found  in  small 
quantities  in  the  urine  of  nursing  women  if  there  is  stasis 
of  milk  (■'  lactosuria  ").  After  the  ingestion  of  100  gm. 
of  lactose  this  sugar  may  appear  in  the  urine  of  men,  or 
of  women  who  are  not  nursing.  On  an  abundant  milk  diet 
lactose  may  also  appear  in  the  urine.  In  diabetics  the 
ingestion  of  lactose  leads  to  the  excretion  of  dextrose. 
Inversely  in  nursing  women  excessive  quantities  of  dex- 
trose (l.'iO  gm.)  may  lead  to  the  excretion  of  lactose. 
In  new-born  children  with  gastric  catarrh  lactose  has  been 
found  in  the  urine. 

Tests.  Rubner's  Test. — The  urine  is  boiled  for  two  or 
three  minutes  with  an  excess  of  lead  acetate.  If  lactose 
is  present,  the  liquid  turns  yellowish-brown;  the  pre- 
cipitate that  forms  is  dis.solved  in  a  little  ammonia.  The 
liquid  now  turns  brick-red.  On  standing,  a  cherry-red 
or  copper-colored  sediment  settles  at  the  bottom  of  the 
tube,  while  the  supernatant  fluid  becomes  clear  and  col- 
orless. If  dextrose  is  present,  this  test  cannot  be  applied 
because  a  similar  reaction  is  obtained  with  this  sugar. 
Sometimes  lactose  and  dextrose  c^n  be  differentiated  by 
heating  the  urine  gently  to  about  80°  (not  to  boiling).  If 
lactose  alone  is  present,  the  liquid  will  not  turn  red,  but 
yellow  or  brown,  whereas  if  dextrose  alone  is  present  it 
will  turn  red. 

Fermentation  Test.— Lactose  does  not  ferment,  but  it 
reduces  metal  oxides.  If,  therefore,  the  urine  after  fer- 
mentation still  possesses  reducing  powers,  the  presence 
of  lactose  may  be  suspected  if  the  case  is  a  woman  in 
the  puerperium,  or  if  the  subject  is  living  on  a  milk  diet. 
The  test  is  by  no  means,  however,  conclusive,  for  lactose, 
as  other  non-fermentable  sugars,  notablj-  pentoses,  may 
be  present.  In  order  fully  to  identify  lactose  it  must  be 
isolated  from  the  urine  (see  Hofmeister,  Zeitschr.  f.  phys. 
Vhem.,  vol.  i.,  p.  105). 

Polysaccharides. — Animal  Gum  (Syn. :  Achroglyc.ogen, 
Vrimiry  Di.i-triu).  Animal  gum  is  always  present  in  the 
urine.  It  is  precipitated  as  a  benzol  ester  with  benzoyl 
chloride  (see  page  38. )  In  certain  chronic  disorders  animal 
gum  is  inci'eased.  Together  with  isomaltose  (that  is 
also  precipitated  by  benzoyl  chloride)  urinary  dextrin 
forms  the  group  of  unfermcntahle  urinary  carbohydrates, 
a  class  of  bodies  that  are  attracting  much  attention  and 
that  promise  to  attain  considerable  clinical  importance. 

Animal  gum  can  be  isolated  from  the  benzoyl  chloride 
precipitate  that  forms  in  a  mixture  of  the  urine  and  so- 
dium hydrate  by  a  complicated  method  that  is  described 
in  detail  in  Huppert's  "Harnanalyse."  p.  144,  1898.  The 
body  is  not  of  sufficient  interest  for  the  present  to  war- 
rant a  full  description  of  this  method  in  an  article  of  this 
limited  scope. 

Glycogen  (Erythrodextrin?).  In  the  urine  of  diabetics 
a  body  is  occasionally  found  (particularly  after  the  dex- 
trose has  been  caused  to  disappear)  that  gives  a  lirown 
color  with  iodine.  Such  urine  reduces  Fehling's  .solution 
only  after  prolonged  boiling.  This  body  has  so  far  never 
been  found  in  the  urine  of  healthy  subjects.  From  the 
material  published  so  far  it  is  impossible  to  determine 
whether  this  body  is  glycogen  or  erythrodextrin.  On 
phy.siologic  grounds  presumptive  evidence  is  in  favor  of 
the  former  supposition. 


To  test  the  urine  for  glycogen  (erythrodextrin)  a  first 
specimen  should  be  treated  with  several  volumes  of 
alcohol.  The  alcoholic  precipitate,  if  the  urine  is  diabetic, 
should  be  freed  from  sugar  by  repeated  washing  with 
alcohol  or  b}'  repeated  solution  in  water  and-reprecipita- 
tion  with  alcohol.  Certain  portions  of  the  precipitate, 
if  glycogen  is  present,  assume  a  brown  tint  if  treated 
with  iodine.  By  boiling  the  precipitate  for  half  an  hour 
with  ten-per-cent.  H2SO4  any  glycogen  or  er3fthrodextrin 
that  may  be  present  is  hyiirolyzed  and  converted  into 
dextrose,  and  the  latter,  after  neutralization  of  the  liquid 
with  sodium  hydrate  solution,  will  reduce  Fehling's  solu- 
tion, give  a  phenyl  glucosazon,  and  (after  removal  of  salts 
by  dialysis)  ferment  (method  of  Leube). 

Aro.matic  Constituents.— The  aromatic  constituents 
of  the  urine  are  derived  from  the  degradation  of  albu- 
mins. These  degradation  products  may  either  enter  the 
body  preformed  in  the  food,  or  they  may  be  formed  in 
the  gastro-intestinal  tract  by  bacterial  putrefaction,  or 
they  may  be  formed  in  the  tissues  proper  with  or  with- 
out the  intervention  of  bacteria.  Occasionally  these  aro- 
matic bodies  appear  in  the  urine  as  such.  As  a  rule, 
however,  they  appear  in  combination  with  sulphuric 
acid,  glycuronic  acid,  or  glycocoll,  so  that  we  can  con- 
veniently subdivide  the  combined  aromatic  constituents 
of  the  urine  into  three  groups,  viz.:  (1)  the  conjugate 
sulphates.  (2)  the  compound  glycuronates,  (3)  the  com- 
pound glycacMs.  A  fourth  gioup  of  aromatic  bodies, 
i.e.,  the  aromatic  oxyacids,  more  frequently  occurs  as 
such  and  not  combined,  so  that  these  substances  will  be 
discussed  separately  under  the  heading  of  (4)  aromatic 
oxyacids. 

(1)  Conjugate  Sulphates. — The  conjugate  sulphates  in- 
clude the  following  bodies:  Phenols  (kresol,  pyrocat- 
echin,  hydroquinon),  indol  (indican),  and  skatol.  Of 
these  bodies  the  majority  are  eliminated  as  the  sodium  or 
potassium  salt  of  theetliereal  sulphates  (e..f/.,)  (HO. CeHj. 
SO5OK).  Indol  and  skatol,  however,  are  not  eliminated 
as  indol  or  skatol  sulphuric  acid  salt,  but  undergo  pre- 
liminary oxidation  to  indoxyl  and  skatoxyl,  and  conse- 
quently appear  iu  the  urine  as  indoxyl  sulphuric  acid 
(indican)  or  as  skatoxyl  sulphuric  acid.  The  most  im- 
portant member  of  this  grovi])  is  indican.  The  amount 
of  ethereal  sulphates  excreted  in  man  varies  according  to 
the  character  of  the  food,  the  ingestion  of  certain  drugs 
that  are  excreted  as  ethereal  sulphates  (carbolic  acid, 
scil.  phenol,  etc.),  the  degree  of  putrefaction  going  on 
in  the  intestine,  the  character  of  the  putrefactive  bacteria, 
and  the  existence  of  certain  morbid  conditions  of  the 
system  that  lead  to  perverted  tissue  metabolism.  The 
total  average  quantity  of  conjugate  sulphates  approxi- 
mately equals  0.1  of  the  mineral  sulphates,  i.e.,  on  an 
ordinary  mixed  diet  from  0.15  to  0.3  gm.  of  SO3.  We 
do  not  know  where  in  the  body  the  synthesis  of  the  aro- 
matic conjugate  sulphates  occurs. 

The  presence  of  aromatic  ethereal  sulphates  can  be  de- 
tected as  follows:  Not  less  than  35  c.c.  of  urine  are 
acidulated  with  acetic  acid  and  the  mineral  sulphates 
precipitated  with  barium  chloride.  The  precipitate  of 
barium  sulphate  is  filtered  off  and  the  filtrate  heated  with 
hydrochloric  acid.  As  the  ethereal  sulphates  are  not  pre- 
cipitable  b3'  barium  chloride  and  as  they  can  be  decom- 
posed by  heating  with  hydrochloric  acid,  the  mixture 
now  contains  ordinar_y  sulphuric  acid  and  alcohols  de- 
rived from  the  splitting  of  the  ethereal  sulphates.  In 
this  liquid  the  liberated  sulphuric  acid  can  be  precipi- 
tated by  barium  chloiide,  so  that  the  appearance  of  a 
barium  sulphate  precipitate  speaks  for  the  presence  of 
conjugate  sulphates  in  tlie  original  urine.  This  method 
can  also  be  employed  for  the  quantitative  determination 
of  the  conjugate  sulphates  (see  paragraph  on  "  Sulphates  " 
under  Inorganic  Constituents). 

Pheriol.i.— The  most  important  of  the  phenols  is  para- 
kresol.  Phenol  itself  is  less  abundant,  and  pyrocatechin 
and  hydroquinon  are  excreted  only  in  very  small  quan- 
tities. " 

Phenol.— Phenol  given  by  mouth  appears  as  conjugate 
sulphate.     If  more  is  given  than  can  be  combined  with 
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available  sulphuric  acid,  the  excess  appears  as  com- 
pouud  glycuronate  (see  below).  Pheuol  is  not  found  in 
the  urine  of  the  new-born,  because  their  intestine  is 
sterile,  nor  is  it  found  in  the  urine  of  animals  whose  in- 
testine is  maintained  sterile  from  birth.  All  local  putre- 
factive and  gangrenous  processes  lead  to  the  elimination 
of  urinary  phenol. 

Plieuol"  appears  in  qiiantities  that  vary  from  0.017  to 
0.5  gm.  (JIuuk)  in  the  urine.  The  average  excretion  is 
0.03  gm.  It  is  more  abundant  on  a  vegetable  than  on  an 
animal  diet.  Pheuol  is  increased  in  all  conditions  of 
coprostasis,  particidarly  in  the  lower  portions  of  tlie 
snutll  intestine  and  in  the  colon ;  in  peritonitis,  in  pya'mia, 
in  suppurative  processes,  in  phosphorous  poisoning,  and 
in  diabetes  mellitus.  Tyrosin  and  benzol  given  bj- 
mouth  also  lead  to  increased  phenoluria.  AVhen  the  urine 
contains  much  indicau.  it  also  always  contains  nuicli 
phenol;  but  the  reverse  is  not  the  case.  As  the  methods 
employed  for  determining  phenol  also  include  kresol,  the 
figures  given  really  indicate  the  combined  excretion  of 
the  two  aromatic  alcohols. 

Detection:  Phenol  itself  gives  a  large  number  of  very 
sensitive  tests.  Uufortunatel.v,  however,  more  of  these 
reactions  give  satisfactor^v  results  with  phenol  as  conju- 
gate sulphate,  i.e..  with  urinary  phenol.  In  order  to 
detect  its  presence  the  phenol  must  first  be  liberated  as 
follows:  One  litre  of  urine  is  treated  with  so  much 
H;SO)  that  the  strength  of  the  mixture  is  Ave  per  cent. 
The  solution  is  then  distilled  until  the  distillate  gives  no 
clouding  with  bromine  water.  This  distillate  contains 
phenol.  The  following  tests  can  be  performed:  (a)  Bro- 
mine water  is  added  imtil  the  solution  is  yellow  ;  on  stand- 
ing a  crystalline,  yellow  precipitate  of  tribroniphenol  is 
deposited,  (h)  Millon's  reaction  is  positive  (Millon's  re- 
agent :  Mercury  is  dissolved  in  an  equal  portion  by  weight 
of  sixty-three  per  cent.  HNOs(4HN03  -fSHoO)  first  inthe 
cold,  then  by  warming.  One  volume  of  this  solution  is 
diluted  with  two  volumes  of  water  and  the  precipitate 
that  forms  filtered  off.  The  clear  filtrate  is  the  reagent). 
AV'ith  phenol  this  reagent  gives  a  rose-red  color,  (c)  Phe- 
nol treated  with  sodium  hypochlorite  gives  a  blue  color; 
care  nuist  be  taken  not  to  add  too  much  hypochlorite. 
(d)  Heating  phenol  with  iodine  and  sodium-hj'drate 
solution  to  50  to  60"  C.  gives  a  dark-red  amorphous 
precipitate  of  triiodine  phenol.  The  latter  reaction  has 
been  employed  in  a  quantitative  method  for  deter- 
mining phenols,  the  amount  of  mono-oxybenzols  being 
calculated  from  the  amount  of  iodine  that  is  employed. 
The  method  is  complicated  and  does  not  indicate  indi- 
vidual phenols,  but  merely  the  phenols  as  a  group.  The 
reaction  that  occurs  may  be  schematized  by  the  equation : 

CeHsOH  +    GI        =      CbHJsOH     +  3HI 

Phenol.  Iodine.  Trlludine  phenol.  Hydriodic  acid. 

Kresol. — Kresol,  as  has  alread_y  been  stated,  is  the 
most  abundant  of  the  phenols.  Much  that  has  been  said 
of  phenol,  particularly  in  regard  to  occurrence  and  detec- 
tion and  estimation,  applies  with  equal  force  to  kresol. 
Kresol  is  a  methylated  phenol.  The  relation  between 
the  two  may  be  illustrated  by  the  formulas:  H.CeHj. 
OH,  phenol,  CHs.C.Hs.OH,  kresol. 

There  are  three  kresols  that  are  isomeric,  viz.,  para- 
kresol,  orthokresol,  and  metakresol,  as  the  substituting 
methyl  group  may  occupy  any  one  of  three  different  posi- 
tions in  the  phenol  ring.  Of  the  three  isomers  para- 
kresol  is  the  most  abundant  in  man ;  some  orthokresol 
is  usually  also  present,  iletakresol  has  so  far  not  been 
found  in  human  urine,  but  it  occurs  in  horses.  The  dif- 
ferentiation of  kresols  from  phenol  is  possible,  but  the 
process  is  complicated.  Clinically  this  differentiation  is 
unimportant;  hence  it  will  not  lie  described. 

Py  rocatechin,  C6H4(OH)i.  —This  is  a  constant  constitu- 
ent of  human  urine.  It  is  derived  from  pyrocatecliu 
acid,  that  is  of  common  occurrence  in  many  plants.  It 
is  excreted  after  the  administration  of  carbolic  acid  or  of 
benzole. 

Urine  containing  .py rocatechin  soon  turns  dark  on 
standing,  provided  the  reaction  is  alkaline.     The  pres- 


ence of  pyrocatechin  may  be  suspected  if  this  change  in 
the  urine  occurs,  but  hj'droquinone  and  alkaptonic  acid 
(see  below)  produce  a  similar  change.  A  few  diojjs  of 
chloride  of  iron  added  to  the  urine  give  a  dark  green  color 
if  p3'rocatechin  is  present.  If  a  little  tartaric  acid  i.^ 
added  and  the  mixture  is  treated  w'ith  ammonia,  the 
urine  first  turns  violet  and  on  addition  of  more  ammonia 
cherry-red. 

Hydroquinone,  Cf.Hg(OH)o. — This  body  only  occurs  in 
the  urine  after  the  administration  of  carbolic  acid  (phe- 
nol), benzol  and  hydroquinone  itself.  It  always  appears 
as  conjugate  sulphate.  Urine  containing  hydroquinone 
turns  dark  on  standing.  If  urine  containing  hydro- 
quinone is  boiled  with  a  dilute  solution  of  iron  chloride, 
quinon  is  formed,  and  this  body  can  readily  be  recognized 
by  its  penetrating  odor. 

As  pyrocatechin  and  hydroquinone  frequently  appear 
in  the  urine  after  carbolic-acid  poisoning,  it  is  impor- 
tant occasionally  to  isolate  them  from  the  urine  in  order 
positively  to  demonstrate  their  presence.  For  this  pur- 
pose the  urine  is  acidulated  with  hydrochloric  acid, 
heated  for  half  an  hour  on  the  water-bath,  and  after 
cooling  extracted  with  ether.  The  ethereal  extract  is 
repeatedly  shaken  with  sodium-carbonate  solution,  the 
ether  evajiorated  and  the  residue  treated  with  small 
quantities  of  a  saturated  sodium  chloride  solution.  This 
salt  solution  takes  up  the  pyrocatechin  or  hydroquinone 
that  may  be  present.  The  solution  is  diluted  with 
water  and  di.stilled  to  remove  volatile  phenols.  The  resi- 
due is  again  extracted  with  ether  and  the  ether  evapo- 
rated ;  the  residue  is  dissolved  in  water  and  precipitated 
with  lead  acetate;  the  precipitate  contains  the  pyroca- 
techin, while  the  hydroquinone  remains  in  solution.  The 
precipitate  is  decompo.sed  with  HcSOj  and  extracted  with 
other.  From  this  ethereal  solution  pyrocatechin  crystal- 
lizes in  prisms.  The  solution  containing  hydroquinone 
is  treated  with  H2SO4,  heated  with  barium  carbonate, 
and  the  filtrate  extracted  with  ether.  From  the  ethereal 
extract  hydroquinone  crystallizes  in  the  form  of  rhomboid 
crystals  that  can  be  recrystallized  from  benzol  and  melt 
at  160°. 

linhxyl  (IndiMn),  Ci.H,NO.  Indican,  the  sulphate 
of  indoxyl  in  combination  with  sodium  or  potassium, 
was  originally  believed  to  be  identical  with  vegetable 
indican,  the  chromogen  of  the  indigo  plant.  It  has  been 
shown,  however,  that  animal  indican  is  derived  from 
indol  and  is  the  ethereal  sulphate  of  indoxyl,  an  oxida- 
tion product  of  indol,  while  vegetable  indican  is  a  gluco- 
side  of  the  formula  CjcHsiNO,  7.  The  relation  of  indol, 
indoxyl,  and  indican  may  be  illustrated  by  the  following 
scheme : 
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Indol,  like  the  phenols,  is  a  product  of  the  putrefaction 
of  albumin  somewhere  within  the  organism.  Conse- 
quently, we  always  find  pheuol  in  abundant  quantities 
whenever  indican  is  excreted  in  the  urine.  Inversely, 
however,  the  presence  of  pheuol  does  not  necessarily  in- 
dicate the  presence  of  indican.  In  the  new-born  indican 
is  never  found  in  the  urine.  In  adults  it  is  always  pres- 
ent in  small  quantities.  From  2  to  .50  mgm.  of  indigo- 
blue  can  be  isolated  from  the  twenty-four  hours'  urine 
on  a  mixed  diet.  A  meat  diet  leads  to  an  increase  of  the 
urinary  indican,  and  a  vegetable  diet  to  a  decrease. 
Pathologically  indicanuria  is  increased  in  all  conditions 
that  favor  abnormal  intestinal  putrefaction,  particularly 
if  there  is  at  the  same  time  some  stasis  of  the  intestinal 
contents.  Thus  marked  indicanuria  is  common  in  ileus, 
tvphoid,  acute  and  .chronic  peritonitis,  intestinal  tuber- 
culosis.    In  cholera,  gastric   ulcer,  gastrectasis,  gastro- 
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intestiual  catairl],  lead  colic,  perityplilitis  aud  appendi- 
citis indican  has  also  been  fouud  iucreased  in  the  urine. 
Occlusion  of  the  colon  does  not  lead  to  increased  indi- 
cauuria.  Large  quantities  of  indican  have  finally  been 
reported  in  eases  of  carcinoma  of  the  liver,  the  stomach, 
the  uterus,  in  empyema  aud  putrid  bronchitis,  and  in 
melano.sis.  Fever  ;«■)■  se  exercises  no  effect  on  the  e.\'cie- 
tion  of  indican.  Opium  does  not  increase  indicauuria. 
Laxatives,  however,  reduce  it. 

It  •will  be  seen,  therefore,  that  indicanuria  is  a  normal 
phenomenon,  and  that  the  excretion  of  large  quantities 
of  indican  is  a  verj'  common  sign.  Diagno-stically, 
therefore,  the  appearance  of  abnormally  large  quantities 
of  indican  in  the  urine  indicates  merely  that  there  is  ab- 
normal putrefaction  of  albumin  somewhere  in  the  body. 
Further  than  this  we  can  rarely  go,  and  it  is  a  precari- 
otis  matter  to  make  a  special  diagnosis  on  the  basis  of 
iucreased  indicanuria,  for  we  must  never  forget  that 
simple  coprostasis  may  lead  to  a  great  increase  of  the 
urinary  indican. 

Other  products  of  indoxyl  that  may  appear  in  the 
urine  are  indigo  red  (indoxyl  })liis  isatin"),  indoxyl  glycu- 
ronic  acid  (see  above),  and  a  variety  of  more  or  less  de- 
fined pigments  that  are  variously  known  by  the  names- 
urohsematin,  urrhodin,  urorubin,  indirubin,  indigopur- 
purin,  etc. 

Tests  for  Indicari.  1.  Jaffe's  Test. — Hypochlorite  of 
sodium  oxidizes  indican  in  acid  solution  to  indigo  blue. 
This  pigment  is  soluble  in  chloroform.  Equal  parts  of  the 
urine  and  of  concentrated  hydrochloric  acid  are  mixed  in 
a  test  tube,  and  to  the  mixture  are  added  a  few  cubic 
centimetres  of  chloroform  and,  drop  b.v  drop,  a  dilute 
solution  of  sodium  hypochlorite.  On  the  addition  of 
each  drop  of  the  latter  reagent  the  mixture  should  be 
thoroughly  sliaken.  The  layer  of  chloroform  will  gradu- 
ally turn  blue.  Care  must  be  taken  not  to  add  too  nuich 
of  the  hypochlorite,  as  otherwise  the  indigo  blue  is  oxi- 
dized further,  and  is  converted  into  a  colorless  com- 
pound. Instead  of  using  hypochlorite,  the  oxidation 
may  also  be  performed  with  dilute  chlorine  or  bromine 
water.  If  the  urine  contains  albumin,  tlie  latter  must 
first  be  precipitated  by  lead  acetate  and  the  te.st  per- 
formed in  the  filtrate."  If  the  urine  is  very  dark,  it 
may  also  be  decolorized  by  precipitation  with  lead  ace- 
tate. 

2.  Obermayer's  Test. — As  chloroform  forms  an  emul- 
sion with  the  urine  that  freciuently  renders  it  diflicult  to 
recognize  the  blue  color  of  the  indigo  in  chloroform  solu- 
tion, Oliermayer  first  precipitates  the  urine  with  lead 
acetate,  filters,  oxidizes  the  indican  in  the  filtrate  with 
ferric  chloride  in  concentrated  hydrochloric  acid,  and  then 
shakes  out  the  indigo  with  chloroform.  The  blue  solution 
then  settles  at  the  bottom  of  the  tube.  An  excess  of  lead 
acetate  must  be  avoided,  otherwise  lead  chloride  will  pre- 
cipitate when  the  hydrochloric  acid  is  added,  anti  this 
would  render  the  chloroform  cloudy.  The  addition  of 
lead  acetate  has  the  additional  advantage  of  removing 
bile  pigment  that  may  be  present  in  the  urine. 

The  filtrate  from  the  lead-acetate  precipitate  is  shaken 
with  an  equal  volume  of  fuming  hydrochloric  acid  con- 
taining 3  gm.  of  ferric  chloride  to  the  litre.  The  mix- 
ture should  be  agitated  for  about  two  minutes. 

Qiinntitdtive  Estimation  of  Indican. — Obermayer's  test 
can  be  utilized  for  the  quantitative  determination.  The 
urine,  after  treatment  with  Obermayer's  reagent  (3  gm. 
iron  chloride  to  1  litre  of  fuming  hj'drochloric  acid)  is 
repeatedly  extracted  with  chloroform.  In  the  chloroform 
solution  the  amount  of  indigo-blue  can  be  determined ; 
(a)  by  weighing,  (A)  colorinietrically,  (o)  spectropho- 
tometrically. 

(a)  By  Weighing. — The  chloroform  is  driven  off  in  a 
weighed  dish  and  the  residue  dried  at  110'  C.  and 
weighed. 

(4)  Colori metrically. — The  chloroform  solution  is  com- 
pared with  solutions  of  pure  indigo-blue  in  chloroform 
of  known  percentage.  By  diluting  the  urinary  chloro- 
form extraction  with  measured  quantities  of  chloroform 
until  its  color  corresponds  exactly  to  that  of  one  of  the 


standard  tubes,  the  amount  of  iudigo-blue  in  the  urine 
can  be  estimated  by  a  simple  calculation, 

(c)  Spectrophotometrically  (F.  Muller).— This  method 
requires  much  practice  and  a  complicated  aj.iparatus.  a 
spectrophotometer.  I  refer  for  a  description  of  the 
method  to  Huppert,  "Harnaualyse,"  p.  692"^'.).  This 
method  is  not  any  more  accurate  than  those  given  under 
(a)  and  (*). 

Skaioxyl.  This  body  is  an  oxidation  product  of  skatol, 
and  skatol  is  indol  in  which  one  hydrogen  atom  of  one  of 
th.e  CH  groups  is  substituted  by  methyl,  CH3,  as  follows: 
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Skatoxyl  combines  with  sulphuric  acid,  and  appears  in 
the  urine  as  the  sodium  or  potassium  salt  of  skatoxyl- 
sulphuric  acid.  If  more  skatol  is  formed  than  can  be 
combined  with  available  sulphuric  acid,  the  excess  ap- 
pears in  the  urine  as  skatoxyl  glj-curonic  acid  (see  be- 
low). Skatol  is  a  normal  constituent  of  human  faeces; 
whether  it  occurs  normally  in  the  urine  remains  doubtful 
for  the  present.  This  is  due  to  the  fact  that  the  only 
qualitative  index  of  the  presence  of  skatol  (skatoxyl)  in 
the  urine  is  the  appearance  of  a  red  pigment  when  the 
indican  tests  are  performed,  and  this  red  pigment  may  be 
indigo-red  aud  due  to  the  presence  of  indican.  Skatoxyl 
sulphuric  acid  has  been  found  in  large  quantities  in 
cases  of  diabetes  suffering  from  digestive  disorders.  It 
is  possible  that  some  of  the  many  red  pigments  that  have 
been  found  in  the  urine  by  many  different  observers  are 
skatol  derivatives. 

The  presence  of  skatol  can  be  suspected  if  the  urine 
turns  dark  on  standing:  the  color  usualh'  becoming  dark 
reddish  or  violet,  or  even  black.  If  Jaffe's  indican  test 
is  made  the  addition  of  hydrochloric  acid  alone  will  color 
the  urine  dark  red  or  violet;  nitric  acid  alone  or  with 
the  addition  of  a  little  jiotassium  nitrate  produces  a 
cherry-red  color;  ferric  chloride  with  or  without  hydro- 
chloric acid  also  a  cherry -red  color.  The  pigment  sepa- 
rates out  on  boiling,  and  can  be  extracted  with  ether. 
These  color  tests  unfortunately  are  not  typical  for  skatol, 
for  similar  reactions  are  given  by  indol  red.  Fororderto 
differentiate  the  two  the  pigment  must  be  precipitated 
from  the  urine,  according  to  the  method  adopted  in 
Jaffe's  indican  test ;  the  pigment  is  then  treated  with 
zinc  powder  and  indol  or  skatol  liberated  in  this  way. 
Numerous  tests  are  given  that  are  more  or  less  typical 
for  either  body.  If  enough  indol  or  skatol  is  present  to 
}-ield  a  few  crystals,  the  difference  in  the  melting  points 
may  decide  (indol  52°  C,  and  skatol  95'  C).  For  other 
tests  I  refer  to  Huppert,  "  Harnaualyse,"  pp.  169  and  170). 

Skatol  can  appear  in  the  urine  as  skatoxyl  sulphuric, 
skatoxyl  glucuronic,  and  skatoxyl  carbonic  acid.  The 
chemistry  and  formation  of  the  former  is  analogous  to 
that  of  indoxyl  sulphuric  acid,  and  much  that  has  been 
said  in  regard  to  indol  and  its  urinary'  congeners  applies 
with  equal  force  to  skatol.  Skatoxyl  glycuronic  acid 
forms  if  more  skatoxyl  is  thrown  into  the  circulation 
than  can  be  combined  with  available  sulphuric  acid. 
This  compound  glycuronate  will  be  presently  discussed. 
Skatoxyl  carbonic  acid  is  never  present  in  large  quauti- 
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Skatoxyl  Carbonic  Acid, 
ties.  It  gives  the  ferric  chloride  reaction  with  hydro- 
chloric acid  or  hypochlorite  in  the  urine  direct.  In  order 
to  demonstrate  its  presence  it  must  be  i.solated  from  the 
urine.  As  the  clinical  significance  of  this  substance  is 
not  very  great,  the  method  of  Salkowski  (ZHtschr.  f. 
phys.  Chem.,  vol.  ix.,  32)  will  not  be  described  in  this 
place. 

Conjugate  Glycuronates. — Glycuronic  acid  Aoei  not  oc- 
cur free  in  the  urine,  but  only  in  combination  with  cer- 
tain aromatic  bodies,  as  phenol,  paracresol,  indoxyl,  and 
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skatoxyl  (see  above),  certain  drugs,  as  uaphtbol,  cam* 
plior,  "toluol,  menthol,  oil  of  turpentine,  morphine, 
chloral,  and  many  others.  Some  of  these  bodies  appear 
only  in  combination  with  glycuronic  acid,  others,  as  the 
phenols,  combined  first  with  all  the  available  sulphuric 
acid  to  eon.iusjate  suliihates,  and  with  glycuronie  acid, 
only  after  all  the  supply  of  sulphuric  acid  is  exhausted. 
The  resulting  compounds  partake  of  the  character  of 
glucosides. 

The  conjugate  glycuronates  are  monobasic  acids;  all 
rotate  the  jilane  of  polarized  light  to  tlie  left.  The 
ditferent  members  of  this  group,  however,  show  individ- 
ual peculiarities  in  other  respects.  By  hydrolysis  the 
glycuronates  can  be  split  into  free  glycuronic  acid  and 
the  component  alcohol.  In  some  cases  this  disassocia- 
tion  occurs  on  gentle  heating  or  even  at  ordinary  tem- 
peratures, whereas  in  others  boiling  with  dilute  acids  or 
heating  with  superheated  steam  is  necessary.  Some  of 
the  conjugate  glycuronates  reduce  cupric  oxide  in  alka- 
line .solution;  others  do  not.  Some  are  prccipitable  by 
lead  acetate  and  others  are  not.  These  differences  are 
determined  by  the  character  of  the  alcohol  in  combina- 
tion with  the  glycuronic  acid  molecule. 

Glycuronic  acid  may  be  considered  an  oxidation  prod- 
uct of  glucose,  tlie  relation  between  the  two  being  the  fol- 
lowing: 

CH.iOH  COOH 
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As  the  greater  portion  of  the  glucose  circulating  in  the 
blood  is  derived  from  the  stored  glycogen,  it  may  be  said 
that  glycuronic  acid  is  derived  from  glycogen  rid  glu- 
cose. The  acid  must  be  formed  in  the  tissues  of  the 
body,  for  if  camphor  or  chloial,  c.f/.,  are  administered  to 
a  starving  animal  these  bodies  will  appear  in  the  urine 
as  glycuronates.  It  is  very  probable,  therefore,  that 
glycuronic  acid  in  this  case  is  derived  from  the  stored 
glycogen  in  the  liver  and  muscles.  If  glycuronic  acid, 
moreover,  is  fed  to  animals,  the  glycogen  content  of  the 
liver  is  apparently  spared,  for  after  such  feeding  the 
liver  glycogen  increases.  Another  possible  source  of 
glycuronic  acid  is  chondroitin-sulphuric  acid  (see  under 
"Mucin"),  for  the  latter  can  be  split  into  glycuronic 
acid  and  glycosamin  via  chondrosln  by  a  process  of  hy- 
drolytic  disassociation. 

Free  glycuronic  acid  and  its  salts  rotate  the  plane  of 
polarized  light  to  the  right,  whereas,  as  we  have  seen, 
the  aromatic  glycuronates  are  levorotatory.  As  the  free 
acid,  its  salts  and  esters,  can  reduce  metal  oxides,  glycu- 
ronates may  readily  be  taken  for  glucose.  This  confusion 
may  be  still  more  enhanced  if  phenylhydrazin  compounds 
are  made,  for  the  free  acid  forms  a  crystalline  phenyl- 
hydrazin  compound  that  melts  between  114'  and  115°  C. 
Glycuronic  acid  is  not,  however,  fermentable. 

Glycuronates  will  only  be  looked  for  in  urine  that  is 
levorotatory.  In  order  to  demonstrate  the  presence  of 
glycuronic  acid,  the  latter  must  be  liberated  from  its 
compounds.     This  can  be  done  as  follows: 

Fifty  culiic  centimetres  of  the  urine  are  ti'eated  with 
so  much  dilute  sulphuric  acid  that  the  .strength  of  the 
resulting  mixture  equals  one  per  cent.  The  solution  is 
heated  over  the  free  flame  in  a  porcelain  dish  in  order  to 
bring  about  the  disassociation  of  the  various  glj'curonic 
acid  compounds.  Boiling  for  two  or  tlii'ee  minutes  is 
sufficient.  Without  filtering,  the  orcin,  test  is  performed 
as  follows:  A  saturated  solution  of  orcin  in  concentrated 
hydrochloric  acid  containing  a  slight  excess  of  orcin  is 
the  I'eagent.  A  few  drops  of  this  reagent  are  added  to 
the  above  mixture  and  the  solution  boiled  for  one  or  two 
minutes;  a  red  color  should  appear.  If  it  does  not  ap- 
pear after  two  minutes'  boiling,  it  is  useless  to  boil 
longer,  for  by  prolonged  boiling  any  glycuronic  acid 
that  might  have  been  present  would  be  decomposed. 
The  orcin  test  can  only  be  considered  positive  if  certain 


characteristic  absorption  bands  are  found  in  the  spectrum 
(see  Salkowski:  Zeitschr.f.  p/iyn.  C/uw..  1899,  No.  27). 

In  diabetes  the  appearance  of  glycuronic  acid  has 
attracted  much  attention  of  late  years.  As  glycuronic 
acid  is  an  oxidation  product  of  glucose  that  niaj'  be  con- 
sidered intermediary  between  glucose  and  the  terminal 
products  of  its  disassimilation,  viz.,  CO2  and  H2O,  the 
appearance  of  glycuronic  acid  in  the  urine  of  diabetics 
has  been  interpreted  to  signify  incomplete  oxidation  of 
sugar.  Several  writers  go  so  far  as  to  claim  that  a  "de- 
layed Fehling  test"iu  urine  that  is  free  from  glucose  but 
that  contains  glycui'onic  acid  is  evidence  of  deficient 
sugar  destruction,  and  should  be  considered  a  warning 
of  impending  glycosuria  and  diabetes.  This  field  is 
promising  and  the  above  hypothesis  very  seductive. 
The  subject  is  not  sufficiently  worked  out,  however,  to 
merit  elaborate  discussion  in  this  place.  I  content  my- 
self with  referring  to  it  thus  briefiy.  In  looking  for  gly- 
curonic acid  in  diabetic  urine  tlie  sugar  should  first  ije 
removed  by  fermentation.  If  the  liquid  is  levorotatory 
after  fermentation,  the  presence  of  glycuronic  acid  or 
its  compounds  may  be  suspected;  if  it  still  reduces 
Fehling's  or  Nylander's  solution,  and  if  it  gives  the 
orcin  reaction  after  boiling  with  one-per-cent.  sulphuric 
acid,  the  existence  of  glycuronic  acid  may  be  considered 
demonstrated. 

C'ompoiiiid  GljicocolU. — Glycocoll  is  amido-acetic  acid. 
It  combines  with  certain  aromatic  decomposition  prod- 
ucts of  the  albumins  that  are  formed  in  the  intestinal 
tract  by  putrefaction  or  in  the  pro]icr  tissues  by  per- 
verted kafabolism — the  resulting  compounds  appear  in 
the  urine  as  compound  glycocolls.  The  two  most  im- 
portant members  of  this  group  are  hippvric  acid  and 
phenacetiiric  acid,  the  former  a  compound  of  phenyl- 
propionic  acid  (after  its  oxidation  to  benzoic  acid)  with 
glycocoll,  the  latter  a  compound  of  phenylacetic  acid 
with  glycocoll. 

llippuric  Acid.  The  source  of  the  glycocoll  entering 
into  the  composition  of  hippuric  acid  is  obscure.  It 
may  be  formed  from  albuminoiis  putrefaction,  as  all 
albumins  contain  a  glycocoll  radical.  The  phenylpro- 
pionic  acid  and  its  oxidation  product,  benzoic  acid,  are 
derived  from  the  degradation  of  albumins  bj'  intestinal 
putrefaction.  In  addition  certain  articles  of  diet — in 
particular,  certain  vegetables — contain  bodies  like  cin- 
uamic  and  quinic  acid,  toluol,  etc. ,  which  may  lead  to  the 
formation  of  benzoic  acid.  We  find,  therefore,  that  the 
elimination  of  hippuric  acid  is  greater  on  a  vegetable  diet 
than  on  a  meat  diet,  greater  in  herbivora  than  in  carniv- 
ora.  The  excretion  of  hippuric  acid  in  carnivora  is  ex- 
clusively due  to  the  intestinal  putrefaction  of  albumins. 
In  man  the  ingestion  of  cranberries,  plums,  prunes,  leads 
to  an  increased  excretion  of  hippuric  acid.  The  total 
hippuric-acid  excretion  may  fluctuate  from  0.1  to  1  gm. 
a  day.  The  normal  average  excretion  on  an  ordinary 
mixed  diet  containing  more  of  the  above-named  fruits 
may  be  placed  at  0.6  gm. 

Test. — In  order  to  demonstrate  the  pre.senceof  hippuric 
acid  in  the  urine  it  is  necessary  to  isolate  it.  The  best 
method  for  the  isolation  of  hippmic  acid  on  a  small 
scale  is  that  recommended  by  Bunge  and  Schmiedeberg. 
About  500  c.c.  of  the  urine  are  rendered  alkaline  witli 
sodium  carbonate,  evaporated  almost  to  dryness,  and  the 
residue  repeatedly  extracted  with  alcohol.  The  alcohol 
is  driven  off,  the  watery  residue  acidified  with  IICI  and 
repeatedly  extracted  with  acetic  ether.  The  acetic  ether 
extract  is  decanted  off  and  washed  with  water,  then 
evaporated  at  a  low  temperature.  The  lesidue  contains 
hippuric  acid  and  any  benzoic  acid  or  fat  that  may  be 
present  in  the  mine.  If  the  residue  is  treated  with  pe- 
tnileuni  ether,  these  impurities  can  be  removed  and  pure 
hippuric  acid  remains  behind.  The  hippuric  acid  is  then 
crystallized  from  warm  water  at  55°  C. 

The  crystals  of  hippuric  acid  can  be  recognized  from 
their  form,  for  they  constitute  milk-white,  .semitranspar- 
ent,  quadrilateral  prisms  and  columns  that  are  frequently 
united  to  form  rosettes.  On  dry  distillation  (i.f. ,  on  heat- 
ing in  a  dry  test  tube)  hippuric  acid  first  melts  to  an 
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oil}'  fluid  (tliat  again  bc-coiiies  crvstalliut;  on  cooling), 
that  gradually  turns  red  if  the  temperature  is  raised  suf- 
ficiently, and" finally  gives  off  benzoic  acid  that  sublimes 
on  the  walls  of  the  test  tube  and  emits  an  agreeable  odor 
at  first  of  hay,  later  of  jirussic  acid.  The  crystals  of  hip- 
puric  acid  are  very  .soluble  in  alcohol  and  hot  water,  and 
this  property,  too,  may  aid  in  identifying  them.  Con- 
fusion with  plienaccturic  acid  (see  below)  can  be  avoided 
by  performing  a  melting-point  determination  (melting 
point  of  hippuric  acid  187.5°  C. ;  melting  point  cf  phc- 
naceturic  acid  143°  C). 

Phenaceturic  Acid.  This  body  is  only  rarely  found  in 
the  urine  of  human  subjects,  but  is  common  in  the  urine 
of  horses  and  other  herbivorous  animals.  It  is  derived 
from  phenyl-acetic  acid,  a  liody  that  can  arise  from  the 
intestinal  putrefaction  of  albumin.  It  usually  occurs 
together  with  liippuric  acid,  and  can  be  separated  from 
the  latter,  as  shown  above,  by  treating  the  mixture  with 
petroleum  ether.  The  acid  crystallizes  in  rhombic  plates 
with  rounded  angles.  It  is  decomposed  into  ]ihenyl- 
acetic  acid  and  glycocoll  by  boiling  witli  concentrated 
HCl.  It  assumes  a  red  color  when  heated  above  its 
melting  point  (143"  C),  and  emits  an  aromatic  odor. 

Other  Componnd  Olycocolls.  In  addition  to  hippuric 
and  phenaceturic  acid  a  number  of  other  compound 
glycocolls  have  been  found  in  the  urine  after  the  admin- 
istration of  certain  drugs  and  chemicals  that  belong  to 
the  group  of  aromatic  organic  compounds.  Thus  sali- 
cylic acid  appears  in  the  urine  as  salicj-luric  acid,  nitro- 
benzoic  acid  appears  as  nitrohippuric  acid,  furfurol 
appears  as  lurfuracryluric  acid,  and  p-toluylic  acid  as 
toluric  acid,  etc.  Clinically  these  bodies  are  not  very 
important,  but  chemically  "this  synthesis  to  glycocoll 
compounds  is  very  interesting. 

Aromatic  Oxyacids. — To  this  group  belong  jjara-oxy- 
phenyl  acetic  acid,  para-oxypheuyl-propionic  acid,  two 
bodies  that  are  constantly  present  in  human  urine  and 
that  are  derived  from  the  intestinal  putrefaction  of  albu- 
min, or  possibly,  too,  from  proteid  disassimilation  in  the 
tissues.  A  litre  of  normal  human  urine  contains  from 
0.01  to  0.02  gm.  of  these  acids.  In  acute  phosphorus 
poisoning  and  after  the  administration  of  phenol  or  of 
tyrosin  the  urine  may  contain  eight  times  as  much  as 
the  normal  quantity.  These  oxyacids  either  appear  in 
the  urine  as  such  or  as  conjugate  sulphates. 

The  clinical  importance  of  these  two  oxyacids  is  so 
subordinate  that  their  jiroperties  and  the  methods  for 
isolating  and  identifying  them  will  not  be  given  in  this 
article  (see  Iluppert,  "Ilarnanalj-se,"  p.  237  J?'.). 

Other  members  of  this  group  arepara-oxy  phenyl-lactoic 
and  oxyamygdalic  acid  that  may  both  appear  after  feed- 
ing tyrosin  or  in  acute  yellow  atrophy  of  the  liver  where 
much  tyrosin  and  leucin  are  thrown  into  the  circulation. 
All  the  acids  enumerated  may,  in  fact,  be  considered 
(chemically)  as  derivatives  of  tyrosin. 

Tlie  two  members  of  this  group  that  are  clinicallj' 
most  interesting  and  most  important  are  dioxyphenyl- 
acetic  acid  {homm/entisiiiir  arid)  and  trioxyphenvl-pro- 
pionic  acid  (uroleucinic  acid);  the  two  are  known  by  the 
name  of  alka])tojiic  acidn. 

The  Alkaptonic  Acids.  Alkaptonuria. — Alkaptonic 
acids  in  solution  turn  dark  on  standing.  This  is  also  the 
most  striking  feature  of  alkaptonuric  urine.  Alkaptonuria 
is  commonly  believed  to  indicate  abnormal  intestinal  jni- 
trefactiou.  It  is  possible  that  an  abnormally  large  amount 
of  tyrosin  is  formed  that  after  absorption  leads  to  the 
formation  and  excretion  of  alkaptonic  acids.  Feeding 
with  tyrosin,  as  a  matter  of  fact,  leads  to  the  excretion 
of  haemogentisinic  acid.  Alkaptonuria  occasionally  ap- 
pears in  several  members  of  a  family.  Such  individuals 
may  be  considered  chemical  {scil.  metabolic)  "sports." 
Alkaptonuria  may  persist  for  a  lifetime  without  any  dis- 
turbance of  the  individual's  health.  It  ma}'  also  appear 
in  certain  diseases  that  are  accompanied  by  intestinal 
derangement.  The  excretion  of  alkaptonic  acids  is 
always  greater  on  a  meat  diet  than  on  a  vegetable  diet. 
Antifermentative  drugs  and  laxatives  exercise  no  effect 
on  its  excretion. 


The  alkaptonic  acids  reduce  copj'er  and  silver  salts, 
but  they  do  not  ferment  with  yeast,  nor  are  they  opti- 
cally active.  They  both  give  a 'lemon-yellow  precipitate 
with  Millon's  reagent  (see  above  under  Albumin)  in  the 
cold  that  gradually  turns  orange  and,  on  heating,  be- 
comes brick-red. 

Homogentisinic  Acid.  Tlie  separation  of  the  two 
acids  is  clinically  unimportant,  for  the  recognition  of 
alkaptonuria  from  the  above  urinary  characteristics  is 
sufficient  for  all  purposes.  The  recognition  of  pyrocat- 
echin  and  hydrociuinone,  that  may  also  cause  darkening 
of  the  urine,  has  already  been  discussed.  The  presence 
of  these  bodies  should  be  ruled  out. 

For  completeness  sake,  however,  the  following  method 
for  isolating  the  alkaptonic  acids  from  the  urine  and  for 
separating  the  two  may  be  given : 

To  1  litre  of  urine  150  c.e.  of  twelve-per-cent.  H^SO, 
are  added  and  the  mixture  extracted  with  ether  by  re- 
peatedly shaking  it  with  renewed  quantities.  In  this 
way  nearly  all  the  alkaptonic  acids  can  be  extracted.  It 
is  a  good  plan  to  concentrate  the  urine  before  extracting 
with  ether,  care  being  taken  that  the  tnine  is  acid  while 
evaporating.  The  ether  is  driven  off.  the  residue,  which 
becomes  crystalline  on  cooling,  dissolved  in  a  large  vol- 
ume of  water,  the  solution  heated  almost  to  the  boiling 
point  and  treated  with  a  concentrated  solution  of  lead 
acetate.  The  precipitate  that  forms  is  filtered  off  at 
once  and  the  filtrate  allowed  to  cool.  From  this  .solution 
the  lead  salt  of  homogentisinic  acid  crystallizes  within 
twcntj'-four  hours  in  the  form  of  large  prismatic  crystals. 
In  order  to  manufacture  the  free  acid  the  lead  salt  is 
disassociated  with  a  stream  of  sulphureted  hydrogen, 
the  lead  sulphide  filtered  oft',  the  filtrate  freed  from  HjS 
by  heating,  and  concentrated  (ju  the  water-bath  until  it 
begins  to  assume  a  dark  color.  The  concentration  is 
then  continued  in  vacuo  owv  IIjSOi.  The  acid  crystal- 
lizes in  large  crystals  of  characteristic  .shape  that  give 
off  9.08  per  cent,  of  their  weight  at  100'  and  meit  at 
146.5°  to  147'  C.  They  are  almost  insoluble  in  chloro- 
form, benzol,  and  toluol.  Their  watery  solution  gives 
the  above-named  reactions  for  alkajitouic  acid,  and  t  urns 
blue  with  a  tew  drops  of  ferric  chloride. 

Uroleucinic  acid  has  been  foimd  only  in  one  case  of 
alkaptoiiuiia.  It  can  be  differentiated  from  homogenti- 
sinic acid  by  the  ferric  chloride  reaction,  for  whereas  the 
.solution  of  the  former  turns  blue  on  addition  of  ferric 
chloride,  the  solutiou  of  the  latter  turns  green.  Its 
melting  point  is  at  190'  to  193°  C.  It  gives  the  reactions 
common  to  the  alkaptonic  acids. 

Fatty  Acids. —  Volatile  Fatty  Acids. ^Normal  urine 
always  contains  traces  of  volatile  fatty  acids,  chiefly 
formic,  acetic,  propionic,  and  butyric  acids.  According 
to  different  estimations,  from  0.04  to  0.06  gm.  of  volatile 
fatty  acids  are  excreted  in  twentv-four  hours.  In  febrile 
states  this  quantity  is  increased  (0. 17  gm.— chieflj'  acetic). 
When  the  urine  undergoes  aminoniacal  decomposition, 
large  cjuantities  of  these  acids  are  formed,  the  source  of 
these  volatile  acids  in  tliis  case  being  the  carbohydrates  of 
the  urine.  Of  other  acids  of  the  fatt}'  series,  both  vola- 
tile and  non-volatile,  ralerianic  acid  has  been  found  in 
typhoid,  variola,  and  acute  atrophy  of  the  liver.  (In 
these  states  this  acid  is  probably  a  putrefaction  product 
of  leucin.)  In  hiematoporphyrinuria.  and  in  a  case  of 
phosphorus  poisoning,  oleic  acid  and  sol  id  fatty  acids  (melt- 
ing point  49°  to  51  °C.^  have  been  recovered  from  the  urine. 
In  diabetic  urine  acetic,  butyric,  formic,  and  propionic 
acids  have  been  found  by  different  investigators.  In 
the  urine  of  various  herbivorous  animals  particularly 
large  quantities  of  this  group  of  acids  have  been  found. 
The  bulk  of  the  volatile  fatty  acids  excreted  in  the  urine 
is  tmquestionably  derived  from  carbohydrate  fermenta- 
tion in  the  intestine.  A  portion  may  also  be  derived  from 
tlie  putrefaction  of  albumins  in  the  bowel  or  from  abnor- 
mal degradation  of  the  tissue  albumins. 

Isolation  and  Jdfntif coition.  The  urine  (preferably 
large  quantities)  is  acidified  with  phosphoric  or  sulphuric 
acid  and  distilled  in  a  current  of  steam.  The  acid  that 
is  added  converts  the  urea  into  carbonate  of  ammonia 
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and  is  bound  by  the  latter.  The  distillation  is  continued 
as  long  as  the  distillate  remains  acid.  The  distillate  is 
then  neutralized  with  soda,  evaporated  to  dryness,  and 
the  residue  repeatedly  extracted  with  absolute  alcohol. 
The  alcoholic  solution  contains  sodium  salts  of  the 
fatty  acids,  sodium  beuzoate.  and  traces  of  paracresol. 
The"  benzoic  acid  can  be  removed  by  treating  the  residue 
obtained  from  the  evaporation  of  the  alcoholic  extract 
with  sulphuric  acid  in  the  cold,  removing  the  precipitate 
by  filtration  and  allowing  the  liltrate  to  stand  in  the 
cold  until  all  the  benzoic  acid  is  precipitated.  The  lil- 
trate is  again  neutralized  with  soda  and  shaken  with 
<.'ther.  This  removes  the  paracresol.  The  ether  is  re- 
moved in  a  separating  funnel,  the  watery  resitlue  heated 
to  drive  off  the  last  traces  of  ether,  and  the  aual_vsis  for 
fatty  acids  undertaken  in  the  watery  solution  that  re- 
mains beliind. 

For  the  identification  of  the  different  acids  of  this 
group  I  refer  to  text-books  of  organic  chemistry. 
The  total  quantity  of  the  fatty  acids  present  in  a  stated 
ciuautity  of  urine  can  be  determined  by  preparing  the 
distillate  as  above,  removing  benzoic  acid  and  paracresol 
as  indicated,  precipitating  the  watery ,  solution  of  the 
fatty  acids  with  barium  hydrate,  evaporating  to  dryness, 
weighing  the  residue  of  barium  salts  of  the  fatty  acid, 
redissolving  in  water,  determining  the  barium  by  pre- 
cipitation with  sulpUuric  acid,  incinerating  the  barium 
sulphate  and  extracting  the  residue  with  hydrochloric 
acid  and  subtracting  tlie  w-eight  of  the  barium  from  the 
weight  of  the  barium  salts  of  the  fatty  acids. 

Luetic  Acid  {Sarcolactic.  pmrdactic.  dcrtrorotary  lactic 
■(!<■/(?).— Lactic  acid  has  been  found  in  the  urine  in  dysp- 
noea, in  perversions  of  the  liver  function,  after  exces- 
sive muscular  exercise  and  in  certain  affections  of  the 
muscles  accompanied  by  disturbances  of  muscular  nutri- 
tion (trichinosis),  and  finally  in  certain  forms  of  poison- 
ing. Normal  urine  never  contains  lactic  acid.  Para- 
lactic  acid  in  the  form  of  its  ammonia  salt  is  probably  a 
normal  constituent  of  the  blood  entering  the  liver.  In 
this  organ  it  is  converted  into  urea.  Hence  it  appears  in 
the  urine  when  the  urea  forming  function  of  the  liver  is 
impaired,  as  in  destruction  of  the  liver  parenchyma  (phos- 
phorus poisoning,  acute  yellow  atrophy),  and  in  asphyxia 
or  carbon-monoxide  poisoning  when  the  available  supply 
of  oxygen  is  reduced.  After  epileptic  seizures  lactic 
acid  lias  been  found  in  the  urine.  Here  its  appearance 
may  be  explained  either  by  the  increased  muscular  catab- 
olism  incident  to  the  spasm  or  by  asphyxia  incident  to 
the  tonic  contractions  of  the  diaphragm.  Whether  or 
not  lactic  acid  is  a  disassimilation  product  of  carbohy- 
■drates  (i.e.,  whether  or  not  glycogen  [dextrose]  is  de- 
stroyed to  COj  and  H2O  vi;t  lactic  acid)  remains  for  the 
present  undetermined.  In  this  case.  too.  a  perversion  of 
glj'colysis.  or  excessive  disassimilation  of  glycogen  with 
lack  of  oxygen,  might  account  for  the  appearance  of  lac- 
tic acid  in  the  urine. 

Isolation  and  Estimation.  In  order  to  estimate  the 
quantity  of  lactic  acid  excreted  the  lactate  of  zinc  must 
be  manufactured  as  follows;  The  urine  is  treated  with 
a  large  excess  of  phosphoric  acid  and  repeatedly  ex- 
tracted with  ether.  The  ethereal  extract  is  evaporated. 
The  residue  constitutes  a  synipy  liquid  containing  any 
lactic  acid  that  may  l)e  present — also  phenols,  urea,  and 
hippuric  acid.  By  dissolving  the  residue  in  water  and 
boiling  the  liquid  with  lead  hydrate  the  extraneous  matter 
can  be  removed.  The  solution  is  filtered  hot  and  the 
lead  precipitated  by  a  stream  of  HjS.  The  sulphide  of 
lead  is  filtered  off.  the  filtrate  boiled  in  order  to  drive  off 
the  H2S.  and  then  boiled  again  with  carbonate  of  zinc. 
The  solution  is  then  evaporated  to  a  small  volume  and 
allowed  to  crystallize,  the  crystals  of  zinc  lactate  washed 
with  a  little  absolute  alcohol,  dried  in  the  air  and 
weighed.  They  are  then  heated  in  a  small  porcelain 
crucible  to  100'  to  110'  C,  and  the  loss  of  water  of  crys- 
tallization determined.  The  paralactate  of  zinc  contains 
14.58  per  cent,  of  water  of  crystallization  (ordinary  race- 
mose lactate  of  zinc  18.16  per  cent).  In  addition  a  zinc 
determination  must  be  made  further  to  identify  the  com- 


pound. The  dried  and  weighed  salt  is  treated  with  con- 
centrated nitric  acid  in  a  porcelain  crucible,  the  HNOs 
driven  off  by  gentle  heat,  and  the  residue  first  evaporated 
to  dryness  and  then  glowed.  The  substance  at  first 
turns  brown,  and  is  finally  converted  into  white  zinc 
oxide.  This  is  glowed  to  a  constant  weight.  From  the 
zinc  oxide  the  amount  of  zinc  present  in  the  quantity  of 
zinc  lactate  employed  for  the  anal3'.sis  can  easily  be  cal- 
culated. The  dried  lactate  of  zinc  contains  33.43  per 
cent,  of  ZnO  or  26.84  per  cent,  of  Zn. 

i-OxTBUTYRic  Acid.  Di-\cettc  Acid,  and  Acetone. 
— The  chemical  relation  existing  between  these  three  sub- 
stances may  be  illustrated  by  tlie  following  scheme : 

CH3,CH0H.CHo;C00H  +  O  =    (CHsCOXCH^COOH 

j8-0xvbutyrio  acid.  Diacetic  acid- 

=  CO(CH,),  +  COj 

Acetone. 

The  three  substances  may  appear  in  the  urine  together. 
Every  urine  containing  oxybutyric  acid  contains  dia- 
cetic acid,  and  usually  acetone.  It  is  possible  that  in 
process  of  determiuation  the  precursors  of  acetone  are  fre- 
quently converted  into  the  latter  bod}'  so  that  acetone 
may  apparently  appear  alone.  Diacetic  acid  may  also 
appear  without  /3-oxybutyric  acid,  but  urine  containing 
diacetic  acid  always  contains  acetone;  at  least  for  the 
reason  just  stated  acetone  is  always  detected  in  the 
distillate.     This  at  least  is  the  author's  experience. 

The  source  of  ,3-ox_vbutyric  acid  and  its  congeners  is 
not  positively  known.  The  preponderance  of  evidence 
speaks  for  an  albuminous  origin,  although  there  are  some 
facts  on  record  that  speak  for  a  carbohydrate  or  a  fat 
origin  of  these  bodies. 

j3-o.vi/buti/ric  acid  never  occurs  in  normal  urine.  It  is 
common  in  diabetic  urine.  It  has  been  found  in  scarla- 
tina and  measles,  but  in  no  other  febrile  disease.  It  has 
been  reported  in  scurvy,  in  cacrinoma  (coma),  in  uraemia, 
and  in  a  case  of  hysteria.  The  acid  usualh-  appears  in 
the  form  of  its  alkali  or  ammonia  salts — occasionall.v 
free.  There  is  no  definite  relation  in  diabetes  between 
the  excretion  of  sugar,  ammonia,  and  )3-oxybutyric  acid. 

Tests. — ,3-Oxybutyric  acid  should  be  looked  for  onlj- 
in  urine  that  gives  the  ferric-chloride  test  for  diacetic 
acid  (see  below).  Every  urine,  however,  that  gives  this 
test  does  not  necessarily  contain  3-oxybutyric  acid  (see 
above).  If  the  urine  is  levorotatory  (after  removal  of 
dextrose  in  diabetic  urine  b\-  fermentation),  the  presence 
of  3oxybutjTic  acid  is  still  more  probable. 

Method  of  Klilz.  If  the  urine  gives  the  above  tests,  it 
should  be  evaporated  to  a  syrupy  consistence  (dia- 
betic urine  after  fermentation),  treated  with  an  equal 
volume  of  concentrated  sulphuric  acid  and  distilled. 
The  distillate  should  be  collected  in  a  test  tube.  Cooling 
is  unnecessary.  If  /3-oxybutyric  acid  was  present,  the 
distillate  will  contain  n-crotonic  acid,  and  this  body 
should  crvstallize  on  cooling  the  liquid. 

CHs.CHiOH).CH5.COOH  =  CH3.CH  =  CH.COOH 

^-OxybutTric  acid.  o-Crotonic  acid. 

+  H,0 

The  mother  liquid  is  removed  from  the  crystals  by 
pressing  them  between  filter  paper.  The  dry  crystals 
should  have  a  melting  point  of  71°  to  72"  C.  If"  theurine 
contains  only  small  cpiantities  of  /3-oxybutyric  acid,  and 
if  consequently  the  distillate  contains  only  very  little 
a-crotonic  acid,  the  latter  may  not  form  crystals.  The 
distillate  should  then  be  extracted  with  ether,  the  ethereal 
solution  separated  from  the  water  in  a  separating  funnel 
and  evaporated  to  drynes.s.  The  melting  point  of  the 
residue  may  then  be  determined. 

For  quantitative  determinations  one  litre  of  the  urine 
is  extracted  with  alcohol,  the  alcoholic  extract  treated 
with  .sulphuric  acid  and  ether,  the  ethereal  extracts 
evaporated,  the  residue  dissolved  in  a  small  quantity  of 
water,  the  solution  precipitated  with  lead  acetate,  the 
le  id  removed  by  HjSOi,  the  filtrate  brought  to  a  definite 
volume  (20  to  2.5  c.c.)  and  submitted  to  polarimetric 
analysis  (Coefficient  [n]  „  =  20').  (See  also  Woloe,  Arch, 
f.  cj-p.  Path.  V.  Pharm.,  vol.  xxi.,  p.  138,  1886.)" 
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Diuretic  Acid. — This  body  is  comraou  iu  diabetes,  in 
malignant  febrile  diseases,  during  the  eruptive  stage  of 
scarlatina  and  measles.  It  has  been  described  in  cholera, 
in  gastric  cancer,  in  many  different  digestive  disorders, 
in  inanition  from  starvation,  and  iu  persons  living  on  an 
abundant  animal  diet,  Diacetic  acid,  as  shown  above, 
often  occurs  together  with  (3-oxybutyric  acid  and  ace- 
tone. It  may  occur  without  the  former,  but  it  never 
occurs  without  the  latter.  As  a  matter  of  fact,  normal 
urine  always  contain.s  traces  of  acetone  (see  below). 

Tests, — As  diacetic  acid  is  rapidly  decomposed  (with- 
in twenty-four  hours  at  the  latest),  the  specimens  of 
urine  should  be  fresh, 

(1)  Arnold's  Test.  This  is  the  most  useful  clinical 
test,  as  it  does  not  respond  to  acetone,  nor  to  .i-oxy  butyric 
acid.  It  has  the  additional  advantage  that  certain  bodies 
(salicylic  acid,  antipyrin,  phenols,  acetates,  skatoxyl  std- 
phuric  acid,  thallin,  etc)  that  may  be  present  in  the 
urine  and  that  respond  to  the  popular  iron  chloride  reac- 
tion, to  be  described  presently,  do  not  interfere  with  this 
test.  The  same  applies  to  bile  pigments  that  may  be 
present.  In  order  to  make  the  color  reaction  more  strik- 
ing the  tirine  may  profitably  be  filtered  through  animal 
charcoal. 

The  reagents  needed  consist  of  a  one-percent,  soliltion 
of  sodium  nitrite  and  a  solution  of  para-amido-aceto- 
phenone(l  gni.  of  para-amido-acetophenone  dissolved  in 
100  c.c.  of  w  ater  is  treated  with  HC'l  until  the  yellow  .solu- 
tion becomes  colorless);  one  part  of  the  nitrite  solution  is 
■  mixed  with  two  iiarts  of  the  acetophenone  solution.  A 
small  quantit}'  of  the  urine  is  shaken  with  an  equal  volume 
of  this  reagent  and  then  treated  with  a  few  drojis  of  am- 
monia. An  amorphous  reddish-brown  precipitate  forms. 
This,  however,  does  not  alone  denote  the  presence  of 
diacetic  acid.  If  the  mixture,  however,  is  treated  with 
a  large  excess  of  concentrated  hydrochloric  acid  (10  to  1), 
and  if  a  violet-iiuri)lish  color  appears,  the  urine  contains 
diacetic  acid, 

(2)  The  Ferric  Chloride  Reaction  (Gerhardt's  Test), 
The  urine  is  treated  with  a  ten-per-cent.  solution  of  fer- 
ric chloride  as  long  as  a  precipitate  continues  to  form. 
After  filtration  (or  without  filtration)  the  liquid  on  addi- 
tion of  more  ferric  chloride  should  turn  a  Bordeaux-red, 
As  other  substances  (see  above)  give  the  same  reaction, 
the  test  is  not  quite  reliable.  The  color  produced  with 
ferric  chloride  by  most  of  these  bodies  can,  liowever,  be 
distinguished  from  the  typical  Bordeaux-red  with  a  little 
practice.  Salicylic  acid  produces  a  color  that  is  more 
violet,  the  antip3-retics  a  color  that  is  more  purple,  and 
that,  moreover,  requires  longer  (two  to  three  minutes) 
to  appear.  The  diacetic  acid  color  disappears  very  soon, 
whereas  all  the  other  colors  remain  permanentlj-.  The 
test  may  linallj'  be  modified  in  such  a  wav  that  the  di- 
acetic acid  is  partially  isolated  from  the  urine  by  treating 
it  with  sulphuric  acid  until  it  is  strongly  acid  and  then 
extracting  it  with  ether.  The  ethereal  extract,  when 
shaken  with  a  small  quantity  of  the  ferric  chloride  solu- 
tion, assumes  the  typical  Bordeaux-red  color  that  disap- 
pears again  on  boiling. 

(3)  Jlilrner's  Test.  The  urine  is  treated  with  a  little 
iodide  of  potassium  and  ferric-chloride  solution  in  excess. 

On  boiling,  acetone-iodine(?)  develops  a  sub.stauce  that 
is  very  irritating  to  the  mucous  membranes.  This  test 
is  as  delicate  as  Gerhardt's  test,  but  also  ambiguous  in 
the  sense  that  the  same  reaction  is  obtained  with  urine 
containing  acetone  alone. 

Quantitative  Estimation,  This  can  only  be  performed 
for  diacetic  acid  and  acetone  together.  See,  therefore, 
quantitative  estimation  of  acetone. 

Acetone. — Normal  urine  alwaj's  contains  traces  of  ace- 
tone—usually about  0.001  gni!  (T  to  10  mgm.).  If  the 
carbohydrates  are  withdrawn,  the  acetone  excretion  in- 
creases. In  certain  pathological  conditions  as  luuch  as 
0,5  gm.  of  acetone  may  be  excreted  iu  twenty-four  liours. 
The  chief  soin'ce  of  acetone  are  the  tissue  albumins.  In- 
creased catabolism  of  the  body  proteids  and  decreased 
oxidation  lead  to  acetonuria.  Whether  or  not  urinary 
acetone  is  ever  derived  from  intestinal  fermentation  of 
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albumins  remains  undetermined.  Acetonuria  mav  oc- 
cur in  any  of  the  following  pathological  conditions: 
Inanition  from  starvation,  dyspn(ea  (asphyxia),  poison- 
ing with  h;emol3-tic  drugs,  during  narcosis,  .diabetes 
(here  the  amount  of  acetone  excreted  stands  in  no  rela- 
tion to  the  sugar — or  the  N-excretiou);  in  hydrophobia, 
morphinism,  phosphorus  poi.soning,  many  digestive  dis- 
orders (autointoxications),  in  long-continued  febrile  dis- 
eases, and  in  eclampsia.  It  will  be  seen  that  acetonuria 
is  a  very  common  sign, 

Tei<t.s.  Legal's  Test,- — The  urine  may  be  treated  with  a 
few  drops  of  a  twent}--per-cent.  solution  of  sodium  uitro- 
prusside  and  a  small  quantity  of  sodium  hydrate  solu- 
tion. If  acetone  is  present,  the  urine  will  turn  red — this 
color  rapidly  fades;  if  a  few  drops  of  acetic  acid  are  now 
added,  the  liquid  becomes  purple  or  violet-red.  If  no 
acetone  is  present,  the  liquid  remains  colorless  even  after 
the  addition  of  acetic  acid. 

This  is  the  only  one  of  the  acetone  tests  that  can  be  per- 
formed with  the  urine  itself.  For  all  the  other  tests  from 
200  to  300  c.c.  of  urine,  after  the  addition  of  a  little  phos- 
phoric acid,  must  be  distilled  and  the  tests  performed 
with  the  first  20  to  30  c,c.  of  the  distillate  that  pass  over. 

Lichen's  Iodoform  Test, — A  few  cubic  centimetres  of 
the  distillate  are  treated  with  a  few  drops  of  potassium 
hydrate  solution  and  iodopotassic  iodide  added.  If  ace- 
tone is  present,  a  yellow  precipitate  of  iodoform  will 
form,  that  consists  of  fine  hexagonal  plates  and  emits  a 
characteristic  odor  of  iodoforiu.  This  test  is  very  deli- 
cate. Unfortunately  a  number  of  other  bodies  give  the 
same  test,  notablj-  alcohol  and  aldehydes. 

Gunning  has  modified  the  test  as  follows  in  order  to 
avoid  this  confusion  with  alcohols  and  aldehydes:  He 
performs  the  test  with  an  alcoholic  iodine  solution  and 
ammonia.  In  the  beginning  a  black  precipitate  of 
iodine-N  develops  that  soon  disappears,  however,  and 
brings  the  yellow  crystalline  deposit  of  iodoform  to 
view.  This  test  is  not  quite  so  sensitive  as  the  original 
test  of  Lieben. 

Reynolds'  Test, — This  test  is  based  on  the  property  of 
acetone  to  dissolve  freshly  precipitated  mercuric  oxide. 
The  mercuric  oxide  is  obtained  by  precipitating  a  solu- 
tion of  corro.sive  sublimate  with  an  alcoholic  jiotassiura 
hydrate  solution  (yellow  precipitate).  Some  of  this  mer- 
curic oxide  is  added  to  the  distillate  and  the  mixture 
thoroughly  shaken  and  filtered.  The  fillrate  is  super- 
posed with  a  solution  of  ammonium  sulphide.  If  acetone 
was  present  in  the  distillate,  a  black  ring  of  lucrcuric 
sulphide  will  form  at  the  plane  of  contact. 

Q'linititntire  Estimation.  The  Underlying  Principle. 
— Acetone  in  alkaline  solution  is  converted  into  iodoform 
by  the  acticm  of  iodopotassic  iodide.  The  reaction  pro- 
ceeds in  two  stages  that  may  be  illustrated  as  follows: 

(Is  -f  KOH  =  KOI  +  HI) 

(1)  CHs.CO.CHs  +  3K0I  =    CHa.CO.CIa      +  3K0H 

Acetone,  Tri-iodine-acetone, 

(2)  CH3COCI3  +  KOH  =   CH3.COOK       +  CHI3 

Acetate  of  potassium.    Iodoform. 

The  amount  of  iodine  consumed  in  this  reaction  is 
determined  by  titrating  with  sodium  thiosulphate.  The 
chemism  of  this  reaction  is  complicated.  I  will  limit 
myself  to  describing  the  execution  of  the  method.  An 
exhaustive  explanation  of  the  reaction  will  be  found  in 
text-books  of  chemistry. 

•  Execution:  The  urine  is  distilled  and  the  distillate 
must  be  free  from  phenols,  ammonia,  nitrous  acid  or 
formic  acid,  for  all  these  bodies  interfere  with  the  titra- 
tion or  the  formation  of  iodoform.  The  ammonia  can  be 
kept  back  by  the  addition  of  an  acid;  2  c.c.  of  fifty-per- 
cent, acetic  acid  to  100  c.c.  of  urine  do  not  liberate  phe- 
nols (as  stronger  acids  or  more  acid  would  do),  but  this 
amount  allows  a  little  ammonia  to  escape.  The  distillate 
shoidd,  therefore,  be  distilled  a  second  time  with  1  c.c. 
of  twelve-per-ceut.  sulphuric  acid.  In  order  to  prevent 
the  passage  of  nitrous  acid  and  of  formic  acid  a  little 
calcium  carbonate  is  added  to  the  urine  prior  to  distilla- 
tion. 
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To  the  second  distillate  is  added  an  excess  of  a  one- 
tenth  iiuniiiil  iodine  scilutimi  (13.685  gin,  of  iodine  to  1,000 
CO.)  and  then  drop  by  drop  s<i  niiuii  of  a  tifty-per-cent. 
solution  of  sodium  iiydrate  that  the  color  of  the  iodine 
disappears  completely  and  the  yellow  iodoform  precipi- 
tate appears.  The  nii.\ture  is  tlioroughly  shaken  and 
allowed  to  stand  for  five  minutes.  The  liquid  is  now 
acidified  witli  concentrated  hydrochloric  acid.  The  fluid 
turns  brown  from  the  iodine  in  excess  that  is  liberated. 
This  excess  is  titrated  with  a  solution  of  sodium  thiosul- 
phate  (one-tentli  normal,  i.*".,  containing  24.8  gm.  of  the 
salt  to  1,000  c.c.  of  water),  using  starcli  solution  as  an  in- 
dicator. The  starch  should  not  be  added  until  the  liquid 
has  become  faint  yellow  on  addition  of  a  sufficient  quan- 
tity of  the  thiosulphate.  As  soon  as  the  mixture  turns 
blue,  the  thiosulphate  is  slowly  added  drop  by  drop  until 
finally  the  blue  culor  disappears.  Every  cubic  centi- 
metre of  the  sodium  thiosulpliat.e  solution  corresponds  to 
a  cubic  centimetre  of  the  iodine  solution.  The  numbe^ 
of  cubic  centimetres  of  the  former  employed  in  the  titra- 
tion can,  therefore,  be  siditracted  from  the  amount  of 
iodine  solution  added  to  the  distillate  in  order  to  give 
the  amount  of  iodine  consumed  in  the  reaction.  The 
figure  obtained  multiplied  by  0.967  indicates  the  number 
of  milligrams  of  acetone  present  in  the  amount  of  urine 
employed  for  the  estimation. 

Pigments. — Indican,  indigo-red  and  skatol-red,  alkap- 
tone,  pyrocatechin,  hj'droquinoue  have  already  been  dis- 
cussed. The  rare  or  clinically  unimportant  pigments 
urochrome,  uromelanin,  humin  bodies,  uroerythrin,  uro- 
rosein,  urorubroha'matin,  urofuscoh.fmatin,  and  the 
large  number  of  undefined  urinary  pigments  cannot  be 
described  in  this  article.  The  following  urinary  pig- 
ments are  important:  (1)  The  bile  pigments  (and  bile 
acids) ;  (2)  urobilin ;  (3)  melanin ;  (4)  hiEmatin  ;  (5)  hajma- 
toporphyrin. 

The  Bile  Pigments  (and  Bile  Acids)  { Gholuna).—{a)  Bile 
pigments  are  never  foimd  in  normal  urine.  They  appear 
in  the  urine  whenever  there  is  stasis  of  bile  and  diape- 
desis  of  bilir\ibin  from  tlie  bile  channels  into  the  lymph 
spaces  and  blood-vessels  of  the  liver  ("hepatogenous" 
icterus).  Thus  choUiria  is  one  of  the  signs  of  occlu- 
sion or  stenosis  of  bile  ducts,  impairment  of  the  dia- 
phragmatic excursions,  thi'ombosis  of  the  portal  vein, 
etc.  Some  forms  of  choluriaaredue  to  so-called  "ha;ma- 
togenous  "  icterus,  i.e.,  the  development  of  bile  pigments 
from  the  blood  pigment  of  extravasations,  ha;matomata, 
etc.  The  writer  lias  shown  that  bile  pigments  can  be 
formed  outside  of  the  liver  whenever  htcraoglobin  under- 
goes disintegration  in  the  tissues.  The  appearance  of 
bile  pigment  in  the  urine  by  no  means,  therefore,  always 
indicates  an  affection  of  the  liver  or  of  its  ducts  and  ves- 
sels. 

Urine  containing  bile  pigment  is  usually  3'ellowish  or 
greenisli-brovvn.  The  foam  that  forms  on  shaking  the 
urine  is  usually  yellow,  eveu  if  the  urine  only  contains 
very  minute  quantities  of  pigment.  The  only  bile  pig- 
ment that  is  found  in  freshly  voided  urine  is  bilirubin. 
The  other  bile  pigments — viz.,  biliverdin,  bilifusoin,  and 
biliprasin — develop  secondarily  from  bilirubin  if  the  urine 
is  allowed  to  stand.  All  the  bile  ])igmcnt  voided  in  the 
urine  may  occasionally  be  found  in  the  sediment.  The 
differentiation  of  the  diflerent  bile  pigments  is  clinically 
unimportant.  Of  the  many  chemical  tests  for  bile  pig- 
ment oidy  the  two  most  practical  ones  will  be  described. 

(1)  Gmelin's  Test. — A  few  cubic  centimetres  of  yellow 
nitric  acid  are  superposed  in  a  test  tube  with  an  equal 
volume  of  urine.  If  bile  pigment  is  present,  a  green  ring 
will  form  at  the  plane  of  contact,  in  addition  usually  to 
a  number  of  other  multicolored  zones.  Only  the  green 
color  is  characteristic  for  bile  pigment  (biliverdin).  The 
urine  must  be  free  from  alcohol,  as  this  substance  also 
gives  a  bluish-green  ring  with  nitric  acid.  Rosenbach 
has  described  a  convenient  modification  of  the  test.  A 
piece  of  filter  paper  is  moistened  with  the  urine  to  be 
tested  and  a  drop  of  yellow  nitric  acid  placed  on  the 
paper;  a  number  of  concentric  colored  rings  form  around 
the  drop,  and  again  only  a  green  ring  is  characteristic 


for  bile  pigment.  Large  quantities  of  albumin  in  the 
presence  of  small  quantities  of  pigment  interfere  with 
Gmelin's  test;  they  liad  better,  therefore,  be  removed. 
Small  quantities  of  albumin  in  the  presence  of  large 
quantities  of  pigment  do  not  interfere. 

(2)  Huppert's  Test  for  very  Small  Quantities  of  Bile 
Pigment. — Ten  cubic  centimetres  of  the  urine  are  treated 
with  lime  water.  The  precipitate  is  removed  by  filtra- 
tion and  brouglit  into  a  test  tube  containing  sulpluiric- 
acid  alcohol.  The  suspension  is  acidified  with  a  few 
drops  of  sulphuric  acid  and  heated  to  boiling.  If  bile 
pigment  is  present,  the  liquid  turns  green.  Again,  the 
green  color  is  important;  indican  may  give  a  yellowish 
or  reddish  color,  but  only  bile  pigment  gives  a  green  tint 
to  the  alcoholic  solution. 

(b)  Bile  acids  in  the  urine  are  always  pathological. 
They  usually  appear  together  with  bile  pigment  and 
possess  the  same  clinical  significance  (.see  above).  It  is 
useless  to  attemiit  the  direct  demonstration  of  bile  aids 
in  the  urine,  as  the  most  tj'pical  reaction  for  bile  acids, 
viz.,  Pettenkofer's  reaction,  isgiven  by  a  number  of  other 
normal  ingredients  of  the  urine.  The  bile  acids  must, 
therefore,  first  be  isolated  as  follows:  Albumin,  if  pres- 
ent, is  removed  by  coagulation;  the  coagulate  filtered 
off  and  the  filtrate  evaporated  to  drj'pess,  the  residue 
extracted  with  absolute  alcohol,  the  alcoholic  extract 
diluted  with  water  and  precipitated  with  basic  lead  ace- 
tate and  ammonia,  the  precipitate  filtered  off,  extracted 
with  absolute  alcohol  and  filtered  hot.  This  solution 
contains  any  bile-acid  salts  that  may  be  present  and  can 
be  submitted  to  the  following  tests: 

(1)  Pettenkofer's  Reaction  (modified  by  Udranszky).— 
In  the  original  Pettenkofer  test  cane-sugar  and  sulphuric 
acid  were  employed.  Since  it  was  shown  that  the  sugar 
was  converted  inlof  ti)-fiirol  by  theaction  of  the  sulphuric 
acid  and  tliat  the  furfurol  gave  rise  to  the  tj'pical  color 
reaction  with  bile  acid,  Udranszky  advised  the  use  of 
furfurol  in  the  first  place.  One  cubic  centimetre  of  the 
bile-acid  solution  is  treated  with  one  drop  of  a  one- 
tenth-per-cent.  solution  of  furfurol  and  slowly  super- 
posed upon  1  c.c.  of  concentrated  sulphuric  acid,  care 
being  taken  by  immersing  the  tube  in  cold  water  to 
prevent  too  great  lieating  of  the  mixture.  A  purple 
color  appears  at  the  plane  of  contact  that  gradually  ex- 
tends upward  into  the  superposed  solution  ;  on  standing, 
the  color  turns  bluish.  In  alcoholic  solution  a  green 
fluorescence  is  seen.  The  pigment  gives  a  typical  .spec- 
trum, viz.,  two  bands,  the  one  near  F,  the  other  between 
D  and  E,  near  E. 

(2)  Platner's  Crystals. — An  attempt  may  be  made  to 
obtain  crystals  of  the  bile  acids  by  evaporating  the  solu- 
tion with  soda,  extracting  the  residue  with  absolute  alco- 
hol, and  adding  enough  ether  to  produce  a  slight  cloud- 
ing. On  standing,  Platner's  cr}-stals  of  the  sodium  salts 
of  the  bile  acids  form.  These  may  further  be  identified 
as  above  or  by  testing  their  effect  on  the  heart  of  a 
curarized  frog  (retardation). 

Urobilin. — Normal  urine  never  contains  urobilin.  It 
does,  however,  contain  the  chromogen  of  urobilin,  viz., 
urobilinogen,  from  which  urobilin  develops  by  the  action 
of  sunlight.  Only  very  minute  quantities  of  lu'obilin 
(urobilinogen)  are  found  in  normal  urine  (not  more  tlian 
from  20  to  130  nigm.  in  the  quantity  passed  b_y  a  healthy 
adult  in  twenty-four  hours).  The  high  figure  (130  mgni.) 
is  only  obtained  if  the  urine  is  first  allowed  to  stand  so 
that  all  the  urobilinogen  it  contains  is  converted  into 
urobilin.  Urobilin  is  produced  in  the  bowel  by  putre- 
faction, i.e.,  directly  by  the  action  of  reducing  bacteria 
on  bile  pigments.  Consequently  the  excretion  of  urobilin 
is  increased  if  intestinal  putrefaction  is  great.  It  is  ab- 
sent from  the  urine  of  the  new-liorn  (first  to  third  day) 
because  the  intestinal  contents  remain  sterile  for  some 
time.  It  is  also  absent  from  the  urine  if  the  entrance  of 
bile  into  the  intestine  is  prevented  (occlusion  of  the  bile 
ducts  as  by  carcinoma  of  the  gal!  bladder  or  pancreas, 
catarrhal  swelling,  etc.).  In  these  diseases,  therefore,  the 
absence  of  urobilin  from  the  urine  ma.y  be  of  diagnostic 
value.      Urobilin  is  increased  wlienever  hiemolysis  occurs 
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(even  if  the  bile  ducts  should  be  occluded  at  the 
same  time — urobilin-icterus).  1  propose  the  name  of 
"■  hcematogenous  tn-obiliiiuria"  for  this  condition.  Thus 
we  tiud  urobilinuria  in  many  infectious  diseases,  particu- 
larl_v  those  forms  that  are  accompanied  by  rapidly  pro- 
gressive ansemia,  in  poisoning  with  hemolytic  substances 
(potassium  chlorate,  mushrooms,  etc. ),  in  absorption  of 
hemorrhagic  exudates,  effusions,  cysts,  etc. 

Immediately  after  the  removal  of  some  biliary  obtura- 
tor (passage  of  a  gall-stone,  relief  of  catarrh,  etc.)  the 
urobilin  excretion  is  increased — a  direct  result  of  the  en- 
trance of  much  bile  into  the  bowel.  Urobilin  has  also 
been  found  increa.sed  in  pernicious  amemia,  after  chloro- 
form narcosis,  in  a  case  of  melanotic  sarcoma  (alternating 
with  melanin),  in  lead  colic,  atrophic  cirrhosis  of  the 
liver,  and  in  certain  valvular  heart  lesions  that  lead  to 
passive  congestion  of  the  liver  and  pleiochromia. 

Tests. — Urine  containing  much  urobilin  is  usually 
very  dark.  The  color  is  no  index,  however,  of  the 
amount  of  urobilin,  for  very  darlv  urines  may  be  colored 
by  other  ingredients,  and  may  contain  very  little  uro- 
bihn,  whereas  light  urines  may  contain  much  urobilin, 
as  the  coloring  properties  of  urobilin  are  slight.  Some- 
times the  presence  of  urobilin  can  be  demonstrated  in  the 
m-ine  direct.  Occasionally  it  may  be  necessary  to  isolate 
it  from  the  urine. 

To  test  the  urine  direct  we  have  two  tests,  viz. : 
"  (1)  Fluorescence.     The  urine  is  treated  with  an  excess 
of  annnonia  and  a  few  drops  of  a  onc-per-cent.  alcoholic 
solution  of  chloride  of  zinc.     If  the  urine  contains  uro. 
bilin,  a  beautiful  green  fluorescence  will  appear. 

(2)  Spectroscopic  Examination.  Only  snch  urine  can 
be  utilized  for  this  test  that  does  not  contain  too  many 
other  pigments.  It  is  well,  therefore,  to  treat  the  urine 
first  with  mercuric  sulphate,  to  filter  off  the  pigment  pre- 
cipitate, and  to  examine  the  filtrate  spectroscopically. 
Ten  cubic  centimetres  of  the  urine  are  treated  with  fi  c.c. 
of  a  solution  of  mercuric  suliiliate,  made  by  dissolving  5 
gm.  of  mercuric  oxide  in  30  c.c.  of  HjSOi  and  100  c.c. 
of  water;  tlie  mixture  is  allowed  to  stand  for  live  min- 
utes, then  liltered.  The  filtrate  should  show  the  ab.sorp- 
tion  bands  of  mercuri-urobilin.  The  urine  itself  and 
extracts  made  from  the  urine  show  either  the  spectrum 
of  urobilin  itself  or  of  acid  urobilin.  (For  descriptions 
and  illustrations  of  these  different  spectra  I  must  refer  to 
text-books  of  physiological  chemistry.) 

If  the  urine  contains  too  little  urobilin  to  give  these 
tests  positively,  the  urobilin  should  be  extracted.  One 
may  use  amyl  alcohol,  chlorform,  phenol,  ether,  or  acetic 
ether.     Amy  alcohol  is  the  best. 

Extraction  with  Arayl  Alcohol  (Nencki  and  Sieber). 
Ten  to  twenty  cubic  centimetres  of  the  urine  are  treated 
with  a  few  drops  of  hydrochloric  acid  and  shaken  with 
6  to  10  c.c.  of  amyl  alcohol.  The  alcoliolic  solution  is 
submitted  to  spectroscopic  analysis.  It  is  then  treated 
with  a  few  drops  of  a  one-pcr-cent.  solution  of  zinc 
chloride  in  ammonia-alcohol.  In  the  presence  of  urobilin 
a  green  fluorescence  appears. 

Mi'htnin  (Syn.  P/iyinatorJiusin). — Patients  with  mela- 
notic neoplasm  occasionally  void  urine  that  turns  dark  on 
standing.  The  dark  color  can  frequently  be  brought 
about  more  rapidlj'  by  the  addition  to  the  urine  of  oxi- 
dizing agents,  as  nitric  acid,  chromic  acid,  ferric  chloride, 
bromine,  etc.  The  dark  color  may  occasionally  be  made 
to  disappear  again  if  the  urine  is  treated  with  reducing 
agents.  Jf  the  urine  is  kept  in  an  air-tight  vessel,  dark- 
ening may  be  jireveuted.  Indicau  and  urobilinogen  may 
lead  to  confusion.  This  error  can  only  be  ruled  out  by 
testing  the  urine  for  these  two  bodies.  After  their  pres- 
ence is  excluded  tlie  presence  of  melanin  can  be  estab 
lished  by  the  properties  of  melanotic  urine,  described 
above. 

Hmnatin  is  occasionally  found  in  the  urine.  It  is  a 
derivative  of  ha?moglobin  and  may  be  formed  from  the 
latter  if  bloody  urine  is  heated,  the  urinary  acids  disin- 
tegrating the  hffiraoglobin  into  hsematin  and  a  proteid 
radical.  It  has  also  been  described  in  a  case  of  sulphuric- 
acid  poisoning.     The  presence  of  hiematiu  is  recognized 


by  spectroscopic  examination  of  tlie  urine.  The  spec- 
trum of  ha'matin  may  be  confused  with  the  spectrum  of 
methremoglobin ;  hence  it  is  necessary  to  treat  the  urine 
first  with  ammonia  and  tore-examine  the  filtrate.spectro- 
scopically ;  finally  to  add  ammonium  sulphide  and  to 
examine  a  third  time.  Spectra  that  are  characteristic  for 
alkaline  and  for  reduced  lurmatin  will  successively  appear 
on  the  addition  of  these  reagents.  As  this  body  is  clini- 
cally unimportant,  other  tests  and  reactions  will  not  be 
included  in  this  article. 

'Ilmmatoporphiiriii. — This  pigment  in  very  minute  traces 
occurs  in  normal  urine  (Garrod  and  Saillet).  In  a  number 
of  cases  of  enteric  fever,  Addison's  disease,  exoplithalmic 
goitre,  in  cirrhosis  of  the  liver,  in  aniemia,  in  lead  poison- 
ing, rheumatism,  and  gout  considerable  quantities  of 
hoematoporphyrin  have  been  found  in  the  mine.  The 
source  of  hscmatoporphyrin  is  obscure.  It  does  not  seem 
to  occur  regularly  whenever  many  red  blood  corpuscles 
are  destroyed.  The  theory  that  if  is  formed  in  the  bowel 
from  blood  pigment  has  been  exploded. 

The  most  important  clinical  forms  of  hwmatoporphy- 
rinuria  occur  in  poisoning  with  sulphonal,  trional,  and 
tetronal,  or  after  the  prolonged  use  of  these  drugs.  The 
author  has  reported  a  case  of  sulphonal  poisoning  with 
hnematoporphyrinuria  (together  with  J.  Tj-son)  in  whicli 
1.683,  1.013,  and  0.098  gm.  of  ha'matoporphyrin  were 
voided  on  three  successive  days,  this  amount  corre- 
sponding to  3.5.1  gm.  of  hiemoglobin.  Here  about  one- 
.seventccnth  of  the  total  ha>moglobin  of  the  subject  (com- 
puted at  600  gm.)  was  destroyed  and  ajiijeared  in  the 
urine  as  ha-matoporphyrin.  Salkowski  in  one  case  of 
sulphonal  poisoning  obtained  0.87  gm.  of  ha?matopor- 
phyrin. 

Tents  mid  Determination. — Hajmatoporphyrin  urine 
has  a  typical  Burgundj'-red  color.  On  standing  it  may 
turn  almost  black.  It  is  possible  that  sucli  urine  con- 
tains other  pigments  besides  h;eniato]K)rphyrin.  The 
urine  is  precipitated  with  barium  mixture  (consisting  of 
one  part  of  saturated  barium-nitrate  solution  and  two 
parts  of  concentrated  barj-ta  water).  The  precipitate 
contains  the  bulk  of  the  liitmatoporphyrin  together  with 
other  pigments  that  maj'  be  present.  The  ]jreciiiitate  is 
filtered  off.  washed  and  extracted  with  dilute  hydro- 
chloric-acid alcohol.  This  extract  is  reddish  or  pink  in 
color,  fluoresces  and  turns  darker  on  heating.  Spectro- 
scopically a  narrow  absorption  band  between  C  and  D 
in  the  yellow  and  a  second  broader  band  between  D  and 
E  between  the  yellow  and  the  green  will  he  found.  If 
the  solution  is  alkalinized  four  bands  will  appear,  one 
between  C  and  D,  two  between  D  and  E.  and  a  fourth 
very  dark  band  between  b  and  F,  i.e.,  between  the  green 
and  the  blue. 

Quinilitatite  Estimation. — One  hundred  cubic  centi- 
metres of  the  urine  are  rendered  alkaline  with  a  dilute 
soda  solution  and  precipitated  with  calcium  chloride, 
again  rendered  alkaline  with  soda  and  the  precipitate 
filtered  off.  The  dark-red  precipitate  is  repeatedly 
washed  with  water  until  the  filtrates  are  free  from  chlor- 
ine (no  precipitate  with  AgNOs),  then  washed  with 
absolute  alcohol,  and  finally  extracted  with  dilute  HCl- 
alcohol  at  a  temperature  of  about  40°  C.  From  the  pink 
alcoholic  extract  the  pigment  can  be  precipitated  with 
water  after  neutralization  of  the  liquid  with  dilute  am- 
monia. The  fiocculent  precipitate  is  gathered  on  a  filter, 
washed  free  from  chloride,  washed  with  alcohol  and 
ether,  desiccated  in  racuo,  dried  at  11.5°  C.  and  weighed. 
This  precipitate,  besides  ha?matoporph}-rin,  contains 
inorganic  salts.  A  weighed  portion  is  therefore  in- 
cinerated and  the  weight  of  tlie  ash  subtracted.  The 
difference  represents  organic  substance,  i.e.  ha-matopor- 
phyrin. 

F.\T.— For  fat  in  lymph  cells,  epithelia,  casts,  see 
section  on  "  Urinary  Sediments  "  ;  foi'  fat  concretions  see 
section  on  "  Urinary  Concretions  "  ;  for  fat  in  chyluria. 
see  the  article  on  this  subject. 

CiioLESTERiN  has  bccu  found  in  chyluria  (see  article 
on  this  subject).  It  occasionally  appears  in  the  urine  of 
pregnant  women,  and  it  has  been  found  in  the  urine  of 
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epileptics.     For  oUolestcriu  in  viriuary  conci'etious  and 
sediments  see  below. 

Tests. — The  urine  is  shaken  with  ether,  the  ethereal 
extract  removed,  the  ether  evaporated,  and  the  residue 
examined  microscopically  for  crystals  of  cholesterin  (see 
Fig.  4869).  If  the  residue  contains  so  much  fat  that  the 
cholesterin  cannot  crystallize  or  the  crystals  cannot  be 
recognized,  the  residue  is  treated  with  alcoholic  KOH, 
the  mixture  boiled,, evaporated  to  dryness,  the  soaps  that 
have  been  formed  dissolved  in  water,  the  watery  soluti<m 
extracted  with  ether,  the  ether  evaporated,  tlie  residue 
dissolved  in  boiling  alcohol,  the  solution  evaporated  to  a 
small  volume  and  allowed  to  crystalli/.e,  Cludesterin 
crystals  touched  with  concentrated  sulphuric  acid  turn 
red  or  blue  (cholcsterilines). 

Ikosite  (Hexahydro-hexoxybenzol). — This  body  is  oc- 
casionally found  in  diabetes  mellitus,  in  albuminuria,  and 
after  abundant  water  drinking.  Pohl  reports  a  case  of 
diabetes  mellitus  in  which  the  dextrose  of  the  urine  waS' 
gradually  replaced  by  inosite.  Inosite  has  been  called  a 
sugar,  but  it  does  not  give  the  chemical  reactions  of  any 
of  the  saccharides.  It  is,  moreover,  according  to  Ma- 
guenne  hexahydroxybenzol.  In  order  to  demonstrate 
the  presence  of  inosite  it  must  be  isolated  from  the  urine. 
The  best  method  is  that  of 

Cooper- Lam: — The  urine,  after  removal  of  auj'  albu- 
min it  may  contain,  is  jirecipitated  with  baryta  water, 
filtered,  and  the  washed  filtrate  treated  with  lead  acetate 
until  no  further  precipitation  occurs.  The  lead  precip- 
itate is  filtered  off  after  twelve  hours'  standing,  suspended 
in  water  and  disassociated  with  HjS.  The  lead-free  fil- 
trate is  concentrated  and  treated  with  boiling  alcohol 
(three  to  four  volumes).  The  alcohol  proiluces  a  pre- 
cipitate that  is  removed  by  filtration;  the  filtrate  is 
allowed  to  stand  twenty-four  hours;  crystals  of  inosite 
may  form.  These  are  removed  by  filtration,  washed 
with  cold  alcohol  and  identified  (see  below).  If  no 
crystals  form,  the  alcoholic  solution  is  treated  with  ether 
until  the  liquid  becomes  milky.  The  mixture  after 
standing  twenty-four  hours  precipitates  fine  shiny  plates 
of  inosite.     The  crystals  give  the  following  reactions: 

(1)  A  few  crystals  are  heated  on  a  piece  of  platinum 
foil  with  a  few  drops  of  concentrated  nitric  acid  and  the 
mixture  evaporated  to  dryness;  the  residue  is  treated 
with  ammonia  and  a  little  CaCU  solution  (to  bind  the 
excess  of  HNO.,)  and  again  carefully  evaporated  to  dry- 
ness; a  bright  rose  color  indicates  the  presence  of  inosite. 
One  milligram  of  the  substance  gives  this  reaction  dis- 
tinctl_v.     Carbohydrates  do  not  give  it. 

(2)  The  water  of  crvstallization  ma}-  be  determined  in 
the  crystals.  At  100'  C.  the  crystals  should  lose  16.67 
per  cent,  of  water. 

(3)  Inosite  tastes  sweet.  It  melts  at  217°  C.  It  crj's- 
tallizes  in  clino-rhomboid  crystals  that  are  usually  gath- 
ered together  in  rosettes. 

Ptomains. — That  urine  is  toxic  has  been  known  for  a 
long  time.  The  chief  cause  of  this  toxicity  are  the  po- 
tassium salts  the  uriue  incorporates.  After  removal  of 
the  K-salts  the  urine,  however,  still  remains  toxic.  The 
toxicity  of  the  urine,  moreover,  is  not  jiroportionate  to 
the  (piantity  of  K-salts  it  contains,  and  the  urinary  ash, 
finally,  containing  all  the  K-salts  is  not  so  toxic  as  the 
total  urine.  Bouchard  and  his  pupils  are  the  chief  expo- 
ueuts  of  the  toxicity  of  the  uriue.  They  have  pub- 
lished a  mass  of  investigations  on  the  toxicity  of  the 
urine  in  health  and  disease.  The  results  obtained  from 
this  w'ork  are  out  of  all  jiroportion  to  the  labor  expended  ; 
nothing  really  conclusive  having  so  far  been  demon- 
strated. This  is  not  the  place  to  review  this  large  field. 
It  may  sutliee  to  say  that  a  variety  of  organic  bases, 
alkaloids  and  toxalbumins,  have  been  f(nmd  by  different 
investigators  in  normal  and  in  pathological  urines. 

The  best  method  for  isolating  ptomains  from  the  urine 
is  that  described  by  Brieger: 

Ten  to  twenty  litres  of  the  urine  are  acidified  with  HCl 
and  evaporated  to  a  syrupy  consistence;  the  residue  is 
extracled  with  alcohol  and  the  solution  precijiitated  with 
an  alcoholic  sohiliou  of  mercuric  chloride.     The  precipi- 


tate is  extracted  with  much  boiling  water;  the  mercury 
compounds  of  the  ptomains  will  then  be  found  in  the 
solution.  The  mercury  compounds  are  disassociated 
with  HiS,  the  mercuric  sulphide  filtered  off  and  the  fil- 
trate evaporated  to  a  small  volume.  From  this  liquid 
the  bases  crystallize  in  the  form  of  the  hydrochlnrates. 

ExzYMKs. — The  urine  seems  normally  to  contain  pro- 
teolytic and  diastatic  ferments.  Of  the  former  the  most 
common  one  can  digest  fibrin  in  dilute  HCl  solutions. 
It  appears,  therefore,  to  be  pepsin.  Another  protease  is 
occasionally  found  that  digests  fibrin  in  an  alkaline 
medium.  It  maj'  be  trypsin.  A  diastatic  ferment 
(ptyalin)  is  apparently  one  of  the  constant  constituents 
of  normal  urine.  Rennet,  too,  has  occasionall_y  been 
found.  Fat-splitting  enzymes  have  so  far  not  been  posi- 
tively demonstrated.  It  is  probable  that  they  would  be 
destroyetl  in  the  bladder  even  if  they  were  excreteil  in 
the  kidnej's  and  would  consequently  escape  detection. 
The  enzyme  excretion  fluctuates  somewhat  according  to 
time  of  day,  the  time  of  eating,  pliysical  exercise,  etc. 
So  far  similar  fluctuations  that  a  number  of  authors  have 
described  in  various  diseases  have  no  clinical  significance. 
For  methods  to  identify  the  ditt'erent  enzmyes  I  refer  to 
text-books  of  physiological  chemistry. 

IsoRG.\xic  Constituents. 

The  inorganic  constituents  normally  present  in  the 
urine  are  hydrochloric,  sulphuric,  phosphoric,  anil 
carbonic  acids ;  potassium,  sodium,  ammonium,  calcium, 
and  magnesium.  Other  acids  occurring  in  very  small 
amounts  are  fluoric,  silicic,  nitric,  and  nitrous  acids.  In 
addition  we  sometimes  find  peroxide  of  hydrogen  and 
sulpliureted  hydrogen,  and.  finally,  of  the  bases,  iron. 

UmxARY  Ash. — The  amount  of  urinary  ash  fluctuates 
from  9  to  25  gm.  in  the  twenty-four  hours'  quantity ;  the 
chief  fluctuations  being  due  to  variations  in  the  sodium- 
chloride  excretion. 

(^luuititfttire  Estimation  of  the  Urinary  Ash. — In  deter- 
mining the  total  ash  of  a  given  quantity  of  uriue,  the 
urine  after  evaporation  to  dryness  should  not  be  directly 
incinerated,  for  the  alkaline  cldorides  are  volatile  at  glow 
temperatures;  the  sulphates  are  reduced  to  suljihides  by 
carbonaceous  material,  and  the  monophosphates  are  de- 
coniposed  (escape  of  phosphorus).  The  urine  is  there- 
fore evaporated  and  the  residue  merely  carbonified,  not 
incinerated,  at  a  low  temperature;  the  soluble  salts 
leached  out  with  water,  the  residue  dried  and  then  incin- 
erated, and,  finally,  the  watery  extract  evaporated  to 
dryness  in  the  crucible  containing  the  ash  and  the  whole 
weighed.  This  method  gives  very  accurate  results. 
See  also  "Electric  Conductivity  of  the  Urine." 

Acids. — 1.  Hydrochloric  Acid  (Chlorides). — The  quan- 
tity of  HCl  in  the  urine  is  largely  dependent  on  the  in- 
gestion of  salt  (NaCl).  The  daily  excretion  rarely  ex- 
ceeds an  amount  that  would  correspond  to  more  than  1.5 
gm.  of  NaCl.  The  excretion  of  IICl  salts  is  greatly 
dimini.sbed  in  fasting  and  in  pneumonia  during  the  for- 
mation of  the  exudate.  In  ne]ihritis.  with  I'etentinn  of 
solids  and  in  certain  gastric  disorders  (hyperchlorhydria) 
the  urinary  chlorides  are  also  decreased.  After  large 
meals  containing  much  salt,  during  the  absorption  of 
fluid  transudates,  in  interstitial  hepatitis  ('?),  after  the  ad- 
ministration of  thyroid,  after  inhalation  of  chloroform, 
and  in  the  stage  of  convalescence  from  acute  nephritis,  tlie 
urinary  chloride  excretion  is  increased.  Hydrochloric 
acid  appears  in  the  urine  as  sodium,  potassium,  am- 
monium, calcium,  and  magnesium  chloride.  Of  these 
salts  the  most  important  and  the  most  abundant  is  the 
sodium  salt.  All  these  chlorides  are  readily  soluble  in 
water. 

"  7'csts. — The  urine  is  treated  with  nitric  acid  and  a  few 
drops  of  a  ten-per-cent.  silver-nitrate  solution.  The  pre- 
cipitation of  a  cheesy  sediment  that  is  readily  soluble  in 
an  excess  of  ammonia  indicates  the  presence  of  chlorides. 
Other  substances  tliat  react  similarly  are  iodides,  bro- 
mides, and  cyanides.  Their  ju'escnce  should,  therefore, 
be  excluded  in  interpreting  this  test. 
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Quantitative  Estimation  of  the  Chlorides. — 1.  Jletliod 
of  Volliui'tl.  Solutions:  (1)  29.U43  gm.  of  chcmicallj^ 
pure  silver  nitrate  dissolved  in  1,000  c.c.  of  water. 

(2)  Concentrated  solution  of  ferric-ammonium  alum 
(free  from  chloiine!). 

(:i)  Nitric  acid  of  1.200  specil3c  gravity. 

(4)  Solution  of  ammonium-sulphocyanide.  This  solu- 
tion should  be  of  such  a  strength  that  25  c.c.  would 
correspond  to  10  c.c.  of  the  silver  solution.  Theoreti- 
cally there  shoidd  be  12.984 gra.  of  the  salt  to  a  litre,  but 
as  ammonium  sulphocyauide  is  very  hygroscopic,  it  can- 
not be  weighed  accurately.  Consequently  the  strength 
of  the  solution  must  be  determined  b}'  titiating  against 
the  silver  solution:  6  to  7  gm.  of  the  sulphocyauide  are 
dissolved  in  400  c.c.  of  water  and  a  part  poured  into  a 
burette;  10  c.c.  of  the  silver  solution  diluted  with  100 
C.c.  of  water  are  poured  into  a  tlask  treated  with  4  c.c. 
of  the  nitric-acid  solution,  and  5  c.c.  of  the  ferric-ammo- 
nium solution,  and  the  whole  thoroughly  mixed  by 
shaking.  To  the  mixture  so  much  of  the  sulphocyauide 
solution  is  allowed  to  flow  from  the  burette  that  the 
liqtiid  in  the  flask  assimics  a  faint  but  permanent  reddish 
tint.  Several  tests  of  this  kind  are  made  and  the  average 
quantity  of  the  sulphoej-anide  solution  required  deter- 
mined. If  it  is  found,  for  instance,  that  22  c.c,  of  .sulpho- 
cyanide  produce  the  end  reaction  (red  color),  then  the 
volume  of  water  that  must  be  added  to  one  litre  of  the 
suliiliocv;inide  solution  is  found  according  to  the  for- 
mula: 22:2.j  =  1,000  :  X  ;  X  =  1136.3.  In  other  words, 
in  order  that  25  c.c.  of  the  sulphocyauide  solution  corre- 
spond to  10  c.c.  of  the  silver-nitrate  solution,  136.3  of 
water  must  be  added  to  the  sulphocyauide  solution. 
With  these  four  solutions  the  chloride  determination  in 
the  urine  is  performed  as  follows:  10  c.c.  of  the  urine 
are  jioured  into  a  flask  holding  100  c.c. ;  to  the  urine  are 
added  50  c.c.  of  water,  4  c.c.  of  the  nitric  acid,  and  15 
c.c.  of  the  silver-nitrate  solution.  The  contents  of  the 
flask  are  agitated  until  the  precipitate  settles  and  the 
supernatant  fluid  becomes  clear.  The  flask  is  now  filled 
to  a  mark  that  indicates  100  c.c.  ;  80  c.c.  of  the  contents 
arc  then  Altered  through  a  dry  filter  intoadry  measuring 
cylinder.  These  80  c.c.  are  poured  into  a  flask  holding 
about  200  c.c.  and  are  tieated  with  5  c.c.  of  the  ferric- 
ammonium-aliim  solution,  and  with  so  much  of  the 
sulphocyauide  solution,  prepared  as  above  (from  a 
burette),  that  a  faint  red  hue  persists.  The  amoinit  of 
sulphocyauide  sohuion  required  to  bring  aljout  this  end 
reaction  is  determined  in  a  series  of  tests  and  the  average 
taken.  It  is  assumed  that  the  15  c.c.  of  silver-nitrate 
solution  suttice  not  only  to  precipitate  all  the  chlorides, 
but  also  to  leave  an  excess  of  silver  nitrate  in  solution. 
It  is  this  latter  excess  precisely  that  is  now  determined 
by  titration  with  the  sulphocyauide  .solution.  Tlie  per- 
centage of  chlorides  in  the  urine  is  then  calculated  from 
the  deficit,  according  to  the  following  formula: 

x  =  (37.5-|R),  t'j 

X  =  Amount  of  sodium  chloride  contained  iu  one  litre 

of  urine  (expressed  in  grams'). 
R  =  Number  of  cubic  centimetres  of  the  sulpbocyanlde 

solution  required  to  bring  about  the  end  reaction. 
The  rationale  of  this  formula  is  the  following:  10  c.c. 
of  the  silver-nitrate  solution  correspond  to  25  c.c.  of  the 
sulphocyauide  solution,  and  15  c.c.  of  the  silver-nitrate 
solution  consequently  correspond  to  37.5  c.c.  of  the  sul- 
phocyauide solution.  For  100  c.c.  of  the  test  solution 
37.5  c.c.  of  the  sulphoc3-anide  solution  less  {  of  the 
amount  of  sulphocyauide  solution  used  were  needed,  for 
80  c.c.  correspond  to  the  amount  of  sulphocyauide  solu- 
tion taken  from  the  burette,  so  that  100  c.c.  would  have 
required  j  of  this  amount.  As  25  c.c.  of  the  sulphocya- 
uide solution  correspond  to  10  c.c.  of  the  silver  solution, 
1  c.c.  of  the  former  solution  corresponds  to  0.4  c.c.  of  the 
latter;  and  as  1  c.c.  of  silver  solution  indicates  0.01  gm. 
of  sodium  chloride  (the  silver  solution  used  as  a  reagent 
is  prepared  in  this  proportion),  0.4  c.c.  of  the  silver  sfilu- 
tion  correspond  to  0.004  gm.  of  sodium  chloride.  Hence 
in  order  to  obtain  the  amount  of  chlorides  present  in  10 


c.c.  of  urine  the  figure  (37.5  —  -j  1{)  must  be  uiultiiilied 
by  0.(J04.  In  order  to  determiue  the  chlorides  in  one  litre 
(1,000  c.c.)  of  urine  the  above  figure  must  be  multiplied 
by  0.4  =  1%.     (vonjaksch.) 

The  presence  of  albumin  aud  sugar  in  the  urfne  does 
not  interfere  with  the  accuracy  of  this  method.  It  is  the 
most  accurate  and  the  most  couveuient  one  for  clinical 
purposes.  All  other  methods,  i.e.,  the  methods  of  Mohr, 
of  Gay  Lussac,  of  Zuelzer,  are  based  on  the  same  prin- 
ciple, viz.,  the  titration  of  the  chlorine  with  a  solution 
of.  silver  nitrate.  As  they  have  no  advantages  over 
Volhard's  method,  they  will  not  be  described  in  this 
place.  A  description  will  be  found  iu  Huppert,  "Ana- 
lyse des  Harns,"  1898,  p.  705 #. 

Ilydrofluoric  Acid. — The  urine  contains  traces  of  hy- 
drofluoric acid  (salts).  It  is  clinically  without  any  im- 
portance. 

Test  (BerzeUus). — A  large  volume  of  urine  is  precipi- 
tated with  ammonia,  the  preciiiitate  calcined,  treated 
with  an  equal  volume  of  H-jSOj  and  heated  in  a  platinum 
crucible.  Over  the  crucible  a  glass  plate  is  held.  If 
HFl  is  present,  it  will  etch  the  glass. 

Stilpliuric  Acid  {.Sulphates}.- — Sulphates  occur  in  the 
urine  as  mineral  (preformed)  and  conjugate  sulphates. 
For  the  latter  see  the  chapter  on  Conjugate  Sulphates 
above.  The  total  SOs  excretion  fluctuates  from  1.5  to  3 
gm.  in  twenty-four  hours  on  a  mixed  diet.  The  chief 
source  of  the  sulpliates  are  the  albumins;  the  greater, 
therefore,  the  percentage  of  protcid  pabulum,  the  greater 
the  sulphate  excretion.  The  conjugate  sulphates  con- 
stitute about  one-tenth  of  the  total  sulphates.  In  certain 
pathological  conditions  the  excretion  of  conjugate  (ethe- 
real) sulphates  is  greatly  increased  (see  above),  so  that 
this  proportion  is  changed  in  favor  of  the  conjugate  sul- 
phates. In  addition  to  preformed  and  conjugate  sul- 
phates the  urine  also  contains  sulphur  in  the  form  of 
sulphocyauides,  thiosulphates,  and  sulphureted  hydro- 
gen, so-called  "neutral  svdjihur"  (see  below). 

The  preformed  sulphates  of  the  urine  are  the  sodiinu, 
potassium,  magnesium,  and  calcium  sulphate.  The  ab- 
solute increase  or  decrease  of  the  preformed  sidphates  is 
of  slight  clinical  significance.  It  is  important,  however, 
as  pointed  out  above,  to  determine  the  relative  propor- 
tion of  preformed  and  conjugate  sulphates;  hence  the 
quantitative  estimation  of  the  preformed  sulphates  is 
often  necessary. 

Qnidilatiee  Dcterminrilion  of  Preformed  Sulplmtes. — 
The  urine  is  acidified  with  acetic  acid  and  treated  with 
barium  chloride.  A  white,  fine,  powdery  precipitate 
indicates  the  presence  of  preformed  sulphates.  This 
reaction  is  always  obtained  in  normal  urine.  If  the  urine 
is  not  rendered  sufficiently  acid,  tiie  barium  chloride  may 
also  precipitate  phosphates  or  oxalates  (oi-  even  uric 
acid).  In  order  to  differentiate  the  sulphates  from  these 
other  bodies  the  precipitate  is  warmed  with  dilute  HCl. 
This  leads  to  the  solution  of  oxalates  aud  phosphates 
and  leaves  the  sulphates  behind. 

Quaiititatire  Determination  of  Preformed  Sulphates. 
The  preformed  sulphates  can  either  be  determined 
directly  or  the  total  sulphates  and  the  conjugate  sul- 
phates can  be  tletermined  separately  aud  the  preformed 
sulphates  calculated  from  the  dilference. 

Total  Sidphates. — The  urine  is  treated  with  concen- 
trated HCl  and  heated  to  boiling.  This  decomposes  the 
conjugate  sulphates  into  aromatic  coustitueuts  and  sul- 
phuric acid.  In  the  liquid  the  sulphates  are  precipitated 
with  barium  chloride,  filtered  off,  and  determined  as 
barium  sulphate. 

Fifty  cubic  centimetres  of  urine  are  diluted  one-half 
and  treated  with  5  to  10  c.c.  of  strong  HCl  heated  to  boil- 
ing and  precipitated  with  a  slight  excess  of  barium 
chloride.  The  mixture  is  allowed  to  stand  for  twenty- 
four  hours  in  the  cold  and  filtered ;  the  preciiiitate  is 
washed  with  hot  water,  alcohol,  and  ether,  aud  dried. 
The  filter  is  then  incinerated  and  weighed.  One  hundred 
parts  of  barium  sulphate  correspond  to  34.28  )iarts  of 
SOs,  or  41.13  parts  of  SO,,  or  41.99  parts  of  H2SO4, 
aud  the  result  may,  therefore,  be  expressed  as  SO3,  or 
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S()4,  or  HjSOi  by  multiplying  the  weight  of  the  bariuih 
sulpliate  by  0.3438,  0.4113,  or  0.4199. 

Letermination  of  Omjiigate  Sulphates  {Baumann). — The 
prt'fdrmccl  sulphates  are  precipitated  by  barium  chloride 
in  tlic  urine  after  it  has  been  acidified  bj'  acetic  acid.  In 
the  filtrate  the  conjugate  sulphates  are  then  determined. 

Fiftj'  cubic  centimetres  of  urine  are  rendered  acid  with 
acetic  acid,  diluted  one-half  and  precipitated  with  barium 
chloride  in  excess,  heated  on  the  water-bath  until  the 
barium  sulphate  settles  at  the  bottom  of  the  vessel,  and 
filtered.  The  filtrate  and  washings  are  then  treated  as 
above,  i.e.,  the  conjugate  sulphates  decomposed  with 
HCl  and  the  liberated  sulphate  determined  as  barium 
sulphate.  By  subtracting  the  value  obtained  for  conju- 
gate sulphates  from  the  value  obtained  from  the  deter- 
mination of  the  total  sulphates  the  amount  of  preformed 
sulphates  can  be  estimated. 

Determination  of  Preformed  Sulphates  Directly . — As  the 
barium  sidphate  precipitate  obtained  from  the  original 
urine  often  contains  phosphates  and  oxalates,  it  cannot 
be  weighed  directly.  In  order  to  get  rid  of  the.se  im- 
purities the  preciiiitate  must  be  repeatedly  treated  with 
HCl  in  a  platinum  crucible.  The  procedure  is  very 
tedious  and  is  superfluous  in  view  of  the  fact  that  the 
preformed  sulphates  can  be  estimated  from  the  difference 
between  total  and  conjugate  sulphates  with  less  trouble. 
They  can  also  be  determined  directly  by  titration  as 
follows : 

Method  of  Freund. — Fifty  culjic  centimetres  of  urine 
are  treated  witli  ten  drops  of  alizarin  red.  This  colors 
the  urine  red.  Then  five-percent,  acetic  acid  is  added 
drop  by  drop  until  the  red  color  disappears.  When  this 
point  is  reached,  5  c.c.  more  of  acetic  acid  are  added.  The 
urine  is  then  heated  almost  to  boiling  and  barium  acetate 
solution  added  nntil  the  liquid  again  turns  red.  The 
solutions  required  for  this  estimation  are: 

(1)  A  solution  of  9.579  gni.  of  anhydrous  barium  ace- 
tate in  1,000  c.c.  of  water;  24  c.c.  of  this  solution  should 
correspond  to  0.2101  gni.  of  BaSOj. 

(2)  Five-per-cent.  acetic  acid. 

(3)  One-per-cent.  solution  of  sodium  alizarin  mono- 
sulphate  ("alizarin  red  "). 

As  it  is  known  that  24  c.c.  of  the  barium  solution  cor- 
respond to  0.2101  gm.  of  BaSO),  the  calculation  of  the 
preformed  sulphates  in  the  50  c.c.  of  urine  employed  in 
the  analysis  is  simple. 

The  "Neutral  Sulphur "  (synonym:  suboxidized  sul- 
phur, organic  sulphur). — Some  twelve  to  fifteen  per 
cent,  of  the  total  sulphur  of  the  urine  consists  of  a  num- 
ber of  bodies  of  which  we  know  relatively  little;  among 
them  are  thiosulphates,  sulphocyanides,  and  derivatives 
of  taurin  and  cystin.  A  portion  of  these  bodies  is  read- 
ily oxidized,  whereas  another  portion  is  not  oxidized  so 
easily;  the  former  can  therefore  be  converted  into  sul- 
phuric acid  by  chlorine  or  bromine  water,  the  latter  re- 
quire fusing  with  nitre  and  ])Otassium  hydrate.  Cystin 
belongs  to  the  last-named  group  of  bodies,  also  taurin, 
whereas  the  thiosulphates  and  rhodanates  (sulphocya- 
nides) belong  to  the  former  group.  The  quantity  of 
neutral  sulphur  compoimds  is  dependent  on  the  quan- 
tity and  the  character  of  the  albumins  that  are  disinte- 
grated in  the  organi.sm.  The  neutral  sulphur  isincreascd 
after  violent  muscular  exercise,  after  a  long  period  of 
starving,  in  asphyxia,  in  chloroform  narcosis,  after  the 
administration  of  chloral  and  of  sodium  carbonate  and 
sodium  citrate  (Jawein).  After  the  ingestion  of  sub- 
limed sulphur  a  portion  of  this  sulphur  reappears  in  the 
urine  as  neutral  sulphur.  In  icterus  the  neutral  sulpliur 
is  increased  from  four  to  five  times  above  normal  (sixty- 
two  per  cent.,  Lepine).  In  pneumonia  the  neutral  sul- 
phur has  also  been  found  increased.  In  hepatic  disorders 
the  compounds  that  are  hard  to  oxidize  seem  to  be  in- 
creased, whereas  in  pneumonia  the  compounds  that  are 
readily  oxidizable  are  increased. 

In  eystinuria  a  peculiar  urinary  anomaly  characterized 
by  the  excretion  of  cystin,  the  excretion  of  neutral  sul- 
l)hur  is  greatly  increased  (23.4  to  45.7  per  cent.).  In 
addition  to  cystin  certain   diamins  (putrescin,  cadave- 


rin)  are  found  in  the  urine,  and  as  the  disease  seems  to 
occur  in  families,  and  may  persist  for  a  lifetime,  we  are 
probably  dealing  with  a  pec\diar  metabolic  anomaly  in 
which  the  oxidation  of  the  albumins  is  perverted.  Some 
authors  (v.  Jaksch)  are  inclined  to  attribute  cystinuria 
to  a  (larticular  form  of  intestinal  mycosis.  I  consider  the 
former  view  more  plausible.  The  disease  is  very  rare. 
The  chief  clinical  significance  of  the  urinary  excretion 
of  cystin  is  the  tendency  to  calculus  formation  that  is 
thereby  created.  The  appearance  of  cystin  in  the  urine 
should  always  constitute  a  warning  of  impending  cystin 
gravel  or  calculi.     (See  also  Urinary  Sediments.) 

Tests  for  Nentral  Sulpluir. — The  total  sulphuric  acid 
is  first  precipitated  b)'  hydrochloric  acid  and  barium 
chloride,  as  explained  above,  the  excess  of  barium  re- 
moved from  the  filtrate  by  soda,  the  filtrate  evaporated 
to  dryness,  the  residue  fused  with  nitre  (and  soda),  the 
solution  of  this  fused  mixture  treated  with  barium  chlo- 
ride, and  the  sulphuric  acid  precipitated.  To  determine 
the  presence  of  sulphur  that  is  readily  oxidized  the  filtrate 
of  the  urine  after  removal  of  the  total  sulphuric  acid,  as 
above,  is  acidulated  and  treated  with  bromine;  on  addi- 
tion of  barium  cliloride  any  svdphuric  acid  formed  by 
this  mild  oxidation  will  be  precipitated. 

The  qualitative  tests  for  thiosulphates  and  sulphocya- 
nides will  not  be  given  in  this  article,  because  the  clinical 
significance  of  these  bodies  is  too  subordinate. 

The  quantitative  estimation  of  the  neutral  sulphur  is 
performed  according  to  the  same  principles  as  the  quali- 
tative tests  for  this  group  of  bodies.  The  urine  may 
first  be  oxidized  and  the  total  sulphur  determined;  then 
the  total  performed  and  conjugate  sulphates  may  be  de- 
termined seiiarately  and  the  quantity  of  the  neutral  sul- 
phur calculated  from  the  difference.  In  order  to  deter- 
mine the  total  stilphur  by  oxidation  a  measured  quantity 
of  the  urine  is  evaporated  to  dryness  and  the  residue 
glowed  with  a  fusing  mixtiu'c  consisting  of  four  parts 
of  nitre  and  one  part  of  soda.  The  white  ash  is  treated 
with  hydrochloric  acid  and  evaporated  to  dryness,  this 
lirocess  being  I'cpeated  three  or  four  times  in  order  to 
get  rid  of  all  the  nitric  acid.  The  residue  is  then  <lis- 
.solved  in  water  and  the  suljihuric  acid  determined  as  de- 
scribed above.  Other  methods  of  oxidation,  i.e.,  with 
nitric  acid  (Mohr),  with  sodium  superoxide  (Clark),  will 
not  be  described,  as  they  possess  no  advantages  over  the 
oxidation  with  nitre  soda. 

Cystin  may  be  precipitated  from  the  urine  by  benzoyl 
chloride,  and  the  sulphur  determined  in  the  precipitate. 
Two  hundred  cubic  centimetres  of  the  urine  are  treated 
with  10  c.c.  of  benzoyl  chloride  and  70  c.c.  of  a  ten-per- 
cent, sodium  hydrate  solution  and  shaken  until  the  odor 
of  benzoyl  chloride  disappears.  The  precipitate  consists 
of  benzoyl  cj-stin  and  can  be  used  directlj'  for  a  sulphur 
determination  by  oxidation.  The  presence  of  cystin  in 
the  benzoyl  chloride  precipitate  is  made  probable  if  a 
black  sediment  forms  when  the  precipitate  is  boiled  with 
a  solution  of  lead  oxide  in  soda  lye.  The  black  sediment 
consists  of  lead  sulphide,  and  consequently  also  denotes 
the  presence  of  stdphur. 

Sulphureted  Hydrogen. — Sidphur  may  finally  occur 
in  the  form  of  sulphureted  hydrogen.  Fresh  urine  rare- 
l.y  contains  II->S  or  sulphides,  but  nearly  every  old  uiine 
emits  an  odor  of  H.S  when  treated  with  mineral  acids. 
Hydrogen  sulphide  does  not  appear  in  the  urine  in  dis- 
eases that  are  accompanied  by  putrefactive  processes,  nor 
docs  it  apjiear  after  the  ingestion  of  alkali  sulphides,  nor 
after  sulphur  baths.  Occasionally  IL^S  pas.ses  into  the 
bladder  from  the  rectum  if  .some  abnormal  communica- 
tion exists  between  these  two  viscera.  Certain  bacteria 
may  infect  the  bladder  and  may  lead  to  the  generation  of 
H2S  in  this  viseus. 

Tests. — The  urine  should  of  course  be  fresh.  The  adnr 
may  be  characteristic.  Lead  acetate  may  form  a  black 
precipitate  of  lead  sidpliidc.  A  piece  of  paper  may  be 
saturated  with  a  solution  of  lead  acetate,  the  urine 
poured  into  a  bottle,  and  a  current  of  air  forced  through 
the  liquid.  The  lead  paper  is  held  over  the  neck  of  the 
bottle.     If  H»S  is  driven  off,  the  paper  will  turn  brown 
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or  black.  Quautitative  determinations  of  HaS  in  urine 
are  clinically  without  value. 

Pluispharie  Add  (Phosphates). — The  urine  always  con- 
tains phosphoric  acid:  the  average  daily  excretion  is  3.5 
gm.  of  PsO.^ :  the  (luantity  is  largely  dependent  on  the 
character  of  the  diet :  increased  catabolism  of  cell  nuclciu 
cither  of  the  food  or  of  the  proper  tissues  causes  an  in- 
crease of  phosphoric  acid. 

Four  phosphates  appear  in  the  urine,  viz. :  (1)  NaH^- 
PO4  —  monosodium  phosphate ;  (2)  Na3HP04  =  disodium 
phosphate;  (3)  Na3P04  =  trisodiuni  phosphate;  (4)  Nas- 
PO,  (  +  NaOH)  =  basic  sodium  phosphate.  (1),  C-i),  and 
(3)  are  also  called  the  acid,  neutral,  and  basic  phosphate 
respectively;  (4)  would  then  be  "overbasic."  Some 
writers  speak  of  (1),  (2),  and  (3)  as  primary,  .secondary, 
and  tertiary  phosphate.  The  designation  adopted  above 
is  the  most  popular  and  the  most  rational  one. 

The  monophosphates  can  be  converted  into  the  di-  and 
triphosphates  by  the  addition  to  the  urine  of  alkali  hy- 
drates or  carbonates.  Inversely  the  tri-  and  diphosphates 
can  be  converted  into  monophosphates  by  acids. 

TeKta.  In  acid  urine  the  addition  of  ammonia  at  once 
produces  a  precipitate  of  earthy  phosphates.  The  fil- 
trate contains  normal  alkali  phosphate.  The  latter  when, 
treated  with  magnesia  mixture  gives  a  preci])itate  of 
triple  phosphate;  or  the  liltrate  may  be  acidulated  with 
acetic  acid  and  tested  for  phosphoric  acid  with  uranium 
nitrate  or  ferric  chloride.  The  former  produces  a  yel- 
lowish-white ])recipitate,  the  latter  a  white  precipitate 
that  stains  yellow  with  an  excess  of  ferric  chloride  solu- 
tion. For  the  analysis  of  phosphatic  sediments  see  below 
under  Urinary  Sediments. 

Sometimes  it  is  necessary  to  get  rid  of  the  urinary  phos- 
phates prior  to  undertaking  certain  other  tests.  For  this 
purpose  the  urine  is  precipitated  with  neutral  or  basic 
lead  acetate,  or  the  urinary  phosphates  are  converted  into 
normal  phosphates  by  treating  the  urine  with  alkali  hy- 
drate and  the  solution  precipitated  with  some  calcium  or 
barium  salt.     The  filtrate  will  be  free  from  phosphates. 

Qiiiiiititative  Estimation.  Solutions. — (1)  Solution  of 
uranium  nitrate  containing  35.461  gm.  of  the  salt  to  a 
litre.  Uranium  nitrate  is  dissolved  in  a  little  less  than 
1,000  c.c.  of  water  and  titrated  against  a  solution  of  di- 
sodium phosphate  (10.0845  gm.  of  NajHPOi.lSHjO  to 
1  litre),  50  c.c.  of  which  should  correspond  to  0.1  gm.  of 
P2O5.  In  order  to  bind  the  nitric  acid  developed  in  this 
titration,  3  gm.  of  sodium  acetate  are  added  to  the  ura- 
nium nitrate  solution.  The  results  of  the  titration  indi- 
cate how  much  the  uranium  nitrate  solution  must  be 
diluted  to  correspond  to  the  phosphate  solution. 

(3)  A  solution  of  100  gm.  of  sodium  acetate  and  30  gm. 
of  acetic  acid  to  a  litre,  5  c.c.  of  this  mixture  are  u.sed 
for  every  5  c.c.  of  urine.  The  solution  contains  enough 
acetic  acid  to  convert  all  the  urinary  phosphates  into 
monophosphate. 

(3)  Tincture  of  cochineal  to  be  used  as  an  indicator,  5 
gm.  of  cochineal  are  dissolved  in  the  cold  in  500  c.c. 
of  a  mixture  of  4  parts  of  water  and  1  part  of  alcohol. 
Any  undissolved  residue  is  removed  by  filtration. 

The  uranium  solution  is  now  standardized;  20  c.c. 
should  exactly  neutralize  50  c.c.  of  the  phosphate  solu- 
tion; 50  c.c.  of  the  latter  solution  are  mixed  with  5  c.c. 
of  the  acetate  solution  (2)  and  a  few  drops  of  the  indi- 
cator (3)  added.  The  mixture  is  heated  to  boiling  and 
uranium  solution  added,  drop  by  drop.  The  appearance 
and  persistence  of  a  green-colored  precipitate  indicates 
the  end  reaction.  If  in  this  titration  only  18  c.c.  of  ura- 
nium solution  were  required  to  neutralize  the  .50  c.c.  of 
phosphate,  then  the  uranium  nitrate  solution  must  be 
diluted  so  that  2  c.c.  of  water  are  added  to  every  18  c.c. 
of  the  solution. 

Execution;  Fift_y  cubic  centimetres  of  urine  are 
treated  exactly  as  the  50  c.c.  of  phosphate  solution 
above.  As  20  c.c.  of  the  uranium  nitrate  solution  corre- 
spond to  50  c.c.  of  the  phosphate  solution,  and  as  these 
50  c.c.  represent  exactly  0.1  gm.  of  P2()5,  the  phosphate 
content  of  the  urine  can  be  estimated  by  simple  calcula- 
tion from  the  number  of  cubic  centimetres  of  the  uranium 


solution  required  to  bring  about  the  end  reaction  in  50 
c.c.  of  urine. 

The  separate  estimation  of  the  diiierent  phosphates  can  ■ 
not  be  discussed  in  this  place.  (I  refer  to  Huppert, 
"Harnanalyse,"  p.  734 if.,  1898.) 

Carbonic  Acid  (Carbonates). — The  urine  may  contain 
free  carbonic-acid  gas  or  carbonic  acid  combined  with 
various  bases  as  carbonates.  Free  carbonic  acitl  can  be 
driven  off  by  physical  means  (boiling,  passage  of  an  air 
current,  evacuation);  the  latter  can  only  be  removed  by 
chemical  means  (acids).  The  proportion  of  the  former  to 
the  latter  is  about  as  two  to  one.  Normal  lu'ine  of  the 
specific  gravity  of  1.020  and  of  acid  reaction  on  an  aver- 
age contains  about  50  c.c.  of  fiee  carbonic  acid  ;  urine  of 
an  alkaline  reaction  over  100  c.c.  of  carbonic  acid.  As 
the  salts  of  vegetable  acids  appear  in  the  urine  as  carbo 
nates,  a  vegetable  diet  (citrates,  acetates,  tartrates,  etc.) 
leads  to  an  increased  excretion  of  carbonates. 

An  important  interrelationship  exists  between  the  free 
CO2,  the  carbonates,  and  the  phosphates  of  the  urine. 
Monosodium  phosphate  liberates  CO2  from  alkali  car- 
bonates. If  the  free  COa  developed  in  this  way  is  re- 
moved, more  alkali  carbonate  is  disassociated  until  finall}' 
only  traces  of  it  are  left.  Carbonic  acid  forms  niono- 
(acid)and  di- (normal) carbonates  (NaHCOs  audNa^COs). 
The  urine  may  contain  the  carbonates  of  Ca,  Mg,  and 
NH3. 

Tests.  A  current  of  air  is  passed  through  an  alkali 
hydrate  solution  (to  remove  any  COj  it  may  contain), 
then  through  the  urine,  and  finally  through  a  solution  of 
barium  hydrate  (baryta  water).  The  presence  of  COa 
will  be  revealed  by  clouding  of  the  barium  solution. 
Fixed  alkali  carbonates  nuist  tirst  be  disassociated  by 
treating  the  urine  with  mineral  acids. 

Quaiititatire  Estimation.  This  is  performed  in  the 
same  way  as  the  qualitative  test.  The  vessel  containing 
the  baryta  solution  is  weighed  before  and  after;  the  dif- 
ference represents  the  COj  absorbed.  For  details  I  refer 
to  text-books  of  analytical  chemistry. 

Silicic  Acid  (Silicates),  Nitrates  and  Nitrites,  and  Ily- 
drnr/en.  Pero.ride  are  all  occasionally  encountered  in  traces 
in  human  urine.  The  silicates,  nitrates,  and  nitrites  are 
derived  from  the  ingesta,  probably  from  drinking  water 
that  always  contains  all  these  bodies.  The  source  and 
significance  of  the  traces  of  HaOa  that  are  occasionally 
found  are  not  understood.  None  of  these  substances 
have  sufficient  clinical  importance  to  warrant  a  descrip- 
tion of  their  properties,  nor  of  the  methods  employed  for 
their  detection  and  estimation  in  the  urine. 

B.\SES. — The  bases  normally  occurring  in  the  urine 
have  been  in  part  discussed  under  the  headings  of  chlo- 
rides, sulphates,  phosphates,  etc.  For  the  exact  quan- 
titative determinations  of  K,  Na,  Ca,  Mg,  and  Fe,  that 
are  of  great  scientific  interest  in  metabolic  work,  but  only 
of  subordinate,  practical,  i.e.,  clinical  interest,  I  refer  to 
text-books  of  quantitative  chemical  analj'sis.  The  quan- 
titative determination  of  ammonia  alone  is  of  sufficient 
practical  importance,  however,  to  warrant  description  in 
this  article  (see  below). 

The  bases  of  the  urine  can  be  conveniently  discussed 
in  groups  (Na  and  K,  Ca  and  Mg,  NH3,  Fe).  The  facts 
given  imder  acids  (and  salts)  may  be  supplemented  by 
the  following  information; 

Pot.assivm  and  Sodium. — The  urine  voided  in  twenty- 
four  hours  by  a  healthy  adult  contains  from  2  to  4  gm. 
of  potassimn  (K2O)  and  from  4  to  8  gm.  of  sodium 
(Na.,0).  The  excretion  of  Na  and  K  is  largely  dependent 
on  the  character  of  the  diet.  During  inanition  their 
quantity  is  reduced  and  more  K  is  excreted  than  N.  As 
soon  as  food  is  taken,  the  excretion  increases  only  slowly 
and  the  normal  proportion  between  Na  and  K  is  soon  re- 
established. Vegetable  K  salts  increase  the  Na  excre- 
tion. Muscular  exercise  increases  the  K  excretion.  In 
fever  the  K  excretion  may  be  doubled  or  trebled  and  the 
Na  excretion  be  greatly  reduced.  As  soon  as  the  fever 
disappears  the  Na  excretion  rises  and  the  K  excretion 
falls  (Salkowski).  These  peculiar  fluctuations  may,  I 
think,  in  large  part  be  explained  by  the  small  ingestion  of 
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food  (contiiiuiug  NaCl)  duriug  fever  auil  the  increased 
feeding  dviriug  convalescence, 

TeHs.  Sodium. — Tlie  uriue  is  evaporated  to  dryness. 
The  residue  licld  in  a  colorless  tlanie  colors  it  yellow. 
Spectroscopically  an  absorption  line  at  D. 

Potassium. — One  hundred  cubic  ceutinaetres  of  urine 
are  acidified  with  HCl,  and  treated  with  a  mixture  of 
equal  parts  of  alcohol  and  elher  containing  platinum 
chloride.  In  the  course  of  three  to  four  lioiu's  octahedric 
crystals  of  K  platinum  chloride  from  a  yellow  precipitate 
that  presents  chai'actcristic  microscopic  features. 

Calcium  and  Mnqnesium. — The  average  dailv  excretion 
of  Ca(CaO)  is  from  0.3  to  0.3  gm.,  of  ]Mg(MgU)  from 
0.1  to  0.2.'5.  Only  a  .small  proportion  of  the  Ca  absorbed 
from  the  intestine  is  excreted  in  the  urine  (five  to  fifteen 
per  cent.);  the  greater  portion  passes  into  the  bowel. 
Abundant  water  drinking  increases  the  urinary  Ca  excre- 
tion. During  inanition  there  is  a  slight  increase  in  the 
Ca  excretion  (probably  derived  from  osseous  tissues).  In 
osteomalacia  the  Ca  excretion  is  increased;  in  rachitis  it 
is  not  increased.  The  w-riter  has  shown  that  in  tubercu- 
losis the  Ca  excretion  is  often  increased. 

Tests.  If  the  urine  is  treated  with  ammonia  the  pre- 
cipitate that  forms  consists  largely  of  Ca  phospliate  and 
Am-  Mg  phosphate.  In  order  to  demonstrate  the  pres- 
ence separately  of  Ca  and  Mgthe  iirccipitate  (or  the  sedi- 
ment of  alkaline  urine)  is  dissolved  in  acetic  acid,  the 
solution  treated  with  ammonium  chloride  and  a  sohiti<m 
of  ammonium  oxalate.  The  Ca  is  precipitated  as  Ca 
oxalate,  while  Mg  remains  in  solution.  By  adding  am- 
monia to  the  filtrate,  Mg  can  again  be  precipitated  as 
Am-  Mg  phosphate. 

Ammonia. — The  normal  daily  excretion  of  Am  is  from 
0.3  to  1.3  gm.  Tile  urinary  Am  constitutes  from  4.5  to  7 
per  cent,  of  the  total  N.  On  an  abundant  meat  diet 
more  Am  is  excreted  than  on  a  vegetable  diet.  As  urine 
readily  undergoes  ammoniacal  fermentation  the  urine 
should  be  examined  fresh.  Fixed  alkalies  and  vegetable 
alkalies  (that  are  excreted  as  carbonates)  decrease  the  Am 
excretion,  inorganic  alkali  salts  increase  it.  Ammonia 
salts  (carbonate  and  vegetable  salts)  appear  in  the  urine 
as  urea.  As  urea  is  formed  from  Am  carbonate  in  the 
liver,  the  Am  excretion  (botli  absolutely  and  in  propor- 
tion to  urea)  is  increased  in  advanced  alTeetions  of  the 
liver  (interstitial  hepatitis,  etc.).  In  amj'loid  liver  and 
in  splenic  leuka;mia  the  Am  excretion  is  increased.  In- 
organic acids  lead  to  an  increased  excretion  of  Am. 
Acidosis  of  the  blood  from  whatever  cause  also  increases 
the  urinary  Am.  Asphyxia,  febrile  conditions  with  high 
temperatures,  diabetes,  phosphorus  poisoning — all  lead 
to  an  increased  Am  excretion,  and  this  phenomenon  can 
readily  be  explained  either  on  the  basis  of  acidosis  or  im- 
pairment of  the  liver  function.  Excessive  Am  excretion 
has  been  observed  in  the  algid  stage  of  cholera  (2.075  [!] 
Rumpf). 

Qimlitatirc  Test.  As  urea  is  readily  converted  into 
Am  carbonate  by  micro-organisms  the  urine  must  be  quite 
fresh.  The  urine  is  rendered  alkaline  with  lime  water. 
Am  esca]ies  and  colors  red  litmus  paper  blue.  KOH  and 
NaOH  cannot  be  used  in  this  test  because  they  may  lib- 
erate Am  from  other  nitrogenous  bodies  of  the  urine  than 
Am  salts.  The  precipitate  of  K  platinum  chloride  de- 
scribed under  Potassium  may  be  treated  with  NaOH ;  it 
will  also  emit  vapors  of  Am  that  can  be  recognized  as 
above. 

Quantitative  Tests.  The  most  popular  method  is  that 
of  Schlosing;  it  is  not  quite  accurate  and  it  has  frequent- 
ly been  modified  in  minor  details.  The  original  method 
is,  however,  so  .simple  of  execution,  and  requires  so  little 
paraphernalia,  that  it  is  best  suited  for  clinical  work. 
The  methods  of  Wurster  (distillation),  of  Heintz,  and  of 
Schmiedeberg  (determination  as  Am  platinum  chloride) 
are  all  good.  I  refer  to  Huppert,  "  Haruanalyse, "  1898, 
p.  743/.,  for  details. 

The  Method  uf  SchUi-iinff.  Twenty-five  cubic  centime- 
tres of  filtered  urine  are  poured  into  a  shallow  crystalliz- 
ing dish ;  upon  this  is  placed  a  metal  triangle  that  serves 
to  support  a  second  flat  dish  containing  20  c.c.  of  one- 


fourth  normal  HiSOj.  To  the  urine  are  added  10  c.c. 
of  lime  water.  The  two  vessels  are  at  once  covered 
with  a  bell  jar  with  ground  edge  that  is  greased;  it  is 
pressed  tightly  down  u]3on  a  ground  glass  plate.  After 
three  or  four  days  all  the  anunouia  is  driven  out  of  the 
urine  and  is  absorbed  by  the  sulphuric  acid.  The  acid  is 
then  titrated  back  with  one-tenth  normal  sodium  hydrate 
solution,  using  methyl  orange  as  an  indicator.  The  am- 
monia absorbed  by  the  acid,  i.e.,  originally  contained  in 
the  urine,  can  readily  be  calculated  from  the  number  of 
cubic  centimetres  of  the  alkaline  solution  required  to 
neutralize  the  free  acid  remaining.  (The  number  of 
cubic  centimetres  of  one-tentli  normal  NaOH  ma}-  be 
subtracted  from  50  and  multiplied  by  1.7  to  indicate  the 
milligrams  of  Nils  found). 

Inia. — Iron  occurs  in  the  urine  only  in  organic  combi- 
nations; hence  its  presence  can  only  lie  demonstrated  in 
the  urinary  ash.  The  uric-acid  crystals  of  the  uriue 
usually  contain  some  of  the  iron.  The  color  of  the  uric- 
acid  crystals  is  not,  however,  due  to  the  traces  of  iron  they 
may  incorporate.  Tlie  nature  of  the  organic  iron  com- 
pound of  the  urine  is  not  known.  The  average  daily  iron 
excretion  is  about  4  mgm.  In  fever  and  in  pernicious  anfe- 
mia  the  urinary  iron  is  increased. 

Te.'^t.  The  urinary  ash  is  di-ssolved  in  a  little  HCl  and 
boiled  with  one  drop  of  nitric  acid.  After  cooling  the 
liquid  is  treated  with  potassium  sulphocyanide  solution. 
If  iron  is  present  even  in  traces  a  few  drops  of  this  re- 
agent will  produce  a  reddish  color;  if  much  iron  is  pres- 
ent, the  liquid  will  turn  dark  red.  Or  the  HCI-HNO3 
solution  of  the  ash  may  be  treated  with  potassium 
ferrocyanide  solution.  If  iron  is  present,  a  blue  floccu- 
lent  precipitate  will  form. 

AcciDENT.\i,  Ao.MixTUKES.^Many  drugs  and  poisons 
may  occasionally  appear  in  the  urine.  See  for  this  sub- 
ject the  article  on  Poisons. 

URINARY   SEDIMENTS. 

The  urine  is  usually  quite  clear  or  only  slightly  clouded 
when  fresh.  On  standing,  a  small  nubecula  soon  forms 
that,  on  microscopic  examination,  is  found  to  consist  of 
a  small  number  of  epithelial  cells,  a  few  leucocytes,  and 
a  scanty  number  of  crystals.  The  size  and  the  density 
of  this  nubecula  varies  greatly  even  in  health.  If  the 
urine  is  concentrated,  large  urate  precipitates  may  form 
in  subjects  who  are  perfectly  well.  Pathologically, 
manj'  other  organized  and  unorganized  morphotic  ele- 
ments may  appear  in  the  urine  that  have  great  diagnos- 
tic significance.  Pathologic  urines  containing  many  ab- 
normal elements  usually  precipitate  a  distinct  sediment 
after  standing  a  short  time.  In  other  cases  the  pathologic 
constituents  may  be  so  scanty  that  they  must  be  precipi- 
tated by  centrifugation.  If  it  is  desired  to  preserve  the 
sediment  for  a  time  the  urine  should  be  treated  with 
chloroform  water  (5  c.c.  to  1  litre).  Staining  the  sedi- 
ment is  rarely  necessary.  The  same  methods'  and  the 
same  stains  may  be  used  as  in  other  histologic  work. 

0rg.\nized  Sediments. 

Red  Bi.ood  Cokpuscles. — These  elements  appear  in 
the  urine  in  extrarenal  and  renal  IkTmaturia  (see  these 
paragraphs).  The  cells  ap- 
pear under  the  microscope 
as  yellow  circular  discs 
with  a  central  depression ; 
seen  from  the  side  the_v  as- 
-sume  a  biscuit  form.  They 
soon  undergo  morphologic 
changes,  and  either  swell 
up  or  shrink  and  lose  their 
circular  contour.  They  also 
appear  together  with  white 
blood  corpuscles  and  can 
be  distinguished   from  the 

latter  by  the  absence  of  a  j,,(._  4g5;.^i(e,i  and  White  Blood 
nucleus,  their  yellowish  col-  corpuscles. 
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or.  the  central  depression,  and  their  size.  (See  Figs. 
48-57  and  48riS  h  and  c).  Tliere  are  always  more  red  than 
white  cell.'*  in  simple  ha>niaturia;  iu  p^-uria  there  are  more 
white  than  red.  Occasionally  the  pigment  is  washed  out 
of  tlie  red  blood  corpuscles,  and  they  appear  as  rings 
("shadows"). 

■\ViiiTE  Blood  Corpcsoles  (Leucocytes,  Pus  Cells). — 
A  few  leucocytes  can  always  be  found  in  norn.ial  urine. 
They  appear"  as  round  colorless  elements  with  one  or 


urine  may  contain  almost  any  unr  nf  I  he  jiatliogciiic  Ixic- 
tei-iii.  Particularly  conunou  aie  the  gonococcus,  the 
tubercle  bacillus,  and  se]itic  cocci.  Oi  (Uiiiinil  jMirdxilcs 
(vermes)  distoma  hematobium,  tilaria  sanguinis  liumfnis, 
echiuococcus,  eustrongylus  gigas,  and  occasionally  asca- 
rides  are  found  in  the  urine.  Various  infundrui  have  also 
been  described  in  the  urine.  Of  non-pathogenic  .schizo- 
mycetes  and  hyphomycetes  and  non-pathogenic  bacteria 
(cocci,  bacilli,  sarcinte,  etc.)  a  great  many  liave  been  de- 


FIG.  4858.-0,  Spermat/izoa :  h.  cylindroids,  pus  (red  and  wliite  lilood  oorpusoles);  c,  flbrin.  red  and  white  blcxKl  corpuscles  (ha'maturia); 
((,  micrococcus  urea',  bacillus  urea;,  large  bacillus  found  In  cystitis;  c.  yeast  (a),  penicillium  Klaucum  O) ;  /,  oidium  alblcaus  (o), 
mycelial  lllainents  (P),  sarcina  (y).     (Original.) 


more  nuclei  and  with  homogeneous,  finely"  or  coarsely 
erannlar  i«otoplasm.  The  smaller  leucocytes  usually 
possess  only  one  nucleus  and  homogeneous  protoplasm 
(see  Figs.  4857  and  4858,  b  and  <•).  The  finer  differences 
can  best  be  brought  out  with  Ehrlich's  triple  stain,  but 
for  ordinary  urinary  diagno.sis  this  is  superHuous.  ilany 
degenerated  foimsare  often  seen,  particularly  in  alkaline 
urme.  The  noimal  outline  may  be  lost,  the  cells  may  be 
swollen,  their  protoplasm  may  be  in  all  stages  of  fatty, 
hyaline,  or  granular  degeneration.  Sometimes  nothing 
is"  left  of  the  cells  but  the  nucleus.  The  greatest  number 
of  leucocytes  ([ins  cells)  appears  in  rupture  of  an  abscess 
into  the  lirinary  passages  and  in  cystitis.  The  pus  may 
be  derived  froin  any  jiortion  of  the  uropoietic  ap|)aratus. 
In  renal  suppuration  the  number  of  pus  cells  is  usually 
small.  The  localization  of  the  pus  focus  may  occasion- 
ally be  attempted  from  the  examination  of  the  other 
formed  elements  that  appear  in  the  urine  at  the  same 
time  (see  Epithdid).  Particular  care  should  be  exercised 
in  women,  as  much  pus  may  come  from  the  genital  ap- 
paratus.    In  order  to  differentiate  pus  cells  from  epitbe- 


scribed.  The  most  important  ones  of  this  group  are 
micrococcus  urea',  bacillus  urea',  a  long  bacillus  fre- 
quently found  in  cystitis  urine,  a  sarcina,  yeast,  penicil- 
lium glaucum,  oidium  albicans,  and  mycelia.  The  ap- 
pearance of  some  of  these  organisms  is  pictured  in 
Fig.  4858.  d,  e,  and  /.  Few  of  them  are  ever  found  in 
fresh  urine.  They  rapidly  develop,  however,  iu  old 
urine,  particularly  in  diabetic  urine,  so  that  they  may 
form  a  film  or  zooglo'a  ou  the  surface  of  the  li(iuid. 
They  bring  about  fermentative  changes  that  have  been 
referred  to  incidentally  in  the  te.xt  above. 

Epn'iiEi.r.\  are  found  in  normal  urine.  Their  number, 
however,  is  scanty.  Occasionally  normal  ui-ine  contains: 
large  numbers  of  round  epithelia  that  are  derived  from 
the  prepuce  in  men  or  the  meatus  urinarius  or  the  vagina 
in  women.  If  such  epithelia  are  present  iu  very  large 
number,  this  finding  usually  denotes  catarrh  of  these 
parts.  It  is  a  very  difficult  matter  to  differentiate  the 
epithelia  of  the  kidneys,  the  pelvis,  ureters,  bladder,  and 
urethra.  As  a  rule,  although  not  always,  renal  epithelia 
arc  smaller  than  the  epithelia  from  lower  portions  of  the 


Fig.  4S39.— Epitbella.    a,  Male  urethra;    /),  vagina;    c,  vesical;   c(,  renal;   c,  pelvis  and  ureter.     (OriRinal.) 


lial  cells  the  sediment  may  be  treated  with  iodic-potas- 
sium  iodide.  The  leucocy"tes  will  turn  mahogany  brown 
(glycogen),  while  the  epithelia  will  turn  light  yellow. 

SPER.M.vrozoA  (Fig.  4858  <()■ — These  consist  of  a  head 
and  a  tail;  the  former  thick  and  pear-shaped,  the  latter 
thin  and  filamentous,  and  becoming  attenuated  at  its  dis- 
tal end.  In  some  cases  the  spermatozoa  are  motile. 
They  are  about  50  //  long,  the  head  usually  being  from 
4  to  5  u  in  length. 

Spermatozoa  are  found  after  coitus  or  emissions  (epi- 
leptic seizures,  nocturnal  pollutions,  etc.)  in  male  urine, 
and  may  also  occasionally  be  found  in  the  first  urine 
voided  by  women  after  coition. 

Pah.\8ites. — For  pathologic  bacteria  and  for  animal 
parasites  I  refer  to  other  portions  of  this  work.     The 


urinary  tract.  They  have  a  large  oval  nucleus,  a  poly, 
hedric  outline,  and  granular  protoplasm.  They  may  be 
single  or  arranged  in  groups.  If  cells  possessing  all  the 
above  characteristics  are  found  arranged  in  cylinders  (see 
also  Casts)  the  diagnosis  of  renal  epithelium  is  justified. 
The  renal  cells  may  be  in  all  stages  of  degeneration,  and 
occasionally  a  tentative  diagnosis  of  the  character  of  the 
renal  epithelium  may  be  permitted  from  the  appearance 
of  these  cells.  Pelris  cdls  are  usually  elongated  with  a 
thick  rounded  end  containing  a  nucletis  and  a  longer  at- 
tenuated extremity  (Fig.  48.59,  e).  I  never  attach  much 
importance  to  cells  of  this  appearance,  for  I  believe  that 
they  can  be  derived  from  the  kidneys  or  the  ureters  as 
well,  for  the  epithelia  lining  these  portions  of  the  urinary 
passages  are  after  all  of  the  same  type,  and  any  morpho- 
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logical  differences  that  may  occasionally  be  observed  are- 
probabl}'  accidental.  Large  islands  of  squamous  epithe- 
lium speak  for  cystitis.  In  men  the)'  are  in  all  probabil- 
ity derived  from  the  bladder  mucosa;  in  women  they 


that  are  similar  in  appearance  to  hyaline  casts.  They 
are  very  common.  Occasionally  they  are  found  in  nor- 
mal urine.  They  seem  to  be  a  product  of  slight  renal 
irritation,  but  tlieir  presence  by  no  means  indicates  a 
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and  hyaline  casts  ;  b,  granular  casts;  c,  blood  casts :  (a)  red  blood-corpuscle  cast;  (^)  leucocyte  cast;    (-y)  mixed 
;  O)  epithelial  cast ;  c,  pseudo-casts;  (a)  urate  cast ;  O)  dicalcium  pbospbate  cast ;  /,  mixed  cast.     (OriKinal.) 

renal  lesion  proper.  They  have  been  found  in  conges- 
tion of  the  kidney,  from  heart  lesions,  and  in  increased 
urate  excretion. 

Blood  Casts. — These  structures  are  formed  vphenever 
there  is  hemorrhagic  exudation  into  the  canaliculi  of  the 
kidney  parenchyma.     The  origin  of 

Epithelial  Casts  is  equally  clear.  They  are  the  result 
of  epithelial  desquamation  that  may  be  due  to  a  great 
variety  of  causes. 

The  presence  of  blood  and  epithelial  casts  always 
denotes  acute  nephritis  or  an  acute  exacerbation  of  a 
chronic  nephritis.  They  are  consequently  of  the  great- 
est diagnostic  importance. 

Fatti/  Casts, — Fat  droplets  are  frequently  found  on 
granular  casts;  sometimes  casts  consisting  of  fat  globules 
alone  are  seen.  Occasionally  fat  globules  and  fat  needles 
(crystals  of  fatty  acids  and  soaps)  appear  together. 
Fatty  casts  occur  only  in  subacute  and  chronic  forms  of 
nephritis  that  lead  to  fattj'  degeneration  of  renal  paren- 
chyma, i.e..  of  renal  epithelia. 

Oranular  Casts. — These  casts  probably  result  from 
granular  degeneration  of  blood  and  epithelial  casts. 
They  indicate  renal  intlamination.  They  occasionally 
appear  in  cyanotic  induration  of  the  kidney.  They  usu- 
ally appear  together  with  the  other  forms  of  casts  de- 
scribed, and  they  possess  great  diagnostic  significance. 

Bacterial  Casts  usually  indicate  embolic  septic  nephritic 
processes.  They  often  resemble  granular  casts  in  ap- 
pearance, but  can  usually  be  distinguished  from  the  lat- 
ter by  their  resistance  to  nitric  acid,  potassium  hydrate, 
and  other  strong  chemicals. 

Pseudo-Casts. — To  this  class  belong  hiematoidin  casts, 
"detritus  casts,''  and  casts  holding  crystals  of  urates, 
sulphates,  etc.  They  are  common  in  the  new-born  and 
in  nephritis  uratica.  Their  clinical  significance  is  very 
slight. 


.may  be  bladder  or  vaginal  epithelia.  When  we  consider 
finally  that  all  these  epithelial  cells  may  be  and  usually 
are  degenerated  and  cou.sequently  changed  in  outline 
and  appearance,  we  should  be  warned  not  to  place  too 
great  diagnostic  importance  on  slight  morphologic  dif- 
ferences they  may  present.  Fig.  4859  illustrates  in  a 
diagrammatic  manner  the  different  forms  of  urinary  epi- 
thelia. 

Casts.  — Urinary  casts  or  urinary  cylinders  are  clinically 
the  most  important  morphotic  elements  of  the  urine. 
We  can  distinguish  organized  casts  and  unorganized 
casts,  the  former  consisting  of  morphotic  elements  or  the 
products  of  their  metamorphosis  (scil.  degeneration),  the 
latter  consisting  of  crystals  of  inorganic  urinary  constit- 
uents. Some  writers  class  the  latter  a.%  pseudo-casts,  and 
include  under  the  category  of  casts  proper  only  the 
former.  I  consider  this  differentiation  to  be  more  useful 
from  the  clinical  standpoint. 

Casts  proper  may  again  conveniently  be  subdivided 
into  homogeneous  (waxy,  hyaline)  casts,  cell  casts  (epi- 
thelial, blood,  etc.,  casts),  and  easts  consisting  of  formed 
degenerated  cell  products  (fattj',  granular,  etc.,  casts). 
Often  we  encounter  mixedcasts,  i.e..  for  instance  a  homo- 
geneous cast  with  cellular  elements  and  degeneration 
products  and  frequently  crystals  besides.  Bacterial 
casts  are  also  occasionally  seen.  All  classification  of 
casts  is  more  or  less  artificial  and  serves  no  real  purpose. 

Casts  may  appear  in  varying  numbers.  They  may 
appear  in  tjriue  that  is  free  from  albumin,  or  even  in 
urine  that  contains  no  other  pathologic  ingredients. 
Normal  ( ?)  urine  may  contain  casts.  To  what  extent  the 
appearance  of  casts  is  ever  "physiological  "  it  is  hard  to 
say.  (See  vi.\so  Physiological  Albuminuria.)  Slight  toxic 
influences  (alcohol,  intestinal  auto-intoxication,  etc.)  may 
lead  to  the  excretion  of  casts  in  the  urine. 

The  appearace  of  the  different  forms  of  casts  is  illus- 
trated  in  Fig.  4860. 

^¥al•y  Casts. — The  origin  of  these  casts  is  obscure. 
They  may  result  from  coalescence  of  degenerated  epithe- 
lia, from  inflammation,  from  exudation  of  amyloid  or 
fibrin  into  the  uriniferous  tubules.  They  are  usually 
long,  often  segmentated,  sometimes  short  and  broad 
(fragments).  They  maj'  either  be  smooth  or  shiny,  or 
may  be  covered  with  morphotic  elements.  They  always 
indicate  some  renal  affection.  They  appear  in  acute  and 
chronic  nephritis,  in  amyloid  kidney,  and  in  contracted 
kidney.  They  occasionally  give  the  amyloid  reaction, 
but  not  always.  A  positive  amjdoid  reaction  does  not 
necessarily  indicate  amyloid  kidney. 

Hi/aline  Casts. — These  structures  are  usually  very  long, 
pale,  and  very  delicate,  so  that  they  may  readily  escape 
detection.  Hyaline  casts  alone  are  probabl}'  of  no  patho- 
logic significance,  and  nephritic  lesions  should  never  be 
diagnosed  from  their  presence  alone.  Frequently  they 
are  covered  with  morphotic  elements  that  possess  patho- 
logic importance. 

To  the  same  category  probably  belong  ci/iindroids 
(Fig.  4860,  I/).     These  constitute   bands  and  cylinders 


LfNORGANIZED   SeDI.MENTS. 

The  character  of  the  inorganic  sediment  is  dependent 
on  the  reaction  and  the  concentration  of  the  urine  and  on 
the  mixture  of  salts  it  contains.  Much  can  be  elicited  in 
regard  to  the  sediment  from  its  behavior  to  heat,  the  re- 
action of  tlie  urine  and  its  behavior  to  acids.  Thus  a  red 
sediiuent  in  acid  urine  that  is  soluble  on  heating  always 
denotes  uric  acid,  whereas  a  white  sediment  in  alkaline 
urine  that  is  insoluble  on  heating  the  urine  alone,  but 
readily  soluble  in  warm  urine  after  the  addition  of  a  lit- 
tle acid,  denotes  phosphates  {plus  carbonates  and  urates). 
Phosphatic  sediments  always  appear  when  the  urine  is 
alkaline  when  voided,  or  becomes  alkaline  on  standing 
(fermentation).  The  sediment  may  be  crystalline  or 
amorphous.  The  composition  of  the  sediiuent  can  be 
determined  by  microscopical  and  chemical  analysis. 
Only  the  most  important  sediments  and  the  methods 
employed  for  their  recognition  can  be  discussed  in  this 
article. 

Uric  Acid  (see  Fig.  4861). — This  sediment,  as  shown 
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ill  the  drawing,  may  appear  in  a  gieat  variety  of  forms. 
Pure  uric  acid  i.s  white.  The  urinary  uric  acid  is  always 
colored  red  to  dark  brown  from  the  admixture  of  urinary 
pigments.  The  crystals  readily  dissolve  under  the  micro- 
scope on  addition  of  potassium  hydrate  solution,  and  re- 
appear iu  a  slinrt  time  as  rhomboid  crystals  on  ailditiou 
of  hydrochloric  acid.  Uric-acid  crystals,  as  already 
stated,  only  occur  iu  acid  urine. 

Ukates. — Alkali  urates  appear  asamorphous  tine  gran- 
ules of  yellow  or  reddish-brown  color  iu  acid  urine, 
whereas  ammonium  urate  occurs  only  in  alkaline  urine 
in  the  form  of  .spheres  that  are  surrounded  b}'  a  wreath 
of  tine  needles  or  spiculic.  The  morphologic  character- 
istic of  anioiphous  urates  and  of  ammonium  urate  are 
represented  in  Fig.  4863.  Urates  are  soluble  under  the 
raici'oscope  on  addition  of  acids.  On  standing,  crystals 
of  uric  acid  appear. 

Calcium  0.\;ai,ate  (see  Fig.  4863). — These  crystals 
present  so  typical  a  microscopical  appearance  that  they 


be  ruled  out,  the  appearance  of  much  calcium  oxalate 
sediment  should  lead  to  the  chemical  estimation  of  the 
urinary  oxalic  acid  as  described  above. 

Calcium  Sulphate  (Fig.  4864). — This  is  arareuriuaiy 
sediment.  The  crystals  are  soluble  in  acids  and  in  am- 
monia. The  pathologic  significance  of  the.se  crystals  is 
small. 

Calcium  Carbonate  (see  Fig.  4865)  is  a  rare  sediment 
of  subordinate  clinical  importance.  On  addition  of  min- 
eral acids  the  sediment  rapidly  dissolves.  Under  the 
microscope  effervescence  cau  be  seen. 

Phosphates  (Figs.  4866  and  4867).— These  salts  ap- 
pear in  two  forms,  amorphous  and  crystalline.  As 
already  stated,  alkaline  urine  always  precipitates  phos- 
phates. If  the  urine  is  acid  when  voided,  increased  ex- 
cretion of  phosphates  may  be  taking  place  and  still  no 
sediment  form.  As  a  rule,  therefore,  a  phosphate  sedi- 
ment has  only  slight  clinical  importance.  There  is,  how- 
ever, a  metabolic  disorder  that  may  lead  to  phosphaturia. 


Fig.  48C1.— Urlc-Add  Sediment. 
(Original.) 


Fig.  48(i:;.— a.  Amorphous  urates ;  ^,  ammo- 
uium  urate.     (Original.) 


FIG.  4863.— Oaloium  O-talate. 
(OrlKlnal.) 


Fig.  48Gi.— Calcium  Sulphate. 
(Original.) 


Fig.  4SB5.— Calolum  Carbonate. 
(Original.) 


Fig.  481)6.— Phosphate  Sedimeuts.  a.  Amor- 
phous earthy  phosphates ;  )3  trimagnesium 
phosphate;  7,  triple  phosphate.     (Original.) 


Fig.  486T.— "Neutral  "  or  Dioalcium  Phosphate.  Fig.  48(J8.— Leucin,  Tvrosln  and    Cystln.    a,    Fig. 4869.— a,  Hiiipuric  acid  ;  h.  clioIe.sterln ;  c, 
(Original.)  Leucln ;  ?,  tyrosiu ;  y.  cystin.    (Original.)  fatty  crystals;    iJ,  urea  nitrate ;  e,  fat  glob- 

ules.    (Original.) 


cannot  be  confounded  with  anything  else.  They  occur 
in  normal  urine,  and  may  appear  in  large  numliers  after 
the  ingestion  of  certain  vegetables  (asparagus,  beans, 
carrots,  etc.)  that  contain  oxalic  acid.     If  this  factor  can 


We  distinguish;  (1)  Amorphous  earthy  phosphates  (cal- 
cium and  magnesium  phosphate);  (3)  triraagnesium  phos- 
phate ;  (3)  dicalcium  phosphate  (stellar  phosphate);  (4) 
ammonium-magnesium  phosphate  (triple  phosphate).    (1) 
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Occurs  in  alkaline  or  neutral  urine:  (2)  in  concentrated 
alkaline  urine:  (8)  in  neutral  or  slightly  acid  urine  con- 
taining hu'ge  (luantities  (if  calcium  pliospliate;  (4)  chiefly 
in  alkaline  urine,  particularly  afteranuuoniacal  termenta- 
tion.  It  may  also  occur  in  feebly  acid  urine.  Needless 
to  say  that  several  of  these  phosphates  may  and  often  do 
occur  together. 

Leucin  .vnd  Tyrosin  (see  Fig.  4868). — Leucin  and 
tyrosin  usually  occur  together.  The  microscopical  ap- 
pearance is  characteristic.  They  appear  in  the  urine  in 
acute  yellow  liver  atrophy,  in  phosphorus  poisoning,  and 
in  a  number  of  infectious  diseases. 

Chemically  leucin  crystals  can  be  recognized  by  evap- 
orating the  crystals  •vvitu  IINOs  on  a  p\cce  of  platinum 
foil.  A  colorless  residue  remains  that  forms  an  oily  mass 
when  touched  with  a  solution  of  KOH. 

Tyrosin  treated  in  the  same  way  with  HNOj  forms  a 
yellow  residue,  that  treated  with  NaOH  gives  a  reddish 
color.  If  the  mixture  is  evaporated  to  dryness  a  brown- 
black  mass  remains.  ' 

Or  the  crystals  of  tyrosin  iriay  be  dissolved  in  hot  water 
and  the  solution  treated  with  KNO->  and  HgNOs.  The 
liquid  turns  dark  red  and  precipitates  a  red  sediment. 

Cystix  (see  Fig.  4868,  also  section  on  "Cystinuria" 
above). — The  appearance  of  cystin  ciystals  calls  for  chem- 
ical analysis  of  the  urine  for  cystin  and  quantitative  esti- 
mation of  the  cystin  excretion. 

Other  Uxokg-^xized  Unix.MtY  Sediments  may  be 
mentioned  for  completeness'  sake.  They  have  no  clinical 
siguiticaucc  whatever.  Tiie  microscopic  appearance  of 
sediments  of  Idpptiricacid.  cholesterin,  fatty  en/stal»,  urea 
nitrate,  occasionally  forming  on  addition  of  HNOs  to  the 
urine,  and  fat  globules  (Fig.  4869),  should  be  familiar  to 
the  clinician  in  order  to  avoid  confusion  with  more  im- 
portant sediments. 

Urinary  sediments  may  also  contain  xanthin,  blood 
pigment,  bile  pigment,  indigo,  and  numerous  accidental 
contaminations.  Alfred  C.  Croftaii. 

URISOLVIN  is  a  mixture  of  acid  lithium  citrate  and 
urea,  used  in  0.2  gm.  (gr  iij.)  dose  as  a  diuretic  and  uric- 
acid  solvent.  TF.  .4.  Bastedo. 

UROPHERIN,  theobromine-lithitun  salicylate,  lithium- 
diuritin,  CIIiNjO^Li-l- CsHjOH.COOLi,  is  prepared  by 
mixing  theobromine  with  the  hydroxide  and  salicylate  of 
lithium.  It  is  a  white  powder  soluble  in  live  parts  of 
water,  and  differs  from  diuretin  only  in  the  substitution 
of  lithium  for  sodium.  It  is  strongly  diuretic  in  1  gm. 
(gr.  xv.)  doses  repeated  fretpientlj-. 

Uropheriii  henzmite  is  prepared  from  the  benzoate  of 
lithium  instead  of  the  salicylate.  TF.  A.  Bastedo. 

UROSIN,  lithium  quinate,  is  made  by  mixing  quinic 
acid,  which  tends  to  prevent  the  formation  of  uric  acid, 
with  lithium  citrate,  which  is  a  uric-acid  solvent.  It  is 
held  by  Weiss  and  by  Sternfeld  to  be  almost  specific  in 
attacks  of  gout.  The  dose  is  0.5  gm.  (gr.  viij.),  fre- 
quently repeated.  TF.  .4.  Bastedo. 

UROTROPIN,  hexamethylene-tetramine,  aminoform, 
cystamine.  cystogen,  formin.  ammonio-formaldehyde, 
etc.,  (CH2),iNi,  is  made  by  combining  six  molecules  of 
formaldehyde  with  four  of  ammonia.  It  forms  rhom- 
boidal  crystals  of  neutral  or  faintly  alkaline  reaction, 
and  is  soluble  in  1.2  parts  of  water,  slightly  in  alcohol, 
and  scarcely  at  all  in  ether.  In  the  urine  it  may  be 
detected  by  the  formation  of  an  orange  precipitate  with 
a  few  drops  of  a  saturated  solution  of  bromine. 

Introduced  in  1895  by  Bordet,  this  remedy  has  come 
into  imivcrsal  use  as  a  urinary  antiseptic.  It  is  very 
rapidly  absorbed,  Casper  finding  it  in  the  urine  in  ten 
minutes:  usually  the  urine  continued  to  give  off  formal- 
dehyde for  several  days.  In  a  few  cases  no  formalde- 
hyde was  demonstrable  though  urotropin  was  constant- 
ly excreted,  and  Citron  calls  attention  to  the  fact  that 
formaldehyde  is  .sometimes  not  liberated  in  strongly 
alkaline  urine.     The  blood  of  a  rabbit,  to  which  Casper 


administered  urotropin  hypodermically,  was  shown  to 
contain  formaldehyde. 

The  drug  has  been  recommended  as  a  diuretic,  a  uric- 
acid  solvent,  and  a  urinary  antiseptic  and  aciditicr. 
Thompson  considers  its  diuretic  powei'n  to  be  very  slight, 
thougii  other  observers  report  considerable  increase  in 
the  flow  of  urine  following  large  doses.  As  a  uric-acid 
solvent  Casper  foimd  that  neitlier  a  uintropiu  solution 
nor  the  urine  of  a  patient  taking  urotropin  had  any 
effect  in  vitro.  He  discovered  accidentally,  however, 
that  it  caused  complete  cessation  of  all  visible  phosphate 
excretion  in  a  case  of  phosphatiu'ia. 

It  is  in  bacterial  conditions  of  the  tirine.  however,  that 
urotropin  linds  its  chief  indication.  In  typhoid  fever 
there  is  much  evidence  that  the  bacilli  are  prevented 
from  developing  in  the  urine ;  at  Johns  Hopkins  Hospital 
the  typhoid  bacilli  did  not  completely  disappear  from  the 
urine,  but  were  much  diminished  in  niunbers.  Osier 
reconmiended  the  drug  very  highly  in  typhoid  cystitis. 
In  suppurative  pyelitis  and  cystitis  urotropin  has  the 
power  of  greatly  lessening  bacterial  action,  while  at-  the 
same  tiiv.e  it  tends  to  diminish  the  alkalinity  or  increase 
the  acidity.  When  the  urine  is  strongly  alkaline  it  some- 
times fails  to  act.  Cohn  found  no  improvement  in  tu- 
berculous cystitis  or  in  cj'stitis  following  acute  gonor- 
rhoea, but  Bangs  and  others  advise  its  routine  employ- 
ment in  gonorrhea,  as  it  tends  to  keep  the  urine  antiseptic 
and  to  lessen  the  tendency  of  the  gonococcus  to  invade 
the  posterior  urethra  and  bladder.  A.  R.  Elliott,  of 
Chicago,  gives  up  to  6  gm.  (  3  iss.)  a  day,  though  noting 
that  the  acidity  of  the  urine  may  be  so  increased  thereby 
as  to  cause  irritation.  But  there  are  a  number  of  reports 
of  vesical  irritation,  ha?maturia,  and  even  melitna  follow- 
ing much  smaller  doses.  W.  Langdon  Brown  reports 
two  cases  of  vesical  hematuria  from  ten  grains  three 
times  a  day  for  eight  days.  Jlorton  noted  burning  in  the 
urethra  and  frequent  micturition  from  twenty-four  grains 
a  day.  Biss,  in  three  hundred  and  eleven  ty]ihoid  cases, 
noted  irritation  and  slight  ha;maturia  twice.  The  general 
opinion  seems  to  be  that  the  blood  comes  from  the  blad- 
der and  not  from  the  kidneys,  though  it  is  advised  not  to 
employ  the  drug  in  cases  of  nephritis.  Eastman  noted 
lowering  of  temperature  and  pulse.  The  ordinary'  dose 
of  urotropin  is  0.2-0.5  gm.  (gr.  iij.-viij.),  and  Nicolaier 
advises  that  1  5  gm.  (gr.  xxiij.)  a  day  should  not  be  ex- 
ceeded. It  is  best  administered  with  plenty  of  water  in 
small  doses  frequently  repeated. 

Loebisch  has  proposed  the  employment  of  urotropin  as 
an  intestinal  disinfectant,  its  administration  in  intestinal 
putrefaction  being  more  promptly  followed  by  absence 
of  indican  in  the  urine  than  is  the  case  with  salol  and 
other  much-used  drugs.  It  is  absorbed  very  rapidly, 
however,  and  practically  all  of  it  is  excreted  in  the  urine; 
so  it  hardly  seems  probable  that  appreciable  quantities  of 
it  can  act  in  the  intestine.  Joseph  Eastman  thinks  it  may 
prove  of  value  in  puerperal  sepsis.  IF.  .4.  Bastedo. 

URTICARIA. — Urticaria  is  an  affection  of  the  skin  of 
which  the  salient  characteristic  is  the  occurrence  of  pecul- 
iar lesions  called  wheals.  The  description  of  wheals 
therefore  covers  in  large  part  the  objective  sj'mptoms  of 
urticaria. 

A  wheal  is  a  circumscribed  elevation  of  the  skin  due  to 
oedema  of  the  corium.  A  typical  wheal  is  the  lesion  pro- 
duced in  the  average  individual  by  the  bite  of  a  mosquito 
or  flea.  The  typical  wheal  is  slightly  elevated,  sharply 
circumscribed,  with  a  flat  or  rounded  surface,  and  of 
irregular  or  oval  outline.  The  centre  is  usuall}'  pale  and 
bloodless,  but  around  this  pale  elevated  centre  there  is 
an  erythematous  halo.  The  jiressure  of  the  edge  of  the 
finger  nail  on  a  wheal  causes  a  slowly  disappearing  pit- 
ting, as  in  other  cedema.  The  deveJopment  of  a  wheal 
takes  place  suddenly.  The  first  evidence  of  it  is  a  rapid- 
ly appearing  erythematous  spot  which  itches,  and  upon 
which  there  suddenly  develops  a  flat,  wdematous  swell- 
ing. The  whole  evolution  of  the  lesion  may  occur  in  a 
few  seconds.  The  duration  is  usually  slwrt,  from  a  few 
minntes  to  an  hour  or  twr),  though  occasionally  the  le- 
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sioDS  last  for  one  or  two  days,  and  at  times  thej-  persist 
for  a  iveeli  or  more.  Upon  tlie  disappearance  of  a  wlieal, 
if  there  lias  been  no  traumatism  from  scratching,  no  trace 
is  usually  left.  At  times,  however,  there  is  slight  pig- 
mentation, and  if.  as  frequently  happens,  there  has  been 
vigorous  scratching,  inflamed  papules  or  .excoriations  re- 
main as  a  result  of  the  traumatism. 

As  would  be  expected  of  so  capricious  a  lesion  there 
are  numerous  variations  upon  this  typical  wheal,  and 
various  subvarieties  of  urticaria  are  described  according 
to  the  predominating  form  of  wheals  which  characterize 
them.  Wheals  vary  iu  size  most  widely.  Typical 
wheals  are  usually  from  the  size  of  a  split  pea  to  that  of 
a  linger  nail.  At  times  they  are  not  larger  than  small 
papules  and  indeed  are  almost  indistinguishable  from 
ordinary  inBanmiatory  papules.  They  are  frequently  of 
the  size  of  a  twenty -tive-ceut  piece,  and  in  extreme  cases 
are  much  larger.  The  writer  has  seen  a  wheal  of  which 
the  elevatiou'was  not  greater  than  a  quarter  of  an  inch, 
which  extended  around  the  chest  from  the  median  line  in 
front  to  the  median  line  at  the  back,  and  from  the  line  of 
the  nipple  above  to  below  the  border  of  the  libs  (in-ticnria 
gigaiis).  Their  shape  is  equally  uncertain.  Usually  of 
more  or  less  oval  outline,  they  at  times  assume  most 
irregular  shapes,  and.  in  persons  whose  skins  are  particu' 
larly  susceptible  to  the  production  of  wheals,  they  may 
be  produced  of  any  shape  {mticuria factitia).  In  color 
they  vary  from  iutlammatory  red  to  waxy  white.  If  the 
cedema  is  intense  enough  to  press  out  the  blood  from  the 
capillaries,  the}'  show  as  a  pale  waxy  centre  with  a  nar- 
row red  periphery.  "Where  the  a-dema  is  not  so  intense, 
or  where  llie  loo'seness  of  the  tissues  prevents  extreme 
pressure  from  the  anlema,  the  lesions  are  red  in  evidence 
of  the  hypera-mia.  Occurring  in  tissues  like  the  prep\ice 
and  eyeiiils,  which  are  lax  and  offer,  therefore,  little  re- 
.sistanee  to  the  outpouring  of  serum,  the  lesions  often 
form  tumor-like  oedematous  swellings  that  closely  resem- 
hle  an  inflammatory  process  iu  the  same  tissues  {urticariii 
tuherosii).  Tliey  are  differentiated  b}"  their  sudden  ap- 
pearance and  c"qually  sudden  subsidence  and  the  entire 
absence  of  pain.  Very  rarely  the  pressure  of  the  extra va- 
sated  fluid  in  the  skiia  is  sutHcient  to  cause  uplifting  of 
the  epidermis,  so  that  the  wheal  is  capped  with  a  vesicle 
or  bulla  (iirlictin<t  bullosa).  In  still  rarer  instances  the 
extravasation  of  serum  is  accompanied  by  enough  red 
blood  corpuscles  to  make  the  contents  of  these  vesicles  or 
bull*  hemorrhagic  (tirtictiriu.  h(pmorrhagkn). 

In  an  acute  attack  of  urticaria  there  is  a  sudden  out- 
break of  wheals  jjreceded  and  accompanied  b.v  more  or 
less  itching.  There  may  be  only  a  few  lesions,  or  the}' 
may  be  innumerable.  They  occur  on  any  part  of  the 
body,  without  symmetry  and  without  auy  regularity  of 
distribution.  Tiie  acute  attacks  are  often  introduced  by 
a  transient  systemic  disturbance,  with  evidences  of  acute 
gastro-iutestinal  irritation.  The  temperature  rises  sharp- 
ly three  or  four  degrees,  there  are  a  rapid  pulse,  furred 
tongue,  nausea  and  vomiting,  and  more  or  less  prostra- 
tiom  At  times  evidences  of  a  gastric  crisis  seem  to  indi- 
cate the  involvement  of  the  stomach  in  this  peculiar 
angioneurotic  process.  The  lesions  themselves  are  char- 
acterized by  intense  itching.  This  itching  may  occur 
not  only  in"  the  wheals  themselves,  but  often  at  points 
where  no  wheals  are  present.  The  itching  usually  pre- 
cedes for  a  few  minutes  the  appearance  of  the  wheals, 
and  it  persists  during  their  continuance.  It  is  somewhat 
paroxysmal  iu  character,  varying  iu  inteusity,  without 
corresponding  variation  iu  the  lesions.  The  itching 
varies  in  diifereut  cases  and  iu  different  individuals. 
and  according  to  the  site  of  the  lesions.  Lesions  in  loose 
tissue  may  be  accompanied  by  no  itching  whatever, 
while  those  occurring  in  dense  thick  skin  and  where  the 
sensory  nerve  su|)ply  is  richest,  as  on  the  hands  and  feet, 
are  characterized  by  the  most  intense  itching. 

The  course  of  an  acute  attack  of  urticaria  usually  ex- 
tends over  a  few  hours  or  at  most  a  day  or  two,  the  dis- 
ease passing  awa}-  after  the  appearance  of  several  crops 
of  evanescent  lesions.  At  times,  however,  the  disease 
persists  for  weeks  and  mouths  in  successive  outbreaks  of 


the  eruption,  and  in  such  cases  is  characterized  as  urti- 
caria chronica,  the  term  referring  to  the  persistence  of 
the  process  as  a  whole  rather  than  to  any  peculiarity  of 
the  individual  attacks.  On  the  other  hand,  urticaria  is 
persistent  at  times  not  only  from  the  occurrence  of  re- 
peated outbreaks  of  the  eruption,  but  because  the  lesions 
lose  their  evanescent  character  and  persist  for  da3'S  or 
weeks  (urticaria persiaiis). 

The  urticaria  papulosa  of  children,  described  by  Eng- 
lish dermatologists,  is  the  best  type  of  persistent  urti- 
caria. The  characteristics  of  this  form  are  the  persistence 
of  the  lesions  and  the  fact  that  the  true  urticarial  wheals 
are  followed  by  inflammatory  papules  which  may  persist 
for  several  weeks.  It  is  readily  seen  that  the  occurrence 
of  successive  crops  of  wheals,  which  Iheiriselves  persist 
for  da}'S  or  weeks  and  are  followed  by  inflammatory 
papules  which  persist  even  longer,  will  produce  an  exag- 
gerated picture  of  the  urticarial  skin.  In  such  cases,  as 
a  result  of  scratching,  we  have  inflamed  papules,  infected 
excoriations  and  more  or  less  dermatitis,  that  resvilts  iu 
thickening  and  induration  of  the  skin.  These  cases  in 
their  most  extreme  type  are  strikingly  .similar  to  Ilebra's 
prurigo.  It  isiudeednot  unlikelythat  they  passat  times 
into  true  prurigo. 

It  is  not  an  infrequent  experience  to  see  the  vaso-motor 
mechanism  so  delicate  that  wheals  may  be  produced  at 
will  by  friction  or  other  slight  trauuuitism  (urticaria  fac- 
titia).  In  cases  of  acute  urticaria  this  phenomenon  is 
usual.  In  certain  individuals  this  vaso-motor  instability 
is  inherent,  so  that  factitious  wheals  may  be  produced  at 
any  time  by  slight  traumatism,  as  drawiug  a  line  on  the 
skin  with  a  little  force  with  a  blunt  stick  or  a  finger  nail. 
In  such  cases  it  is  of  course  possible  to  produce  wheals 
of  any  shape,  so  that  names  and  elaborate  designs  may 
easily  be  written  in  wheals  upon  the  skin  (clcrinor/raph- 
ism). 

Urticaria  tuberosa,  urticaria  bullosa,  and  urticaria 
ha-morrhagica  have  been  referred  to  above.  The  pecu- 
liarities of  the  lesions  of  urticaria  tulierosa  depend  almost 
solely  u])on  their  location  at  sites  where  the  skin  is  very 
loose,  and  the  lesions  deserve  no  especial  mention  except 
to  call  attention  to  their  somewhat  confusing  appearance 
at  times.  The  lesions  of  urticaria  bullosa  and  urticaria 
luvmorrhagica  are  usually  seen  iu  rim-down  individuals 
living  under  unfavoiable  conditions.  Urticaria  bullosa 
occuis  most  frequently  in  children.  Urticaria  ha^nor- 
rhagica  is  frequently  associated  with  other  evidences  of 
hemorrhagic  tendency,  as  hemorrhage  from  the  mucous 
membranes,  from  the  bowels  and  from  the  gcuito-uriuary 
tract,  and  it  is  an  evidence  of  a  more  profound  systemic 
disturbance  than  usually  exists  iu  urticaria.  I5oth  of 
these  forms  of  urticaria  are  rare. 

The  term  giant  urticaria  is  applied  to  urticaria  which 
is  characterized  by  the  development  of  one  or  more 
wheals  of  very  large  size.  The}'  may  be  tyiiical  wheals, 
but  most  frequenfly  they  are  rapidly  developing  a?de- 
raatous  swellings  of  pinkish  color  that  bear  a  very  strik- 
ing objective  similarity  to  an  acute  cellulitis.  Such 
swellings  at  times  present  very  slight  if  any  resemblance 
to  an  urticarial  wheal.  They  occur  most  frequently 
about  the  face  and  extremities,  and  often  form  tense, 
angry -looking  swellings  that  for  the  time  cause  alarming 
distortion.  Frequent  sites  of  these  lesions  are  the  eyelid, 
the  cheek,  the  nose,  the  lips,  and  the  ear,  and  on  such 
]iarts  they  may  cause  the  most  grotesque  deformity. 
The  larynx  is  not  au  uncommon  site  for  their  develop- 
ment, and  their  occurrence  in  that  location  may  be  the 
cause  of  distressing  dyspnoea.  Very  rarely  has  it  been 
found  necessary  to  perform  tracheotomy  in  such  cases. 
Usually  these  large  lesions  occur  singly,  but  they  may 
occur  in  successive  outbreaks  or  several  large  lesions  may 
occur  at  one  time.  These  lesions,  like  other  urticarial 
wheals,  develo]i  rapidiv,  usually  iu  the  course  of  a  few 
minutes,  and  after  persisting  for  a  shorter  or  longer  time 
as  rapidly  subside.  Tliey  are  painless,  usually  unaccom- 
panied by  itching,  and,  unless  they  interfere  with  some 
important  function  through  their  size,  are  the  source  of 
little  discomfort.     There  may  be  slight  constitutional 
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disturbance  such  as  occurs  in  other  forms  of  acute  urti- 
caria, and  typical  urticarial  wheals  may  accompany  or 
alternate  with  these  giant  lesions. 

Giant  urticaria  is  frequi'ntly  described  as  a  separate 
disease  under  tlie  title  of  Angioneurotic  ffldema,  or 
Acute  Circumscribed  (Edema.  It  presents,  liowever,  no 
essential  dill'ercnce  from  other  forms  of  urticaria.  Its 
etiology,  its  course,  and  the  fact  of  its  being  frequently 
accompanied  by  ordinary  lu'ticarial  lesions  show  its  es- 
sential relationship  to  urticaria,  and  for  that  reason  it  is 
included  here.  All  that  is  to  be  said  about  etiology, 
pathology,  prognosis,  and  treatment  of  other  forms  of 
urticaria  applies  with  imessential  variations  to  giant  urti- 
caria or  angioneurotic  oedema.  The  original  description 
of  this  condition  is  usually  credited  to  Q^niacke  (Mount - 
shefte  f.  pmkt.  Derm.  ii.  »/;)/,.,  1882).  The  condition, 
however,  had  been  accurately  described,  and  its  character 
recognized  jireviously,  by  Bannister  {Chicago  Medical 
Renew,  Juue  20tli,  1880). 

Etiology. — Urticaria  occurs  at  any  time  of  lite,  but  is 
most  frequent  in  childhood.  Among  young  children 
acute  attacks  of  urticaria  are  very  common,  as  a  result 
of  imprudent  eating  or  slight  disturbance  of  digestion. 

In  most  urticarias  two  factors  standout  prominently  in 
the  etiology.  The  first  is  individual  predisposition;  tlie 
second  is  the  presence  of  some  to.xic  substance  which 
disturbs  the  local  vasomotor  tone,  There  are  other  forms 
of  urticaria  besides  those  due  to  the  disturbance  of  the 
vaso-motor  mechanism  of  the  skin  by  toxic  substances, 
but  they  are  relatively  few. 

Underlying  the  development  of  urticaria  from  all  sorts 
of  causes  is  individual  predisposition.  In  certain  indi- 
viduals urticaria  can  be  produced  bj'  the  most  trivial 
causes,  such  as  the  crawling  of  a  caterpillar  upon  the 
skin,  or  the  ingestion  of  the  minutest  quantity  of  some 
particular  substance.  In  other  individuals  its  occurrence 
is  unknown.  So  violent  an  irritant  as  even  the  sting  of 
a  bee  may  not  produce  tlie  smallest  wheal. 

The  causes  of  urticaria  may  be  divided  into  local  and 
constitutional.  Among  the  local  causes  of  urticaria  are 
especially  to  be  mentioned  the  bites  of  parasites,  such 
as  fleas,  mosquitoes,  the  various  forms  of  pediculi,  bed- 
bugs, and  the  stings  of  wasps  and  bees.  The  lesions 
may  also  be  caused  by  contact  with  stinging  nettle,  jelly 
fish,  or  caterpillars. 

The  constitutional  causes  of  urticaria  are  numerous, 
but  they  are  largely  comprehended  under  various  forms 
of  into.\ication.  In  certain  individuals  the  ingestion  of 
a  particular  article  of  food  or  of  a  particular  medicine  is 
followed  by  the  development  of  an  acute  outbreak  of 
urticaria.  Among  food-stufEs  that  may  cause  urticaria 
are:  oysters,  crabs,  lobsters,  and  other  shell  fish;  pork, 
sausage,  and  other  similar  highly  seasoned  meats ;  mush- 
■  rooms,  strawberries,  tomatoes,  cucumbers,  and  nuts. 
Among  medicines:  opium,  chloral,  the  salicylates, 
copaiba,  cubebs,  quinine,  turpentine,  valerian,  and 
various  coal-tar  products.  The  most  frequently  offend- 
ing substances  among  the  above  perhaps  are  shell  fish 
and  strawberries,  opium,  quinine,  copaiba,  and  cubebs. 
Another  form  of  into.xication  from  without,  which  is 
now  a  very  common  oause  of  urticaria  and  is  a  connect- 
ing link  between  the  causes  of  urticaria  introduced  from 
without  and  those  developed  within,  is  that  from  the 
antitoxins.  Urticaria  is  the  most  frecjuent  cutaneous 
manifestation  following  the  nse  of  diphtheria  antitoxin. 
Somewhat  similar  are  the  urticarias  which  have  becu 
described  from  the  absorption  of  hydatid  fluid. 

The  forms  of  intoxication  from  within  which  may 
cause  urticaria  are  numerous,  but  far  and  away  the  most 
important  is  auto-intoxication  arising  from  the  gastro- 
intestinal tract.  Over-eating,  constipation,  and  defective 
elimination  are  the  group  of  factors  most  frequently  seen 
in  the  causation  of  urticaria.  Disturbances  of  the  liver, 
partieularlj'  those  which  are  accompanied  by  the  pres- 
ence of  bile  in  the  circulation,  are  at  times  responsible 
for  outbreaks  of  urticaria.  And  the  conditions  which  are 
vaguely  described  under  litlia;mia,  gout,  and  rheuma- 
tism, of  which  the  essential  characteristic  is  a  disturbance 


of  the  balance  between  assimilation  and  excretion  or  the 
jiresence  of  suboxidation  products  in  the  blood,  are  fre- 
quently responsible  for  chronic  urticarias.  Urticaria  is 
also  at  times  a  result  of  malaria,  and  Jlatas  has  reported 
a  case  in  which  outbreaks  of  urticaria  seemed  to  take  the 
place  of  the  usual  malarial  attacks.  Aua-mia  is  a  factor 
which  has  to  be  frequently  condjated  in  the  manage- 
ment of  urticaria,  and  it  occurs  also  at  times  in  connec- 
tion with  albuminuria  and  glycosuria. 

After  auto-intoxication,  in  the  etiology  of  urticaria, 
come  the  various  factors  which  may  be  included  under 
the  head  of  the  nervous  causes  of  urticaria.  The  con- 
dition is  seen  with  considerable  frequency  as  a  result  of 
the  nervous  disturbances  accompanying  disorders  of  the 
genitourinary  tract,  in  pregnancy,  at  menstruation,  and 
during  lactation.  It  is  excited  at  times  by  violent  emo- 
tional disturbances,  as  grief,  the  dread  of  some  impend- 
ing crisis,  or  the  shock  of  surgical  operations.  In  par- 
ticularly vmstable  individuals  it  may  occur  from  such 
slight  mental  disturbances  as  anger,  confusion,  or  sur- 
prise. Its  occurrence  as  a  result  of  rectal  worms,  phi- 
mosis, and  similar  forms  of  local  irritation  seems  to 
indicate  that  at  times  it  is  due  to  reflex  nervous  irrita- 
tion. The  occurrence  of  urticaria  in  connection  with 
nervous  diseases  is  well  recognized.  This  is  rather  fre- 
quent in  functional  nervous  disturbances  like  hysteria. 
It  is  rarer  in  connection  with  organic  diseases  of  the 
central  nervous  system. 

P.\TH0L0GY. — Urticaria  is  distinctly  an  angioneurotic 
disturbance.  There  is  a  temporary  disturbance  of  the 
vaso-motor  control  which  results  in  a  dilatation  of  the 
capillaries  of  the  part  and  local  hypera;mia.  There  is  a 
rapid  outpouring  of  serum  into  the  tissues  producing  an 
intense  oedema.  This  shows  as  a  swelling  of  the  skin 
which  at  first  is  pink,  but  as  the  pressure  becomes  greater 
the  blood  is  driven  out  of  the  capillariesat  the  centre  and 
there  develops  a  pale  bloodless  area  surrounded  by  a  halo 
of  hyperemia.  Microscopically  the  tissues  .show  the  evi- 
dences of  intense  serous  cfEusion  with  more  or  less  diape- 
desis  of  leucocytes. 

Di,\GNOSis. — The  diagnosis  of  typical  urticaria  offers 
no  difticulties.  Indeed  tins  is  usually  made  without  the 
jjhysician's  aid.  The  rarer  varieties  of  urticaria,  urti- 
caria ha?morrhagica,  urticaria  bullosa,  and  angioneurotic 
oedema,  may  lead  to  some  confusion.  In  the  first  two 
types  there  are  usually  evidences  of  typical  urticaria 
sufficiently  manifest  to  give  the  key  to  the  diagnosis.  In 
angioneurotic  oedema  or  giant  urticaria  the  suddenness 
of  its  onset,  its  rapid  development,  the  freedom  from 
pain,  and  the  accompanying  evidences  of  typical  urti- 
caria usually  make  the  diagnosis  from  cellulitis,  with 
which  it  is  most  likely  to  be  confused,  easy.  The  diag- 
nosis of  urticaria  in  itself,  however,  is  the  smallest  part 
of  the  problem  with  which  one  has  to  deal  in  the  cases. 
The  far  more  difficult  part  is  the  determination  of  the 
causative  factors.  This,  in  cases  of  chronic  urticaria, 
often  taxes  one  to  the  utmost. 

Prognosis. — In  acute  urticarias  relief  is  easy.  In 
chronic  urticarias  the  success  of  treatment  depends  alto- 
gether upon  the  difficult}-  which  attends  the  relief  of  the 
underlying  condition,  and  the  prognosis  as  to  ready  relief 
in  such  cases  should  be  very  guarded. 

Treat.ment. — The  curative  treatment  of  urticaria  is 
altogether  a  question  of  the  elimination  of  the  underlying 
trouble  and  the  management  of  the  various  cases  is  along 
the  line  of  rational  therapeutics.  In  all  cases  the  pos- 
sibilit)'  of  the  disease  lieing  due  to  parasites  should  be 
borne  in  mind.  Where  any  of  these  are  found  to  be  the 
cause,  the  tieatment  is  of  course  that  necessary  for  the 
destruction  of  the  particular  parasite. 

The  constitutional  treatment  of  acute  attacks  of  urti- 
caria is  simply  a  matter  of  the  relief  of  the  digestive  dis- 
turbance which  usually  is  the  cause  of  it.  If  the  cases 
are  seen  early  an  emetic  may  be  indicated.  Jlore  fre- 
(luenlly,  however,  a  brisk  cathartic,  such  as  magnesium 
sulphate,  is  all  that  is  necessary.  The  after-treatment  of 
these  cases  consists  of  keeping  the  bowels  open,  and  keep- 
ing the  patient  upon  a  careful  diet  until  the  digestive  dis- 
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turbauce  is  relieved.  Fieqiientl}'  an  acute  urticaria  is 
the  culmination  of  more  or  less  continued  digestive  dis- 
turbance. In  such  cases  the  mercurial  cathartics  are 
particidarly  valuable. 

In  the  chronic  forms  of  urticaria  permanent  relief  is 
usually  the  result  of  painstaking  investigation  into  the 
causation.  The  questions  of  defective  elimination,  con- 
stipation, lithwmia,  or  some  lack  of  balance  between  as- 
similation and  excretion,  particularly  have  to  be  taken 
into  consideration.  The  first  attention  has  to  be  paid  to 
the  digestion.  The  diet  should  Deregulated,  indigestible 
foods  generally  prohibited,  and  a  bland,  simple  dietary 
followed  for  a  time.  The  free  use  of  fruits,  contrary  to 
the  advice  sometimes  given,  is  in  my  opinion  usually 
indicated,  and  the  patient  should  drink  plenty  of  water. 
Careful  attention  should  be  paid  to  elimination,  especially 
by  the  bowels,  and  for  this  purpose  the  rather  liberal  use 
of  aperients  for  a  time  is  advisable.  Of  the  aperients  I 
think  that  calomel  and  blue  mass  easily  head  the  list  in 
value;  after  them  come  senna,  podophyllin,  sodium 
phosphate.  In  the  gouty  and  lithsemic,  alkalies  and  col- 
chicum  are  useful.  In  stimulating  elimination  I  have 
had  excellent  results  from  the  daily  hot  bath,  the  patient 
staying  in  the  bath  for  from  ten  to  thirty  minutes  each 
day,  so  that  free  sweating  occurs.  In  certain  cases  the  ner- 
vous sedatives  prove  distincth'  valuable;  the  bromides, 
acetanilid,  phenacetin,  and  sulphonal  are  all  at  times 
useful.  The  various  forms  of  opium  are  to  be  avoided, 
not  only  because  of  their  adverse  effect  on  elimination, 
but  because  of  the  marked  tendency  of  opium  itself  to 
cause  urticaria. 

It  cannot  lie  emphasized  too  strongly  that  in  all  per- 
sistent cases  of  urticaria  the  question  of  elimination  and 
the  condition  of  the  digestive  tract  deserve  first  consider- 
ation. After  that  the  other  factors,  such  as  malaria, 
jaundice,  anremia,  and  other  less  frequent  causes,  are  to 
be  investigated,  and  ivhen  found  present  are  to  be  treated 
along  the  usual  lines.  Rational  treatment  failing,  certain 
remedies,  used  more  or  less  empirically,  have  been  found 
helpful.  Quinine,  the  salicylates,  belladonna,  and  strych- 
nine are  useful  in  certain  cases.  Calcium  chloride  has 
been  recommended  by  Wright,  and  it  has  at  times  seemed 
to  me  to  be  of  service.  Among  the  remedies  used  empiri- 
cally the  one  which  has  given  lue  the  greatest  satisfaction 
has  been  pilocarpine.  Given  to  the  point  of  producing 
the  slightest  evidence  of  its  physiological  effects,  it  is 
valuable  in  relieving  itching  and  giving  the  patients  rest. 
In  certain  intractable  cases  without  gastrointestinal 
trouble  arsenic  is  recommended. 

Local  TreiiUiicnt. — The  local  treatment  of  urticaria  is 
almost  entirely  directed  to  the  relief  of  itching.  For  this 
purpose  in  acute  attacks  of  urticaria  one  of  the  common- 
est and  most  useful  measures  is  the  alkaline  or  acid  bath. 
A  general  bath  or  sponge  bath  with  sodium  bicarbonate 
usually  immediately  stops  the  itching.  Equally  good 
results  are  frequently  obtained  with  similar  baths  of 
common  salt.  Either  the  salt  or  the  soda  bath  is  most 
effective  when  it  is  rather  strong.  In  place  of  soda  or 
salt,  borax  or  ammonium  chloride  may  be  used  with 
equally  good  effect.  The  strength,  for  ammonium  chlo- 
ride, is  one  or  two  ounces  to  the  bath. 

Similar  baths  with  vinegar  or  other  acids  are  often 
equally  effective,  but  they  are  not  quite  so  agreeable,  and 
usually  nothing  is  gained  by  substituting  them  for  the 
salt  or  soda  bath.  In  place  of  the  bath  alkaline  or  acid 
lotions  may  be  substituted.  As  acid  lotions,  water  and 
vinegar  equal  parts,  water  two  parts  and  vinegar  one 
part,  or  alcohol  two  parts  and  vinegar  one  part,  may  be 
used  with  good  effect.  A  one-  or  two-per-ccnt.  solution 
of  carbolic  acid  with  glycerin  in  water  or  in  a  boric-acid 
solution  is  a  most  excellent  antipruritic  in  these  cases. 
In  place  of  the  water  the  lotion  is  sometimes  made  more 
agreeable,  and  perhaps  more  effective,  by  the  substitution 
of  distilled  extract  of  hamamelis.  Other  antipruritic 
lotions  are  made  with  liquor  carbonis  detergens,  or  cam- 
phor chloral,  or  re.sorcin  in  the  strength  of  one  to  three 
per  cent,  in  water.  A  lotion  which  I  have  found  par- 
ticularly useful  in  severe  itching,  where  the  skin  is  not 


broken,  is  camphor  chloral  and  carbolic  acid,  each  one  to 
three  per  cent.,  in  equal  parts  of  distilled  extract  of 
witch  hazel  and  alcohol.  This  may  be  made  more  cool- 
ing and  more  powerful  by  the  addition  of  one  to  two  per 
cent,  of  menthol.  In  certain  ca.ses  the  addition  of  an  in- 
soluble powder  in  suspension  to  these  lotions  is  advan- 
tageous. For  this  purpose  suitable  powders  are  zinc 
oxide  and  calamine.  These  may  be  added  to  such  lo- 
tions as  have  been  suggested  above  in  the  strength  of  one 
or  two  ounces  to  the  pint.  A  type  of  such  a  lotion, 
whicli  has  given  me  excellent  service,  is  the  well-known 
calamine  and  zinc-oxide  lotion,  with  the  addition  of  one 
or  two  per  cent,  carbolic  acid  and  glycerin.  A  good 
formula  for  this  lotion  is  as  follows:  Acid  carbolic,  gly- 
cerin, aa  3i--3  iij. ;  zinc  oxide,  calamine,  aa  |  i.-j  ij. ; 
lime  water,  Oj.  Frequently  a  most  agreeable  application, 
in  conjunction  with  these  other  measures,  is  a  dusting 
powder  to  be  applied  after  the  bath  or  after  the  applica- 
tion of  a  lotion.  Suitable  dusting  powders  for  this  pur- 
pose are  zinc  oxide,  starch,  talcum,  or  stearate  of  zinc. 
A  useful  addition  to  these  powders  is  boric  acid  in  the 
proportion  of  one-half  to  one  drachm  to  the  ounce,  or 
salicylic  acid,  resorcin  or  tbj-mol  in  the  proportion  of 
five  to  twenty  grains  to  the  ounce.  Usually,  unless 
there  is  a  secondary  dermatitis,  ointments  are  not  desir- 
able. They  are  mussy  and  inconvenient  and  dirty  and 
not  more  effective  than  the  lotions.  Where  there  is  a 
secondary  dermatitis,  however,  as  a  result  of  scratching, 
ointments  are  frequently  useful  not  only  as  vehicles  for 
the  active  medicament,  but  as  a  protection  for  the 
abraded  surfaces.  In  such  conditions  the  antipruritic 
lotions  have  to  be  used  with  some  care,  as  they  are  more 
or  less  irritating.  Baths  are  not  contraindicated,  but  the 
addition  of  bran  or  oatmeal  to  the  baths  in  sufficient 
quantities  to  make  them  slightly  mucilaginous  renders 
them  more  soothing.  William  Allen  Piisey. 

URTICARIA  PIGMENTOSA.— Urticaria  pigmentosa  is 
a  rare  affection  which  is  characterized  by  the  development 
of  wheals  which  are  followed  by  peculiar  persistent  pig- 
mented macules  or  nodules.  It  diifers  in  many  respects 
from  ordinary  urticaria,  and,  although  the  disease  is  ac- 
companied by  wheals,  it  is  in  all  probability  not  a  form 
of  true  urticaria.  Two  forms  of  the  disease  exist — the 
macular  and  the  nodular.  These  at  times  occur  dis- 
tinctly, or  more  frequently  the  disease  presents  a  com- 
bination of  the  two  types.  All  forms  begin  in  early 
childhood.  The  first  evidence  is  the  development  of  ery- 
thematous spots,  which  are  followed  in  a  day  or  two  by 
the  development  of  small  reddish  wheals.  In  other  cases 
wheals  develop  suddenly  without  any  noticeable  pre- 
monitory erythema.  In  the  macular  form,  upon  the  dis- 
appearance of  the  wheals  there  are  left  fawn-colored  or 
brownish-yellow  pigmented  stains.  These  are  level  with 
the  skin  or  perhaps  slightly  elevated.  In  the  nodular 
form  there  is  the  same  sudden  eruption  of  wheals  which 
are  succeeded  by  nodular  lesions  that  remain  iudetinitely. 
These  are  at  first  reddish,  but  in  time  become  brownish- 
red  or  brownish-yellow.  Similar  lesions  continue  to 
appear  and  the  disease  thus  goes  on  for  many  years. 
Individual  nodules  may  persist  for  years;  at  other  times 
they  shrink  and  disappear,  leaving  brownish,  pigmented, 
atrophic  spots.  Usually  after  several  years  new  lesions 
no  longer  develop  and  the  disease  gradually  disappears. 
In  both  the  macular  and  the  nodular  forms  factitious 
urticaria  can  be  produced  hy  friction,  and  in  the  same 
wa.y  wlieals  may  be  made  to  develop  at  the  site  of  the 
nodular  or  macular  lesions.  Itching  in  these  cases  is 
usually  severe,  and,  continuing  as  it  does  for  years,  is  the 
most  serious  feature  of  the  disease. 

Etiology. — Its  cause  is  practically  unknown.  It  ap- 
pears usually  within  the  first  six  months  of  life,  most 
frequently  before  the  third  month,  and  only  a  few  cases 
developing  after  eighteen  months  liave  been  recorded. 
Most  of  the  recorded  cases  have  been  in  boys. 

PatlwhKjij . — A  section  from  one  of  the  lesions  shows  no 
alterations  in  the  epithelial  layer  except  marked  increase 
of  pigment  in  the  basal  layer  and  some  horizontal  stretch- 
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ins:  of  tlie  epithelial  cells.  The  upper  part  of  the  corium 
isu'dcmatous.  and  there  is  a  peculiariy  abundant  intiltra- 
tion  with  mast  cells.  Uuna  was  the  first  to  call  attention 
to  the  marked  accumulation  of  mast  cells  iu  the  corium, 
and  his  observations  have  been  repeatedly  confirmed  by 
other  observers. 

Diaffiiosis. — The  extreme  rai-ity  of  the  disease  renders 
it  liable  to  be  overlooked.  The  presence  of  factitious 
wheals  and  itching  suggests  urticaria,  and  when  there  is 
added  to  this  the  presence  of  the  peculiar  brownish-yel- 
low persistent  nodules  or  macules,  the  diagnosis  should 
readily  suggest  itself.  There  is  no  other  disease  tliat 
closely  resembles  it.  The  diagnosis  from  urticaria  is 
made  by  the  presence  of  the  peculiar  persistent  lesions. 
The  process  might  also  suggest  xanthoma,  but  the  lesions 
of  xanthoma  are  of  a  distinctly  yellow  color,  while  these 
are  dirty-_vcllow  or  brown.  Xanthoma  does  not  itch,  and 
has  none  of  the  other  fealures  suggestive  of  tirticaria. 

Piri(/itosis. —Tho  disease  usiutlfy  persists  for  years,  at 
least  tmtil  the  time  of  puberty,  although  some  cases  have 
been  known  to  get  well  after  a  dural,ion  of  one  or  two 
years. 

Treatment. — Treatment  has  had  no  eilect  upon  the 
course  of  the  disease.  Relief  of  digestive  disturbances 
renders  the  disease  less  severe,  and  carefid  attention  to 
the  dietary  of  the  patients  has  soiue  effect  in  improving 
their  condition.  Crocker  reports  that  the  empirical  use 
of  Fowler's  solution  Jiad  a  marked  effect  in  preventing 
the  development  of  new  lesions  iu  one  of  liis  cases.  The 
itching  can  be  iu  great  part  controlled  by  the  use  of  auti- 
jjruritic  applications,  such  as  are  used  iu  ordinary  urti- 
caria, and  the  local  treatment  is  along  the  same  lines  as 
in  urticaria.  }yilliam  Allen  Pusey. 

\m\\.^GO.—{Corn-svnlt,  Corn-eryot,  etc.)  The  fun- 
gus Usiilaiio  Mfiydis  Leveille,  replacing  the  grain  of  Zea 
Mays  L.  This  well-known  blight  of  Indian  corn  grows 
upon  various  parts  of  the  plant — ^stem,  leaf,  sheaths, 
tassels,  but  especially  upon  the  forming  ears.  It  forms 
early  a  fleshy,  irregular  ma.ss  of  mycelium  embedded  iu  a 
jelly-like  substance,  and  attains  upon  the  ears,  which  it 
transforms  or  destroys,  a  size  equalling  that  of  a  cocoa- 
nut,  more  or  less  irregularly  globular.  At  maturity  it 
develops  into  a  black,  dry.  crumbly,  or  powdery  mass  of 
spherical,  tuberculated  spores  enclosed  in  a  cellular 
pouch.  It  has  an  tmpleasant  musty  odor  and  taste. 
This  ripe  mass  of  spores  is  the  portion  used,  and  it  is 
collected  in  midsummer,  simpl}'  freed  from  impurities 
and  dried.  As  obtained,  it  is  a  mass  of  powder  and 
shreds  of  membrane,  nearly  as  black  and  quite  as  dustj' 
as  powdered  charcoal. 

Little  is  known  of  the  constituents  of  ustilago,  except 
that  they  are.  in  a  general  way,  similar  to  those  of  ergot. 
jMitchell  has  found  that  iu  frogs  it  soon  acted  as  a  nar- 
cotic, destroying  consciousness;  it  then  paralyzed  the 
sensory  centres  in  the  spinal  cord,  and  afterward,  if  the 
dose  were  toxic,  the  motor  centres  and  nerves. 

Numerous  clinical  reports  have  been  made  to  the  effect 
that  it  acts  upon  the  parturient  uterus  much  like  ergot. 
Its  use  was  consideraldy  urged  from  1S7G  to  18S0,  and  it 
became  official  in  the  United  States  Pharmacopa'ia  of  the 
latter  year,  but  its  use  has  now  almost  altogether  ceased. 
It  has  also  been  given  iu  menorrhagia,  bleeding  fibroids, 
and  other  troubles  which  niay  be  relieved  b}'  increasing 
the  tensicui  of  uterine  ti.ssue.  Dose,  in  infusion  or  tlnid 
extract,  from  1  to  3  or  4  gm.  (gr.  xv.  to  Ix.). 

TT'.  P.  Bolles. 

UTAH  HOT  SPRINGS.— Box  Elder  County,  Utah. 

Post-Offkf..  —  Ulah  Hot  Spriugs.     Hotel. 

Access. — Via  Southern  Pacific  and  Union  Pacific  Rail- 
roads. The  Utah  Hot  Sjirings  Company's  Steam  Motor 
Line  runs  iu  connection  with  the  Ogden  City  Street  Elec- 
tric Line. 

These  springs  flow  from  the  western  base  of  the  Wah- 
satch  .Motuitains  into  Salt  Lake  valley,  about  nine  miles 
north  of  the  city  of  Ogden.  They  are  located  at  an  ele- 
Tatiou  of  4,240  feet  above  the  sea-level.     The  mountains 


here  are  verj-  rugged  and  picturesque,  and  attain  an  ele- 
vation of  more  tlian  ij.OOO  feet  above  the  location  of  the 
springs.  As  shown  by  the  reports  of  the  L'nited  States 
Signal  Service,  the  climate  of  the  Salt  Lake  valley  is 
ver}-  mild  in  winter  and  free  from  oppressive  heat  dur- 
ing the  summer  mouths.  The  atmosphere  is  very  in- 
vigorating and  beneficial  to  almost  all  classes  of  invalids. 
There  are  three  large  springs  in  the  group,  and  when 
discovered  they  resembled  three  immense  wells,  twenty 
to  thirty  feet  in  diameter,  and  eight}' to  one  hunilred  feet 
deep.  Each  of  these  furnishes  a  large  stream  of  clear, 
liot,  sparkling  water,  their  combined  outflow  being  about 
160.000  gallons  iu  twenty-four  hours.  The  temperature 
varies  from  1.31°  to  1-14"  F.  An  analysis  b_v  Prof. 
Spencer  F.  Baird.  Smithsonian  Institution,  Washington. 
D.  C,  resulted  as  follows: 

One  United  States  gallon  contains  (.solids):  Calcium 
sulphate,  gr.  18.07:  calci\im  chloride,  gr.  170.49:  potas- 
sium chloride,  gr.  97.74;  sodium  chloride,  gr.  1.0.52.47: 
magnesium  chloride,  gr.  1.07;  magnesium  carbonate,  gr. 
11.77;  silica,  gr.  2.09:  alumina,  grro.25.  Total,  1.354^55 
grains.     Carbonic  acid  gas,  37.18  cubic  inches. 

The  Hot  Springs  Hotel  is  a  frame  structure,  about 
three  hundred  feet  long,  the  north  end  of  wliich  is  used 
for  baths.  Tlie  resort  is  very  well  supjilied  with  bath- 
ing facilities,  containing,  besides  luauy  private  rooms,  a 
large  plunge  liath  for  women  and  another  for  men,  and 
an  immense  swimming  pool.  The  water  is  quite  strong- 
ly muriated  saline.  It  contains,  in  addition  to  the  min- 
eral ingredients,  a  large  amount  of  organic  matter  in  the 
form  of  vegetable  growths  or  algje.  These  form  rapidlv 
in  reservoirs  containing  the  water,  and,  it  is  said,  tliej" 
impart  a  soft,  unctuous,  or  oleaginous  etfect  to  the 
water,  which  is  verv  pleasing  to  the  skin,  and  believed 
to  be  soothing  to  the  nervous  system.  The  baths  are 
much  resorted  to  by  persons  suffering  from  rheumatism, 
gout,  syphilis,  chronic  bronchial  catarrh,  obstructive 
jaundice,  disorders  of  menstruation,  etc, 

James  K.  Crook. 

UTAH  WARM  SPRINGS.— Salt  Lake  County,  Utah. 

Post-Okfice.  — Salt  Lake  City. 

These  springs  are  situated  at  the  base  of  the  heights  of 
Ensign  Peak,  iu  West  Second  Street,  Salt  Lake  City. 
The  location  is  about  4.060  feet  above  the  sea-level,  or 
20  feet  above  the  general  level  of  the  Salt  Lake  valley 
and  40  feet  above  the  lake  itself.  The  springs  are  the 
property  of  the  cit}-,  and  are  leased  by  the  present  man- 
agers for  a  period  of  ten  years.  An  excellent  bath- 
house, easily  accessible  from  all  parts  of  the  city  by  elec- 
tric cars,  is  maintained  at  the  springs.  The  water  has  a 
temperatiu-e  of  112'  F.  at  lows.  It  was  analyzed  by 
Dr.  Charles  T.  Jackson,  c  Boston,  with  the  following 
results:  One  United  State  gallon  contains  (solids):  Cal- 
cium and  magnesium  carixmate,  gr.  10.22;  iron  peroxide, 
gr.  1.70:  calcium,  gr.  23.31;  chlorine,  gr.  147.14;  so- 
dium, gr.  12.5.66;  luagnesium,  gr.  15.86;  sulphuric  acid 
gr.  20.94.     Total,  3-53.73  grains.  James  K.  Crook. 

UTERUS.     See  Se.mol  Organs,  Fcmal,-,  and  Gestatkn. 

UTERUS,  DISEASES  OF:  AFFECTIONS  OF  THE 
CERVIX. — In  considering  diseases  of  the  cervix  uteri,  it 
nuist  be  remembered  that  the  cervix  is  an  integral  jiart 
of  the  uterus,  and  that  disease  of  one  part  is  generally 
coincident  with  disease  of  the  whole.  The  fact  remains, 
however,  that  disease  of  the  cervix  does  occiu'  withou' 
invasion  of  the  corpus  uteri  and  vice  versa. 

Atrophies. 

1.  PiiYsioi.oGic.\L  Atrophies. — Senile  Atrophy. — Geu- 
eiBlly  with  the  commencement  of  the  menopause  a  chauge 
in  the  size  and  consistence  of  the  cervix  takes  place  in 
conjunclion  with  changes  of  a  like  character  wliich  occur 
at  this  time  tliroughout  the  whole  genital  tract.  Instead 
of  at  the  usual  lime  these  changes  may  appear  much 
earlier  iu  life,  and  their  premature  onset,  without  pre- 
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vious  sickness  or  known  cause,  Is  simply  an  curly  pliysio- 
logieal  ondinsr  of  the  active  sexual  life. 

The  cervi.x  becomes  reduced  in  size  and  assumes  acon- 
ical  shape,  Die  mucous  membrane  loses  its  pink  color 
and  is  pale  and  anaemic;  while  the  folds  of  the  arbor  vit;u 
atrophy  and  in  some  cases  almost  disappear.  The  epi- 
thelialliuingof  the  cavity  undergoes  retrograde  changes, 
so  that  the  secretion  almost  or  wholly  ceases  and  the 
canal  may  be  hardly  patent.  Oftentimes  the  cervi.x 
nearly  disappears,  and  owing  to  the  alrophy  of  tlie  vag- 
inal fornices  remains  only  as  a  dimple  in  the  ape.\  of  the 
cone-shaped  vagina. 

With  the  cessation  of  menstruation  we  have  the  well- 
known  general  symptoms,  be  it  early  or  late,  but  the 
process  in  the  genitals  being  a  physiological  one  requires 
no  special  treatment. 

Under  physiological  atrophy  may  also  be  included  the 
change  which  takes  place  after  castration;  the  process 
and  symplnnis  which  foil  ;w  being  analogous  to  those  of 
senile  atrophy. 

Ativ/i/iy  iij   Lactation. — It  has  long  been  a  well-recog- 
nized fact  tiiat  the  uterus  of  a  woman  luirsing  her  child 
contracts  more  (juiekly  and  tirmly,  due  to  a  refle.x  action 
upon  the  uterus.     This  may  go  so  far  tliat  the  uterus  is  • 
smalli'r  than  normal. 

While  tliis  jirocess  is  perfectly  physiological,  according 
to  those  wlio  liave  made  careful  observations  on  this  sub- 
ject, yet  it  may  go  so  far  as  to  become  pathological  in 
women  upon  wliom  the  strain  of  nursing  is  too  severe,  or 
wlio  are  suffering  from  debility.  Horn,  who  has  investi- 
gated this  subject  very  thoroughly,  says  that  with  the 
return  of  menstruation  the  uterus  regains  its  former  size. 
He  al.so found  that  theatrophy  wasof  twodistiiict  kinds. 
In  one  class  the  uterus  became  pale,  ana-nu'c,  and  small, 
with  tlie  cavity  diminished  in  size.  In  the  oilier  tlie 
walls  became  Ihin  iuul  flabby  and  the  cavity  diminished. 
The  cervix  was  ulTected  in  some  cases,  while  in  olliers  it 
took  no  part  in  either  form  of  atrophy.  When  the  atro- 
phy is  not  of  the  severe  tyjje  the  cervix  is  little  altered, 
but  with  the  involvement  of  the  whole  genital  tract  it  is 
markedly  affected  and  becomes  small  and  short. 

Prognosis  in  the  lactation  atrophy,  when  the  process 
has  not  been  allowed  to  proceed  too  far,  is  good,  even 
when  there  is  some  local  or  bodily  ailment. 

Treatment  is  not  usually  required,  as  with  the  return 
of  men.struation  and  sexual  intercourse  the  uterus  regains 
its  former  size.  In  instances  in  which  there  seems  to  be 
dangcrof  the  atrophy  proceeding  too  far.  thechild  should 
be  taken  from  the  breast  and  the  patient  given  rest  and 
tonics.  If  more  is  needed,  treatment  should  be  directed 
to  increasing  the  blood  supply  of  the  uterus  by  passing 
sounds,  by  the  u.se  of  hot  douclies,  by  massage  after 
Brandt's  method,  or  by  painting  the  cervix  with  Church- 
ill's tincture  of  iodine.  Hot  sitz  and  foot  baths,  as  well 
as  scarification,  may  also  be  tried. 

2.  Pathologic  \  i,  Atkopiiies. — Atrophy  Following  Sys- 
temic BisenKen. — This  has  been  reported  following  tuber- 
culosis, diabetes  mellitus  and  insipidus,  niyxa'dema,  ne- 
phritis, Addison's  and  Basedow's  diseases.  Cases  have 
also  been  seen  after  scarlet  fever  and  tj'phus  fever,  articu- 
lar rheumatism,  after  paralysis  of  the  lower  limbs,  from 
the  niorpliine  habit,  and  from  p.sychical  derangement. 

Atnijiliji  FiiU'iiriiir/  Infectidii  of  Uterine  Atlncxa. — The 
process  here  is decicledly  different  from  that  of  tlie  physi- 
ological atrophies.  Instead  of  the  simple  reduction  of 
the  individual  muscle  fibres  as  regards  size,  necro.sis  and 
degeneration  take  place,  and  large  pieces  of  the  uterus 
may  be  thrown  olT,  with  contraction  as  an  ultimate  re- 
sidt.  Thrombosis  of  the  veins  has  been  shown  to  tidie 
place  with  loss  of  muscular  structure  and  mucoi5a.  The 
connective-tissue  formation  and  its  subsequent  contrac- 
tion cause  the  reduction  in  size  in  the  last  named. 

Infection  of  the  ovaries  and  the  destruction  of  their 
function  lead  to  the  same  residts  as  are  seen  after  castra- 
tion. 

Prognosis  in  puerperal  infections,  as  regards  the  ulti- 
mate recovery  of  the  uterus  from  its  atrophic  state,  is 
especially  poor,  as  the  tissue  changes  are  far-reacliing 
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and  usually  beyond  the  hope  of  regeneration.  The  out- 
look is  especially  grave  when  there  is  great  atrophy  of 
both  cervix  and  cori)us,  or  when  the  intiamniatory  proc- 
ess has  extended  to  the  ovaries. 

The  acute  infectious  diseases  cause  as  a  rule  a  tempo- 
rary atroph}-,  which  soon  disappears  with  the  restoration 
of  bodily  health. 

The  prognosis  of  the  uterine  changes  in  the  chronic 
systemic  disorders  is  practically  that  of  the  associated 
disease,  for  in  such  instances  it  is  only  the  local  manifes- 
tation of  a  general  process. 

Treatment  of  all  these  cases  is  usually  unsatisfactory, 
as  the  pathological  changes  place  the  tissues  beyond"  a 
chance  of  repair. 

Hypeutiiophies. 

Hypertropliy  of  the  Cervix. — Chronic  metritis  is  the 
cause  of  this  rather  rare  condition,  which,  as  in  chronic 
intiamniatory  processes  elsewhere  in  the  body,  brings 
about  a  large  increase  in  connective  tissue.  The  muscu- 
lar structure  undergoes  fatty  degeneration,  and  bundles 
of  fatty  fibres  are  found  enclosed  by  large  bunds  of  con- 
nective tissue.  Sometimes  the  blootl- vessels  are  varicose, 
and  sometimes,  cut  off  by  these  strong  coimective-tissue 
bands,  their  lumen  is  diminished  and  the  circulation  of 
the  part  impeded,  bringing  as  a  result  chronic  passive 
congestion.  The  entire  uterus  may  be  afl'ected  and  show 
on  section  wliite  shining  bundles  of  tough  connective 
tissue  with  the  degenerated  muscle  fibres  between,  and 
small  hemorrhages  from  the  walls  of  the  varicose  vessels. 
Occasionally  these  changes  are  limited  to  cither  the  cer- 
vix or  the  body  of  the  uterus;  but  even  when  so  limited, 
the  remaining  part  isseldom  or  never  enliri'ly  intact.  In 
some  instances  the  hypertrophy  of  the  cervix  makes  the 
body  appear  like  a  small  appendage,  and  the  relations  of 
tlie  liody  and  cervix  areas  in  the.  child,  in  whom  the 
cervix  forms  about  two-thirds  the  cnlire  uterus. 

Wlu-n  there  is  a  pre-existing  injury  of  the  cervix  the 
lips  often  spread  far  apart,  become  greatly  enlarged,  and 
form  a  knob  on  the  end  of  the  much  elongated  cervical 
neck. 

Enlargement  of  the  cervix,  due  to  obstruction  and  ic- 
tention  of  the  contents  of  the  cervical  glands,  as  the  re- 
sult of  endoccrvicitis,  is  exceedingly  common.  It  is  most 
often  seen  after  the  lacerations  and  infections  of  child- 
birth. The  mucous  membrane  is  of  a  bluish  upjieuraiice, 
or  at  times  may  appear  quite  bloodless.  The  small  cysts 
may  give  no  hint  of  their  presence  to  the  eye.  but  to  the 
touch  they  are  apparent  in  all  sizes,  studding  the  cervix 
like  small  shot  or  peas  under  the  mucous  membrane. 
They  may  attain  the  size  of  a  small  marble.  At  times 
they  stand  out  like  sago  grains  under  tlic^  mucoHS  mem- 
brane, which  is  usually  hypertemic,  whik^  the  so-culled 
erosions  are  apt  to  be  present,  stiniuluted  by  the  irritat- 
ing discharges  from  the  cervix.  On  puncture  a  clear, 
cloudy,  or  even  sometimes  blood-tinged  mucoid  substance 
exudes  and  the  mucous  membrane  of  the  gland  is  seen  as 
the  bright,  glossy  covering  of  the  cyst  wall. 

As  a  rule  this  form  of  enlargement  docs  not  reach  the 
extent  of  the  true  hypertrophy,  and  the  cervix  usually 
remains  soft  and  bleeds  easily;  still  it  may  lead  to  such 
contraction  and  cirrhosis  that  operations  upon  such  a 
cervix  are  practicallj'  bloodless.  Occasionally,  through 
the  increased  size  of  the  uterus  and  cervix,  and  the  re- 
laxed condition  of  the  tissues  of  the  pelvis  which  gen- 
erallv  accompanies  the  increase  in  size,  the  cervix  may 
appear  at  the  vulva.  The  acid  discharges  from  the  cer- 
vical canal  are  irritating  to  the  vagina  and  external  geni- 
tals, and  are  probably  the  cause  of  sterility  in  such  cases. 

Hypertrophic  Elongation  of  the  hifraraginat  Cerni\ — ■ 
This  is  generally  a  congenital  affair,  but  the  form  which 
is  considered  here  is  tlie  result  of  metritis,  and  so  belongs 
properly  to  the  hy]5ertrophies.  The  process  is  the  same 
as  previously  described.  It  is  accompanied  by  the  gen- 
eral symptoms  common  to  most  uteilne  displacements, 
and  may  be  the  means  of  furthering  a  procidentia,  as  the 
increased  weight  of  the  uterus  drags  it  downward  with 
the  long  cervix  to  guide  it  through  the  vagina. 
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Hypertrophic  Elongation  of  the  Suprataginal  Cervix.-^ 
Elougation  of  the  upper  segment  of  the  cervix  is  fairly 
common  and  is  a  mechanical  process.  The  body  of  the 
uterus  remains  fixed  in  the  pelvis  either  by  adhesions 

or  bj'  the  strength  of  its 
utero-sacral  ligaments,  the 
eoi'pus  being  often  retro- 
verted.  As  this  form 
seems  to  occur  in  women 
who  are  physically  re- 
duced and  whose  tissues 
are  relaxed,  or  in  cases  of 
subinvolution  of  the  tis- 
sues of  the  pelvis  after 
pregnancy,  it  seems  due 
to  a  loss  of  the  normal 
resiliency  of  the  tissues. 
The  uterine  neck  is 
dragged  upon  by  the  vag- 
inal wall  and  so  stretcheu 
that  the  cervix  ma}'  reach 
the  vulva.  The  bladder 
wall  is  always  said  to 
FIG.  487(1.  -  Hypertropby  ot  Supra-  descend  first  and  then  the 
vaginal  Portion  of  Cervi-x,  show-  posterior  wall  of  the  va- 
InK obliteration  ot  vaginal  fornlces  „:^^g_  Coupled  with  this 
and   descent    of    vagmal   walls.    H     ^  ,  •        \  ■       , 

(Schroeder.)  stretching  there  is  always 

a  certain  amount  of  hj'per- 
trophy ;  but  more  frequenth'  the  neck  of  the  uterus  can 
be  felt  as  a  long  thin  cord  stretching  up  to  the  body.  It 
is  evident  that  tensile  elongation  is  present;  for  if  the 
woman  lies  upon  the  back,  the  uterus  returns  to  nearly 
its  normal  .size,  and  will  undergo  still  further  reduction 
in  size  if  the  patient  remains  in  bed  for  a  few  days.  For 
this  reason  it  is  always  best  to  examine  patients  com- 
plaining of  this  trouble  in  a  standing  position.  There  is 
always  apt  to  be  great  swelling  of  the  vaginal  portion 
of  the  cervix  with  ectropou  of  the  mucous  membrane. 

Occasionally  cases  are  seen  in  which  the  uterine  body 
feels  like  a  small  protubei;uice  on  the  front  of  the  elon- 
gated cervix  as  it  lies  in  the  cavity  of  the  pelvis.  This 
condition  may  also  occur  at  the  time  of  the  climacteric. 

Treatment  of  hypertrophy  of  the  infravagtnal  cervix 
is  usually  rather  unsatisfactory,  as  it  is  seen  as  a  rule  in 
the  later  stages  when  the  harm  lias  been  done  and  its 
effacement  is^impossible.  If  the  disease  comes  under  oli- 
servation  early  in  its  course  considerable  can  be  done,  by 
first  removing  ail  the  diseased  mucous  membrane  with 
the  sharp  curette,  and  then  using  tanii)ons  of  glycerite 

of  tannin,  or  of  ichthvol. 
or  hot  douches,  with  now 
and  then  an  application 
of  strong  tincture  of  io- 
dine to  the  cervix.  Astrin- 
gents may  be  used  in  the 
douchesas  well.  By  these 
means  the  venous  conges- 
tion is  relieved  and  ab- 
sorption stimulated.  At 
times  puncture  of  the  cer- 
vix seems  to  aid  in  the  re- 
duction in  size,  after  the 
principle  of  the  old-time 
leech,  which  now  in  the 
days  of  asepsis  has  almost 
disappeared.  As  the  suf- 
ferers from  these  affec- 
tions are  generally  in  poor 
health,  tonics  suited  to  the 
general  requirements  of 
the  case  are  indicated. 
Most  important  of  all  is 
proper  hygiene,  both  as 
regards  the  body  and  as  regards  the  sexual  relations; 
the  patient  should  b<'  enabled  to  secure  proper  and  sutfl- 
cient  food  coupled  with  rest,  freedom  from  care,  and 
plenty  of  fresh  air. 
The  bowels  should  be  freely  moved  dailj',  and  the  use  ot 


Fig.  4871.— Hypertrophy  of  Infra- 
vaginal  Portion  of  Cervix,  show- 
ing vaginal  fomiees  in  normal 
position  and  no  descent  of  vaginal 
walls.     (Schoeder.) 


Fig.  4872.— Fowler's  Pessary. 


calomel  in  small  doses,  extending  over  a  period  of  some 
months,  is  said  to  have  a  very  beneficial  action  in  some 
cases.  Ergotin  has  also  been  given  in  doses  of  from  three 
to  ten  grains  dail.v,  but  the  patient  must  be  watched  for 
symptoms  of  ergotism  where  the  remedy  is  continued  for 
some  time.  Puncture  with  the  galvano-cauteiy  and  the 
application  of  electricity  have  Isoth  been  recommended ; 
but  the  cauteiy  only  aids  the  process  which  is  being  com- 
bated, while  the  application  of  electricity  is  fraught  with 
more  or  less  danger,  and  the  writers  consider  it  of  very 
doubtful  efficacy.  In 
some  hypertrophies  of 
moderate  size  a  retrover- 
sion pessary  may  give  re- 
lief when  the  conditions 
are  favorable.  By  this 
means  the  feeling  of 
weight  is  relieved  and  the 
tendency  to  procidentia 
prevented. 

Wlienever  the  more  sim- 
ple methods  fail,  the  only 

aid  lies  in  reducing  the  size  of  the  cervix  by  some  sur- 
gical operation.  A  wedge-shaped  piece  may  be  excised 
from  each  side,  and  the  new  anterior  and  posterior  lips  so 
formed  should  then  be  brought  together  as  in  bilateral 
lacerations  of  the  cervix ;  or  one  of  the  various  means  of 
amputation  may  be  tried.  If  a  laceration  of  any  extent 
already  exists,  the  excision  can  be  made  during  the  repair 
of  the  cervix.  This  treatment  always  seems  to  have  a 
verj'  favorable  effect  upon  the  metritis  which  usually 
exists  in  the  bod}',  and  of  which  the  enlargement  of  the 
cervix  is  but  a  part. 

The  treatment  of  the  hj-pertroph}'  of  the  cervix  due  to 
excessive  glandular  formation  and  retention  cysts  of  the 
Nabothian  follicles,  must  be  primarily  based  upon  the 
cure  of  the  coexisting  endoeervicitis  and  endometritis. 
In  the  mild  cases  the  small  cysts  may  be  punctured  and 
the  lining  membrane  destroyed  witli  strong  iodine,  or 
carbolic  acid,  or  nitrate  of  silver  fused  on  the  end  of  a 
probe.  An  elliptical  piece  may  be  snipped  from  the 
wall  of  the  larger  cysts,  to  prevent  closure,  and  the  inside 
curetted,  or  they  may  be  treated  in  the  same  manner  as 
the  smaller  cysts. 

In  the  severer  t3'pes  of  the  disease  many  small  cysts 
will  be  felt  deeply  embedded  in  the  tissues.  As  a  part 
of  the  treatment  depletion  and  the  hot  astringent  douches 
will  lie  found  useful. 

For  the  milder  grades  of  endoeervicitis  and  endome- 
tritis applications  of  tincture  of  iodine  and  carbolic  acid, 
orof  forty-per-cent. 
formalin,  may  be 
tried ;  but  it  is  the 
opinion  of  the 
writers  that  the 
danger  is  much  less 
in  the  more  severe 
cases  if  a  curetting 
with  aseptic  tech- 
nique is  carried 
out.  When  the  mu- 
cous membrane  is 
extensively  dis- 
eased, as  is  often 
the  case  in  consider- 
a  b  1  e  lacerations, 
and  if  the  lips  are 
filled  with  cysts, 
the    simplest     and 

best  method  is  to  dissect  awa}'  the  diseased  membrane 
as  far  as  may  be  necessary,  after  the  operation  of  Schroe^ 
der.  If  a  bilateral  tear  exists  it  often  is  possible  to  re- 
move the  diseased  tissue  in  the  process  of  repairing  the 
cervix.  Should  it  seem  best,  a  light  packing  of  iodo- 
form gauze  may  be  placed  against  the  cervix  after 
Schroeder's  ojieration,  to  prevent  effusion  between  the 
raw  surfaces. 

Hypertrophic  elongation  of  the  cervix  when  moderate 


FIG.  4873.— Clip  Pessary,  with  Inflexible 
Stem  and  Bands  for  Attachment  to  Waist 
Belt. 
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in  degree  requires  treatment  only  by  mechanical  means. 
Tlie  indication  liere  is  to  change  the  position  of  the  cervi.x 
so  that  its  a.xisdoes  not  correspond  to  that  of  the  vagina. 
Tliis  can  be  done  by  means  of  a  retroversion  pessary  hav- 
ing a  bar  across  to  htild  tlie  cervix  in  front,  or  by  tlie 
well  known  Fowler's  pessary,  which,  receives  the  cervix 
in  a  cup  at  its  upper  end  (Fig.  4872).  Of  course  this 
treatment  is  suitable  only  in  cases  in  which  the  inflam- 
mation has  subsided  and  the  perineum  is  capable  of  su])- 
porting  a  pessary.  Tlie  cup  pessary  can  be  tried  when 
the  vaginal  method  fails;  b>it  it  has"the  great  disadvan- 
tage that  even  with  skilfid  and  careful  use  it  is  apt  to 
cause  excoriation,  and  when  the  parts  are  not  carefully 
watched,  the  jjcssarj^  may  give  rise  to  the  development 
of  both  recto-vaginal  and  vesico-vaginal  fistula?.  This 
instrument  is  made  like  the  cup  of  the  old  game  of  cup 
and  ball.  The  cervix  rests  in  the  cup,  while  through 
the  lower  end  of  the  stem  pass  the  rubber  tubes,  which 
form  the  ijeiineal  bands  and  are  attached  to  a  waist  liand. 
This  is  at  the  best  a  clumsy  appliance,  and  worthy  of  use 
only  in  cases  in  which  for  some  reason  the  operative 
treatment  is  refused  or  coutraindieated. 

Amputation  of  the  cervix  constitutes  the  surest  method 
of  affording  relief.  This  takes  away  the  weight  which- 
drags  down  the  uterus  and  at  the  same  time  removes  the 
guide,  which,  if  there  is  a  tendency  to  procidentia,  steers 
it  through  tlie  vaginal  canal. 
This  may  be  all  that  is  re- 
quired; but  if  there  is  a  rupt- 
ured or  relaxed  perineum  it 
should  be  repaired  at  the  same 
time.  In  case  this  does  not 
sullice,  ventral  suspension  to 
maintain  the  uterus  in  its 
proper  axis  still  remains,  or 
total  extirpation. 

Amputation  of  the  cervix 
has  been  performed  with  the 
ecraseur  and  al.so  with  the  cau- 
tery; but  the  knife  has  taken 
the  place  of  these  methods 
which  are  prone  to  cause  ste- 
nosis. To  Hegar  is  due  the 
credit  of  having  invented  the 
first  really  practical  operation 
for  amputation  of  the  cervix 
. — one  which  with  sHght  vari- 
ations is  applicable  to  most 
cases.  The  cervix  is  split  on 
both  sides  as  far  as  to  the 
vaginal  junction,  and  a  cone- 
shaped  piece  is  then  removed 
from  each  lip,  according  to  the 
need  of  the  individual  case. 
The  sutures  are  passed  under 
the  whole  denuded  surface 
from  the  cervical  mucous 
membrane  to  that  of  the  va- 
gina. Tills  may  be  continued  all  around,  or,  after  sut- 
ure of  the  central  portions  above  and  below,  the  sides 
may  be  brought  together  as  in  repair  of  the  bilateral 
tears  of  the  cervix.  (See  the  section  on  Wounds  of  the 
Cervix,  farther  on.) 

Schroeclei-'s  Method. — After  lateral  splitting  of  the  cer- 
vix, as  in  Hegar's  operation,  the  lips  are  held  apart  and 
the  diseased  tissue  is  removed,  as  shown  in  Figs.  4875 
and  4876.  The  wound  is  closed  by  turning  the  flaps  of 
vaginal  membrane  on  to  the  denuded  areas  and  stitching 
them  in  place.  This  brings  the  sutures  into  the  entrance 
of  the  canal.  The  commissures  on  both  sides  are  then 
brought  together  by  sutures  passing  under  the  whole  de- 
nuded area.  There  are  some  more  complicated  opera- 
tions, but  these  two,  with  the  modifications  of  which 
they  are  capable,  will  suffice  in  all  cases. 

The  results  of  hypertrophic  elongation  of  the  supra- 
vaginal cervix  are  hard  to  combat  by  non-operative  pro- 
cedures. The  relaxed  condition  of  the  vagina  and  its 
outlet,  and  the  frequent  presence  of  laceration  of  the  peri- 


FiG.   4874.  —  Hegar's    Ampu- 
tation of  the  Cervix  Uteri. 


neum  and  of  a  retro  verted  adherent  uterus,  render  the  me- 
chanical treatment  of  this  condition  exceedingly  difficult. 
In  young  women  rest,  astringent  douches  and  tampons, 
and  building  up  of  the  general  health  will  usually  bring 


Fig.  4875.— Schroeder's  Operation.    Dotted  lines  show  the  extent  to 
which  the  cervix  should  be  denuded. 

about  a  cure.  As  the  uterus  in  these  cases,  which  occur 
after  childbii'th,  is  generally  retroverted,  its  support, 
after  replacement,  by  some  form  of  retroversion  pessary 
is  indicated. 

The  Hodge  pessary  may  fulfil  all  the  requirements  if 
Ihe  lower  end  is  made  of  such  a  width  that  it  cannot 
escape  from  the  grasp  of  the  muscles  of  tlu^  outlet.  If 
this  is  impossible  on  account  of  relaxed  outlet,  torn  peri- 
neum, or  adherent  uterus,  which  resists  well-applied 
packing  in  the  knee-chest  position,  operation  for  repair  of 
the  pelvic  floor  and  suspension  of  the  uterus  offer  the 


Fig.  4876.— Schroeder's  Operation.    Diagram  shows  the  manner  In 
which  the  sutures  are  to  be  applied. 

best  chance  of  permanent  relief.  Pregnancy  with  the 
involution  which  follows  it  has  been  known  to  effect  a 
cure. 

At  the  time  of  the  menopause  or  subsequently,  the 
chance  of  effecting  a  cure  except  by  some  operative  pro- 
cedure is  slight;  but  at  the  same  time  certain  cases  may 
be  made  comfortable  for  years.     In  the  case  of  an  ad- 


67 


IJIeriis, 
X'toriis. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL  SCIENCES, 


Fig.  4877. — Gebnmg  Pe.ssary. 


lieient  uterus  it  may  be  possible  to  liokl  up  tlie  prolaps- 
ing- vaginal  wall  by  the  inflated  rubber  rings;  but  this, 
ofcourse,  is  open'to  the  objcetion    tlial  tlie  walls  are 
slowly  stretched  by  their  action,  and  that  they  are  hard 

Co  keep  clean.     Geh- 
__;;^-  rung's  pessary  (Fig. 

4877)  has  been  suc- 
cessfully used  by 
some  practitioners  in 
retaining  the  vaginal 
wall  in  ])lace;  but  a 
good  jielvic  floor  is 
necessary  for  its  re- 
tention. Generally 
speaking,  the  retro- 
version pessaries  of 
all  forms  are  not  suc- 
cessful at  this  time  of 
life,  as  the  infravag- 
inal  cervix  is  atro-" 
pliied  and  the  vagina 
cone-shaped,  while 
the  perineum  itself  is  too  relaxed  to  retain  them.  As  a 
last  resort  the  cup  pessary  may  be  tried,  b\it  the  many 
disadvantages,  the  care  necessary  to  prevent  excoriation 
and  possibly  worse  consequences,  may  well  make  the 
gynecologist  loath  to  use  them  in  tiie  majority  of  cases. 

Should  the  discomfort  and  general  condition  of  the 
patient  warrant  oiieration,  the  same  ]3rinciplcs  willappl.y 
as  when  the  disease  occuis  in  early  years.  Furthermore, 
at  the  age  when  the  sexual  life  is  past,  hysterectomy  and 
a  complete  closure  of  the  vagina  by  denuding  its  walls 
and  uniting  them  with  catgut  thoughrout  their  length 
may  be  used  as  a  last  resort  in  obstinate  cases.  As  we 
cannot  expect  the  same  involution  of  the  tissues  in  older 
as  in  yoimger  patients,  operative  interference  is  earlier 
indicated. 

Ulceh.\tion  of  the  Cervix. 

True  ulceration  of  the  cervix  occurs  as  the  result  of 
trauma  or  of  systemic  or  local  disease,  and  is  very  infre- 
quent. 

CJiancroid  of  the  cervix  is  occasionally  seen  and  has  the 
usual  appearance  of  such  lesions  on  mucous  surfaces,  ex- 
cept that,  from  the  structure  of  tlie  cervix,  there  is  little 
oedema. 

Owing  to  the  moisture  of  the  parts  treatment  is  difficult. 
The  cardinal  points  are  cleanliness  and  dryness.  If  atten- 
tion is  carefully  paid  to  these  the  lesion  soon  disappears, 
although  to  prevent  further  infection  it  is  at  limes  best 
to  apply  ninety-fiveper-cent.  carbolic  acid  or  fuming 
nitric  acid  to  the  sore.  The  thermo-  and  the  electro- 
cautery have  also  been  recommended.  These  applica- 
tions should  be  carefidly  and  sparingly  made;  this  is  es- 
pecially true  of  nitric  acid,  which  may  jiroduce  bad 
.sloughs  and  possible  stenosis  of  the  os  externum.  The 
vagina  can  be  kept  dry  by  a  powder  composed  of  equal 
parts  of  powdered  starch  and  boric  acid,  or  of  compound 
stearate  of  zinc  with  boric  acid  or  acetanilid. 

Iodoform  is  strongly  recommended  bj'  many,  but  its 
odor  is  very  offensive,  and  it  has  no  particular  value  over 
the  odorless  jiowders.  The  powders  are  best  applied  in 
the  knee-chest  jiosition  with  the  perineum  retracted  by  a 
Sims  speculum.  The  vagina  is  cleansixl  with  pledgets 
of  cotton  dipped  in  borax  water  or  a  weak  solution  of 
bicarbonate  of  soda,  by  which  means  the  mucus  is 
easily  removed.  After  cauterizing  and  dr3'ing  the  ulcer 
and  vaginal  walls,  one  or  two  teaspoonfuls  of  the  pow- 
der are  thrown  on  toand  about  the  cervix,  and  the  vagina 
is  lightly  packed  with  strips  of  gauze  covered  witli  the 
drying  powder.  These  should  lie  removed  every  twenty- 
four  hours  and  fresh  powder  a)ii>lied  after  wijiing  out 
any  of  the  previous  applicatitm  wliich  has  become  moist. 
The  vagina  Is  then  to  be  packed  as  before.  Indolent  ul- 
cerations may  be  touched  with  nitrate  of  silver,  twenty 
to  forty  grains  to  the  ounce  of  water. 

Chancre  of  the  cervix  is  comparatively  rare,  but  more 


common  than  chancroidal  ulcer.  Rasseuone  found  117 
cases  among  1,375  cases  of  venereal  sores  of  the  genitals. 
Chancres  occur  more  often  on  the  anterior  lip  and  may 
lie  multiple;  occasionally  they  extend  into  the  canal. 
They  may  be  recognized  by  their  w'ell-defined  border 
surrounding  a  depressed  area  covered  by  a  grayish  mem- 
brane. Beginning  as  mere  erosions,  they  soon  become 
deep  ulcers,  and  instances  have  been  reported  of  perfora- 
tion into  the  rectum  or  into  the  bladder.  They  liavc  been 
mistaken  for  cancer,  and  have  been  known  to  undergo 
cancerous  degeneration  after  healing.  JIucous  patches 
are  also  seen  among  the  secondary  symptoms. 

Constitutional  treatment  in  a  doubtfid  case  will  soon 
settle  the  diagno.sis.  As  to  local  measures,  douches  of 
corrosive  subhmate,  1  in  3,000  to  1  in  5,000,  or  treatment 
after  the  manner  of  the  chancroidal  ulcers  with  a  powder 
of  calomel  and  starch,  will  be  found  useful.  Cauterizing 
is  useless  and  may  do  much  harm. 

Ttiben-uloiiK  uk-eralinii  is  very  rarely  seen,  and  is  usually 
associated  w'ith  the  disease  elsewhere,  Init  may  be  pri- 
mary. It  may  take  the  form  of  a  simple  ulceration  or 
of  lupus  hypertrophicus,  and  is  easily  mistaken  for  can- 
cer— a  point  which  the  microscope  alone  can  decide  in 
many  cases. 

The  best  treatment  is  probably  the  removal  of  the 
uterus,  and  appendages,  as  they  are  generally  infected. 
If  this  seems  unnecessary,  the  cautery  or  amputation  of 
the  cervix  may  be  tried.  Wlieu  the  disease  is  too  far 
advanced  for  operation  tlie  paits  must  be  kept  clean 
witli  douches  of  potassium  permanganate  or  chlorinated 
soda  in  strengths  suited  to  the  comfort  of  the  particular 
patient. 

Atkesi.^  op  the  Cervical  C.\nai.  (Acquired). 

This  is  generally  the  result  of  lacerations  due  to  deliv- 
ery or  to  the  action  of  caustics.  It  may  result  from 
contraction  after  amp\itatiou  of  the  cervix,  or  after  an 
operation  for  repair.  Occasionally  it  results  from  the 
contraction  of  an  old  ulcer,  from  new  growths  within 
the  uterus,  or  from  old  age.  After  the  menopause  this 
has  no  detrimental  etfect,  unless,  as  occasionally  happens, 
some  infection  takes  place  and  pus  is  retainecl  in  the  old 
uterine  cavity.  Previous  to  the  menopause  hisinato- 
metra  may  be  expected.  Under  such  circumstances,  if 
the  atresia  is  at  the  internal  os,  the  shape  of  the  cervix  is 
well  preserved  ;  but  if  it  is  at  the  external  os,  the  cervix 
is  carried  up  to  a  higher  level  and  the  entrance  appears 
as  a  dimple  in  the  vaginal  vault. 

Stenosis  of  the  Cervical  Canal  (Acquired). 

The  causes  are  the  same  as  for  the  preceding,  and  it 
occurs  more  often  at  the  external  than  at  the  internal  os. 
The  cavity  of  the  cervix  may  be  contracted  throughout 
its  length,  or,  when  the  restriction  at  the  external  os  keeps 
back  the  secretion,  the  cavity  may  be  rather  fusiform  in 
shape. 

Diagnosis  of  the  condition  may  be  inade  by  inspection 
or  by  ]iassing  a  sound  or  probe.  As  the  tip  of  a  small 
probe  is  often  caught  in  the  folds  of  the  arbor  vita',  care 
must  be  exercised  in  introducing  the  instrument.  Drag- 
ging down  the  cervix  with  the  double  hooks  or  tenaculum 
will  sometimes  obviate  this  ditliculty  by  straightening 
the  canal.  Usually  there  is  a  slight  spasm  of  the  inter- 
nal OS,  which  gives  w^ay  after  a  few  moments  of  steady 
pressure.     This  must  not  be  mistaken  for  stenosis. 

Dysmenorrha'a  is  usually  jiresent  and  there  is  also  ster- 
ility, but  the  first  does  not  follow  in  every  case,  as  women 
with  a  tight  internal  os  often  complain  of  no  pain  with 
the  menses. 

Pain  is  probably  due  to  the  fact  that  more  blood  is 
poured  out  from  the  uterine  mucous  membrane  than  can 
be  taken  care  of  by  the  narrowed  canal  of  the  cervix, 
while  the  distention  of  the  uterus  causes  painful  contrac- 
tions of  a  paroxysmal  nature.  These  are  often  relieved 
b)'  the  passage  of  a  clot  or  a  quantity  of  mucus.  The 
pains  may  be  so  severe  that  vomiting,  fainting,  and  va- 
rious nervous  manifestations  take  place. , 
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'I'lie  sterility  is  said  to  bu  due  to  tlie  failure  of  the  cer- 
vix to  expel  the  mucus  from  its  canal  during  the  orgasm. 
It  is  probabl.y  also  due  to  the  cndocervieitis  which  is 
present  in  these  cases,  and  loan  altered  cervical  secretion. 

Treatment  of  stenosis  is  surgical,  and  what  is  said 
concerning  this  applies  to  atresia  coming  on  before  the 
menopause. 

Electricity  has  been  tried  in  the  past,  and  while  it  may 
relieve  for  the  time,  the  ultimate  effect,  as  in  the  case  of 
the  caustics  of  the  earlier  days,  is  to  leave  the  cervix 
in  a  worse  state  than  that  for  whicli  the  treatment  was 
undertaken.  To-day  four  methods  are  in  common  vogue : 
gradual  dilatation,  discission,  divulsion,  and  plastic  op- 
erations.— all  of  whicli  are  necessarily  contraindicatcd 
in  any  acute  inflammatory  disturbance  of  the  uterus  or 
adnexa. 

Gradual  dilatation  is  performed  with  Hanks'  dilators, 
with  the  patient  on  the  back  or  in  Sims'  position.  The 
vagina  is  cleansed  with  soap  and  water,  and  wiped  out 
with  a  solution  of  corrosive  sublimate,  lysol,  or  carbolic 
acid.  The  anterior  lip  is  seized  with  the  tenaculum  and 
pulled  gently  downward.  After  the  direction  of  the 
canal  has  been  ascertained  by  means  of  a  sound,  the  dila- 
tors are  inserted  in  increasing  sizes,  each  one  being  al- 
lowed to  remain  a  few  moments  in  the  canal.  For  u 
lubricant  lubrichondrin  or  glycerin  may  be  used.  The 
dilatation  should  not  be  carried  so  far  as  to  cause  Assures 
of  the  OS,  and  one  treatment  a  week  is  sufficient.  Finally 
the  canal  is  swabbed  out  with  ninety-live-per-cent.  car- 
bolic acid  or  with  tinct\ire  of  iodine,  and  a  tampon  of 
ichthyol  and  glycerin  is  inserted.  The  latter  should  be 
removed  the  next  day.  Patients  liad  best  remain  ([uiet 
for  a  time  after  the  operation,  as  uterine  cramps  some- 
times come  on.  No  permanent  results  can  be  expected 
of  this  treatment,  and  it  is  advocated  as  a  measure  to  be 
adopted  only  when  pregnancy  is  desired.  Probably  the 
favorable  results  which  follow  are  often  quite  as  much 
due  to  the  cm-e  of  tlie  uterine  catarrh  as  to  the  increase 
in  the  calibre  of  the  canal. 

Discission  of  the  cervix  with  the  various  metrotomes, 
once  practised  so  widely,  has  disappeared  owing  to  the 
hemorrhage,  sepsis,  and  contraction  wliich  followed  too 
often  in  its  wake. 

Discission  as  practised  to-day  consists  of  splitting  the 
cervix  on  each  side  as  high  as  the  junction  of  the  vaginal 
wall  and  nicking  the  internal  os  on  each  side.  The  hem- 
orrhage may  be  quite  tree,  but  is  easily  controlled  by 
packing  gauze  between  the  lips.  This  operation  is  re- 
sorted to  principally  for  the  relief  of  stenosis  and  atresia 
of  the  internal  os. 

Divulsion  or  rapid  dilatation  under  ether  or  chloroform 
narcosis  and  with  aseptic  precautions  is  almost  devoid 
of  danger,  and  is  perhaps  the  most  generality  applicable 
method  when  the  canal  is  patent.  This  is  performed 
with  any  of  the  well-known  cervical  dilators,  of  which 
Goodell's  modification  of  Ellingcr's  dilator  is  perhaps 
the  best  (Fig.  4878).  The  external  genitals  and  vagina 
having  been  rendered  surgically  clean,  the  cervix  is 
seized  with  the  vulsellum  forceps;  and  if  the  canal  does 
not  admit  the  tip  of  the  special  form  of  dilator  used,  it 
may  be  expanded  with  the  Hanks  dilators  to  the  neces- 
sary extent.  The  blades  of  the  dilator  are  then  inserted 
under  steady,  gentle  traction  upon  the  cervix  with  the 
vulsellum  forceps,  and  spread  in  all 
directions  until  the  canal  is  dilated 
to  from  one-half  to  three-quarters 
of  an  inch.  This  may  be  followed 
by  curettage,  if  neccssarj',  and  the 
uterus  and  cervix  packed  with  iodo- 
form gauze  for  from  twentj^-four  to 

forty-eiglithoiirs.    Curettage  is  nee-  Fig.  4878.- 

essary  in  most  instances,  as  the  ste- 
nosis may  be  due  to  the  existing  inflammatorj'  condition 
of  the  mucous  membrane,  which  is  so  common  in  these 
cases.  Some  operators  prefer  to  insert  a  glass  plug 
after  operation  in  place  of  the  packing,  but  with  this 
there  is  increased  danger  of  sepsis.  Another  advantage 
of  the  gauze  is  that  it  usually  brings  with  it  on  removal 


any  small  pieces  of  the  mucous  membrane  which  have 
been  skipped  by  the  curette.  It  is  also  well  to  wipe  out 
the  uterine  cavity  before  putting  in  the  final  packing. ' 

The  patient  should  remain  in  bed  for  ten  days,  and 
after  the  first  two  or  three  days  the  use  of  an  antiseptic 
douche  of  creclin  or  lysol,  1  in  100,  adds  much  to  her 
comfort  and  cleanliness. 

Plastic  operations  are  used  to  relieve  contraction  or 
atresia  of  the  external  os  when  the  cervical  canal  is 
dilated  above.  The  principle  of  the  many  operations 
devised,  which  accomplish  their  purpose  in  the  end  re- 
sults, is  that  involved  in  amputation  of  the  cervix ;  and 
each  case  must  be  treated  upon  these  principles,  accord- 
ing to  its  needs. 

Tii.wMATic  Affections  of  the  Cervix  Uteri, 

The  position  of  the  cervix  deep  in  the  pelvis  affords 
little  chance  of  injury  except  as  the  result  of  parturition, 
ill-fitting  and  neglected  pessaries,  inflammatory  disease 
or  the  contraction  caused  by  the  indiscriminate  use  of 
caustics  in  the  early  da_ys. 

Aliriiitwiis. — Women  wearing  a  pessary  for  the  first 
time  are  liable  to  slight  abrasions  of  the  mucous  mem- 
brane, even  with  the  best  of  care.  These  are  of  no  espe- 
cial importance  if  taken  in  time;  but,  as  often  happens, 
the  patient,  feeling  relieved,  fails  to  appear  for 
months,  and  the  pessary  becoming  encrusted  with  salts 
causes  not  only  excoriations,  but  ulcerations  which  may 
extend  into  the  rectum  or  into  tlie  bladder.  The  exter- 
nal and  internal  combined  ])essaries  are  prone  to  cause 
tlie.se  ill  results,  as  they  are  generally  bimght  of  some 
instrument  maker,  often  without  any  measurements  be- 
ing made,  and  are  adjusted  by  the  patient. 

Also  the  .support  of  the  pessary  from  the  outside  by 
the  elastic  bands  does  not  allow  it  to  move  freely  with 
the  excursions  of  the  pelvic  diaphragm  without  increas- 
ing the  pressure.  With  the  cup  pessary,  unless  in  the 
proper  axis,  the  lips  press  against  the  cervix  and  cause 
.sloughs. 

The  removal  of  the  pessary  and  simple  cleanliness  suf- 
fice for  the  cure  of  the  small  aljrasions.  When  the  sur- 
face involved  includes  the  vaginal  wall  as  well,  it  is  best 
after  cleansing  the  vagina  to  apply  some  antiseptic  pow- 
der and  lay  gauze  between  the  abraded  surfaces  to  pre- 
vent their  adhering.  Indolent  or  granulating  ulcers  may 
need  stimulating  or  astringent  apiilications. 

Wounds  of  the  Ci-.rri.r. — l^racticallj'all  lacerationsof  the 
cervix  arise  as  the  direct  or  indirect  result  of  parturition, 
and  are  equally  unavoidable.  Broadly  speaking,  at  least 
one-third  of  all  labor  cases  have  lacerations  w'orthy  of  re- 
pair. Tears  may  occur  from  miscarriages  in  the  early 
months,  while  delivery  at  full  term  may  leave  not  the 
slightest  trace  of  rupture.  Portions  of  the  anterior  lip 
may  slough  from  pressure,  and  large  defects  are  some- 
times caused  in  this  way.  Pregnancy  occurring  late  in 
life  for  the  first  time,  or  after  inflammatory  disease,  is 
apt,  on  account  of  the  more  resistant  cervix,  "to  leave  its 
marks.  Cases  have  been  reported  in  which  the  resistance 
of  the  cervix  to  dilatation  has  been 
so  great  that  it  has  been  torn  from  (!r> 
the  uterus  by  the  force  of  the  ad-  '"Vv. 
vaucing  head.    The  most  severe  in- 


-Goodell's  Modlflcatlon  of  Ellinger's  Dilator. 

juries  common!}'  result  from  precipitate  la- 
bors, from  manual  dilatation,  version,  and 
forceps  operations.  These  happen  to  the  skilful  as  well 
as  to  the  unskilful,  so  that  it  is  not  just  to  lay  them  at 
the  door  of  the  accoucheur,  although  of  the  neglect  to 
repair  them  when  necessary,  he  must  bear  the  blame. 
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Fiuall.v,  lacerations  may  occur  from  the  tearing  out  of 
teuacula,  double  hooks,  etc. 

The  fact  that  childbirth  leaves  its  mark  upon  the  cer- 
vix in  so  many  cases  makes  it  one  of  the  surest  guides 
as  to  the  existence  of  previous  pregnancy ;  but  the  fact 
must  not  be  lost  sight  of  that  operative  procedures  may 
sometimes  leave  marks  which  simulate  those  of  parturi- 
tion. 
Pathologv. — Lacerations  may  be  partial  or  complete. 
A  partial  laceration  is  a  tear  of  the  mucous  membrane 
and  muscular  substance  which  does  not  extend  to  the 
vaginal  surface  excejit  at  the  external  os. 

A  complete  laccratiou  is  a  tear  through  the  whole  sub- 
stance of  the  cervix,  laying  open  the  canal  for  a  greater 
or  less  extent ;  sometimes  so  far  as  the  internal  os. 

These  injuries  in  turn  are  desi.gnated  by  the  terms 
unilateral,  bilateral,  stellate,  according  to  the  nature  of 
the  injur}'. 

Unilateral  lacerations  are  seen  in  all  parts  of  the  cervix, 
but  are  said  to  be  more  frequent  in  the  left  and  posterior 
portions. 

Bilateral  laceration  is  the  most  common  foi'm,  where 
the  cervix  is  divided  to  a  greater  or  less  degree  into  an 
anterior  and  a  jjosterior  lip.  After  forceps  delivery  this 
is  especially  conunon  from  the  pressure  of  the  forceps 
exerted  at  these  points. 

Stellate  lacerations,  even  when  not  deep,  may  cause 
gaping  of  the  external  os,  and  open  the  mucous  mem- 
brane to  the  influences  which  cause  the  unpleasant 
symptoms  of  cervical  laceration.  Following  manual 
dilatation  multiple  tears  are  quite  common,  and  the  rupt- 
lUTS  may  be  so  niunerous  that  after  labor  the  cervix  has 
the  feeling  of  a  tassel. 

As  being  the  most  frequent,  bilateral  laceration  and  its 
treatment  will  be  considered,  as  what  is  said  concerning 
it  will  be  equally  applicable  to  the  other  forms. 

Following  in  Ihe  train  of  these  injuries  come  certain 
pathological  changes  as  a  rule,  the  end  results  of  which 
have  a  far-reaching  effect  upon  the  health  of  the  patient 
unless  the  operation  for  Tepair  is  undertaken  in  time. 
Healing  of  the  cervix  after  labor  may  take  place;  but 
for  the  most  part  the  tendency  of  the  lips  to  separate  in 
the  bilateral  form  keeps  the  torn  surfaces  apart,  while 
the  process  of  repair  here,  as  in  the  other  forms,  is  hin- 
dered by  the  constant  flow  of  lochia  over  their  sur- 
faces. 

The  danger  of  infection  of  the  parametrium  is  consider- 
able when  the  tear  reaches  into  the  vaginal  vault.  The 
rolling  out  of  the  damaged  mucous  membrane  from  the 
gaping  lips  favors  a  state  of  constant  irritation,  and  the 
opening  up  of  the  connective  tissue  of  the  pelvis  presents 
the  opportunity  for  infection.  As  a  result  of  these  con- 
ditions there  is  a  constant  hypenemia,  which  ends  in  the 

formation  of  tibrous  tis- 
sue and  eventually  ren- 
ders the  affected  parts  as 
hard  as  cartilage.  Exact- 
ly as  in  cervical  catarrh 
the  inflammation  may  ]iro- 
ceed  so  far  that  the  cj'lin- 
drical  epithelium  of  the 
cervical  mucosa  oversteps 
its  boundaries  and  ex- 
tends on  to  the  mucous 
membrane  of  the  vaginal 
surface  of  the  cervix,  dis- 
placing the  squamous 
epithelium.  This  is  the 
"erosion  of  the  cervix." 
With  the  glandular  hy- 
FiG.  4879.— stellate  Lacerations.  perplasia  comes  increased 
secretion,  while  gradual 
occlusion  of  the  glands  by  the  new-forming  connective 
tissue  causes  the  Nabothian  cysts. 

The  masses  of  cicatricial  tissue  so  often  felt  about  the 
uterus  owe  their  origin  primarily  to  tliese  tears  of  the 
vaginal  vault,  and  secondarily  to  the  changes  which  take 
place  in  tliem  as  a  result  of  infection ;  and  in  consequence 


of  the  contraction  which  subsequently  takes  place  in 
these  areas  of  new-formed  tissue,  displacements  of  the 
uterus  in  different  directions  are  sure  to  follow.  Sub- 
involution is  verj'  frequently  seen  after  extensive  in- 
juries to  the  cervix. 

In  addition  to  the  pathological  changf  s  which  are  found 
in  the  jielvis  itself,  various  disturbances  may  take  place, 
due  not  to  the  lacerations  themselves,  Jut  to  the  irritation 
of  the  chronic  metritis  and  endometritis  with  which  they 
are  so  often  combined.  Furthermore,  the  increased 
weight  of  the  subinvoluted  uterus,  when  coupled  with 
relaxed  ligaments  and  a  torn  perineum,  causes  the  organ 
to  sag  downward  and  adds  to  the  effect  of  the  diseased 
organs  upon  the  system,  the  discomforts  which  arise  from 
the  loss  of  mechanical  support.  The  unhealthj-  state  of 
the  mucous  membrane  is  the  cause  of  frequent  abortions. 
and  there  is  no  doubt  that  cancer  of  the  cervix  is  more 
common  in  cases  which  have  sufl'ered  for  years  f roin  these 
chronic  inflammatory  processes,  of  which  the  tintreated 
injuries  caused  by  childbirth  were  but  the  beginnings. 

Symptoms. — The  symptoms  of  fresh  laceration  of  the 
cervix  would  be  bleeding  after  the  birth  of  the  child, 
which  could  not  he  accoimted  for  by  a  relaxed  condition 
of  the  uterus  or  by  a  vaginal  tear.  Slight  tears  are  always 
present,  and  it  is  only  seldom  that  it  is  necessary  to  search 
for  the  point  of  hemorrhage  at  the  time  of  labor. 

Symptoms  of  cervix  lacerations,  as  they  are  seen  at 
more  or  less  remote  periods  from  the  time  of  their  occur- 
rence, are  quite  variable.  Sometimes  there  is  pain  on 
coitus,  or,  if  a  displacement  is  present  in  addition,  the 
symptoms  may  refer  more  to  the  altered  position  of  the 
uterus  than  to  the  injury  itself.  The  extent  of  the  in- 
jury is  also  no  guide  as  to  the  seriousness  of  the  symp- 
toms. At  times  there  is  bleeding  without  apparent 
cause,  and  the  menstrual  periods  are  apt  to  be  painful 
and  accompanied  by  excessive  flow.  Leucorrha>a,  often 
blood-tinged,  is  almost  constant,  and  there  is  a  feeling 
of  general  malaise.  Reflex  symptoms,  neuroses  of  the 
stomach,  eyes,  bowels,  and  even  hysteria  may  be  pres- 
ent, while  pain  over  the  sacrum  or  in  the  lower  abdomen 
is  a  frequent  complaint. 

Diagnosis. — The  sense  of  touch  enables  one  to  form 
the  best  opinion  as  to  the  extent  of  a  cervical  laceration ; 
for  the  introduction  of  a  speculum,  except  in  the  knee- 
chest  position,  is  apt  to  roll  apart  the  lips  and  .so  obsciire 
the  exact  condition.  This  is  especially  true  in  the  bilat- 
eral tears.  However,  by  seizing  the  upper  and  lower  lips 
with  teuacula  and  pulling  them  together,  a  good  idea  of 
the  extent  of  the  damage  may  be  obtained. 

When  cysts  are  present  in  great  numbers  the  feeling 
may  be  that  of  cancer,  but  inspection  generally  reveals 
the  true  stale:  the  presence  of  small  bead-like  C3'sts,  and 
of  an  inflamed,  bulging  mucous  membrane,  sometimes 
showing  tlie  plicaj  palmata\  Occasionally  the  condition 
Ijresented  may  simulate  hypertrtiphy,  but  by  the  drawing 
together  of  the  lips  the  true  state  of  affairs  at  once  be- 
comes apparent. 

Palliative  Tre.\tment. — In  the  past,  immediate 
repair  of  the  cervix  after  labor  has  been  recommended  by 
some  writers;  but  the  consensus  of  ojjinion  to-da_v  is  that 
operative  procedure  is  not  best  until  after  the  puer- 
periuni.  The  reasons  for  this  are  plain.  After  labor  the 
cervix  is  bruised  and  some  portions  ma_v  slough.  Also 
the  tissue  is  so  stretched  and  cedematous  that  correct 
coaptation  of  the  parts  is  next  to  impossible,  and  with 
the  rearrangement  of  the  muscle  tibres  and  subsequent 
contraction  the  sutures  would  become  too  tight  and  cut 
out.  It  is  surprising  to  see  how  what  apjiear  like  consider- 
able lacerations  at  the  time  of  delivery  almost  disappear 
when  involution  has  taken  jjlace.  Occasionally  it  may 
be  necessary  to  insert  a  suture  to  control  bleeding  from 
the  circular  artery,  but,  as  a  general  thing,  a  firm  packing 
of  the  uterus  and  vagina,  or  even  of  the  vagina  alone, 
will  cause  the  hemorrhage  promptly  to  cease. 

The  larger  number  of  patients  with  lacerations  present 
themselves  for  treatment  months  or  yearsafter  the  injury 
has  occurred.  For  this  oftentimes  the  patients  themselves 
are  at  fault  more  than  their  iihj'sician,  as  they  defer  the 
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Uterus. 


examination  after  tlie  labor  and  wait  until  discomfort. 
pain,  or  repeated  miscarriages  force  them  to  seek  relief. 

Not  every  case  of  cervical  tear  demands  operation. 
For  the  severe  lacerations  and  their  unpleasant  symptoms 
operation  offers  the  only  lasting  cure.  For  the  slighter 
injuries,  the  writers  believe  that  tlie  degree  of  the  exist- 
ins  endometritis  and  the  density  of  cicatrix  must  be  the 
guides. 

When  operation  is  contraindicated  or  refused,  it  may 
be  possible  to  relieve  the  discomforts  to  a  certain  degree. 
The  subinvolution  and  endometritis  may  be  relieved  by 
hot  douches  and  by  depletion  with  glyceride  of  tannin, 
ichthyol,  and  glycerin  and  boroglyceride.  The  patients 
shoulcl  be  careiully  instructed  in  using  the  douche,  both 
as  to  quantity  and"  as  to  temperature.  It  should  be  taken 
while  the  patient  is  lying  on  her  back,  with  the  hips 
elevated,  and  at  least  twice  daily.  Not  less  than  eight 
quarts  of  water  should  be  used  at  a  temperature  as  hot  as 
can  be  borne.  To  this  may  be  added  disinfectants,  or 
astringents,  as  alum  or  tannin.  The  reservoir  should  be 
just  high  enough  above  the  patient  for  the  water  to  How 
very  slowly,  and  at  the  end  the  reclining  position  should 
be  maintained  for  from  twenty  to  thirty  minutes. 

Cysts  if  present  should  be  punctured  and  the  exuberant 
mucous  membrane  painted  with  tincture  of  iodine,  car- 
bolic acid,  or  silver  ni- 
trate as  often  as  may  be 
demanded. 

Considerable  relief  is 
often  obtained  by  these 
measures,  and  they  often 
prove  a  valuable  pre- 
paratory treatment  for 
man  J'  operative  cases. 

Unfortunately  the 
price  of  this  relief  is  con- 
stant treatment,  and 
with  its  cessation  the 
old  symptoms  soon  re- 
turn. 

Oper.\tive  Tkeat- 
MEN'T.  —  In  considering 
the  subject  of  operative 
treatment,  tlie  tirst  ques- 
tion is  to  decide  in  what 
ca.ses  to  ad\ise  ojiera- 
tion.  Every  deep  lacer- 
ation is  not  in  need  of 
repair,  and  many  com- 
]iaratively  slight  ones 
demand  more  than  pal- 
liative treatment.  Gen- 
erally speaking,  it  is 
the  condition  of  the 
cervix  and  uterine  body 
more  than  the  extent  of  the  tear  which  decides  the  treat- 
ment ;  but,  as  has  been  said,  the  more  extensive  the  lacer- 
ation, the  greater  likelihood  of  endometritis,  ectropion, 
.and  the  widely  known  "erosion."  Instances  are  seen 
of  widely  gaping  lips,  which  ar«  soft  and  without  the 
■  slightest  sign  of  inflammatory  disturbance.  Such  as 
these  do  not  need  ojierative  interference.  For  the  small 
laceration  with  much  uterine  catarrh  and  enlarged  tender 
cervix,  showing  the  effect  of  the  irritating  discharges, 
curetting  of  the  uterus  and  depletion  may  prove  sufti- 
cient.  ff  the  cervix  is  much  hypertrophied  and  studded 
with  cysts,  curetting,  the  excision  of  a  wedge  from  each 
side  and  uniting  by  tlie  method  of  Emmet,  or  Schroeder's 
operation  is  to  be  advised.  (See  Amputation  of  Cervix, 
in  the  section  on  Hypertrophies.)  Where  very  extensive 
disease  is  present,  amputation  is  the  best  procedure. 

As  the  climacteric  approaches,  repair  is  more  necessary 
than  in  younger  women,  for  it  is  well  known  that  the 
lacerated  cervix  seems  to  be  the  starting-point  for  malig- 
nant disease. 

Operation. — Emmet  was  the  first  to  put  tlie  operation 
for  the  repair  of  the  cervix  before  the  medical  profession, 
and  his  operation,  with  a  few  modifications,  has  stood 


Fig.  4880.— Denuding  the  Cervix. 


the  test  of  time  and  is  applicable  to  most  cases,  although 
in  atypical  lacerations  modifications  must  be  introduced 
to  suit  the  requirements. 

The  operation  is  performed  either  in  the  Sims'  or  in  the 
lithotomy  position.     The  bowels  should  be  thoroughly 
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Fig.  4881.— Sutures  in  Position. 

moved  the  day  before,  and  on  the  morning  of  the  opera- 
tion an  enema"  should  be  given  at  least  two  hours  before 
the  time  set  for  oi)eration.  The  jjatient  is  given  a  hot 
douche  of  borax  water,  which  clears  away  the  miicus, 
and  the  hair  on  the  genitals  is  clipped  close.  Under 
ether  the  external  genitals  are  scrubbed  with  green  soap 
and  gauze,  and  douched  with  sublimate  solution,  1  in 
3,000.  In  case  of  very  foul  uterine  discharges,  it  may 
si'em  best  to  curette  the  uterus  and  wait  for  a  few  days 
before  operating  upon  the  cervix. 

The  vagina  is  held  open  with  specula,  the  cervix  is 
seized  witfi  the  double  hooks,  and  the  direction  of  the 
canal  and  the  extent  of  laceration  are  determined  with  the 
sound.  The  cavity  of  the  uterus  is  then  curetted  as  a 
preliminary  step. 

With  the  tenaculum  the  posterior  lip  is  seized  in  the 
centre  and  denuded,  as  shown  in  Fig.  4880.  All  the  dis- 
eased mucous  membrane  and  the  cicatricial  tissue  which 
always  forms  in  the  apex  of  the  tear,  must  be  removed, 
only  the  mucous  membrane  in  the  line  of  the  cervical 
canal — a  strip  from  one-fourth  to  three-eighths  of  an 
inch  wide — being  left.  The  anterior  lip  is  treated  in 
the  same  way.  If  the  hemorrhage  is  considerable,  it 
can  be  readily  stopped  by  packing  a  sponge  against  the 
cervix  for  a  few  mo- 
ments. 

For  the  denudation 
the  scalpel  is  best,  as 
it  causes  less  trauma. 
Scissors  can  be  used 
and  the  hawk-billed 
scissors  of  Skene  are 
often  useful  in  clear- 
ing away  scar  tissue 
at  the  apex  of  the 
wedge. 

Suture  material  of 
chromicized    catgut, 
silkworm  gut,  or  sil- 
ver wire  may  be  used. 
Chromicized     catgut 
has    the    advantage    Fig.  4883.- 
that  it  is  unnecessary 
to    remove   the    sut- 
ures.    This  is  especially  advantageous  where  an  opera- 
tion for  lacerated  perineum  is  to  lie   performed  at  the 
same  time. 

The  manner  of  suture  is  also  best  illustrated  by  the 
figure.     The  first  suture  should  be  well  up  in  the  apex. 


Ups  Approximated  and  Sut- 
ures Tied. 
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and  each  should  pass  from  the  vaginal  surface  under  the 
■whole  <lenuded  area  and  through  the  edge  of  the  mucosa 
which  has  been  left  to  form  the  new  canal.  Usually  from 
three  to  live  sutures  on  each  side  are  sufficient.  Some- 
times, on  account  of  the  large  amount  of  scar 
which  has  to  be  removed,  it  will  be  found  nec- 
essary to  cut  away  one  strip  of  the  mucous 
membrane  which  was  left  to  form  the  new  canal. 
This  can  be  done  without  fear  of  atresia.  It  is 
generally  better  in  operaticnis  upon  the  cervi.\ 
not  to  pack  the  uterine  cavity,  as  the  removal 
of  the  gauze  may  tear  out  the  sutures.  Stel- 
late and  atypical  lacerations  must  be  repaired 
in  a  manner  suited  to  each  case.  Where  small 
tabs  exist,  they  aie  often  advantageously  re- 
moved, especially  if  the  cervix  is  enlaiged. 
and  the  two  adjoining  edges  denuded  and 
sutured. 

Geovge  Haven. 

Ernest  Bfiyen  Yojinrj. 


adopted  b^' different  authors,  and  still  more  so  by  the  com- 
plicated and  pedantic  terminology  that  has  been  em- 
ployed. The  same  name  has  been  given  to  different  con- 
ditions, and  the  same  condition  has  received  different 


UTERUS.  DISEASES  OF:  CONGENITAL 
MALFORMATIONS.  —  I)i.:vi.;i.oi"ment.  -^  The 
uterus  is  forjiied  by  the  apprii.xiiuation  and  fu- 
sion of  the  middle  portions  of  tlie  ^liilleriau 
ducts.  The  upper  portions  remain  distinct, 
constituting  the  Fallopian  tubes,  while  the  lower  unite 
and  form  the  vagina.  A  vertical  partition  separates 
at  first  those  parts  of  the  ducts  of  Midler  which  go  to 
make  up  the  uterus  and  vagina,  but  this  subseiiviently 
disappears,  and  the  two  canals  become  one.  At  a  later 
period  in  the  course  of  development,  at  the  lower  end  of 
the  middle  third  of  the  tube  thus  formed,  the  cervix  ap- 
pears, dividing  the  genital  canal  iuto  uterus  and  vagina. 
Thetissuesat  thesummitof  the  middle  third  and  between 
the  points  of  origin  of  the  Fallopian  tubes  likewise 
thicken,  and  the  fundus  uteri  comes  into  existence.  The 
insertion  of  the  round  ligament  separates  the  upper  from 
the  middle  third. 

It  is  interesting  to  note  that  in  the  lower  animals  de- 
velopment regularly  stops  short  at  various  points  in  the 
scale  of  progression,  which  ultimately  ends  in  the  forma- 
tion of  that  which  in  the  human  female  is  a  perfected 
genital  canal,  so  that  what  in  the  latter  are  termed  abnor- 
malities, in  the  lower  animals  are  the  normal  character- 
istics. At  birth  the  cervix  is  longer  and  thicker  than  the 
uterine  body,  and  this  state  of  aft'aii's  persists  throughout 
childhood.  At  jiuberty  rapid  growth  occurs,  and  this 
condition  is  reversed,  the  cervix  then  appearing  as  an 
appendage  to  the  body.  By  the  twentieth  year  the  geni- 
talia have  reached  their  full  measure  of  develoimient. 

Gener.\l  Etioloijv.  — Congenital  malformations  of  the 
uterus  are  owing  to  a  non-appearance  of  the  elements 


Fig.  4S83.— Rudimentary  Uterus,  Posterior  View,  (.\fter  Velt.)  o. 
Fused  but  solid  portion  of  the  uterus ;  h,  h,  uterine  horns ;  c,  c, 
rouuU  ligaments  :   <i,  </,  tulies ;  c,c,  ovaries  ;  D,  bladder. 

which  go  to  make  up  this  body,  to  an  arrest  in  their 
development,  or  to  their  complete  destruetiim  by  nutri- 
tive disturbances,  pressure  changes,  etc. 

Classification  and  Nomenclaturkof  Vauieties. — 
The  whole  subject  of  congenital  malformations  of  the 
sexual  passages  liaTS  been  throwu  into  much  confusion  by 
the  varying  methods  of  arrangement  and  classification 


Fig.  4884. — Uterus  Rudimentarius  Bipartitus  or  Bicomis.  (After  Rokitansky.) 
a,  Vafriua;  /i.  tubes;  c.  ovaries:  (/.  e?ilarjjeineut  of  the  horn:  f.  round  liffameuts: 
/.  point  of  union  of  the  two  horns  :  u.  cellular  tissue  traversed  by  musele  fibres 
which  simulate  the  uterus  in  forui. 


designations.  The  classification  and  nomenclature  which 
follows  is  that  of  MuUer;  it  is  at  once  the  simplest  and 
the  most  comprehensive. 

I.  Complete  Absence  of  the  Uterus:  Defectus 
Uteki. — Aiuiti/my. — Complete  absence  of  the  uterus,  a 
condition  rarely  met  with  iu  viable  subjects,  is  by  no 
means  uncommon  in  monsti'osities  incapable  of  life. 
Whenever  encountered,  other  evidences  of  a  serious  blow 
to  the  i^rogress  of  development  are  almost  always  pres- 
ent iu  some  portion  of  the  genital  apparatus.  The  indi- 
vidual, in  voice,  habit,  and  general  couforiuation  adheres 
to  the  female  type,  but  the  organs  which  characterize  tlie 
woman  may,  alone  or  in  combination,  be  entirely  want- 
ing, or  else  may  exhibit  all  grades  of  rudimentary  de- 
velopment. Thus,  with  absence  of  the  uterus  it  may  be 
imiiossible  to  discover  an}-  trace  of  ovaries,  tubes,  vagi- 
na, or  mammary  glands;  yet  these  structures  may  be 
present,  though  in  a  sufflciently  imdeveloped  condition 
to  render  the  proper  performauce  of  the  functions  sever- 
ally peculiar  to  them  a  matter  of  doubt  or  of  impracti- 
cability. Still,  though  this  is  true  only  of  those  iu  whom 
life  is  jiossible,  the  remaining oigans  characteristic  of  the 
female  may  be  nearly  perfect  iu  their  construction,  and 
some,  though  rarely  all,  may  correspond  entirely  with 
the  normal  type.  The  external  genitals  have  been  ob- 
served to  be  either  .normal  or  poorly  developed,  and  in 
adults  occasional  absence  of  the  pubic  hair  has  been 
noted. 

Etiology. — Defectus  uteri  is  dependent  either  upon  an 
entile  absence  or  upon  a  complete  destruction  of  the 
median  portions  of  Midler's  ducts. 

Diiifiiiosis. — The  recognition  of  the  abnormalitj'  under 
discussion  is  surrounded  with  the  utmost  ditliculty,  and 
it  is  never  w;\rrantable  to  assume  positively  in  a  given 
case,  even  sifter  negative  results  have  been  obtained  from 
careful  abdomino-rectal  palpation,  assisted  by  a  .sound  in 
the  bhidder,  that  no  traces  of  a  uterus  exist;  for  even 
upon  the  post-mortem  table  errors  have  arisen,  and  the 
rudiments  of  a  bilobed  uterus  have  been  mistaken  for  the 
Fallopian  tubes,  or  a  hollow  rudimentary  uterus  for  the 
vagina. 

Treatment. — No  treatment  will,  of  course,  be  of  any 
avail, 

II.  Rudi.mentauy  Uterus:  Uterus  Rudimentarius. 
— .\iiittiimy. — Between  defectus  uteri  and  uterus  rudi- 
mentarius there  is  often  no  veiy  great  hiatus  in  the  scale 
of  devcloiunent,  for  the  moi'c  decided  forms  of  the  latter 
malformation  may  be  almost  indistinguishable  from  com- 
plete absence  of  the  womb.  Thus  the  presence  of  a 
slight  indefinable  thickening  on  the  posterior  surface  of 
the  bladder,  or  at  the  junction  of  the  imperfectly  de- 
veloped broad  ligaments,  or  again,  of  a  solid,   fibrous 
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mass,  the  size  of  a  hazelnut,  located  at  the  point  nor- 
mally occupied  by  the  womb,  may  be  all  that  there  is 
to  indicate  au  attempt  at  uterine  formation. 

If  development  has  proceeded  a  step  farther,  a  solid, 
narrow,  flat,  lateral!}'  extended  band  composed  of  mus- 
cular tissue,  with  the  tubes  ascending  and  the  round  liga- 
ments descending  from  it,  may  be  encountered;  or  a 
fibrous  mass  without  a  neck,  and  solid,  but  still  having 
the  general  conformation  of  the  uterine  bodj',  has  been 
observed,  from  the  upper  angles  of  which  the  roimd  liga- 
ments originate  and  extend  downward  into  the  inguinal 
canal. 

In  the  uterus  bipartitus.  which  exemplifies  the  next 
stage  in  progression  toward  the  typical  organ,  two  sepa- 
rate, round,  solid,  vertically  placed  bodies,  composed  of 
muscular  and  connective  tissue,  lie  between  the  bladder 
and  the  rectum.  Occasionally  these  two  bodies  unite 
toward  their  lower  extremities,  forming  a  mass  not  unlike 
the  cervix  in  shape,  which  is  in  immediate  relation  below 
with  a  rudimentary  vagina,  while  above  they  still  re- 
main independent,  like  two  diverging  horns,  and  are 
usually  solid,  but  may  pre.'ient  a  slight  hollow  enlarge- 
ment lined  by  mueous  membrane  at  or  near  the  point  of 
origin  of  the  round  ligaments.  To  this  latter  abnormal- 
itythe  name  uterus  rudimentarius  bicornis  has  been 
given,  although  some  prefer  the  term  uterus  rudimen- 
tarius bipartitus. 

With  uterus  rudimentarius,  which  is  not  confined  to 
monstrosities,  but  occurs  also  in  viable  subjects,  the  ex- 
ternal genitals,  vagina,  tubes,  ovaries,  and  mamma-  may 
exhibit  the  same  variations  in  structure  which  have  been 
alluded  to  in  speaking  of  defectus  uteri. 

Etiology. — The  cause  which  produces  the  rudimentarj- 
conditions  just  described  operates  during  the  very  earliest 
stages  of  fcctal  development,  and  as  the  exact  time  of  its 
appearance  and  the  degree  of  its  activity  vary,  so  a  va- 
riation in  results,  though  always  within  certain  limits, 
will  be  oljserved. 

In  defectus  viteri  the  elements  from  which  the  uterine 
bod}'  is  to  be  formed  are  wanting  or  have  been  oblite- 
rated, but  in  the  present  instance  they  have  appeared, 
but  have  been  more  or  less  destroyed,  at  divers  periods 
of  their  development,  by  nutritive  disturbances  of  dilTer- 
ing  intensities.  It  should  not  be  forgotten,  however,  that 
there  may  be  growth  of  even  the  lowest  rudimentary 
forms. 

Pliysioloiiy  and  Symptoms. — Although  in  absence  of  the 
uterus  and  in  atrophy  of  the  organ  the  general  conforma- 
tion peculiar  to  the  female  and  lier  desire  for  the  opiiosite 
sex  are  preserved,  yet  there  is  such  an  imperfect  develop- 
ment of  other  organs  that  the  functions  characteristic  of 
woman  do  not  come  into  play  at  all.  The  condition  of 
the  ovaries  will  determine  the  existence  of  ovulation. 
Jlenstrual  moliniina  may,  but  menstruation  cannot,  oc- 
cur, and  vicarious  hemorrhages  are  rare.  Sexual  inter- 
course is  possible  when  the  vagina  is  not  too  seriously 
involved,  and  even  then  the  urethra  may  be  utilized  for 
this  purpose.     Conception  is,  of  course,  impossible. 

Diiigiums. — It  is  not  difficult  to  confound  absence  of 
the  uterus  with  atrophy  of  the  organ,  when  development 
has  been  arrested  at  a  very  early  stage.  Even  on  the 
most  careful  examination  mistakes  have  been  made  by 
the  most  skilful  among  diagnosticians.  In  any  doubtful 
case,  to  determine  the  presence  or  exact  conditi'm  of  the 
womb,  the  patient  should  be  thoroughly  ana;sthetized, 
and  the  bladder  and  rectum  should  be  empt}'.  A  sound 
or  a  silver  catheter  is  introduced  into  the  bladder,  the 
finger  of  one  hand  is  passed  into  the  rectum,  and  the 
other  hand  is  placed  upon  the  abdomen  ;  the  entire  length 
of  the  catheter  or  sound  can  now  be  felt  between  the 
hands  if  no  uterus,  or  only  an  extremely  rudimentary 
one.  is  present.  Any  solid  mass  lying  in  the  median  line 
between  the  rectum  and  the  bladder  is  probably  a  rudimen- 
tary uterus.  The  tubes  usually  occupy  a  somewhat  lat- 
eral position,  but  may  be  mistaken  for  uterine  cornua. 
The  ovaries,  by  their  sharply  defined  boundaries,  size, 
shape,  mobility,  and  situation  can  be  more  or  less  easily 
recognized. 


The  more  advanced  forms  of  atrophic  uterus  are  not 
difficult  to  map  out,  and,  in  any  event,  examination  is 
often  facilitated  by  palpation  tlircjugh  the  posterior  Ijlad- 
der  wall,  if  the  urethra  has  been  dilated  by  previous 
attempts  at  cohabitation. 

Tveiitincnt. — If  menstrual  molimina  occasion  severe 
suffering,  ca.stratiou  is  a  justifiable  procedure.  Tlie  rudi- 
mentary uterus  has  also  been  extirpated. 

III.  Absence  or  Atuophy  of  the  Cervix  Uteri: 
DEPECTns  Cervicis  Uteri  et  Cervix  Uteri  Rcdimen- 
TARIA. — Anatomy. — Numerous  grades  of  this  deformity 
may  be  encountered.  The  entire  cervix  is  absent,  or  a 
solid  fibrous  mass  or  band  replaces  the  normal  structure. 
AVhen  its  formation  is  more  perfect  the  internal  os  is 
alone  closed,  or  the  external  os  may  be  thus  afl'ected,  or 
both  may  be  occluded,  while  the  cervical  canal  between 
is  partially  or  entirely  patent.  Atresia  of  the  external 
OS  only,  marks  the  slightest  degree  of  this  maldevelop- 
ment.  The  uterus  above  may  be  perfect  in  structure  or 
rudimentary.  The  vagina  is  normally  developed,  though 
occasionally  the  upper  part  of  the  canal  may  participate 
in  the  cervical  atresia. 

Since  obstruction  is  the  essential  accompaniment  of 
absence  or  atrophy  of  the  cervix,  ha;matonietra  is  the 
natural  pathological  sequence  when  menstruation  occurs. 

Etiohgy. — In  the  more  pronounced  types  of  the  deform- 
ity under  discussion,  and  especially  if  other  portions  of 
the  genital  canal  participate  in  the  existing  maldevelop- 
ment.  it  is  probable  that  there  has  been  at  best  only  an 
abortive  attempt  at  cervical  formation.  But  wlien  the 
uterus,  vagina,  etc.,  are  normal  in  structure  and  the  cer- 
vix presents  no  very  aggravated  form  of  atresia,  we 
must  regard  as   the  important  etiological  factor  some 


Fig.  488.5.— Schematic  Diagram  of  an  Infan- 
tlte  Uteras  Unicornis  Sinister,  a.  Cervix ; 
h,  hotly;  c,  apex  of  the  uterus;  /,  oviduct; 
g,  ovary  ;  h.  lieranieiitum  ovarii :  i,  round 
lipanient ;    /i,  i)arovariuni. 


nutritive  disturbance  originating  late 
in  embryonal  life,  after  differentiation 
of  the  genital  canal  has  been  effected 
by  the  appearance  of  the  cervix. 
Physiology  and  Symptoms. — If  the 
ovaries  and  uterus  are  not  arrested  in  development, 
menstruation  will  occur  when  puberty  has  been  reached 
and  ha;matometra  appeals,  accompanied  at  first  with 
menstrual  molimina,  and  later  by  almost  continuous 
pain,  by  pressure  symptoms,  and  by  threatened  rupture 
of  the  Fallopian  tubes.  If  the  uterus  and  ovaries  are 
rudimentary,  there  will  be  no  menstruation,  and  there- 
fore no  blood  stasis.  Sterility  is  an  invariable  accom- 
paniment of  any  forin  of  cervical  atresia. 

Diagnosis.  —Careful  combined  manipulation,  per- 
formed as  described  in  speaking  of  atrophy  of  the  uterus, 
will  reveal  an  absence  or  marked  rudimentary  condition 
of  the  cervix,  while  the  failure  to  pass  a  sound  or  jirobe, 
or  to  find  an  opening  in  a  neck  apparently  of  normal 
structure,  will  at  once  denote  the  existence  of  one  of  the 
less  marked  forms  of  cervical  atresia. 

If  hacmatometra  exists,  fluctuation  can  be  detected 
through  the  rectum,  and  perhaps  through  the  obstruct- 
ing membrane,  if  it  be  not  excessively  thick  and  resis- 
tant, as  is  likely  to  be  the  case  when  the  upper  part  of 
the  vagina  is  involved  in  the  atresia. 

IV.  The  Ose-horned  Uteris:  Uterus  Unicornis: 
Uterus  Unicornis  sine  ui.lo  Rudimento  Cornu  Al- 
terius. — Anatomy. — When  the  uterus  is  one-horned  the 
cervical  is  larger  than  the  corporeal  portion,  and  the  lat- 
ter consists  of  a  long,  tapering,  arched,  or  bow-shaped 
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cone,  situated  laterally  or  lying  obliquely  in  the  pelvis, 
from  the  apex  of  wliicli  spring  a  Fallojiian  tube,  a  round 
ligament,  and  an  ovarian  ligament  supporting  an  ovarj'. 

In  tlie  ijurest  form  of  this  anomaly  no  trace  of  the 
other  horn,  or  of  the  tube,  round  ligament,  ovarian  liga- 
ment, ovary,  or  broad  ligament  of  the  corresponding  side 
is  to  be  found. 

Occasionallj'  the  one-horned  uterus  is  solid. 

Although  uterus  unicornis  may  be  the  only  rudimen- 
tary condition  di.scoverable  in  a  given  case,  yet  the  va- 
gina is  often  narrow,  and  in  tlie  more  pronounced  types 
of  this  anomaly  one-halt  of  the  whole  geuito-urinary 
apparatus  is  occasionally  found  to  have  suffered  in  its 
development. 

Etiology. — In  uterus  unicornis  without  a  rudimentary 
second  lioru,  it  is  probable  that  only  one  MliUerian  duct 
has  ever  been  formed. 

Physiolufiy  and  Symptoms. — Although  the  oue-liorned 
uterus  differs  in  shape,  size,  and  jiosition  from  the  nor- 
mal uterus,  yet  when  hollow  it  possesses  such  anatomi- 
cal essentials  as  enable  it  to  perform  all  the  functions 
which  pertain  to  that  organ.  Menstruation,  conception, 
and  pregnancy  occiu'  without  hindrance,  and  even  twins 
have  been  delivered  from  a  one-horned  womb.  On  ac- 
count of  somewhat  deficient  musctdar  development,  it 
might  be  surmised  that  rupture  of  the  uterus  would  be 
readily  induced  during  the  throes  of  labor.  Such  is  not 
usually  the  case,  aUhough,  if  the  muscular  structure  of 
the  organ  be  weakened  and  displaced  by  the  growth  of 
placenlal  vessels,  such  an  accident  during  parturition  is 
not  improbable. 

The  tnuscular  hypertrophy  accompanying  the  first 
pregnancy  assists  the  uterus  unicornis  in  the  part  it  has 
to  play  in  those  occurring  subsequently. 

Did'gtwsis. — Uterus  unicornis  is  easily  recognized  on 
careful  examination,  a  soiuid  being  introduced  into  the 
uterus  and  one  examining  linger  into  the  ree^tum.  Even 
when  impregnated  its  shape  and  oblique  position  may  be 
preserved ;  but  the  normal  organ  is  not  uncommonly 
deflected  to  the  side  at  this  period,  and  the  one-horned 
uterus  may  be  so  broadened  by  the  physiological  hyper- 
trophy of  pregnancy  as  to  lead  to  some  confusion  in 
diagnosis. 

I'redtment. — It  is  not  unlikely  that  appropriate  treat- 
ment will  produce  an  enlargement  and  strengthening  of 
the  muscular  structure  of  the  one-horned  uterus,  and  this 
is  a  very  desirable  end  to  be  achieved  when  we  consider 
the  possible  danger  of  rupture  during  parturition. 
When  ruijture  at  this  period  is  threatened,  labor  should 
be  expedited  by  artificial  means,  if  necessary,  and  at  the 
same  time  the  risk  of  post-partum  hemorrhage  should  be 
held  in  mind  and  proper  contraction  of  the  organ  secured. 

V.  The  One-uorned  Uterus  with  Atrophied  Sec- 
ond IIoRX;  Utektts  Unicorkis  cum  Cornu  Rudimen- 
TAKio;  Uterus  U.nicorxis  Exc.\v.\tus  cum  Rudimento 
CORNU  Al.TERIUS  Soi.iDo  S.  EXCAVATO.  —  Aitatomi/. — On 
the  convex  side  of  an  obliquely  inclined  uterus  unicornis 


Fig.    4.1S6.  —  uterus    Unicnrnls,    with   Atrophied 
Second  Horn.     (After  Schroder.) 


there  may  be  found  a  rudimentary  second  horn,  which 
exhibits  in  different  eases  various  degrees  of  imperfect 
development.  A  solid  muscular  cord,  or  band,  uncon- 
nected with  the  ovarv  above  or  the  other  horn  below,  is 


sometimes  observed,  but  occasionally  this  is  expanded  at 
the  upper  extremity,  is  hollow,  and  communicates  with 
the  tul)e  alone,  or  with  the  better  developed  cornu  below, 
or  with  botli,  although  it  may  be  closed  at  each  ex- 
tremity. 

Etiology. — In  this  condition  both  MUUerian  ducts  have 
appeared,  but  one  has  been  more  affected  in  its  develop- 
ment than  the  other  by  causes,  of  a  nature  already  de- 
scrilted,  operating  earl_v  in  embiyonal  existence. 

Physiology  ami  Sipiiptoms. — The  functions  which  a 
rudimentary  cornu  attached  to  a  one-horned  uterus  is 
capable  of  performing  depend,  of  course,  upon  the  degree 
of  its  development.  If  it  is  hollow  and  its  inferior  ex- 
tremity is  patent,  menstruation  may  occur,  though  not 
so  early  nor  in  so  great  cjuantity  as  from  the  more  jierfect 
horn.  But  if  there  is  no  opening  below,  a  slowly 
developing  haematometra  will  result,  and  perhaps  a 
haniiatosalpinx  as  well. 

When  pregnancy  occurs,  it  is  usually  in  the  more  typi- 
cally formed  cornu,  and  utero-gestation  is  quite  normal, 
and  parturition  also,  except  when,  as  sometimes  happens, 
the  rudin-.entary  horn  offers  a  mechanical  obstacle  to  its 
accomplishment. 

It  is  quite  possible,  however,  for  the  product  of  con- 
ception to  be  implanted  in  the  rudimentary  horn,  espe- 
cially if  a  commimication  exists  between  it  and  the 
vagina  through  the  normal  cornu.  AVheu  there  is  no 
such  communication,  a  like  result  may  be  accomplished 
by  the  processes  known  respectively  as  transmigralio 
ovuli  externa  and  transmigratio  seminis  externa. 

When  pregnancy  does  take  place  in  the  atrophic  horn, 
this  enlarges  up  to  a  certain  point  and  then  ruptures, 
as  a  rule  between  the  second  and  fifth  mouths  of  utero- 
gestation,  death  usually  ensuing,  although  encapsulation 
of  the  fo'tus  may  occur  and  recovery  take  jilace.  Still, 
pregnancy  may  go  on  to  full  term  without  interruption. 
The  normal  "horn  participates  to  a  certain  extent  in  the 
changes  incident  to  pregnancy,  and  a  decidual  membrane 
forms  within  its  cavity. 

Diagnosis. — The  existence  of  a  conical  arched  body, 
with  a  mass  more  or  less  like  itself  springing  from  its 
convex  surface,  will  convince  the  examiner  that  he  has 
to  do  with  a  one-horned  uterus  with  a  rudimentary  sec- 
ond horn,  although  a  pedunculated  subperitoneal  fibroid 
ma}'  closely  resemble  the  atrophic  cornu  and  be  mistaken 
for  it. 

When  pregnane)'  occurs  in  the  poorly  developed  horn 
the  symptoms  will  all  be  those  of  extra-uterine  fo'tation, 
and  as  the  round  ligament  cannot  be  mapped  out  with 
any  certainty,  it  will  remain  a  matter  of  doubt  whether 
the  ovum  has  been  implanted  in  the  Fallopian  tube  or  in 
the  rudimentary  horn. 

Treatment.  —  In  this  condition  active  interference  is  in- 
dicated only  when  there  has  been  consideratile  blood  sta- 
.sis  in  the  riulimentary  born  and  rupture  or  other  dangers 
threaten,  or  when  the  born  ofi'ers  a  mechanical  impedi- 
ment to  delivery,  or  is  itself  tlie  seat  of  pregnancy.  Ac- 
cumulated blood  may  be  evacu- 
ated by  trocar  puncture  through 
the  vaginal  vault,  although  in 
some  cases  laparotomy  anil  drain- 
age, or  entire  removal  of  the  sac, 
will  be  the  more  judicious  pro- 
cedure. 

The  rudimentary  cornu,  which 
makes  labor  tedious  or  impossi- 
ble, may  be  elevated  above  the 
parturient  canal  by  vaginal  ma- 
nipulation combined  witli  the  as- 
sumption of  the  Sims  or  knee- 
chest  position.  When  jireguancy  occurs  in  a  markedly 
atrophic  horn  there  is  serious  danger  of  rupture  and 
death  from  hemorrhage.  Tlie  condition  should  be  treat- 
ed as  an  ordinary  ectopic  gestation  should  be,  by  abdom- 
inal section  and  removal. 

VI.  The  Two-iioRNED  Uterus:  Uterus  Bicornis. — 
Anatomy. — Next  above  the  uterus  unicornis  with  a  rudi- 
mentary  subsidiary   cornu,  is   placed,   in   the  scale  of 
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development,  the  uterus  bicornis.  Various  degrees  of 
this  hitter  rudimentary  condition  are  described.  In  the 
lowest  and  most  imperfect  forms  there  are  two  separate 
and  distinct  liollow  uterine  bodies,  projecting  hrterally 
hlie  horns,  wliicli  nnite  below  in  a  common  cervi.\,  deep- 
ly furrowed  before  and  behind.     Again,   the   union  is 


Fig.  4887.— Uteru8  Bicornis.  (After  Hunkp- 
moller.)  lu;  Urethra;  i,»,  entrance  to 
the  urethra  :  vag  and  vag",  entrances  tu 
vaRlna.  The  anterior  wall  of  both  vaffiii;e 
has  beeii  removed. 


more  complete  and 
a  sulcus  is  found 
only  on  tlie  exter- 
nal aspect  of  the 
fundus,  indicating 
the  point  of  coales- 
cence of  the  two 
cornua.  while  the 
rest  of  the  botly  and 
the  cervi.x.  though 
unusually  broad, 
show  no  furrowing 
of  their  outer  sur- 
faces. This  condi- 
tion has  been  vari- 
ously termed  uterus 
arcuatus,  uterus  in- 
trorsum     arcuatus, 

and  saddle-shaiicd  uterus.  When  the  fundus  shows  no 
furrow,  but  is  flat — the  next  step  in  advance — the  desig- 
nations uterus  triangularis,  uterus  incudiformis,  and 
uterus  planifundalis  have  been  einploj'ed.  In  all  forms 
of  the  two-horned  uterus  one  side  of  "the  organ  is  apt  to 
be  larger  than  the  other,  and  the  left  horn — that  is,  the 
normall)'  developed  organ — lies  a  little  farther  forward 
than  the  right.  A  partition  wall  more  or  less  complete 
may  divide  the  cavity  of  the  uterus  bicornis.  The  entire 
woinb  may  be  thus  separated  into  two  ])arts  (uterus 
blccrnis  septus),  or  the  body  is  divided  while  the  horns 
remain  distinct  (uterus  bicornis  unicorporeus),  or  the 
body  is  double  and  the  cervix  single  (uterus  bicornis  uni- 
coUis).  Still,  in  many  cases  no  pronotmced  partition  is 
discoverable,  though  bands  of  tissue  may  run  from  the 
anterior  to  the  posterior  uterine  wall,  or  a  proiiiineut 
ridge  on  the  interior  of  the  uterus  may  show  an  attempt 
at  division.  With  uterus  bicornis,  although  the  vagina 
is  often  found  divided,  the  remaining  elements  of  the 
genital  system  are  usually  perfect  in  development. 
Sometimes,  very  ctu'ious  to  say,  the  face,  thorax,  and 
pelvis  are  broadened,  as  if  to  correspond  with  the  unnat- 
ural width  of  the  uterus.  When  one-half  of  a  two- 
horned  uterus  is  conspicuously  behind  its  fellow  in 
development,  it  is  not  unusually  occluded:  this  is  more 
frequent  on  the  right  than  on  the  left  side,  and  the  atre- 
sia may  be  seated  in  the  cervix  or  at  the  external  os  uteri. 
Etioluf/i/. — When  coalescence  of  the  middle  portions  of 
the  Miilierian  ducts  is  only  partial,  uterus  bicornis  will 
result,  and  the  degree  of  deformity  will  depend  upon  the 
extent  of  fusion.  The  rccto-vesical  ligament  undoubted- 
ly plays  an  important  part  in  the  genesis  of  this  rudi- 
mentary condition.  This  ligament,  as  its  name  implies, 
stretches  from  the  anterior  surface  of  the  rectum  to  the 
posterior  surface  of  the  bladder,  and  lies  in  the  furrow 
on  the  fundus  uteri.  Its  origin  is  somewhat  doubtful. 
Winckel  suggests,  from  a  study  of  a  case  of  his  own, 
that  its  formation  is  due  to  an  unfolding  of  the  perito- 
neum before  the  upward-growing  uterus.  He  examined 
the  tissues  of  the  ligament  microscopically,  but  could 
find  no  muscular  libres. 


Phymology  and  Symptoms. — The  uterus  bicornis  may, 
in  the  performance  of  the  functions  pertaining  to  the 
normal  womb,  act  like  two  independent  organs.  Thus,  . 
while  menstruation  may  occur  simultaneously  from  the 
two  cornua,  it  is  not  unusual  to  see  them  alternately  per- 
forming this  function,  and  a  periodical  tlow  may  continue 
to  escape  from  one  cavity  after  pregnancy  has  occurred 
in  its  fellow.  If  one  side  is  occluded  (bilateral  atresia 
has  never  been  observed),  h3'drometra  or  l)a;uiatometra 
develops  slowly,  and  here,  as  also  with  pyometra,  rupt- 
ure of  the  sac  may  take  place  and  its  contents  be 
discharged  into  the  vagina,  into  the  better  developed 
cornu,  or  into  the  abdominal  cavity.  na.'matosal- 
pinx  is  a  frequent  and  early  source  of  danger. 

A  considerable  number  of  patients  with  two- 
horned  uterus  never  conceive,  but  this  is  not  due  to 
the  condition  of  the  uterus,  but  rather  to  the  fact 
that  intercourse  is  carried  on  in  the  larger  and  oc- 
cluded half  of  the  accompanying  divided  vagina. 
Either  half  of  a  two-horned  uterus  may  become  gra- 
vid, the  other  horu  participating  in  the  subsequent  hy- 
pertrophic and  decidual  changes.  The  fa'tus  may  lie 
largely  in  one  cornu  while  the  placenta  is  adheient  to 
the  inner  surface  of  the  other.  Sometimes  pregnancy 
occurs  first  in  one  and  then  in  the  other  horn,  and  in 
twin  pregnancies,  which  are  not  uncommon,  both  ova 
may  occupy  the  same  or  each  a  different  cornu.  The 
presentation  varies  largely  with  the  grade  of  the  ru- 
dimentaiy  condition:  in  uterus  bicornis  septus  and 
uterus  bicornis  unicollis,  the  vertex ;  with  a  common 
uterine  cavity,  the  breech;  in  uterus  arcuatus  unicorpo- 
reus, transverse  presentations  are  conunon.  During 
labor,  contractions  may  occur  simultaneously  in  both 
horns  of  the  uterus,  or  the  empty  horn  ma.y  play  an  en- 
tirely passive  part  in  the  process  of  delivery.  In  twin 
l)irths  contractions  of  the  two  horns  alternate,  and  de- 
livery from  one  may  be  accomplislir<l  much  earlier  than 
from  the  other.  Independence  of  action  between  the 
two  cornua  is  observed  most  characteristically  when  in- 
dependence of  structure  is  most  marked. 

The  course  of  utero-gestatiou  and  of  the  puerperium  in 
individuals  with  uterus  bicornis  is  usually  tuieventful, 
but  labor  is  apt  to  be  tedious,  diliicult.  or  dangerous. 
The  non-gravid  horn,  the  recto-vesical  ligament,  or  the 
septum  dividing  uterus  or  vagina,  may  o]i]iose  barriers 
to  the  exit  of  the  child  which  are  ditheult  to  surmoimt. 
Death  from  exhaustion  is  apt  to  ensue,  and  rupture  of 
the  lower  uterine  segment  has  been  observed.  In  nearly 
every  case  some  operative  interference  is  called  for  to  in- 
sure" safe  and  rapid  delivery.  Placenta  pra>via  is  by  no 
means  uncommon,  and  post-partum  hemorrhage  is  to  be 
feared  when  the  placenta  is  attached  to  the  uterine  sep- 
tum. 

Diagnosis. — When,  from  great  breadth  of  the  uterus  or 
the  presence  of  a  divided  vagina,  uterus  bicornis  is  sus- 
pected, a  correct 
diagnosis  is  oft- 
en    arrived     at 
by  the  introduc- 
tion     of    two 
sounds  into  the 
womb.       When 
their  points  cannot  be 
approximated  lo  w 
down    in    the    uterine 
cavity   a    partition    is 
usually  ]iresent.  and  if 
after  further  introduc- 
tion they  diverge  mark- 
edly toward  the  respec- 
tive sides  of  the  pelvis, 
they  have  probably  en- 
tered the  independent 
cornua  of  a  two-horned 

uterus.  Diagnosis  is  facilitated  also  by  the  various  com- 
bined methods  of  examination,  and  is  especially  easy 
when,  after  labor,  the  finger  can  be  introduced  through 
the  dilated  cervical  canal. 


Fig.  4888,— Anvil-shaped  Uterus.  (After 
Oldham.) 


ITtorus. 
Uterus. 
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Treatment. — The  same  rules  governing  tlie  operation 
for  tlie  evacuation  of  Huid  retained  in  the  rudimentary 
cornu  attached  to  a  one-horned  uterus,  apply  when  a  like 
result  has  followed  unilateral  atresia  of  a  two-horned 
uterus,  an<l  the  same  complications  originat- 
ing in  imperfect  drainage  and  rupture  of  a 
tubal  blood  sac  are  to  be  feared.  Pimcture 
of  the  sac  is  best  made  at  its  most  dependent 
pai't.  Midler  observes  that  wlien  the  head 
during  delivery  is  impeded  by  the  recto-vesi- 
eal  ligament,  the  correction  of  the  obliquity 
of  the  pregnant  horn,  or  placing  the  patient 
on  the  side  corresponding  to  tlie  non-preg- 
nant half  of  the  womb  may  suffice;  but 
if  not,  jiodalic  version  and  extraction 
should  be  attempted.  Obstructing  septa  or 
bauds  may  be  pushed  to  one  side  or  divided. 

VII.  The  Two  -  cii.»iMhered  Utehus: 
Uterus  Bilocdl.\ris;  Uterus  Sicptus, 
SuBSEPTUs,  OR  Uterus  Septus  Duplex. 
— Anatomy. — The  two-chambered  uterus  is 
an  organ  rather  broader  than  normal,  but  of 
perfect  outward  form  except  that  there  is 
usually  some  disparit}'  in  size  between  the 
two  sides.  A  partition  more  or  less  perfect 
divides  its  cavity  into  two  lateral  portions. 
If  this  dividing  wall  extends  from  the  fundus  downward 
only  for  a  short  distance  into  the  body  of  the  womb,  we 
have  the  sub-variety  of  uterus  bilocularis  known  as  ute- 
rus bilocularis  unicorporeus  or  uterus  subscptus  unicor- 
poreus:  if  to  the  level  of  the  internal  os,  the  designation 
uterus  bilocularis  unicollis,  or  uterus  subseptus  unicollis 
is  employed  :  if  to  the  external  os,  uterus  bilocularis  sep- 
tus sive  completus;  when  the  partition  extends  only  so 
far  into  the  cervical  canal  that  there  is  but  one  external 
opening  (os)  common  to  both  chambers,  the  condition 
is  termed  uterus  subseptus  uniforis.  The  name  uterus 
biforis  supra  simplex  indicates  tliat  a  septum  is  situated 
only  in  the  neighborliood  of  the  external  os  and  that  the 
cavity  above  is  single.  Occasionally  the  uterine  partition 
is  continuous  with  a  septum  dividing  the  vagina  into  two 
lateral  chambers.  As  in  other  varieties  of  duidex  uterus, 
the  dividing  wall  is  not  alwaj's  perfect  in  its  structure, 
but  may  contain  one  or  more  perforations.     Atresia  of 


ine  life  as  uterus  bicornis,  or  perhaps,  better,  to  a 
slightly  later  time  in  the  same  period.  The  causes  of 
the  two  anomalies  are  the  same.  The  fusion  of  the  Mill- 
leriau  ducts  has  been  complete,  but  the  partition  wall 


one  chamber 
has  been  ob- 
served but 
rarely. 

Etioloqy.— 
As  would  be 
supposed, 
this  malfor- 
mation is  ref- 
erable to  the 
same  period 
of  intra-uter- 


FiG.-  4889.— Pregnant  titerus  Bilocularis.  (Alter 
Cruvellhier.)  a,  Righlliorn;  Jj,  left  horn;  c,  ex- 
ternal os;  d,  vagina;  c.  tubes;  /,  ovaries. 


Fig.  4890.— The  Same,  Front  View.    Anterior  walls  removed. 

has  only  partially  disappeared,  or  else  persists  through- 
out. 

Physiology  and  Symptoms. — The  two-chambered  uterus, 
in  so  far  as  menstruation,  conception,   pregnancy,  anil 
delivery  are  concerned,  in  no  wa.v  differs  from  tlie  two- 
horned  uterus. 

Diagnosis. — On  bimanual  exami- 
nation the  uterus  is  found  to  consist 
of  a  single,  somewhat  broadened 
body,  while  two  sounds  iutroduced 
into  its  interior  are  ]nevented  from 
touchiug  by  the  dividing  wall. 
Willi  all  the  facilities  at  our  com- 
mand it  is  safe  to  say  that,  in  the 
living  subject,  it  is  not  possible  to 
differentiate  the  two  -  chambered 
uterus  from  the  least  rudimentary  forms  of  the  two- 
horued  organ. 

Trciitiiient. — During  labor,  as  in  the  uterus  bicornis, 
the  septum  may  interfere  with  the  process  of  expulsion, 
and  manual  or  instrumental  assistance  is  occasionally 
required. 

VIII.  The  Double  Uterus:  Uterus  Didelphys: 
Uterus  Duplex  Separatus:  Uterus  Diductus. — 
Anatomy. — In  non-viable  monsters,  and  occasionally  in 
subjects  capable  of  life,  two  uteri  are  sometimes  found 
quite  distinct  and  independent  of  each  other  in  all  their 
parts,  and  separated,  sometimes  widelj',  by  the  recto- 
vesical ligament,  urachus,  bladder,  and  rectum.  Each 
uterus  is  of  a  cylindrical  or  conical  shape,  is  continuous 
above  with  a  Fallopian  tube,  and  terminates  below  in  a 
cervix.  The  presence  of  other  grave  anomalous  con- 
ditions shows  that  quite  a  .severe  blow  has  been  struck 
during  the  progress  of  development.  Thus  the  cervical 
portions  may  end  in  the  bladder,  rectum,  or  cloaca,  or  in 
the  respective  halves  of  a  septate  vagina,  which  them- 
selves terminate  iu  these  cavities.  The  uteri  also  may  be 
solid  throughout  or  a  limited  atresia  of  either  organ  may 
be  present. 


Y6 
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Uterus, 
Uterus* 


Etiology.— Beiove  the  eighth  week  of  embryonal  life, 
when  as  yet  there  has  been  no  approximation  or  fusion 
of  the  Miilleriun  ducts,  certain  of  the  abdominal  or  pelvic 
oreans,  anions;  which  are  the  bladder  and  intestine,  force 
their  way  between  the  ducts  and  prevent  their  union. 
The  rccto-vesical  ligament  is  also,  no  doubt,  an  impor- 
tant etiological  factor.  As  a  result  of  this  interposition 
the  formation  of  a  single  uterine  body  is  rendered  impos- 
sible. 

I'ln/xiology  aiid  Symptoms. — In  double  uterus  the  men- 
strual discharge  does  not  seem  to  alternate  between  the 
two  cavities.  "Either  may  be  occluded,  and  either  organ 
or  both  simultaneously  may  become  gravid. 

JHagiwsis. — In  the  recognition  of  the  rudimentary  con- 
dition imder  discussion,  it  has  been  truly  said  that  the 
presence  of  two  vaginal  portions  are  of  the  utmost  diag- 
nostic value;  for  since  the  tubes  which  coalesce  to  form 
the  middle  i)ortiou  of  the  genital  tract  unite  from  below 
upward,  two  cervices  predicate  two  independent  uterine 
bodies.  If  a  sound  is  introduced  into  each  uterine  cav- 
ity, a  tiuger  inserted  in  the  rectum  can  be  pressed  for- 
ward in  a  straight  line  without  coming  in  contact  with 
either  uterus. 

Treatment. — Retained  menstrual  blood  is  to  be  evacu- 
ated, and  an}'  olistacle  offered  to  delivery  is  to  be  over- 
come by  methods  which  have  already  been  di-scribed. 

IX.  i?'.\ULTY  OK  Deficient  Develoi'ment  ok  the 
Utekus:  Hy1'OPLasi.\  Uteki. — Anatomy. — Under  this 
head  are  grouped  a  large  number  of  associated  con- 
ditions, in  all  of  which  the  uterus  is  fairly  well  de- 
veloped, but  has  not  quite  reached  the  tyiie  of  structure 
usually  found  in  adults.  Thus  it  may  retain  in  later  life 
the  characteristics  of  the  organ  as  found  at  the  time  of 
birtli  (uterus  fcelalis),  wlien  the  cervi.x  is  large  and  the 
body  small,  the  whole  possessing  tlic  shape  of  an  anvil, 
whi-le  often  an  extreme  degree  of  cervico-corporeal  ante- 
flexion exists.  Ag;iin,  it  may  be  developed  yet  a  little 
further,  and  though  still  unnaturally  small,  with  tliin 
walls,  the  body  and  cervix  are  of  equal  size,  or  the 
former  is  somewhat  larger  than  the  latter  (uterus  pubes- 
cens;  congenital  atrophy  or  hypoplasia  of  the  uterus). 

The  walls  are  oc- 
casionally e  X  c  e  s- 
sively  thin  and 
membranous  (uter- 
us membranaceus). 
The  body  and  cer- 
vix may  exhibit  the 
same  relative  pro- 
portion to  each 
other  as  in  the  ])er- 
fectly  developed 
uterus,  but  the 
whole  organ  per- 
haps is  .still  defi- 
cient in  .size  and 
possesses  walls  of 
abnormal  thinness, 
while  the  plica-  [lal- 
mattt  pass  well  up 
into  the  cavity  of 
the  corpus  (uterus 
infantilis).  All 
these  forms  are 
closely  allied  with 
one  another,  and 
with  the  least  pro- 
nounced types  of  congenital  malformation  on  the  one 
hand  and  the  normal  adult  uterus  on  the  oilier.  The 
term  hypoplasia  uteri  may  be  used  to  include  them  all. 
As  a  rule,  some  of  tlie  remaining  elements  of  the  geni- 
tal system  show  slight  errors  in  development,  and  the 
ovaries  are  not  infrequently  rudimentary,  or  are  some- 
times entirely  absent.  The  heart  and  the  rest  of  the  vas- 
cular apparatus  may  likewise  be  undeveloped. 

Eth'hyy. — Hypoplasia  uteri  cannot  with  justice  be 
called  a  jjurely  congenital  condition.  It  is  true  that  dur- 
ing the  final  months  of  embryonal  life  injurious  infiu- 


FiG.  tsiil.-  Biluoular  Uterus  and  Vaginal 
Septum:  Vertical  Sectiou.  Uiiissman.) 
L^,  Partition  which  divides  the  uterus  into 
two  halves:  T,  tubes;  t^  vapina  divided 
by  the  uterine  septum  prolonaed. 


ences,  such  as  constricting  jieritoneal  adhesions,  may 
prevent  a  uterus  almost  completely  formed  from  attain- 
ing anatomical  perfection.  But  unhealthy  systemic 
states  (associated  with  disease  of  the  vascular  or  nervous' 


Fig.  4892.— Didelphlc  Uterus  and  Divided  Vagina.  (Olivier.)  a. 
Right  segment :  J),  left  segment ;  c,  d,  right  ovary  and  round  liga- 
ment: /,  c,  left  ovary  and  round  ligament:  ff,  j,  left  eervix  and 
vagina :  /i,  vaginal  septum ;  ?i,  i,  right  cervix  and  vagina. 

system)  during  infancy  or  childhood,  and  lack  of  ovarian 
stimulation  when  tliese  glands  are  absent  or  rudimentary, 
may  bring  about  a  like  result. 

Pliysiulogy  and  Syinptoiiin. — It  is  the  condition  fif  the 
ovaries  ratlier  than  that  of  the  uterus  which  determines 
largely  the  nature  and  degree  of  the  disturbances  which 
accompany  hypoplasia  uteri.  Jlenstruation  may  not  ap- 
pear at  all",  or  may  be  scanty,  irregular,  and  ]iainful;  and 
pregnancy,  when  it  takes  place,  is  not  unlikely  to  end  in 
abortion. 

Diagnosis. — If,  upon  examination,  the  uterus  is  found 
to  be  less  than  two  inches  in  length :  if  the  cervix  is 
larger  than  the  body;  and  if  the  uterine  walls  are  thin 
and  membranous,  even  with  a  cavity  which  measures  a 
little  over  two  inches,  the  condition  is  one  of  hypoplasia; 
though  we  should  be  careful  to  exclude  uterus  unicornis 
before  expressing  a  final  opinion. 

Prognosis. — lu  many  cases  a  hypoplastic  uterus  will  of 
itself,  or  in  consequence  of  appropriate  treatment,  or  of 
pregnancy,  take  on  further  growth,  and 
ultimately  attain  normal  proportions. 

Treatment.  —  When  the  general  condi- 
tion is  good  ;  when  the  ovaries  are  ]5res- 
ent  and  are  not  excessively  atrophic, 
and  when  the  uterus  is  not  too  small, 
much  can  be  done  for  the  relief  of 
ameuorrhoea,  or  dysmenoriha-a  with 
scanty  menstruation,  by  the  employ- 
ment of  the  well-known  local  uterine 
irritants,  and  if  these  fail  and  snllering 
is  excessive,  castration  in  suitaljle  cases 
should  be  resorted  to. 

X.    Slighter    Development.\i,   An- 
OM.\LiES  OF  THE  Utehus. — 1.   Obliquity 
of  the    Uterus ;     Obliquitas    Uteri   quoad 
Formam. — From  deficient   development 
of  one  Miillerian  duct,  and  from  the  trac- 
tion exerted  by  a  broad  ligament  short- 
ened by  fu'tal  inflammation,  one  side  of  the  uterus  may 
lie  somewhat  smaller  than  the  other,  and  the  organ  is 
thus  made  to  occupy  an  oblique  position  in  the  pelvis 
(Fig.  4804). 

Dysmenorrhcea  and  sterility  usually  accompany  this 
I'ondition. 


FIG.  4893.— Infan- 
tile Uterus. 
(SchKoder.) 


UteruN. 
Uterus. 
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2.  Congenital  Ante-,  Retro-,  and  Lateropositions  of  the 
Uterus.— Tl\L'  iitenis,  althougli  noi-mally  formed,  may  be 
situated  too  near  tlie  anterior,  posterior,  or  lateral  wall  of 
the  pelvis.     If  displaced  laterally,  it  is  visually  toward 


Fig,  4894.-Obli(iulty  of  tbe  Uterus.     (Alter  Tiedemann.) 

the  left  side.  Contraction  of  one  or  the  other  broad  liga- 
ment, and  unusual  size  of  neighboring  organs,  may  bring 
about  this  result. 

3.  The  Vouhle-mouthed  Uterus:  Uterus  Biforis.— An 
antero-posterior  partition  may  divide  the  external  os  into 
two  lateral  halves,  the  cervix  and  \iterus  being  otherwise 
normal  in  every  particular.  As  in  other  forms  of  septate 
uterus,  of  which  this  represents  the  least  pronounced 
type,  the  dividing  band  may  ofEer  an  obstacle  to  the  pas- 
sage of  the  presenting  fa>tal  extremity,  and  may,  when 
ruptured,  either  cause  considerable  hemorrliage  or  form 
a  starting-point  for  septic  infection.  If  the  septum  dur- 
ing lal)or  cannot  be  pushed  aside,  it  can  \s'ith  safety  be 
ligated  in  two  portions  and  divided. 

4.  Abnormal  PHcatioa  of  the  Cervical  Cavity. — In  this 
condition  a  fold  of  tissue,  not  unlike  a  second  portio 
vaginalis,  projects  into  the  cervical  canal,  causing  hem- 
orrhages occasionally,  and  leading  also  to  tedious  labor. 
Incision  or  ablation  is  sometimes  indicated. 

5.  Ahnoriiuil  Cf/iiiiiiuiiirulioiis  with  the  Uterus. — Tlie 
uterus  may  either  open  into  the  cloaca,  or  liave  faulty 

communications 
vvitli  different  jior- 
tions  of  the  urinary 
system,  or  with  the 
rectum.  A  case  is 
on  record  in  wliich 
one  side  of  a  uterus 
bipartitus  opened 
upon  the  external 
surface  of  the  body. 

6.  Pre  m a  t  u r  e 
U ter i n e  Develop- 
ment. — Along  with 
the  breasts  and  the 
organs  peculiar  to 
the  female,  the  uter- 
us is  occasionally 
found  precociously 
d  e  v  e  1  o  1)  e  d ,  and 
menstruation  oc- 
curs prematurely. 

7.  Hernia  Uteri. 
— The  uterus,  along 
with  a  prolapsed 
o  V  a  r  y  ,  lias  been 
known  to  descend 
into  a  congenital  in- 
guinal hernial  sac, 

and  to  become  pregnant  in  this  peculiar  situation,  Ctesar- 
ean  section  being  th('reby  necessitated. 

George  Woodruff  Joh  nston . 


sition  of  the  uterus  as 
tion  in  position  of  the 


FIQ.  4895.— .\iiii"iiii:il  I'licalinn  in  the  Cer- 
vical Cavity.  (After  1'.  Miiller.)  a.  Os 
externum:  h,  os  internum:  c,  d,  ah- 
normal  fold  :  f ,  f,  cervical  cavity. 
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UTERUS,      DISEASES 
OF:     DISPLACEMENTS. 

— A  disiilacemeiit  of  the 
uterus  may  be  defined  as  a 
permanent  departure  from 
a  normal  position,  and  is 
therefore  to  be  sliarply  dis- 
tinguished from  a  tem- 
porary normal  deviation. 
One  reason  for  the  slow- 
ness of  investigators  in  the 
past  to  agree  upon  any  po- 
a  normal  one  has  been  tlie  varia- 
same  uterus  when  examined  in 
different  body  postures  and  under  diiferent  conditions, 
of  distention  of  the  bowels  by  gas  or  fa-ces,  or  of  the 
bladder  by  urine.  In  the  perfectly  normal  pelvis  the 
range  of  mobility  is  great,  tlie  condition  being  one  of 
delicate  poise  maintained  by  the  resultant  of  various. 
forces,  whiles  the  supporting  structures  are  elastic,  and 
some  of  tliem  (round  ligaments)  are  contractile. 

Several  structures  more  or  less  yielding  and  elastic 
serve  to  maintain  the  uterus  in  position.  The  upper 
portions  of  the  broad  ligaments  at  the  sides  and  the 
round  ligaments  forward  and  laterally  serve  chiefly  as 
stays  or  guys.  Connective  tissue  in  the  lower  portions 
of  the  broad  ligaments,  together  with  the  so-called  utero- 
sacral  ligaments  and  bladder  attachments  in  front,  serves- 
as  a  kind  of  sling  attached  low  down  on  the  organ,  and 
gives  support  to' its  weight.  The  most  important  sup- 
porting structures  are  the  muscles  and  fascia  of  the  ]ielvie 
floor,  chiefly  the  levator  ani  and 
coccygeus  muscles,  and  the  inter- 
nal pelvic  fascia  with  the  perineal 
fascia  (Fig.  4896).  Another  sup- 
l)orting  influence  may  be  likened 
to  hydrostatic  pressure.  When  the 
pelvic  floor  is  intact,  the  tonicity 
of  its  muscles  and  of  those  of  the 
abdominal  wall  serves  to  some  ex- 
tent to  float,  as  it  were,  all  mov- 
able bodies  in  the  abdomen.  This 
support  is  greatly 
reduced  when  the  ab- 
dominal parietes 
have  lost  their  nor- 
mal tone. 
The  uterus  moves 
with  the 
wliole  pelvic 
diaphragm 
in  the  acts  of 
vomiting, 
violent 
coughing,  or 
straining  in  defecation.  As  it  is  attached  to  the  bladder 
by  a  comparatively  broad  surface,  the  constantly  vary- 
ing distention  of  that  organ  swings  the  upper  part  of 
the  uterus  forward  and  backward.  A  range  of  normal 
mobility  of  several  inches  can  be  demonstrated  without 
instrumental  traction  by  contrasting  the  position  of  the 
cervix  when  the  patient  is  in  the  standing  position,  with 
its  position  in  the  knee-chest  posture  after  air  distends  tlie 
vagina.  Under  antesthesia  the  cervix  may  with  a  tenac- 
ulum be  drawn  to  the  vaginal  outlet  without  injury. 

It  must  be  understood  that  nearly  all  illustrations  of 
the  female  pelvis  are  misleading,  in  that  for  the  sake  of 
clearness  the  vagina,  bladder,  and  rectum  are  represented 
as  distended,  whereas  the  walls  of  the  empty  organs  are 
in  contact  and  occupy  very  little  space. 
The  normal  uterus  is  poised  in  the  pelvis,  the  organs 


THREE  LAYERS  OF 
THE  PERINEAL  FASCIA 


Fig.  48915.— Diagram  showing  Arrangement  of  Pel- 
vic and  Perineal  Fasciae.    (Tarnier.) 
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being  empty,  tlie  cervical  portion  almost  central  and  as 
bitrh  as  tlie'top  of  the  symphysis  pubis,  the  fundus  in- 
clined forward  almost  horizontally  and  at  times  a  little 
to  the  right  or  left  to  accommodate  the  rectum.  The 
fundus  is  readily  felt  by  the  examining  hand  near  the 
pubic  bone,  behind  and  below  a  line  joining  the  promonr 
tory  of  the  sacrum  with  the  top  of  the  symphysis  (Fig. 
4897). 

Causes  of  Dispi,.\ce>ient. — Congenital  defects  of  de- 
velopment result  in  some  changes  of  position,  chiell^' 
backward  deviation  of  the  a.\is  or  a  curving  of  the  axis 
of  the  organ  forward  upon  itself.  These  congenital 
alterations  are  usually  accompanied  by  an  imperfect  de- 
velopment of  ovariesand  tubes,  as  well  as  of  the  uterus, 
thougb  the  external  genitalia  may  be  normal.  The  ac- 
companying dysmeuorrhaa  and  sterility  are  usually  dif- 
ficult to  overcome. 

Acquired  displacements  may  be  due  to  sudden  strains, 
especially  downward  strains,  to  the  slow  action  of  tumor 
pressure^  of  gravity,  of  intra-abdominal  pressure,  or  of 
contraction  of  inflammatory  adhesions,  while  among  con- 
tributing causes  are  laceration  of  the  pelvic  floor,  sub- 
involution after  labor,  hyperplasia,  cedema,  passive 
congestion,  general  loss  of  muscular  tone,  faulty  dress, 
constipation,  infrequent  emptying  of  bowel  and  bladder. 
Sudden  oracute  dinplacements&re  usually  backward  and 
downward.  They  occur  in  persons  who  have  sustained 
laceration  or  overdistentiou  of  the  pelvic  floor,  though  a 
few  cases  liavc  been  reported  in  which  the  cervix  has 
appeared  through  the  vulva  in  the  virgin  as  the  result  of 
strain,  and  it  is  not  ver^'  uncommon  to  have  the  fundus 
forced  backward  into  acute  retroversion  in  the  unmarried. 
Thehistoryof  thecase  usually  showsthat  strain  had  been 
applied  while  the  person  was  in  an  extreme  stooping  post- 
ure, as  in  lifting  a  heavy  weight  from  the  floor,  or  it 
may  result  from  a  fall  upon  the  nates.  One  of  the  writiT's 
patients,  when  a  girl  uf  tifteeu  years,  previously  iierfectly 
■well  and  totally  unconscious  of  her  anatomy,  while  lift- 
ing the  corner  of  a  heavy  cook  stove  and  trying  to  put  a 
block  under  it,  felt  something  "give  way."  Great  pain 
in  the  lower  pelvis  and  back  followed,  confining  her  to 
bed  for  a  few  days.  There  was  soreness  in  walking, 
lasting  months.  The  uterus  remained  in  retroversion, 
and  was  an  element  in  a  disabilit}-  which  bad  continued 
for  years  until  completely  relieved  by  operation.  An- 
other patient,  with  a  rather  fat  abdomen  and  an  impaired 
pelvic  floor,  sutTered  acute  retroversion  while  stooping 
and  lifting  the  tray  of  a  trunk.  There  were  acute  Ijain  in 
the  pelvis  and  back,  frequent  urination,  and  pain  down 
the  thighs.  The  uterus  was  caught  below  the  promon- 
tory of"  the  sacrum.  Immediate  relief  followed  the  re- 
duction of  the  displacement.  In  the  extreme  flexion  of 
the  thighs  or  the  abdomen,  not  only  is  the  muscular  sup- 
port of  the  perineum  relaxed,  but  considerable  pressure 
is  made  h\  the  thighs  upon  the  abdomen.  The  relief 
obtained  in  the  squatting  position,  naturally  assumed  by 
some  persons  in  extreme  cases  of  diBjcult  defecation, 
illustrates  the  mechanical  principles  involved.  The  ute- 
rus when  suddenly  forced  dow^n  and  back  is  most  likely 
to  be  caught  below  the  sacral  promontory  when  the  organ 
is  somewhat  enlarged  by  an  early  pregnancy  or  when  the 
promontory  projects  well  forward. 

Laceration  of  the  pelvic  floor  and  imperfect  involution 
after  labor  are  the  two  chief  elements  in  the  production 
of  (iradufiUy  iicqiiired  displacements.  The  lacerations 
which  occur  during  labor  are  not  to  be  regarded  as  in- 
volving only  the  perineal  body  and  the  outlet  of  the 
vagina.  A  very  complicated  series  of  changes  has  taken 
place  in  the  whole  pelvic  diaphragm.  Planes  of  fascia 
are  torn,  and  they  slide  one  upon  the  other.  Their  at- 
tachments are  pulled  away,  especially  from  the  central 
areas.  Great  muscle  planes  are  relaxed  and  torn  apart, 
so  that  the  levator  ani,  the  coecygeus,  and  co-ordinating 
structures  act  less  perfectly  as  a  sling  for  the  support  of 
the  pelvic  viscera.  If  the  upright  position  is  resumed  too 
early  after  confinement,  and  if  the  patient  takes  too  little 
rest,  not  only  the  uterus  but  all  the  pelvic  tissues  fail  to 
regain  their  normal  tone.    The  uterus  remains  soft,  large. 


and  flaccid,  and  under  the  mechanical  influence  of  grav- 
ity and  imperfect  support  an  exceedingly  complicated 
change  of  relation  of  parts  follows,  intinitely  varied  ac- , 
cording  to  the  integrity  of  the  holding  power  of  untorn 
parts;  but  the  uterus  tends  slowly  to  descend,  tilting 
backward  as  an  early  step ;  the  vaginal  walls,  becoming 
lax  and  redundant,  are  protruded  before  the  descending 


Fig.  4S97.— Normal  Position  of  the  Uterus. 

bladder  and  rectum,  until  in  extreme  cases  a  true  hernia 
of  pelvic  contents  and  even  small  intestine  takes  place 
thr(mgh  the  pelvic  outlet. 

The  contrnetion  of  ad/iesions  which  result  from  inflam- 
matory disease  in  the  abdomen,  is  resijonsilile  for  some 
well-marked  uterine  displacements,  especially  those  in  a 
backward  and  those  in  a  lateral  direction.  When,  for  ex- 
ample, a  collection  of  pus,  two  or  three  inches  in  diame- 
ter, forms  behind  the  uterus  and  broad  ligaments,  a  heavy 
wall  of  plastic  exudate  unites  the  uterus  and  upper  edges 
of  the  broad  ligaments  to  the  large  intestine  behind  or  to 
both  large  and  small  intestines,  the  omentum  still  further 
covering  in  the  mass.  Should  this  pus  escape  into  the 
bowel  or  bladder  or  by  the  slow  process  of  absorption 
disappear,  the  limiting  wall  of  adhesions,  following  the 
shrinkage,  slowly  contracts  around  the  remains  of  the 
mass.  This'contraction  will  in  some  cases  fix  the  uterus 
and  tubes,  pulling  the  former  slowly  back  over  the  dis- 
appearing pus  sac.  The  influence  of  other  causes  which 
have  been  mentioned  is  obvious  without  detailed  de- 
scription. 

V-^RIETIES. — The  varieties  to  be  described  arc:  Up- 
ward, lateral,  forward,  backward,  and  downward;  the 
organ  may  also  occupy  various  hernial  sacs,  or  may  be 
completely  turned  inside  out,  the  so-called  inversion. 

Upward  displacement  of  the  uterus  is  seen  only  as  the 
result  of  the  growth  of  tumors.  A  dermoid  cyst  of  the 
ovary  for  example,  or  a  nodule  of  a  fibroma  of  the  uterus, 
inaj'  become  adherent  in  the  pelvis  behind  the  uterus,  and 
by  its  growth  push  that  organ  out  of  the  pelvic  cavity 
entirely.  Uterine  fibromas  which  completel.y  surround 
the  uterus,  grow  too  large  for  the  pelvic  cavity,  and  drag 
the  uterus  and  bladder  upward,  stretching  the  vagina,  so 
that  on  examination  the  os  uteri  is  found  to  be  complete- 
ly beyond  the  reach  of  the  finger.  The  treatment  is  de- 
termined by  ordinary  sui'gical  princiiilcs  in  the  removal 
of  the  growths,  should  that  be  called  for. 

Lateral  displacement  may  follow  contraction  of  plastic 
exudate  or  adhesions  about  an  obliterated  pelvic  abscess. 
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especially  in  the  broad  ligament  or  peri-uterine  connec- 
tive tissue.  The  writer  has  seen  the  uterine  cornu 
attached  hard  and  fast  to  the  bony  pelvis  at  the  side 
from  such  a  cause.     The  abscess  had  been  drained  above 


Fig.  4.S98.— Anteflexion  of  the  Uterus. 

Poupart's  ligament  several  years  before.  Broad-liga- 
ment c_vsts  and  intraligamentary  uterine  fibromata 
crowd  tlie  uterus  to  one  side.  No  symptoms  are  directly 
caused  by  these  forms  of  displacement. 

DUphti-enunt  Forward;  Ante  version.  — ^  Twenty-five 
years  ago  the  inclination  of  the  axis  of  the  uterus  well 
forward  (anteversion)  was  considei'ed  to  be  pathological 
by  many  gynecologists,  and  much  ingenuity  was  ex- 
pended upon  the  mechanical  correction  of  the  supposed 
resulting  disabilities,  including  sterility,  frequent  urina- 
tion, and  dysmenorrhoea,  by  pessaries  or  by  operations  on 
the  cervix  or  vagina.  As  the  result  of  further  observa- 
'ion  opinion  has  changed,  so  that  treatment  is  now  no 
longer  directed  to  this  condition,  and  the  object  of  the 
numerous  operations  is  to  induce  the  uterus  to  stay  for- 
ward in  what  is  now  considered  the  normal  position. 

Anteflexion,  however,  when  of  extreme  degree  is  recog- 
nized as  pathological.  This  involves  a  bending  or  curv- 
ing forward  of  the  uterine  axis.  It  is  frequently  found 
in  an  infantile  or  imdeveloped  uterus,  associated  with 
scanly,  painful  menstruation  and  sterilit}'  in  persons  of 
neurotic  tendencies  (Fig.  4898).  Much  discussion  has 
arisen  as  to  the  lole  played  by  the  flexion  in  the  produc- 
tion of  pains  and  sterility.  It  is  claimed  with  truth  that 
there  is  no  real  obstacle  presented  to  the  passage  of  men- 
strual blood  or  of  spermatozoa  unless  the  uterine  canal  is 
sharply  bent  at  an  angle.  A  gradual  curve,  no  matter  how 
short  its  radius,  does  not  alTect  the  lumen  of  the  uterine 
canal.  Above  a  sharp  angle,  however,  clots  may  form, 
and  as  they  enlarge  they  produce  a  valve-like  closure  at 
the  point  of  flexion.  A  point  of  great  tenderness  ina)- 
at  times  bo  detected  by  the  sound  at  the  angle.  One 
theory  is  that  increa.sed  vascular  tension  induces  painful 
pressure  at  this  point.  Where  the  endometrium  is  swol- 
len or  diseased,  as  evidenced  by  tenderness  and  abnormal 
discharges,  benefit  in  a  few  cases  may  be  obtained  by  a 
cautious  dilatation  and  curetting  of  the  uterine  cavity,  fol- 
lowed by  packing  of  the  canal,  for  twentj'-four  or  forty- 
eight  hours,  with  sterile  or  iodoformized  gauze  to  main- 
tain the  dilatation;  or,  according  to  a  few  authorities,  a 
stem  pessary  may  be  introduced  to  secure  the  healing  of 
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the  parts  in  a  more  normal  direction.  Such  methods  re- 
quire care  and  good  judgment,  as  salpingitis  or  endome- 
tritis may  be  readily  caused.  Prevailing  opinion  is 
against  the  protracted  wearing  of  stem  pessaries,  because 
of  their  dangerous  jiressure  or  irritation  as  foreign  bodies. 
If  the  ovaries  and  tubes,  as  well  as  the  uterus,  are  of  suffi- 
cient development  to  allow  pregnane}"  to  occur,  the  con- 
ditions are  usually  greatly  improved  after  labor  and  the 
subsequent  involution  of  the  parts.  In  many  cases  of 
undersized  flexed  uterus,  the  only  benefit  to  be  sccm'ed  is 
through  general  tonic  androborant  treatment  directed  to 
the  improvement  of  the  impaired  nutrition  of  the  nervous 
system,  which  is  apt  to  be  present.  When  the  uterus  is 
quite  small,  it  does  not  develop  under  physiological 
stinuili  and  the  sterility  is  permanent. 

Co.MBiNATiox  OF  VARIETIES. — Au  abnormal  curvature 
may  accompany  an  abnormal  position.  For  example, 
anteflexion  may  be  combined  with  retroversion  (Fig. 
4899). 

AVlien  the  uterine  canal  remains  straight,  the  backward 
change  of  direction  of  tlie  whole  organ  beyond  the  per- 
pendicular line  of  the  body  constitutes  a  retrorer/tion 
(Fig.  4901)).  When  the  canal  is  curved  backward  by  a 
bend  in  the  body  of  the  organ,  the  condition  is  known  as 
retrofle.vion  (Fig.  4901).  Tlie  two  conditions  are  very 
commonly  combined,  constituting  the  most  important  of 
the  series  of  displacements,  except  downward  displace- 
ments. The  degrees  of  malposition  are  sometimes 
divided  into  groups,  called  first,  second,  and  third, 
though  their  limits  are  arbitrary  and  of  little  practical 
value. 

Retroversion  and  retroflexion  may  be  considered  to- 
gether, as  clinically  their  symptomatology  and  treatment 
are  much  the  same. 

Retroversion  of  a  small  healthy  uterus  which  has  not 
descended,  occurring  in  a  woman  who  has  an  intact  pel- 
vic floor  and  healthy  ovaries  and  uterine  tubes,  may  not 
cause  any  symptoms.  Such  a  state  of  affairs  would  not 
call  for  treatment  were  it  discovered.     In  almost  all  cases, 


FrG.  i.'iiig.— Anteflexion  with  Retroversion. 

however,  the  backward  uterine  displacement  appears  as 
a  feature  in  a  more  or  le.ss  complicated  situation,  which 
includes  lacerated  pelvic  floor,  prolapse  of  ovaries  and 
tubes,  possibly  with  adhesions,  uterine  descent,  engorge- 
ment of  pelvic  vessels,  subinvolution,  endometritis,  pet 
vie  peritonitis. 
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Symptoms. — The  symptoms  of  backache,  bearing  down, 
.irritable  bladder,  increased  duration  and  quantity  with 
lessened  interval  of  menstrual  flow,  arc  frequent.  Occa- 
sionally patients  complain  of  interference  with  defeca- 


Fiu.  4900,— Retroversion  of  the  Uterus. 

tion,  and  while  lack  of  expuKsive  force,  due  to  laxity  of 
the  pelvic  floor,  is  most  apt  to  cause  the  symptom,  there 
seem  to  be  a  few  cases  in  which  the  retroposed  fundus 
does  act  as  a  partial  obstruction  to  the  onward  passage 
of  the  contents  of  the  rectum.  Not  all  of  these  symp- 
toms may  be  due  to  the  retroversion,  but  the  condition 
cannot  be  cured  if  this  is  not  corrected.  Indeed  it  must 
be  constjuitly  borne  in  minil.  in  considering  all  forms  of 
uterine  disjilacement,  that  it  is  frequently  the  comlitions 
which  accompany  these  disorders  which  give  rise  to 
symptoms  and  not  the  change  in  position  or  of  curvature 
considered  by  itself. 

Diar/nosin. — The  diagnosis  is  made  by  locating  the 
relative  position  of  the  uterine  fundus  and  of  the  cervix 
by  means  of  the  two  hands,  one  pressing  down  the 
lower  abdominal  walls,  while  one  or  two  fingers  of  the 
other  are  introduced  into  the  vagina  with  firm  backward 
and  inward  pressure.  When  the  abdominal  walls  are 
rigid  or  the  parts  small,  an  ana?sthetic  may  be  required. 
It  may  be  necessary  to  draw  the  whole  uterine  body 
downward  bj^a  tenaculum  hooked  into  tlie  cervix.  It  is 
unnecessary  and  often  dangerous  to  introduce  the  uterine 
sound  for  purposes  of  diagnosis. 

Replacement. — The  use  of  a  uterine  sound  or  a  jointed 
rod  repositor  within  the  uterus  is  to  be  condemned  as 
likely  to  work  mechanical  injury,  espcciallv  where 
peritoneal  adhesions  exist,  and  because  a  verv  early 
pregnancy  cannot  be  excluded.  By  drawing  down  the 
cervix  with  a  tenaculum,  and  carefully  ])icking  up  the 
fundus  with  the  hand  applied  to  the  abdomen,  at  the  same 
time  that  the  cervix  is  swung  backward  and  inward,  any 
non-adherent  retroverted  uterus  can,  with  a  little  patience, 
be  brought  forward,  although  the  manipulation  may  re- 
quire some  skill  and  practice.  Until  this  replacenient 
lias  been  carrieil  out,  it  is  dillicult  and  frequently  impos- 
sible to  determine  with  accuracy  the  condition  of  the  pro- 
lapsed ovaries  and  tubes.  When  there  are  no  peritoneal 
adhesions  binding  down  the  fundus,  or  when  the  median 
portions  of  the  tubes  and  broad  ligaments  are  free,  the 
replacement  of  the  uterus  can  be  completely  effected. 
Attention  must  tlien  be  turned  to  the  pro'blem,  fre- 
quently a  complicated  one,  of  maintaining  the  organ 
Vol.  VIII.— G 


permanently  in  a  forward  position.     Lacerations  of  the 
pelvic   floor  must  be   repaired   as  a   preliminary   step, 
whether  the  mechanical  support  of  a  pessary  is  to  be- 
used  or  not.     If  it  be  decided  not  to  use  a  pessary,  various 
operations  may  be  considered. 

Prognosis. — Permanent  cure  may  in  a  small  percentage 
of  cases  be  secured  by  repeated  reduction  and  systematic 
massage,  but  the  method  is  uncertain  and  opeuto  objec- 
tion. After  the  correction  of  constipation  by  laxatives, 
of  uterine  hyperplasia  and  pelvic  congestion  by  hot 
dnuebes,  rest,  medicated  taiuiions  containing  especially 
icbthyol  and  boroglyceride,  the  use  of  some  form  of  pes- 
sary may  be  considered.  This  instrument  is  far  less  fre- 
quently used  than  formerl}',  and  there  are  many  gyne- 
cologists w'ho  seldom  or  never  make  use  of  a  pessary. 
Nevertheless,  in  the  hands  of  a  careful  physician,  of  good 
mechanical  judgment,  this  instrument  may  be  made  to 
give  much  comfort  to  a  certain  number  of  patients:  it 
may  even  eft'ect  a  cure  in  a  few  cases,  especially  those 
suftering  from  subinvolution  after  childbirth  when  only 
a  few  months  have  intervened  since  the  labor. 

The  prognosis  is  good  in  all  pathological  forms  of 
uterine  displacement,  if  treatment  is  extended  to  the  re- 
moval of  causes,  to  the  correction  of  concurrent  conditions 
like  endometritis  and  uterine  hyperplasia,  and  if  opera- 
tions be  carried  out  upon  sound  mechanical  principles. 
Very  many  operations  have,  however,  proved  disappoint- 
ing in  their  ultimate  results,  or  the)'  liave,  by  interfering 
with  pregnancy  or  with  the  normal  mobility  of  the  parts 
or  l)y  inducing  a  hernia,  proved  worse  than  the  con- 
ditions which  they  were  designed  to  correct.  Moreover, 
a  perfectly  aseptic  technique  in  operating  is  essential,  for 
an  operation  correctly  designed  may  fail  to  cure  because 
of  infection  of  the  wound.  This  applies  particularly  to 
operations  for  shortening  the  round  ligaments  and  to 
that  which  is  designed  to  effect  a  suspeu-iion  of  the  ute- 
rus, to  be  hereafter  described.  In  both  these  instances 
infection  may  be  followed  by  disastrous  results,  which 
leave  the  patient  in  a  worse  state  than  before. 

Pessaries  for  the  correction  of  anteversion  are  seldom 
required,  and  have  gone  almost  entirely  out  of  u.se.  For 
posterior  displacements  the  most  usi.-ful  form  of  pessary 


Fig.  49U1.— Uet)nae.\i.iii  of  tbe  UteriKs. 

belongs  to  the  type  represented  by  that  known  as  the 
Smith-Hodge,  which  consists  of  a  hard-rubber  ring,  flat- 
tened at  the  sides  and  with  a  double  curve,  the  "upper 
and  posterior  extremities  being  designed  to  hold  the  fun- 
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dus  forward  and  at  tlie  same  time  draw  the  cervix  back- 
ward ( Fii;.  4902).  The  anterior  end  is  curved  downwaid 
sli'rhtly  so  as  to  avoid  pressure  on  tlie  metlira.  In  con- 
ditions" of  great  rela.\ation  of  tlie  jjaits,  a  plain  ring  of 
soft  ruliliei"is  oeeasioiially  used,  lull  much  greater  irrita- 
tion is  produced  bv  it  tliaii  by  the  hard-ruliber  instrument. 
Much  inirenuity  lias  been  e.xiieiided  upon  the  nieehauical 
support  "of  the  uterus,  and  the  number  of  instruments 
suggested  is  very  great.  Very  few  of  them,  however, 
have  aeciuired  a  perniaueiit  place  in  the  treatment  of  the 
conditions  for  which  they  were  designed,  and  a  descrip- 
tion of  the  luimerous  varieties  will  not  be  here  attempted- 
Wlien  the  causes  which  produced  the  original  displace- 
ment can  be  removed  by  operation,  the  results  are  usually 
mudi  more  satisfactory",  as  the  wearing  of  any  instrument 
is  a  continual  source  "of  irritation,  and  more  or  less  cou- 
sUint  supervision  bv  the  physician  is  required.  In  par- 
ticular, all  forms  of"  instrument  which  obtain  the  neces- 
Siuy  support  from  external  straps  are  unsatisfactory  aSd 
in  many  cases  injurious. 

lutein' Pe.iKdi-ies.—'Slany  attempts  have  been  made,  by  the 
use  of  an  intrauterine  stem  having  the  curve  of  a  normal 
uterine  canal,  to  correct  flexions  of  the  uterus.  While  it 
is  possible,  after  complete  dilatation  and  under  aseptic 
conditions,  for  the  uterus  to  tolerate  such  a  foreign  body, 
the  dangers  of  endometritis,  salpingitis,  or  other  results 
from  irritation  have  led  to  the  abandonment  of  the  in- 
strument by  the  majority  of  gynecologist's.  The  theoreti- 
cal advantages  are  more  than  offset  by  the  injurious  re- 
sults which  have  followed  itsu.se  in  some  cases.  If  they 
are  used  at  all,  abundant  provision  must  be  made  for  the 
drainage  of  the  normal  secretions  of  the  part.  When  any 
form  of  pessary  is  worn,  a  daily  cleansing  douche  is  re- 
quired, and  at  least  once  a  month  the  instrument  must  be 
removed  by  the  pliysiciau  and  the  effects  of  injurious 
pressure  looked  for. 

Among  the  cliief  causes  of  f nil  lire  in  the  use  of  instru- 
ments for  the  correction  of  uterine  displacements,  the 
greatest  is  the  presence  of  inflammatory  adhesions,  either 
of  the  uterus  itself,  which  may  be  thus  confined  in  its 
abnormal  position,  or  of  the  ovaries,  broad  ligaments, 
and  Fallopian  tubes.  Kelroversi(m  especially  is  very 
commonly  accompanied  l)y  salpingitis,  metritis,  or  endo- 
metritis; "and  salpingitis  is  usually  the  more  important 
disorder  of  the  iwo.     .vtlcr  the  acute  stages  of  tubal  iu- 


Fig.  4902.— Sinlth-Hodge  Pessary  in  Position. 

flammation  have  entirely  jiassed,  and  after  all  exudates 
have  been  absorbed  or  organized,  the  resulting  adhesions 
of  previously  smooth  peritoneal  surfaces  are  often  Hrmly 
established  and  remain  as  a  permanent  condition.  Strong 
fibrous  bands  and  layers  of  newly  formed  tissue  of  great 
Strength  surround  the  parts  in  their  new  position,  inter- 


fere with  the  return  circulation,  and  prevent  the  normal 
change  of  position  which  is  required  as  the  rectum  or 
bladder  fills  and  empties,  or  as  the  person  moves  about, 
coughs,  sneezes,  and  the  like.  The  appendix  may  be 
caught  and  pinned  down  within  this  area  of  chronic  peri- 
toneal inflammation,  and  at  the  same  time  small  masses 
of  cheesy  pus  in  the  tubes  or  lower  peritoneal  cavity  serve 
as  a  focus  for  succeeding  attacks,  which  continue  indefi- 
nitely the  disabilit}-.  Expert  knowledge  and  .skill  are 
required  to  recognize  and  pr(ii)erly  appreciate  many  of 
the  conditions  referred  to,  while  even  under  an  ana-sthe- 
tic  adhesions  of  the  pelvic  viscera,  if  in  the  form  of  long 
bands,  will  often  escape  detection.  It  may  be  regarded 
as  axiomatic  that  the  replacement;  of  the  uterus,  even  if 
possible,  will  not  produce  relief  of  symptoms  in  the  pres- 
ence of  adhesions  or  inflammation  of  tubes,  ovaries,  and 
broad  ligaments.  Inasmuch  as  the  uterus  has  a  tendency, 
when  its  position  is  altered  by  a  force  from  without,  to 
return  to  its  original  position,  the  elastic  pressure  exerted 
upon  the  pessary  used  will  be  likely  to  produce  injuri- 
ous results.  And  then,  on  the  other  hand,  if  the  normal 
position  be  maintained,  pressure  and  traction  upon  the 
diseased  tissues  near  by  will  ultimately  increase  the  dis- 
tress of  the  patient.  An  uncomplicated  backward  dis- 
placement of  the  uterus,  for  example,  is  a  comparatively 
rare  coridition,  and,  like  other  displacements,  were  it  not 
accompanied  by  increase  in  the  size  of  the  organ,  endome- 
tritis, salpingitis,  chronic  peritonitis,  pelvic  congestion, 
varicose  veins  of  the  broad  ligament,  and  imperfect  cir- 
culation in  lymph  channels,  it  would  produce  compara- 
tively little  disability.  While,  therefore,  a  displacement 
of  the  uterus  may  be  the  most  easily  demonstrated  feat- 
ure iu  a  given  case,  it  cannot  be  too  strongly  urged  that 
attention  must  first  be  given  to  the  correction  of  compli- 
cating conditions,  and  especially  to  the  removal  of  all 
adhesions,  before  the  replacement  of  the  uterus  by  any 
form  of  support  is  to  be  undertaken.  This  preparatory 
treatment  may  occupy  weeks,  and  may  consist  of  hot 
douches,  of  elastic  packing  in  the  knee-chest  position, 
of  the  application  of  absorbifaeients  on  carefully  placed 
vaginal  tampons,  as  well  as  of  the  correction  of  iinhy- 
gienic  conditions  of  all  sorts.  In  the  event  of  failure  of 
these  efforts  abdominal  or  vaginal  section  may  even  be 
required,  especially  where  destructive  tubal  inflammation 
has  occurred.  Rapid  replacement  of  the  uterus  under 
anaesthesia  has  been  advocated  in  some  cases,  for  exam- 
ple by  Sehultze.  This  .should  be  attempted  only  in 
simple  cases,  and  by  one  familiar  with  intra  abdominal 
operating,  as  it  is  easy  to  rekindle  a  slumbering  pelvic 
peritonitis,  produce  hemorrhage  by  laceration,  or  distrib- 
ute the  infected  contents  of  a  tube.  If  undertaken,  the 
operation  should  be  done  only  by  the  hands,  i.e..  by 
using  bimanual  manipulations,  while  the  cervix  may  be 
steadied  or  moved  iu  the  proper  direction  with  a  tenacu- 
lum. Keplacemeut  by  means  of  an  intra-uterine  instru- 
ment with  a  mechanical  arrangement  for  changing  the 
direction  of  its  outer  extremity  is  open  to  the  objection 
that  it  may  perforate  the  uterus  or  otherwise  injure  it, 
and  that,  when  a  difficulty  of  one  kind  or  another  is  en- 
countered, cautious  intelligent  action  is  impossible. 

Ihiiniirord  Disphicetneiits. — The  downward  are  usually 
combined  with  the  backward  displacements,  and  are 
those  which  carry  in  their  train  the  greatest  amount  of 
physical  tliscomfort,  disability,  and  in  some  cases  second- 
ary disease.  The  degi-ee  may  vary  from  a  trifling  descent 
of  all  the  structures  in  the  pelvic  canal,  including  the 
uterus,  to  the  complete  e.Ktrusion  of  the  organ  from  the 
body  (Fig.  4903).  The  uterus  iu  its  descent  is  usually 
accompanied  by  the  bladder  and  the  anterior  wall  of  the 
rectum,  which  undergo  stretching,  the  walls  of  the  va- 
gina are  also  stretched,  as  are  the  connective  tissues  and 
the  fascial  supports  of  the  pelvic  floor.  In  the  greater  de- 
grees of  downward  disjilacement,  known  as  procidentia 
uteri,  very  elaborate  changes  of  structure  and  of  anatomi- 
cal relations  have  taken  ]ilace,  and  cases  vary  greatly  in 
the  individual  changes  of  relation  which  have  occurred. 
Sometimes  the  uterine  body  escapes  from  the  pelvic  out- 
let and  the  fundus  may  be  defined  in  the  upper  portion 
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uterus. 
Uterus. 


of  the  protruding  mass,  while  no  great  change  lias  oc- 
currt'tl  ill  the  size  or  sliape  of  the  uterus  or  of  its  cervical 
segment.  In  these  rare  cases  the  ju-otruding  mass  forms 
a  true  hernia.     A  considerable  portion  of  the  bladder, 


Fig.  4903.— Prolapse  of  Uterus.    Diagram  represents  the  degrees  of 
prolapse,  but  not  the  usual  distortion  of  the  organ. 

all  of  its  base,  all  of  the  vaginal  walls  and  urethra,  the 
lower  portions  of  the  broad  ligaments,  part  of  the  ute- 
rine tubes,  several  inches  of  rectal  wall,  the  ovaries,  with 
some  small  intestine  or  omentum,  may  be  found  in  the 
mass.  More  frequently  the  fundus  of  the  uterus  remains 
in  the  lower  portion  of  the  pelvic  outlet  together  with 
the  tubes  and  the  ovaries,  while  the  central  and  cervical 
portions  of  the  uterine  body  elongate  downward  and  tui- 
dergo  hypertrophy  (Fig.  4904).  The  result  is  a  very 
great  increase  in  the  size  and  weight  of  the  uterus,  its 
canal  measuring  six  or  eight  inches  in  length,  and  the 
cervical  segment  may  be  two  or  three  inches  in  breadth. 
HyiJertrophy  of  the  vaginal  mucous  membrane  and 
underlying  connective  tissue  and  passive  congestion  and 
oedema  unite  in  the  production  of  an  external  luass  which 
may  be  five  inches  in  diameter.  In  some  instances  uii- 
nation  can  take  place  only  after  the  protrusion  has  been 
manually  replaced  and  the  urethral  canal  thereby  unbent. 
Secondary  clianges  due  to  chafing  and  passive  congestion 
may  produce  stiperficial  inflammation  and  ulceration,  so 
that  more  or  less  bleeding  is  quite  common,  even  in  cases 
which  are  seen  in  old  age  and  which  have  not  undergone 
cancerous  degeneration.  The  imperfect  emptying  of  the 
bladder  may  residt  in  decomposition  of  residual  urine  and 
secondary  lihuUkT  or  kidney  changes.  Defecation  is  more 
or  less  interfered  with  and  frequently  requires  manual 
assistance ;  impairment  of  the  return  flow  of  blood  favors 
the  development  of  hemorrhoidal  conditions  and  other 
disorders  of  the  rectum.  Notwithstanding  the  enormous 
amount  of  displacement  and  distortion  of  the  parts,  pa- 
tients, especially  working  women  ot  the  phlegmatic  tj'pe, 
will  sometimes  complain  of  surprisingly  little  discomfort, 
and  many  women,  supporting  the  parts  with  a  tight  nap- 
kin, will  perform  heavy  manual  labor  and  entirely  refuse 
operative  relief.  In  the  extreme  degrees  of  downward 
displacement,  no  form  of  instrument  or  apparatus  proves 
satisfactory,  as  anything  which  gives  sufficient  support 
is  more  than  likelj'  to  produce  irritation  or  ulceiation 
from  direct  pressure  It  appears  impossible  to  secure  in 
the  greatly  widened  and  straightened  pelvic  outlet  a 
proper   point   of  support  for  any  instrument.     In   the 


minor  degrees  of  this  condition  relief  may  be  obtained 
sometimes  for  long  periods  b}'  the  use  of  the  plain  ring 
pessary,  though  each  case  requires  an  adaptation  of  the 
support  to  its  peculiar  conditions. 

The  operative  relief  of  downward  displacement  has 
received  much  study,  and  many  procedures  have  on  pro- 
tracted trial  proved  unsatisfactory.  Removal  of  the  ute- 
rus, occasionally  advocated,  does  not  restore  the  accom- 
panying displacement  of  bladder,  rectum,  and  vagina, 
and  in  well-marked  cases  ot  procidentia  it  has  proved 
entirely  unsatisfactoiy,  unless  followed  by  extensive  plas- 
tic operations  for  the  correction  of  the  other  eleiuents  in 
the  condition  and  for  the  support  of  the  other  organs  of 
the  pelvis.  Those  procedures  ultimately  fail  which  do 
not  succeed  in  restoring,  to  a  large  extent,  the  mechanical 
arrangement  of  supporting  structures  which  originally 
maintained  the  uterus  in  position.  All  operations  should 
aim  at  a  restoration  of  the  integrity  of  the  pelvic  floor, 
and  particidarly  at  repair  of  the  toiii  fascia;  and  sepa- 
rated fibres  of  the  levator  aui  nuiscle.  In  addition  to 
this  the  increased  weight  of  the  uterus  must  be  corrected, 
its  cervical  segment,  if  elongated,  must  be  shortened,  and 
the  utero-sacral  attachments  must  be  in  effect  restored  in 
order  to  draw  the  cervix  backward;  and  at  the  same 
time  some  operation  must  be  carried  out  which  will  not 
only  restore  the  normal  forward  position  of  the  fundus, 
but  will  also,  if  possible,  contribute  to  its  support.  In 
long-standing  cases  of  procidentia  the  endometrium  is 
usually  diseased  and  liypertrophic  glandular  endometri- 
tis is  commonlj'  present.  The  first  procedure  to  be 
undertaken,  therefore,  is  curetting  of  the  uterine  cavity, 
and  next  the  cervix  is  to  be  re])aired  if  lacerated,  or,  if 
it  is  greatly  elongated,  the  bladder  and  rectum  are  to  be 
dissected  off,  the  lateral  blood  supply  of  the  uterus  is  to 
be  ligated  as  in  the  early  steps  of  a  vaginal  hj'sterectom^', 
and  the  lower  portion  of  the  uterus  is  to  be  amputated 
at  such  a  point  as  will  leave  the  organ  ap|iroximately 
normal  in  length.  Tliis  lessens  the  blood  supply  of  the 
organ  and  tends  to  produce  involution.  When  now  the 
anterior  and  posterior  flaps  of  the  vagina  are  united  to 
the  flaps  of  the  cervix  by  deeply  jilaced  radiating  sutures, 
the  deficient  utero-sacral  sujiport  is  in  effect  supplied  pos- 
teriorly, and  the  vagina  and  bladder  ar(>  attached  at  a 
higher  point  on  the  anterior  face  of  the  uicrus.  An  ope- 
ration must  now  be  performed  that  will  diminish  the  cys- 
tocele.  According  to  some  methods  a  horseshoe-shaped 
denudation  is  made  on  the  anteiior  vaginal  wall  and  the 
edges  of  the  denuded  areas  are  united  by  rows  of  inter- 
rupted sutures.  A  preferable  method  includes  free  dis- 
section of  the  anterior  vaginal 
wall  and  its  underlying  connec- 
tive tissue  from  the  bladder  over 
a  triangular  area  whose  base  is 
directed  toward  the  cervix,  and 
whose  width  is  determined  by 
the  degree  of  relaxation  of  the 
parts.  The  trian- 
gular flaps  thus 
formed  to  the 
right  and  left  of 
a  median  longitu- 
dinal incision  on 
the  most  promi- 
nent portion  of 
the  cystocele  are 
freely  ctit  away: 
after  which  a 
series  of  buried 
superimposed  cat- 
gut sutures  is  in- 
troduced to  close 
the  wound,  and  a 
superficial     layer 

of  continuous  silk  suttire  unites  the  cut  edges  of  the  mu- 
cous membrane  and  of  the  fascia  beneath.  This  operation 
restores,  better  than  cau  be  accomplished  in  any  other 
way,  the  integrity  of  the  structures  which  normally  sup- 
port the  bladder  and  anterior  wall  of  the  vagina. 


Fig.   4904.— Procidentia  Uteri.    Hypertrophy 
of  supravaginal  portion  of  cervix. 
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Attention  is  now  turned  to  the  defective  posterior  wall, 
wliieli  should  be  widely  denuded,  the  upjier  edge  of  the 
denuded  area  being  continued  at  the  sides  higher  than 
in  the  median  line,  as  in  the  operation  for  restoration  of 
the  pelvic  Hoor  designed  by  Dr.  Thomas  Addis  Emmet. 
The  sutures  are  so  introduced  as  not  only  to  ajiproximate 
the  sides  of  the  denuded  area.  Imt  also  to  draw  upward 
the  prolapsed  tissues.  They  take  tlieir  point  of  support 
in  untorn  fascia  at  the  sides  of  the  pelvis.  Anotlier  ex- 
cellent plan  of  perineal  repair  is  that  of  Hegar. 

Any  existing  hemorrhoids  should  be  removed  by  liga- 
tion or  by  cauterization.  Extreme  degrees  of  uterine  de- 
scent will  not  l>e  permancntlj'  cured  unless,  in  addition 
to  the  procedures  described,  some  operation  be  under- 
taken abov<'  the  pubic  bone  to  support  the  uterus  and 
secure  for  it  a  jicrmancnt  anterior  dii-eetion.  The  opera- 
tions that  are  most  favored  at  the  present  time' for  secur- 
ing these  objects  are  eitlier  shortening  of  the  round  liga- 
ments of  the  uterus,  or  an  attachmeut  of  the  fundus  to 
the  anterior  abdominal  wall. 

Shortening  of  the  Hound  Ligaments;  also  known  as 
Alexaiidey's  Openition. — These  cords  of  imstriped  mus- 
cular fibre  take  their  origin  near  the  uterine  cornu,  pass 
forward  and  outward  tinough  a  fold  in  the  broad  liga- 
ment, and  entering  the  inguinal  canal  are  attached  at  the 
external  abdominal  ring  to  its  pillars  and  to  neigliboring 
tendinous  structures  immediatel}'  about  the  pubic  spine. 
The  ligaments  may  be  pulled  outward  tlirough  the  in- 
guinal canal  after  their  outer  ends  liave  been  reached 
through  a  small  incision  over  the  external  abdominal 
ring.  The  redundant  portion  having  been  cut  away  or 
attaclied  by  various  methods  to  neighboring  structures, 
tiie  remaining  portion  of  the  ligament  is  sutured  in  the 
lower  end  of  the  canal.  By  some  operators  the  round 
ligament  is  reached  after  an  extensive  opening  of  the 
inguinal  canal,  afterward  shortened,  and  its  remaining 
end  attached.  Other  methods  involve  the  opening  of 
the  abdomen  in  the  median  line,  tlie  folding  and  sutur- 
ing of  the  round  ligaments  upon  themselves,  or  to  the 
uterine  body,  after  the  manner  described  by  Matthew  D. 
Mann,  W.  Gill  Wylie,  Palmer  Dudley,  and  others  (Fig. 
4905).     A  plan  lias  also  been  proposed  for  carrying  a 


Fio.  4905.— Diagram  of  W.vlie's  and  Dudley's  Methods  of  Intra-abdominal  Shortening  of  Round  Ligaments, 


loop  of  round  ligament,  or  the  cut  end  back  through  a 
perforation  made  in  the  broad  ligament  to  a  point  behind 
the  uterus  where  it  is  to  be  sutured.  Tlie  methods  of 
intra-abdominal  shortening  of  tlie  round  ligament  have 
not  been  so  extensively  jiractised  as  those  in  which  it  is 
approached  by  way  of  the  inguinal  canal. 

Sii.ipen.uon  of  the  Uterus. — In  retroversion  of  marked 
degree,  after  adhesions  or  disease  of  tubes  and  ovaries 
have  been  appropriately  treated,  and  after  the  problem 
of  the  support  of  the  uterus  from  below  has  been  met, 
the  operation  of  uterine  suspension,  as  devised  by  How- 


ard Kelly,  may  be  carried  out.  The  object  is  not  to  hang 
up  the  uterus  by  a  strong  supporting  b.and,  but  to  form 
a  light  attachment  of  the  fundus  to  the  anterior  abdomi- 
nal wall,  which  elongates  under  subsequent  traction  and 
forms  a  delicate  cord.  This  serves  to  maintain  the  ute- 
rus in  the  normal  position  of  anteversion,  so  that  the 
weight  of  tlie  alidomiiial  contents  is  received  on  tlie  pos- 
terior insteail  of  tlic  anterior  surface  of  the  organ,  and 
the  mechanical  forces  of  the  normal  uterine  support  are 
again  put  in  play.  The  attachment  is  made  by  two  or 
more  sutures  of  tine  silk  entering  the  uterine  substance  a 
short  distance  posteriorly  to  the  line  of  tlie  tubes,  emerg- 
ing at  a  distance  of  about  one-half  inch,  being  again 
introduced  on  the  peritoneal  surface  of  the  anterior  ab- 
dominal wall,  ]iassing  through  the  properitoneal  fat, 
grasping  a  few  libres  of  the  rectus  muscle,  crossing  the 
wound  and  penetrating  in  turn  rectus  fibres,  properito- 
neal fat,  and  fascia,  again  appearing  through  the  peri- 
toneum, when  they  may  be  tietl  within  the  peritoneal 
cavity  and  remain  buried.  The  abdominal  wound  is 
closed  separately  in  layers  or  by  methods  usual  in  the 
practice  of  the  operator. 

Objection  is  frequently  made  to  this  operation  on 
account  of  its  supposed  interference  with  subsequent 
pregnancy.  There  have  been  reported  a  number  of 
cases  in  which  this  operation  liad  been  performed,  and 
in  which  formidable  complications  were  met  during 
labor.  Such  complications  may  usually  be  traced  to  a 
too  great  amount  of  fixation  of  the  uterus  at  the  origi- 
nal operation,  or  to  intlammatory  adhesions  which  have 
produced  a  firm  attaeliment  of  the  uterus  to  the  abdomi- 
nal wall.  Such  an  attachment  is  not  contemplated  in 
tlie  operation  of  uterine  suspension,  and  should  never 
be  carried  out  in  women  who  are  liable  to  bear  children. 
In  the  operations  for  the  cure  of  procidentia  in  elderly 
women  a  firm  attachment  may,  however,  be  made  by  an 
operation  known  as  uterine  fixation. 

Fixation  of  the  Uterus. — Tlirougli  an  abdominal  incis- 
ion in  the  median  line  just  above  the  pubis.  Olsliausen 
secured  the  indirect  support  of  the  uterus  by  uniting  the 
round  ligaments  and  the  broad  ligaments  to  the  parietal 
peritoneum  on  either  side.     He  secured  this  union  by 

means  of  buried  sutures. 
Theoretically  the  opera- 
tion provides  an  oppor- 
tunity for  hernia  of  the 
intestine  between  the  fun- 
dus and  the  abdominal 
wall,  and  consequently  it 
lias  never  been  widely 
practisctl.  Leopold  di- 
rectly fixed  the  uterus  by 
its  anterior  surface  to  the 
abdominal  parietes  after 
scarification.  He  passed 
three  of  the  sutures  which 
were  destined  to  close  the 
abdominal  incision  though 
the  uterine  tissue,  one  pen- 
etrating the  uterus  in  the 
line  of  the  tubes,  another 
opposite  theoriginsof  the 
round  ligaments,  and  a 
third  still  farther  down 
the  anterior  wall.  The 
result  of  this  procedure 
was,  as  a  rule,  a  very  firm 
attachment  of  the  uterus  forward  and  above  the  bladder, 
especially  when  any  appreciable  degree  of  iiitiammatory 
reaction  followed  the  operation.  So  firm  is  the  attaeli- 
ment secured  by  this  0|)eration  that  pregnancy,  should 
it  occur,  is  likely  to  be  followed  by  dangerous  complica- 
tions. In  a  number  of  instances  complications  of  this 
nature  have  compelled  a  resort  to  the  operation  of  Oa>sa- 
rean  section.  It  has  been  found,  in  these  cases,  that  the 
anterior  wall  of  the  uterus  develops  as  a  thick  compact 
mass,  confined  by  adhesions  to  the  brim  of  the  pelvis, 
while  the  posterior  wall  of  the  uterus,   stretching  up- 
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uterus. 
ITteriis. 


FIG.  4906.  —  Partial  In- 
version. (Thomas.) 


ward,  becomes  greatly  thinned;  in  consequence  of  wbicli 
conditions  the  normal  presentation  of  the  child  is  ren- 
dered impossible,  the  engagement  of  the  head  does  not 
occur,  and  even  version  or  the  high  application  of  the 
forceps  may  fail  to  effect  delivery. 

Vaginal  Fixation  of  the  Uterus. — 
One  of  the  three  chief  methods  of 
securing  the  uterus  in  a  forward 
position  and  of  counteracting  its 
abnormal  descent  is  the  operation 
known  as  vaginal  fi.xation,  which 
was  elaborated  by  Mackenrodt,  who 
described  it  in  1893,  and  by  Dilhrs- 
sen,  who  worked  along  similar  lines. 
In  these  opeiations  an  attempt  is 
made  to  overcome  the  relaxation 
of  the  anterior  attachments  of  the 
uterus,  to  attach  the  overstretched 
vaginal  supports  at  a  higher  point 
on  the  anterior  surface  of  the  uterus, 
and  to  overcome  the  downward  dis- 
placement of  the  bladder.  In  per- 
forming the  operation  the  lower 
limit  of  the  bladder  in  front  of  the  uterine  cervix  is 
first  established,  and  then  the  surgeon  proceeds  to  take 
the  following  steps:  a  transverse  incision  is  made 
(just  below  the  point  ti.xed  as  representing  the  lower 
limit  of  the  bladder)  down  to  the  bladder  wall,  and  a 
longitudinal  incision  from  the  centre  of  this  transverse 
line  is  carried  forward  nearl}'  to  the  external  urethral 
orifice;  triangular  tlaps  are  made  on  either  side  and  the 
bladder  is  separated  from  the  vaginal  wall  and  the  an- 
terior face  of  the  uterus.  The  utero-vesical  pouch  of 
peritoneum  is  opened,  any  existing  adhesions  are  si-pa- 
rated,  and  the  uterus  is  brought  forward  to  its  normal 
position  and  sutured  to  the  cut  edges  of  the  vaginal  wall. 
In  order  to  overcome  the  objection  that  the  changes 
effected  by  this  operation  interfere  too  seriously  with 
pregnane}',  it  has  Iktu  later  advised  to  suture  the  ante- 
rior uterine  wall  to  the  peritoneum  co\ering  the  Ijladder. 
While  the  immediate  mortality  following  tliis  operation 
was  small,  the  effect  upon  subsequent  pi'egnancy  pioved 
in  many  cases  to  be  unfortunate.  Abortion  followed  in 
many  instances ;  in  othei's  the  uterus  was  unable  to  rise 
in  the  pelvis,  the  anterior  and  posterior  walls  did  not 
develop  symmetrically,  and  complicated  operative  ti'eat- 
ment  became  necessary  to  effect  delivery.  Several  deaths 
have  thus  been  traced  indirectly  to  the  operation  of  vag- 
inal fixation,  and  it  has  not  secured  for  itself  a  per- 
manent place  in  surgery.  It  is  seldom  performed  in 
America. 

The  choice  between  these  operations  for  maintaining  the 
normal  forward  position  of  the  uterus  will  depend  upon 
conditions  present  in  different  patients  and  also  upon  tlie 
experience  and  preference  of  the  operator.  Some  gyniu- 
cologists  perform  a  large  number  of  operations  upon  the 
round  ligament  and  seldom  suspend  the  uterus;  with 
others  the  practice  is  exactly  the  reverse.  The  objection 
that  the  round-ligament  operation,  as  suggested  by  Alex- 
ander, does  not  permit  of  the  inspection  and  treatment  of 
intra-abdominal  disease  is  obviated,  as  claimed  by  certain 
operators,  by  the  adojitiou  of  the  radical  method.  These 
surgeons  virtually  perfoiiu  a  coeliotomy  upon  each  side 
of  the  abdomen,  lay  open  the  entire  inguinal  canal,  open 
rhe  peritoneum  at  the  internal  ring,  and,  after  perform- 
ing any  necessary  intia-abdominal  operation,  the}'  shor- 
ten the  round  ligament  and  restore  the  inguinal  canal 
in  a  manner  allied  to  that  adopted  for  the  radical  cure  of 
inguinal  hernia.  This  radical  method,  however,  should 
not  be  considered  in  discussing  the  relative  merits  of 
uterine  susjiension  as  compared  with  an  external  round- 
ligament  operation.  The  latter  gives  excellent  results 
when  performed  by  a  surgeon  who  has  had  abundant  ex- 
perience with  it,  and  is  especially  adapted  to  those  cases 
in  which  the  uterus  is  small  and  not  diseased,  in  which 
the  element  of  descent  is  not  important,  in  which  preg- 
nancy is  likely  to  follow  later,  and  in  which  there  are  no 
complicating  disorders  of  the  tubes  and  ovaries.     Sus- 


pension of  the  uterus  on  the  other  hand  may  be  chosen 
in  those  cases  in  which  it  is  desirable  to  open  the  abdo- 
men for  other  reasons,  such  as  the  removal  of  an  irritable 
but  not  greatly  diseased  appendix  vermiformis,  the  sepa- 
ration of  peritoneal  adhesions,  resection  of  diseased  tubes 
and  ovaries,  or  the  removal  of  the  same.  While  the  band 
of  attachment  is  drawn  out  into  a  thin  cord  and  a  certain 
amount  of  mobility  of  the  uterus  is  ultimately  secured, 
and  while  pregnancy  in  many  cases  is  followed  by  no 
complication,  the  operation  is  best  adapted  to  those  pa- 
tienta  who  ai'e  not  liable  to  become  pregnant. 

The  intra-abdominal  operation  of  shortening  the  round 
ligaments  may  be  applied  in  the  same  class  of  cases  as 
those  for  which  the  extra-abdominal  is  usually  chosen. 

Shortening  of  the  Utero-sacral  Ligaments. — This  has 
been  done  as  a  direct  procedure  by  several  operators  who 
reach  the  ligaments  either  through  an  incision  in  the  pos- 
terior vaginal  cul-de-sac  or  from  above  after  opening  the 
abdomen.  The  object  is  to  draw  the  cervix  backward 
and  somewhat  upward,  thereby  restoring  the  tendency 
of  the  uterus  to  incline  forward  as  in  the  normal  pelvis, 
since  it  is  in  this  position  that  the  uterus  best  resists  the 
inHuences  which  tend  to  displace  it. 
.  Bishop  describes  {Lancet,  March  14th,  1903)  an  opera- 
tion which  aims  to  reproduce  utero-sacral  ligaments  for 
the  cure  of  prolapse  of  the  uterus.  The  abdomen  is 
opened  and,  with  the  patient  in  the  Trendelenburg  post- 
uie,  the  uterus  is  diawn  up 
and  by  a  vaginal  instrument 
the  posterior  vaginal  foi-nix  is 
thrust  upward.  A  stout  sut- 
ure on  cither  side  is  introduced 
well  into  this  prominent  vag- 
inal tissue  from  within  the  ab- 
domen and  then  attached  firm- 
ly and  deeply  to  the  sacrum,  a 
point  being  chosen,  on  either 
side  of  the  rectum,  which  is 
free  from  vessels  and  nerves. 

Hernia  of  the  L'tenm. — The 
true  hernia  thi'ough  the  pelvic 
outlet  has  been  described,  but 
among  the  curiosities  of  medi- 
cine appear  a  few  eases  in 
which  the  uterine  body  has 
formed  a  jiart  of  the  contents 
of  a  hernial  sac  in  other  regions  of  the  body.  Gould 
and  Pyle  in  their  work  on  "Anomalies  and  ('uiiosities  of 
Medicine  "  quote  nineteen  cases  of  hernia  of  the  utei'us 
(C.  Debierre:  "Les  Vices  de  Conformation  des  Organes 
Genitaux  et  Urinaires  de  la  Femme,"  Paris,  1893).  Thir- 
teen of  these  cases  occurred  in  inguinal,  two  in  femoral, 
one  in  obturator,  and  three  in  um- 
bilical hei'nia. 

Manning  Simons  {Amer.  Jour,  if 
Olist.,  January,  190S,  p.  70)  describes 
a  case  in  which  both  ovaries,  both 
tubes,  the  bladder  and  rectum  were 
in  a  sac  formed  by  the  prolapsed 
vagina,  whose  anterior  and  posterior 
walls  had  adhered  below  the  cervix 
uteri.  The  whole  mass  protruded 
from  the  pelvic  outlet. 

Inveksion  op  the  Uterus. — The 
uterine  bodj'  may  be  turned  inside 
out  or  inverted  in  two  principal 
ways:  First,  immediately  follow- 
ing labor,  and  as  a  result  of  press- 
ure from  above,  or  through  trac- 
tion on  the  placenta  and  membranes 
from  below,  the  fundusof  the  uterus 
may  become  indented  (Fig.  4906) 
and  irregular  contractions  may  re- 
sult in  a  complete  inversion  of  the 
organ,  so  that  the  endometrium  ap- 
pears in  the  vagina  and  the  uterus  presents  itself  in  that 
passage  as  a  pear-shaped  body  (Fig.  4907).  As  the  sec- 
ond cause  may  be  mentioned  the  contractions  produced 


FKi.  4907.  — Complete  inver- 
sion of  Uterus.  (Thomas.) 
A  cup.slia(»'(i  depression  is 
in  till-  plan-  of  the  uterus. 
The  souiiii  is  arrested  at  the 
anKle  of  tle.\ion. 


FIG.  4908.-Partial  In- 
version witli  Uterine 
Polypus.     (Thomas.) 
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no.  4909.  — uterine 
Polypus.  (Thomas.  \ 
The  uterus  is  iu  its 
normal  position. 
The  sound  passes  into 
its  cavity. 


by  an  intrauterine  tumor,  especially  a  libroid  tumor, 

wiiicli  is  attached  by  a  pedicle  somewliere  in  the  upper 
portion  of  the  uterine  canal,  and  whose  body  is  within 
the  j^rasp  of  the  uterine  muscle.  Long-continued  con- 
tractions of  the  uterus  in  the  effort  to  expel  the  tumor 
may  drag  down  the  uterine  wall 
where  the  pedicle  is  attached,  first 
producing  an  indentation  (Fig. 
4908)  and  finally,  as  the  tumor  is 
extruded,  complete  inversion  of 
the  organ.  This  process  may  re- 
quire several  months,  while  the  ac- 
cident following  labor  occurs  in  a 
very  few  minutes. 

f<i/»)ptoms. — The  chief  symptom 
is  hemorrhage,  which  is  persistent 
and  often  excessive  in  both  vari- 
cties.  Dragging,  bearing  down,  ir- 
ritability of  the  bladder  and  rec- 
tum, and  a  sense  of  fulness  may  be 
romplaiued  of  iu  the  chronic  vari- 
ety, while  pain  and  collapse  often 
accompany  the  hemorrhage  of  acute 
inversion. 

Diiir/nonis. — In  acute  cases  little 
ditticultj'  will  be  found  in  recogniz- 
ing a  depression  at  the  former  site 
of  the  uterine  body  iu  the  abdomen, 
and  in  the  vagina  a  smooth  regular 
tumor  with  a  freely  bleeding  sur- 
face. In  some  complete  cases  it 
will  be  found  that  the  uterine  cer- 
vix and  the  cervical  canal  have  en- 
tirelj'  disappeared.  In  chronic  cases  in  which  the  inver- 
sion is  incomplete,  a  sound  entei'ing  the  cervical  canal 
■will  serve  to  define  the  limits  of  the  protruding  body  and 
its  relation  to  the  remainder  of  the  uterine  structure  as 
felt  above  the  pubis.  When  a  polj-p  is  present  without 
inversion  (Fig.  4909)  it  will  be  possible  to  demonstrate 
the  fundus  in  its  normal  po.sition.  Obscurity  is  occasion- 
ally increased  by  inflammatory  adhesions  of  the  thick 
stem  of  a  uterine  jiolypoid  tinnor  to  the  inner  surfaces 
of  the  uterine  canal  (Fig.  4910). 

Prognosis. — Reduction  of  the  inversion  is  very  seldom 
spontaneously  accomplished.  In  recent  cases  the  prog- 
nosis is  good  under  well-directed  efforts  at  replacement, 
although  in  chronic  cases  very  great 
'vy  ilifficulty  may  be  encountered. 

Treatment. — In   acute   cases,  un- 

Ti  der  ansesthesia,  efforts  are  made  to 
1  dilate  with  the  thtimbs  of  the  oper- 
ator the  contracted  cervical  ring, 
while  at  the  same  time  the  present- 
ing fimdus  is  indented  and  an  effort 
is  made  to  ]3ress  it  through  the 
ring,  one  portiou  at  a  time.  X  va- 
riety of  instruments  have  been  de- 
vised, in  the  hope  that  by  means  of 
them  the  iuverted  organ  may  be  re- 
stored to  its  normal  relations.  The 
end,  which  is  cup-shaped,  is  de- 
signed to  fit  the  fundus  and  to  re- 
ceive pressure  transmitted  through 
a  stem  which  rests  against  the  op- 
erator's bodj-  or  is  held  in  tlie  hand 
Vy  of  an  assistant.  Manual  dexterity, 
>--^     I        however,  combined  with   patience, 

will  usually  succeed  in  effecting 
the  desired  reduction,  although  the 
process  is  frequently  a  ilifticidt  one. 
In  long-standing  cases  the  dilata- 
tion of  the  cervical  ring  is  a  matter 
of  much  greatt  r  difficulty.  Some 
device  must  be  used  which  will  make  a  slow  and  con- 
slant  pressure  upon  the  inverted  fundus,  after  the  tumor 
which  jiroduced  tlie  condition  has  been  removed.  In  a 
few  cases  the  reduction  has  been  effected  by  opening  the 
abdomen  and  drawing  upon  the  uterine  tubes  and  the 
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Fic.  4910.  -fterine 
Polypus.  Adhesions 
around  neck  of  poly- 
j)ns  ot)literate  cervical 
canal. 


upper  portion  of  the  fundus,  while  at  the  same  time 
pressure  was  made  from  below.  In  this  way  more  ready 
access  is  obtained  to  the  contracted  cervical  ring  for  the 
purpose  of  dilatation ;  but  reduction  can  usually  be  ac- 
complished after  repeated  efforts  without  opening  the 
peritoneal  cavity.  Finally,  in  some  cases  the  wall  of 
the  uterus  has  been  split  longitudinally  from  withiu  the 
vagina,  and  then,  after  reduction  had  been  accom- 
plished, the  lips  of  the  incision  were  united  bj'  sutures. 

George  Erety  Shoemaker. 

UTERUS,  DISEASES  OF:  MALIGNANT  TUMORS.— 

Dkfinitiox. — The  malignant  tumors  here  referred  to, 
include  the  various  forms  of  cancer  and  sarcoma,  and  de- 
ciduoma  maliguum.  The  general  pathology  of  the  sev- 
eral forms  is  given  elsewhere  in  this  IIakdbook. 

Frequency. — According  to  the  registrar-general  of 
Great  Britain  in  1900,  iu  England  and  Wales,  0.975  woman 
per  one  thousand  of  inhabitants  died  from  cancer ;  and 
of  all  female  deaths  cancer  of  the  uterus  caused  1.3  per 
cent.  In  1890  but  0.830  woman  per  one  thousand  of  in- 
hahitaats  died  from  cancer.  In  New  York  in  1890  the 
deaths  from  cancer  in  women  were  0.37  jier  thousand  of 
inhabitants,  and  in  1900  they  were  0.43.  These  figures 
show  the  ratio  of  increase  of  cancer  in  women,  most  of 
the  increase  being  in  cancer  of  the  uterus.  It  is  needless 
to  multiply  the  statistics. 

And  of  all  cases  of  cancer  which  occur  in  the  body, 
William  H.  Welch  found  that  the  uterus  was  involved 
in  29.5  per  cent.  There  is  no  means  of  accuratel}^  deter- 
mining the  ratio  between  true  cancer,  sarcoma,  and  de- 
ciduoma  malignum. 

Sarcoma  and  deciduoina  malignum  are  very  rare.  The 
one  fact  which  is  impressively  evident  is  the  steady  in- 
crease in  cancer  of  the  uterus.  As  the  disease  lias  been 
recognized  for  many  jears,  this  increase  is  real  and  not 
■'apparent  and  due  to  more  precise  diagnosis." 

AoE. — In  New  York  iu  1890  fifty -seven  per  cent,  of  all 
deaths  from  cancer  were  belpw  forty-five  years  of  age. 
In  1900  fifty-two  per  cent,  were  below  forty-five  years 
of  age.  The  statement  that  the  disease  occurs  more  fre- 
quently than  formerly  in  young  women  is  not  coiTect. 
The  apparent  greater  frequency  is  due  to  the  fact  that  a 
diagnosis  of  the  disease  is  now  made  earlier  than  it  for- 
merly was.  The  youngest  woman  having  cancer  of  the 
uterus  in  the  author's  service  was  twenty-six  years  of 
age.  The  maximum  number  of  cases  occur  above  forty- 
five  years  of  age.  It  is  exceedingly  rare  before  twenty- 
five  3'ears. 

Race. — No  race  is  exempt.  It  is  probable  that  savage 
races  have  it  less  frequently.  The  observation  used  to 
be  m.ade  that  the  negress  was  exempt.  Cullen  has  proven 
this  not  to  be  the  case  at  the  present  time.  Whether 
more  mulattoes  are  now  found  than  formerly,  and  that 
the  pure-blooded  negress  is  less  liable,  I  cannot  state. 

Causes. — These  are  actual  and  contributing.  The 
supposed  actual  causes  of  cancer  are  described  elsewhere. 
The  contributing  causes  are  many. 

(a)  Irritatioaand  Trauma. — The  fact  is  undoubted  that 
cancer  of  the  cervix  is  rarely  seen  in  the  nnlliparous 
woman,  and  in  a  number  of  instances  in  which  it  has 
occurred  in  them  a  trauma,  such  as  dilatation,  has  pre- 
ceded its  appearance.  It  appears  that  nullipara?  have 
adeno-earcinoina  of  the  body  of  the  uterus  about  as  often 
as  mothers,  but  that  squamouscell  epithelioma  is  seen 
most  frequently  after  childbearing  or  other  trauma. 

(i)  Ueredity. — This  is  not  now  believed  to  be  as  potent 
a  factor  as  it  was  formerly  held  to  be.  However,  in  about 
twenty  per  cent,  of  uterine  cancers,  another  member  of 
the  family  has  had  some  form  of  cancer. 

(f)  Localiti/. — In  an  attempt  to  find  the  true  cause 
for  cancer  all  the  circumstances  under  which  it  occurs 
have  been  sought.  In  these  investigations  it  has  been 
found  that  certain  localities,  and  even  certain  houses, 
have  an  unusual  number  of  cases.  This  has  given  rise 
to  the  expression  "cancer  zones."  Those  who  seek  to 
show  the  contagiousness  of  cancer  point  to  these  facts 
as  corroborative  of  their  views,  but  thus  fur  most  authori- 
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ties  believe  that  the  unusual  prevalence  of  cancer  in  cer- 
tain localities  is  merely  accidental. 

Cancek  of  the  Cekvi.x  Uteki. — This  occurs  in  two 
forms:  as  a  squamous-cell  epithelioma  and  as  an  adeno- 
carcinoma. Furthermore,  either  the  vaginal  part  of  the 
cervix  or  the  cervical  canal  may  be  involved. 

Squamoiis-cell  epithelioma  of  the  cervix  is  the  most  fre- 
quent form.  Squamous  epithelium  multiplies  upon  the 
surface  and  invades  the  stroma.  Occasionally  the  epi- 
thelial cells  are  found  grouped  togethci'  so  as  to  form 
"epithelial  pearls."  One  of  the  earliest  changes  in  the 
epithelial  cells  is  the  iucrease  in  chromatin.  The  in- 
growth of  the  epithelium  precedes  the  outgrowth,  but 
after  a  time  the  epithelium  produces  delicate  liliform 
projections  on  the  surface  of  the  cervix.  The  papillary 
growths  consist  of  branching  stroma  and  epithelium,  and 
are  exceedingly  vascular.  After  a  time  necrosis  of  the 
projections  takes  place  and  ultimately  an  ulcer  occurs 
where  formerly  an  outcropping  was  present. 

At  first  the  cervix  is  nodular  and  hard,  and  new  vessels 
may  be  seen  coursing  across  the  nodules.  The  nodules 
areof  deep  color  and  unequal  in  size.  It  is  in  this  state 
that  the  disease  is  seldom  recognized.  In  the  state  of 
papillary  excrescence  the  outcroppings  appear  as  deli- 
cate papilUc,  red  in  color,  bleeding  upon  the  slightest 
touch,  and  always  pedunculate.  They  ma\'  be  so  numer- 
ous as  to  form,  when  massed  together,  what  is  appropri- 
ately described  as  a  "cauliflower  growth."  The  least 
touching  of  such  a  growth  causes  bleeding.  The  excns- 
cence  is  generally  covered  by  a  foul-smelling  pus,  the 
result  of  necrotic  changes,  and  at  points  minute  blood 
clots  may  be  seen.  Without  diflicultv  the  finger  can  be 
made  to  penetrate  the  growth.  As  ulceration  proceeds 
all  traces  of  the  cervix  become  lo.st.  There  is  then  pres- 
ent at  the  vaginal  vault  a  cup-shaped  uleeralioii  sur- 
•  rounded  by  raised  edges,  the  surface  of  the  cavity  being 
covered  by  pus,  and  the  ulcer  bleeding  easily.  The  ad- 
joining vaginal  wall  may  be  involved,  or  cancerous  foci, 
the  result  of  secondary  "inoculation,"  maj'  be  seen  upon 
the  vagina,  even  at  some  distance  frf)m  the  cervix. 

Extennion. — Cancer  of  the  cervix  tends  to  extend  bilat- 
erally along  the  lymphatics  in  the  broad  ligament,  down- 
ward into  the  vagina,  anteriorly  toward  the  bladder,  and 
posteriorly  toward  the  rectum.  There  is  but  little  ten- 
dency for  it  to  grow  upward  above  the  internal  os,  the 
body  of  the  uterus  being  usually  frSe  even  in  those  who 
have  (lied  from  cancer  of  the  cervix. 

As  the  disease  extends  toward  the  broad  ligaments,  the 
glands  lying  over  the  obturator  foramina,  then  those  along 
the  iliac  arteries,  and  later  the  inguinal  glands  become 
involved.  This  glandular  involvement  is  at  first  due  to 
saprophytic  and  septic  invasion,  but  later  to  the  presence 
of  cancer  elements.  It  is  also  true  that  the  e])itlielia  oc- 
casionallj'  appear  in  masses  along  the  veins  (Fig.  4911). 
Cancer  of  the  cervix  has  little  tendency  to  leave  the 
pelvis.  Not  only  is  it  at  first  localized  in  one  part  of 
the  uterus,  but  even  to  the  end  it  remains  as  a  rule  local- 
ized in  the  pelvis.  After  general  pelvic  involvement  has 
occurred,  all  the  various  phases  of  pelvic  suppuration 
may  be  presented:  ovarian  abscess,  pyosalpinx,  broad- 
ligament  suppuration,  suppurating  glands,  and  peri- 
tonitis. The  paths  along  which  the  cancer  extends  be- 
come ulcerated,  and  as  a  result  fistulous  openings  into  the 
bladder,  less  frequently  into  the  rectum,  may  be  seen. 
The  ureters,  for  some  strange  reason,  although  sur- 
,  rounded  by  cancer,  rarely  become  corroded. 

As  the  broad  ligaments  become  involved,  which  in- 
volvement takes  pliice,  as  a  rule,  more  rapidly  upon  one 
side,  the  ureters  become  obstructed  and  hydro-ureter  re- 
sults. The  rectum  ma\'  be  pressed  upon  and  constipation 
result.  When  the  rectum  or  bladder  is  invaded,  the  le- 
sions of  inflammation  of  these  viscera  may  be  ])resent. 
The  cervical  growth  may  be  so  large  as  to  block  the  cer- 
vical canal,  causing  retention  of  the  uterine  discharges 
and  pyometra. 

Symptoms.— The  writer  believes  that  he  has  discovered 
a  first  early  symptom  of  cancer  of  the  cervix  which  has 
been  furnished  by  all  his  patients  who  were  intelligent 


and  cleanly  enough  to  observe  such  a  symptom.  Inas- 
much as  epithelioma  of  the  cervix  is  characterized  by  a 
multiplication  of  epithelial  elements  and  by  increased, 
vascular  supply  to  the  cervix,  the  earliest  functional 
evidence  of  the  disease  is  a  mnrked  increase  in  the  wom- 
nii's  hdbitudl  leucorrhcva,  or  the  occurrence  of  a  whitish 
lenc4>rrha;a  in  those  who  hare  vot  prerioiidi/  had  it.  In 
drawing  out  this  symptom,  the  questioner  should  fli-st 
determine  the  exact  amount  of  discbarge  which  is  nor- 
mal and  usual  to  the  individual.  In  refined  women  the 
toilet  embraces  a  certain  amount  of  an<l  frequency  in 
douching,  every  day  or  every  few  tiays.  Without  as- 
signable cause  such  a  woman  will  notice  that  her  habitual 
leueorrhoea  has  become  markedly  increaseil,  and  that  more 
frequent  douches  are  needed  to  keej)  her  tidy.  In  the 
case  of  an  old  woman  whose  glandular  structures  have 
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Fk;.  4911.— Shows  a  Carcinomatous  Mass  in  a  Vein  at  somt*  T>isIanoe 
from  ttie  Original  Seat  of  the  I)isease.  o,  A  vein  confuinlnir  a  'arri- 
nonial^jus  mass;  />.  isolated  mass  of  carcinomatous  tissut- ;  <,  trans- 
verse section  of  an  artery :  rf,  section  Ihrouph  a  vessel ;  < .  muscular 
tissue.     (Abel.) 

shrunken  with  the  menopause,  a  return  of  her  forgotten 
leucorrhfea  will  be  observed.  Old  women  are  apt  to 
look  upon  this  as  an  evidence  of  rejuveuation,  a  patheti- 
cally mistaken  interpretation.  The  writer  has  given  such 
prominence  to  this  symptom  in  order  that  the  atteution 
of  readers  may  be  fixed  upon  it,  and  that  more  extended 
observations  bj"  other  physicians  may  either  corroborate 
or  correct  him.  In  his  cases  this  symptom  has  preceded 
all  others  by  from  three  to  six  months,  months  most  valu- 
able to  the  surgeon  and  to  the  woman.  But  as  a  rule 
women,  accustomed  as  they  are  to  vaginal  discharges, 
seldom  pay  attention  to  an  increase  in  leucorrha\'i.  The 
next  symptom  is  a  change  in  the  type  of  the  vaginal  dis- 
charge. From  being  mucous  and  odorless,  it  now  be- 
comes watery  and  often  has  a  putrid  odor;  or  there  may 
be  an  occasional  muddy  stain  due  to  the  admixture  of 
blood.  The  menstruations  are  not  altered  in  periodicity 
or  in  character.  The  presence  of  a  putrid  odor  is  alwaj'S 
an  indication  of  molecular  death  of  tissue.  Upon  coitus, 
douching,  straining,  and  lifting  weights,  or  even  after 
ordinary  exercise,  this  muddy  spotting  of  the  undercloth- 
ing may  be  noticed.  The  putrescence  of  the  discharges 
anil  the  intermenstrual  bleedings  become  so  marked  that 
the  attention  of  even  the  most  indift'erent  woman  is  at- 
tracted to  them.  Up  to  this  time  the  general  health  of 
the  patient  has  not  suffered.  As  the  broad-ligament  lym- 
phatics become  infiltrated,  there  is  produced  some  pain, 
particularly  if  the  obturator  glands  enlarge  and  press  upon 
the  obturator  nerve.  The  pain  is  usually  referred  to  a 
sacro-iliac  joint  or  to  the  hip.  Should  the  bladder  be  in- 
vaded, symptoms  of  cystitis  supervene.     As  the  pelvis 


87 


r'toriis, 
Uterus. 


REFERENCE   HANDBOOK   OP  THE   MEDICAL  SCIENCES 


becomes  generally  involved,  the  symptoms  of  peritonitis 
appear.  It  is  remarkable  liow  extensive  tlie  uterine  de- 
generation may  be  without  pain  Ijeing  produced.  About 
the  lime  the  putrescence  of  the  discharges  becomes  marked 
most  patients  become  ana>mio  or  "cacliectic."  They  are 
usually  in  good  flesh,  but  the  tissues  assume  a  waxen 
hue  The  patient  is  easily  fatigued  and  avoids  physical 
activity.  After  a  time  tlie  pelvic  pain  becomes  so  great 
that  she  lies  down  a  great  deal.  The  consciousness  of 
emitting  a  disagreeable  odor  makes  of  her  a  recluse.  The 
anamia  is  progressive;  the  severe  pains  necessitate  the 
use  of  opiates,  and  these  induce  intestinal  disturbances; 
possibly  rectal  or  vesical  symptoms  supervene,  and  the 
physical  prostration  becomes  extreme.  In  about  two 
years  after  the  onset  of  the  disease  the  patient  dies, 
either  from  sheer  exhaustion  or  from  some  complication. 

Physical  Signs. — In  the  stage  of  inliltration  the  cer- 
vix is  nodular,  tiie  nodules  being  of  irregular  .size,  deeply 
colored  and  evidently  vascular.  The}-  feel  hard,  but 
upon  thrusting  a  probe  against  them,  or  seizing  them 
with  a  bullet  forceps,  it  is  seen  that  they  readily  break 
down,  exposing  bleeding  and  granular-looking  surfaces. 
The  appearance  of  a  nodular  and  large  cervix  in  a  woman 
past  the  menopause  is  signiticant  of  cancer,  for  at  that 
age  the  cervix  should  be  shrunken.  If  papillary  projec- 
tions are  present,  tiiey  will  be  found  pedunculate  and 
bleeding  upon  the  slightest  touch.  They  can  be  scraped 
otf  by  the  nail.  Th?  cervical  tissue  underlying  them  has 
the  same  friability  as  in  the  first  stage.  If  the  disease 
lias  progressed  to  the  formation  of  a  cauliflower  growth, 
this  presents  itself  as  a  granular  outcropping  from  the 
cervix,  exceedingly  friable  and  bleeding  easily.  It  is  al- 
ways pedunculate  and  lobulated.  After  the  papilloma- 
tous projections  have  necrosed,  there  is  left  an  excavated, 
foul  ulcer.  The  cervix  can  no  longer  be  detected  as  a 
separate  structure,  but  iu  its  place,  at  the  vaginal  vault, 
will  be  seen  the  ulcerated  excavation;  or  iu  its  place, 
particularly  in  elderly  womcu,  the  production  of  connec- 
tive tissue  may  predouiinalc,  and  the  place  of  the  cervix 
be  taken  up  by  a  puckered,  scar-like  tissue,  "scirrhous 
cancer."     This  latter  is  a  verj'  rare  condition. 

Pain. — As  stated,  some  patients  have  little  pain,  but 
in  the  later  stages  of  the  disease  iiain  of  some  sort  is 
usual.  It  may  he  limited  to  the  pelvis  or  may  radiate  to 
the  distribution  of  the  obturator  or  sciatic  nerves 

Strength. — Little  outward  sign  of  cancer  is  present  un- 
til the  new  growth  begins  to  break  down.  Then  the  jia- 
tieut  loses  lic.-;h,  owing  to  the  excessive  elimination  of 
nitrogenous  material.  The  muscles  fade  first,  and  the 
fat  more  slowly.  The  cachexia  is  due  to  absorption  of 
poisonous  toxins  from  the  cancer,  and  to  the  progressive 
loss  of  appetite.  Slight  leucocytosis  is  present  and  the 
percentage  of  h;Bmoglobin  lowered. 

Pulse  and  Te7npemtiire. — As  the  patient  weakens,  the 
pulse  cjuickens  upon  the  least  exertion.  Iu  the  latter 
stages  of  the  disease  there  are  irregular  rises  of  tempera- 
ture. 

Diagnosis. — In  the  earliest  stage  this  is  to  be  made 
from  the  nodular  condition  of  the  cervix,  due  to  cj'slic 
degeneration  and  stellate  lacerations;  in  the  papilloma- 
tous stage,  from  condylomata,  sloughing  polj'pi,  exag- 
gerated conditions  of  "erosion,''  and  hypertrophy  of  the 
cervical  glands;  and  in  the  stage  of  ulceration,  from  tu- 
berculous and  chanenjidal  ulcers,  or  those  due  to  press- 
ure. Cancerous  nodules  are  exceedingly  friable ;  and  if 
a  bullet  forceps  is  hooked  into  one.  it  tears  its  way 
through  upon  the  exliibition  of  even  a  slight  traction. 
The  same  thing  will  occur  with  cystic  degeneration  of 
the  cervix  if  much  force  be  used;  but  when  the  cystic 
cervix  tears,  the  gelatinous  contents  of  the  cysts  are 
evacuated,  whereas  a  bleeding  granular  .siu'face  is  left  if 
the  nodide  be  cancerous  It  is  interesting  to  note  that 
cystic  degeneration  to  a  marked  de.gree  and  cancer  rarely 
coexist.  The  elevations  [uoduced  by  stellate  lacerations 
of  the  cervix  are  firm,  and  have  the  same  consistence  as 
the  rest  of  the  cervix 

Upon  superficial  examination,  "erosions"  of  the  cervix 
(cervical  folliculitis),  i)articularly  if  tliis  part  of  the  ute- 


rus be  torn  and  everted,  resemble  cancer  in  the  first  of 
the  papillary  stage.  The  surface  of  the  "erosion  "is 
rai.sed,  as  is  that  of  the  cancer;  but  in  cancer  each  papilla 
exists  as  a  separate  structure,  always  peduuculate,  bleed- 
ing upon  the  least  touch,  and  easily  scraped  otf  with  the 
finger  nail.  None  of  these  features  of  cancer  is  present 
in  erosion  Furthermore,  beneath  carcinomatous  papillaj 
the  infiltrated  cervix  is  brittle,  while  the  stroma  beneath 
an  "erosion"  is  iiicresised  and  the  tissues  are  more  firm 
than  normally.  Parenthetically,  a  criticism  of  the  term 
"erosion"  may  be  uttered.  It  is  au  absolute  misnomer, 
for  not  only  is  there  no  erosion  or  lo.ss  of  substance,  but, 
on  the  contrary,  there  is  hypertrophy  of  the  glands.  Con- 
dyloniata  of  the  cervix  are  firm,  covered  by  epithelium, 
and,  unless  ulcerated,  do  not  readily  bleed.  Sloughing 
polypi  present  them.selves  as  single  pedunculate  growtlis, 
exceedingly  soft,  and  as  a  rule  very  much  larger  than  the 
single  papillary  excrescences  of  cancer.  They  often  pre- 
sent ulcerated  surfaces,  but  are  usually  covered  by  a  firm 
epithelium,  giving  them  a  glistening  appearance,  entirely 
unlike  cancer.  Polypi  arise  from  the  lining  membrane 
of  the  cervix,  and  the  cervical  stroma  is  not  involved. 

Syphilis  of  the  cervix  is  exceedingly  rare,  as  is  chan- 
croid. In  a  suspected  case  of  syphilis,  autisyphilitic 
treatment  gives  prompt  results,  and  chancroid  is  usually 
accompanied  by  similar  ulcers  in  other  parts  of  the  geni- 
tals. In  all  doubtful  cases  a  portion  of  the  suspected 
tissue  should  be  excised  and  submitted  to  a  competent 
pathologist.  Tuberculosis  of  the  cervix  is  tisuallv  sec- 
ondary to  tuberculosis  of  the  vagina  or  of  the  body  of 
the  uterus. 

Old  scirrhous  cancer  of  the  cervix  strongly  simulates 
the  cicatrization  found  about  lacerated  cervice.s,  but  here 
again  the  tenaculum  shows  the  disintegration  of  the  can- 
cerous cervix. 

In  removing  tissue  for  examination,  as  much  of  the 
cervix  slionld  be  amputated  as  possible ;  in  any  event,  the 
pathologist  should  be  furnished  with  a  section  which  in- 
cludes all  the  elements  of  the  cervix,  basement  mem- 
brane as  well  as  glands. 

Tke.\tmext. — If  the  uterus  be  movable  and  the  disease 
limited  to  the  cervix,  the  uterus,  ovaries,  tubes,  and  para- 
metric tissue  should  be  removed,  either  by  way  of  the 
vagina  or  by  way  of  the  abdomen.  In  some  cases  there 
are  distinct  contraindications  to  a  radical  operation.  In 
such  the  high  amputation  of  Sims,  accompanied  by  the 
use  of  the  galvano-cautery,  may  effect  a  cure.  No  inter- 
nal lueilication  i.sof  avail,  excejit  the  continuous  ingestion 
of  thyroid  extract.  This,  taken  in  doses  of  five  grains, 
t.i.d.,  p.c,  not  only  tends  to  hold  the  disease  in  abe3'ance 
for  months,  but  also  may  cause  it  to  disappear /(/;•  a  time. 

Adeno-C.\rcinom.\.— The  cylindrical  epitheiium  of  the 
cervical  canal  often  extends  downward  upon  the  face  of 
the  cervix,  and  this  form  of  cancer  may  appear  upon  any 
portion  of  llie  cervix  having  cylindrical  epithelium;  but 
as  a  rule  it  occurs  within  the  external  os.  The  disease 
begins  as  a  s\ibmucous.  uodidar  accumulatidn  of  cellu- 
lar elements,  proceeds  to  the  production  of  papill.T,  and 
ulcerates.  Or  the  ulceration  may  begin  before  papillae 
make  their  appearance.  Not  only  are  the  epithelial  cells 
enormously  multiplied,  but  there  is  also  great  increase  in 
the  glands  of  the  cervix.  The  papillary  excrescences 
may  block  the  cervix  and  produce  pyomefra.  but  ulcera- 
tion usually  begins  before  this  occurs.  The  entire  supra- 
vaginal cervix  may  be  riddled  with  sinuses,  and  yet  the 
OS  externum  appear  nurmal.  Sloughing  and  necrosis  be- 
gin early,  and  altogether  the  progress  of  aileno-carcinoma 
is  more  rapid  than  that  of  S(nurmous-cell  epithelioma. 
Peritonitis  and  adnexal  lesions  also  occur  more  fre(|uently. 
owing  to  blocking  of  the  cervical  canal,  followed  by  sep- 
tic endometritis;  and  cancerous  involvement  of  the  blad- 
der occiirs  more  frequently  and  earlier.  The  disease  is 
more  frec|uent  before  the  menopause. 

Sjimptiimx. — .\s  a  rule  the  first  symptom  is  an  increase 
in  the  woman's  habitual  leucorrhcea  and  in  the  amount 
of  cervical  mucus  .secreted.  As  iu  the  case  of  squamous- 
cell  epithelioma,  the  indilTerence  of  women  to  any  dis- 
charge from  the  vagina  causes  them  to  pay  no  attention 
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to  this  important  first  symptom.  Tlierefore  tlie  usual 
symptom  wliicli  brings  tlicso  patients  to  us  is  an  offensive 
discharge  Blood-stainiug  of  the  clotliing,  occurring  be- 
tween menses,  is  not  seen  so  early  as  in  squamous-cell 
epithelioma,  because  the  involved  field  is  within  the  cer- 
vical canal  and  protected  against  trauma.  Therefore  pa- 
tients with  adeno-carciuoma  first  present  tlieniselves  with 
the  disease  far  advanced.  The  menses  are  unalfccted  by 
the  cancer.  Women  wi'th  cancer  of  the  cervix,  particu- 
larly this  type,  have  beeu  most  prolific.  The  di.sease  is 
rare  in  the  nulliparous.  Pain  is  not  present  until  the 
disease  has  extended  outside  tlie  uterus. 

Upon  examining  a  patient  nitliadeno-carcinoniaof  the 
cervix  the  disease  maj'  be  seen  upon  the  surface.  If  it  is 
not  visible  upon  the  surface,  the  introduction  of  the  sound 
produces  sharp  bleeding.  In  fact,  so  dense  is  the  normal 
cervical  mucosa  that  it  will  tolerate  a  marked  degree  of 
trauma  without  hemorrhage. 

Diiiffiiosis. — Tuberculosis  of  tlie  cervical  canal  presents 
all  the  local  signs  of  adeno-carciuoma.  As  a  pninary 
affection  it  is  exceedingly  rare,  but  must  be  borne  in 
mind  as  a  possibility.  Sloughing  polypi  present  Ihcm- 
selves  in  the  form  of  ulcerateil  iirojectious.  while  adeno- 
carcinoma appears  as  an  excavation  when  active  ulcera- 
tion is  in  progress.  Small  submucous  myoniata  projecting 
into  the  cervix  may  be  felt  with  the  finger  as  hard  nod- 
ules, not  at  all  resembling  cancer.  The  cervix  treats 
polypi  anil  fibroids  projecting  into  its  cavity  as  foreign 
bodies,  and  as  a  rule  it  becomes  widely  gaping. 

Wliin  the  diagnosis  is  difficult  a  portion  of  the  cervix 
may  be  scraped  or  cut  away  and  submitted  to  a  path- 
ologist. 

Treatment.  — \i  the  disease  hasnot  extended  outside  the 
uterus  and  there  are  no  contraindications  to  a  radical 
operation,  abdominal  ablation  of  the  uterus  and  adnexa  is 
indicated.  Cases  are  rarely  met  with  early  enough  to  ad- 
mit of  the  vaginal  operation  being  successfully  performed. 
Canceu  of  the  Uterine  Body.— This  occurs  in  from 
six  to  ten  per  cent,  of  all  ca.ses  of  cancer.  It  is  the  form 
of  cancer  which  nulliparous  women  usually  have.  The 
type  is  nearly  always  the  adcno-carcinomatous.  The 
disease  beginsat  one  point  in  the  endometrium,  and  from 
there  tends  to  spread.  The  lesions  are  similar  to  those  in 
the  cervix — slender  papillary  outgrowths  from  the  sur- 
face of  the  endometrium,  underlying  which  is  a  spot  of 
infiltration.  The  papilUe  may  entirely  fill  the  uterus 
and  cause  marked  enlargement  of  the  organ.  The  ute- 
rus becomes  soft  and  boggy.  As  the  cancer  grows  and 
sloughs  a  septic  endometritis  occurs,  and  pelvic  lym- 
phangitis and  salpingitis  are  common  sequelre. 

Si/mptoms. — About'three-fourths  of  the  women  are  past 
the  menopause.  The  first  symptom  is  sometimes  bleed- 
ing, sometinies  a  watery  discharge.  This  may  appear  as 
a  spotting  of  the  clothing,  or  a  rather  sharp  hemorrhage 
may  occur.  If  the  patient  is  menstruating,  the  tuenses 
areinoreased,  and  shortly  she  has  intermenstrual  leaking 
i>f  blood.  The  uterusresents  the  presence  of  the  growth, 
and  irregidar  uterine  cramps  are  often  observed.  Some 
patients'complaiu  of  lancinating  pains  shooting  through 
the  uterus.  Cancer  of  the  uterine  body  produces  early 
in  its  course  symptoms  which  attract  the  patient's  atten- 
tion; therefore  the  cases  are  seen  early.  Furthermore,  it 
is  of  slower  progress  than  cancer  of  the  cervix  ;  and.  as 
the  corpus  uteri  Is  free  from  attachments  to  other  organs, 
extension  outward  does  not  occur  so  soon  as  in  cancer  of 
the  cervix.  Cancer  of  the  uterine  body  extends  through 
the  lymphatics  and  not  by  progressively  invading  the 
tubes  and  ovaries.  About  half  of  the  women  are  sterile. 
JXagnosis. — Sloughing  uterine  polypi,  sloughing  sub- 
mucous fibromyoma(paiticularly  if  cystic),  hypertrophic 
endometritis,  retained  bits  of  placenta,  tubal  pregnancy, 
uterine  sarcoma,  tubercidosis  of  the  endometrium,  all 
produce  symptoms  similar  to  those  arising  from  corporeal 
cancer,  t  shall  not  attempt  a  detailed  statement  of  each 
of  these  diseases  for  the  purpose  of  drawing  fine  dislinc 
tions  in  the  gradations  of  the  symptoms.  The  sole  posi- 
tive test  is  the  micrcscopic  examination  of  the  scrapings 
secured  by  a  curette 


Treatment. — Unless  too  firmly  fixed  in  the  pelvis  by 
glandular  involvement,  the  uterus  should  be  removed  by 
way  of  the  vagina.  Recurrence  after  three  years  takes 
place  in  only  about  thirty  per  cent,  of  the  cases.  It  all 
the  operations  could  be  done  in  the  first  few  months,  re- 
currence would  be  rare.  In  cases  too  far  progressed  to 
admit  of  a  radical  operation,  the  uterus  should  be  curetted 
and  cauterized  by  the  galvano-eautery. 

The  Operntite  Treatment  vj  Carthioindtif  the  Uterus. — 
This  is  of  two  veiy  distinct  and  markedly  differing 
kinds';  those  procedures  which  ma}'  be  called  radical, 
and  those  which  are  solely  palliative. 

Indic,\tions  for  the  Various  Radical  Operations 
FOR  Cakcer  of  the  Uterus. —  Cancer  of  tlie  C'errix 
Uteri. — As  a  general  proposition  it  may  be  stated  that 
whenever  malignant  disease  of  the  cervix  is  discovered 
and  is  limited  to  the  uterine  tissue  a  radical  operation  is 
indicated ,  In  certain  cases  the  general  condition  of  the  pa- 
tient may  be  so  poor  that  to  subject  her  to  a  grave  opera- 
tion wou'd  be  fraught  with  too  great  danger.  Advanced 
lung  disease,  nephritis,  and  mitral  disease,  as  a  rule,  eon- 
traindicate  ablation  of  the  cancerous  uterus.  As  a  con- 
verse proposition,  it  may  be  laid  down  that  whenever  the 
cancer  has  extended  beyond  the  uterine  tissue,  radical 
work  is  out  of  the  question.  Such  extension  reveals  it- 
self in  agreateror  less  density  in  the  pericervical  tissues, 
fixity  of  the  cervix,  and,  remotely,  glandular  enlarge- 
ments. But  these  conditions  are  also  brought  about  by 
inflainmatorj'  lesions,  and  these  latter  must  be  eliminated 
as  causes  for  the  fixity  of  the  cervix  before  the  propriety 
of  a  radical  operation  can  be  determined.  There  is  a 
surgical  rule,  with  its  corollary,  that  all  operations  for 
cancer  shall  proceed  through  normal  ti.ssucs,  and  that  no 
radical  operation  shall  be  attempted  unless  the  section 
of  the  tissues  can  pass  outside  the  cancerous  field:  for 
the  scope  of  any  proposed  operation  is  determined  not  so 
much  by  the  fait  that  this  or  that  fraction  of  tissue  is  in- 
volved in  the  cancerous  iuvasion  as  by  the  tendency  of 
cancer  to  recur  after  removal.  And  the  merits  of  any 
operation  for  the  relief  of  this  condition  are  determined 
by  the  ultimate  results  rather  than  by  the  immediate. 
Good  ultimate  results  are  not  to  be  expected  when  the 
cancer  has  extended  beyond  the  uterus.  And,  further- 
more, the  less  the  involvement  of  the  uterus  itself,  the 
better  the  remote  results  following  operation.  Therefore 
cancer  which  is  diagnosticated  only  by  the  microscope  is 
less  likely  to  recur  than  that  which  is  revealed  by  the 
symptoms  which  it  produces.  So.  then,  the  earlier  can- 
cer is  diagnosticated  the  clearer  the  indications  for  radi- 
cal operation  and  the  better  the  results  from  such  opera- 
tion, both  immediate  and  remote.  Even  when  bimanual 
examination  demonstrates  that  the  uterus  is  perfectly 
movable,  cystoscopic  e.xamination  will  often  show  that 
the  cervico-Tcsical  wall  is  involved.  This  involve- 
ment will  cause  rounded  elevations  benoath  the  vesical 
mnco.sa. 

The  great  problem  which  confronts  the  surgeon  is  the 
determination  of  the  distance,  from  the  cancer  field,  to 
which  his  section  of  the  tissues  must  proceed.  It  may 
be  stated  that  iu  epithelioma  the  tissues  may  be  severed 
closer  to  the  involved  field  than  in  adeno-carcinoma. 
■Whether  this  clinical  observation  is  due  to  the  lesser 
virulence  and  slower  progress  of  epithelioma,  or  to  the 
fact  that  as  a  rule  epithelioma  is  usually,  because  of  the 
nature  of  its  growth,  discovered  sooner  than  adeno-car- 
ciuoma, I  do  not  know.  But  it  is  my  belief  that  ejiithe- 
lioma  of  the  cervix  is  far  less  malignant  than  adeno- 
carcinoma. However,  the  rule  in  operating  is  to  keej)  as 
far  away  from  the  cervix  as  possible  There  are  two 
routes  for  operating  upon  cancer  of  the  cervix  the  vag- 
inal and  the  abdominal.  And  of  all  ca.ses  of  cancer  of 
the  uterus  which  come  to  us  for  treatment,  scarcely  ten 
per  cent,  can  be  subjected  to  any  radical  operation. 

((()  Indications  for  the  Radical  Var/inal  Operation.— 
These  are  to  be  found  iix  the  immediate  mortality  and  iu 
the  ultimate  results. 

The  death  rate  from  vaginal  hysterectomy  in  cancer  of 
the  cervix  should  not  be  "more  than  five  per  cent.     It  is 
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most  difficult  to  determine  precisely  the  ultimate  results 
because  so  many  patients  are  Inst  sight  of,  and  the  groups 
of  cases  falling'into  the  hands  of  (irtTcrent  operators  vary 
so  much  in  the  extent  of  the  involvement.     Of  all  cases 

operated  upon 
by  the  vaginal 
route,  about  six- 
ty per  cent,  re- 
cur within  the 
lirst  year  after 
I  iperatiou.  0  f 
the  remainder, 
not  more  than 
twenty  percent, 
arc  free  fr(5m  re- 
currence after 
five  years.  And 
these  results  are 
found  by  those 
who  aie  thor- 
ough masters  of 
techni(|ue. 

Vaginal  hys- 
terectom_v  for 
cancer  of  the 
cervix  is  an  op- 
eration which 
can  be  rapidly 
performed  and 
does  not  necessi- 
tate a  profound 
degree  of  narco- 
sis. It  is  there- 
fore indicated  in 
those  who  are 
aged  and  who 
would  not  for 
o  t  h  e  r  reasons 
stand  a  more  se- 
vere and  pro- 
longed operation.  If  it  is  indicated  at  all,  it  is  in  old 
women,  in  very  stout  women,  and  in  those  with  nephritis 
or  cardiac  ilisL'ase  who  are  suffering  from  epithelioma. 
It  is  the  author's  belief  that  a  less  .severe  operation  gives 
results  ecjually  good  remotely  and  far  better  immedi- 
ately. I  refer  lo  the  high  amputation  of  Dr.  John 
Byrne.  And  when  we  reflect  that  the  radical  vaginal 
operation  is  limited  to  cervical  cancers  which  have  not 
extended  beyond  the  uterus,  while  the  procedure  of 
Byrne  is  applicable,  and  always  with  benefit,  to  all  cases 
in  which  the  disease  has  not  actually  invaded  the  blad- 
der or  bowel,  we  can  see  the  greater  value  of  Byrne's 
operation. 

The  Operation. — The  patient  is  placed  on  the  back  in 
the  lithotomy  posture.  All  necrotic  an<l  cancerous  tissue 
about  the  cervix  should  be  scraped  and  cut  away.  The 
cervix  is  then  closed  by  a  series  of  heavy  silk  sutures. 
These  effectually  prevent  soiling  the  wound  by  cancer 
elements  and  furnish  excellent  traction  strings.  The 
uterus  must  be  removed  en  masse,  and  without  liemisec- 
tion  and  morcellation.  The  cervix  is  now  eutirel}-  circled 
either  by  the  scissors  or  by  a  cautery  knife,  jireferably  the 
latter.  The  line  of  incision  must  be  as  far  away  from 
the  cervix  as  possible;  posteriorly  at  tlie  lowest  limit  of 
the  pouch  of  Douglas,  laterally  near  tlie  ureteral  lines, 
and  anteriorly  at  that  i)oint  beneath  the  bladder  wliich 
will  just  escape  entering  that  viscus.  Approximately 
this  cutT  of  cervical  tissue  will  not  be  over  one-fourth 
of  an  incli  in  depth.  The  posterior,  anterior,  and  lateral 
vaginal  walls  are  retracted  by  assistants,  one  of  whom 
pulls  the  cervix  down.  The  operator  now  carefully  dis- 
sects up  the  vaginal  cuff  b.v  means  of  toothed  forceps  and 
scissors.  He  next  enters  the  posterior  cul-de-sac  and  ex- 
tends the  lateral  margins  of  this  incision  by  his  fingers 
until  the  bases  of  the  broad  ligaments  are  reached.  Into 
this  posterior  opening  a  gauze  pad  is  introduced  to  catch 
fiuidsand  prevent  prolapse  of  the  intestines.  The  opera- 
tor then  turns  his  attention  to  separating  the  bladder 


Fig.  4912.— The  Forceps  Operation  for  the  Re- 
moval of  a  Canreroiis  Ma.ss  through  the  Va^na. 
The  forceps  arti  sliown  jrraspiiiK  the  bases  of 
the  broad  ligaments.  All  the  tissues  have 
been  cut  so  as  to  free  the  cervix  upon  all 
sides.    (Pryor.) 


from  the  uterus.  This  must  be  accomplished  slowly  by 
means  of  the  toothed  forceps  and  scissors;  more  rapidly 
by  using  the  index  finger  to  ]ieel  up  the  vesical  tissues. 
When  the  vesicouterine  fold  of  peritoneum  has  been 
severed,  the  lateral  borders  of  the  anterior  incision  are 
extended  by  means  of  the  fingers.  The  uterus  now 
hangs  by  its  lateral  supjiorts  only.  It  is  important  to 
release  tl>e.  ureters  from  tlieir  associations  with  the  loose 
tissue  about  the  cervix.  This  is  accomplished  by  gently 
shoving  the  tissues  away  from  the  cervix  first  on  one 
side,  then  on  the  otlier,  auteriorly  and  posteriori}'.  It 
may  be  doubted  whether  the  ureters  can  be  laterally  dis- 
placed in  this  manner.  I  have  many  times  deiuonstrated 
it  upon  the  cadaver.  This  separation  of  cervix  from 
ureters  is  still  further  increased  hy  drawing  down  the 
uterus  and  lifting  tlic  bladder  with  the  trowel.  While 
this  is  being  done;  one  index  linger  is  introduced  behind 
the  uterus,  and  the  tissues  upon  one  side,  then  upon  the 
other,  are  grasped  Ijy  forceps.  Tlie  bases  of  the  broad 
ligaments  upon  each  side  are  in  this  manner  grasped,  to- 
gether with  the  uterine  arteries.  Before  tlie  forceps  are 
locked  they  should  be  slowly  worked  outward  as  close  to 
the  ureters  as  po.ssible  and  without  wounding  them. 
After  locking  the  forceps  the  tissues  are  cut  close  to 
them  up  to  the  points  of  the  forceps  (Fig.  4912).  These 
two  forceps  must  also  embrace  the  insertions  of  the  utero- 
.sacral  ligaments.  The  uterus  now  hangs  by  the  tops  of 
the  broad  ligaments  and  by  the  round  ligaments.  In  order 
that  these  may  be  secured  without  risk  of  wounding  the 
gut,  the  cervix  is  released  and  the  body  of  the  uterus 
delivered  beneath  the  bladder  (Fig.  4913).  The  ovaries 
are  drawn  out  also  and  held  by  suitable  forceps.  A 
forceps  is  then  applied  from  above  downward  upon  the 
right  side  outside  the  ovary,  with  its  jiuints  lapping  the 
forceps  below  and  internal  to  it  (Fig.  4914).  The  broad 
ligament  and  round  ligament  are  cut  and  the  uterus 
swings  out  of  the  pelvis.  It  is  au  easj'  matter  now  to 
grasp  the  ovarian  artery  on  the  left  side  and  remove  the 
uterus  (Fig.  4915).  If  the  operator  prefers  to  do  so,  he 
may  now  substitute  ligitures  of  stout  tendon  for  the 
forceps.  These  ligatures  are  passed  by  the  large  aneur- 
ism needle  first 
to  the  bases  of 
the  broad  liga- 
ments and  then 
to  the  tops.  I 
always  ligate 
the  round  liga- 
ments separate- 
ly to  guard 
against  their 
pulling  out  of 
the  loop  of  the 
ligature,  thus 
loosening  it  and 
causing  second- 
ary hemorrhage. 
Care  m  u  s  t  be 
exercised  in  re- 
moving the  for- 
ceps 1  e  St  the 
stumps  slip 
awa}'  from  the 
operator.  He 
should  attach  a 
fine  artery  for- 
ceps to  the  cut 
end  of  the  ar- 
tery, and  then, 
as  an  assistant 
loosens  the  large 
forceps,  the  op- 
erator ties  down 
hard  and  makes 
the  second  knot 
as  rapidly  as  possible  before  the  elasticity  of  the  stump 
loosens  tlie  first  knot.  My  individual  preference  is  for 
the  use  of  the  forceps  exclus'ivel}-.     If  this  is  done,  the 


Fig.  41lUi.-  The  cervix  has  been  pushed  up, 
and  the  fundus  uteri  is  shown  pulled  down 
lieneath  the  bladder.  The  Insertions  of  the 
Fallopian  tubes  into  the  fundus  are  shown. 
(Pryor.) 
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wound  is  dressed  as  iii  the  similar  operation  for  pus.  If 
ligatures  arc  used,  lliese  are  cut  short  and  the  stiunps  al- 
lowed to  retract  upward.  The  centre  of  the  wound  is 
then  closed  by  several  sutures  of  tendon,  which  unite 
the   anterior  and   posterior  cut    edges  of   the   vagina. 


riG.  49U.— The  retractors  ha\r  1 ii  uith.tniwn  :iiiil  the  right  ovary 

and  tube  are  shown  graspt-d  by  the  thnnili  in  fnuit  of  ttie  fundus 
uteri.  The  forceps  is  grasping  the  top  of  tlie  right  broail  llgaiuent. 
(Pryor.* 

Intra-abdominal  jiressure  will  force  the  peritoneal  edges 
together.  A  snug  drain  of  iodoform  gauze  is  inserted 
upon  each  side  up  to  tlie  stumps  of  the  uterine  arteries 
so  as  to  prevent  prolapse  of  the  intestines  or  omentum, 
and  tlie  vagina  is  loosely  packed  with  iodoform  gauze. 
If  ligatures  are  used  the  stumps  do  not  slough,  while 
forceps,  if  left  on,  alwa}'S  cause  sloughing.  It  is  hecause 
of  this  effect  of  forceps  that  I  always  use  them.  With 
ligatures  the  stumps  remain  vitalized,  while  with  forceps 
they  come  away.  Therefore  forceps  remove  more  tissue 
than  the  ligatures,  and  broad  reiuoval  of  tissue  is  what 
we  desire  when  operating  for  cancer.  The  dressings  are 
removed  and  renewed  at  the  end  of  seven  days. 

(Ii)  Iiulicatiimnfor  Ahdoii/iiiiil  Ahlation  of  tlie  Cancerous 
UUrtix. — Inasmuch  as  the  abdominal  opei'ation  allows  the 
operator  to  secure  the  ovai'ian  vessels  at  the  pelvic  brim 
and  the  uterine  arteries  outside  the  ureters;  and,  further, 
as  by  tills  operation  not  only  the  individual  lymph  glands, 
but  also  the  lymph  channels  in  the  broad  ligaincnts  and 
the  greater  part  of  the  vagina,  if  this  sliould  be  found 
necessar}',  can  be  I'enioved,  I  always  perform  tliis  opera- 
tion for  cancer  of  the  cervi.x  if  a  radical  operation  is  indi- 
cated. The  operation  permits  the  liroadest  section  of 
tissue  in  an  uninvolved  field  with  accurate  removal  of 
lymphatics,  thus  complying  with  the  first  surgical  requi- 
site. It  further  admits  of  tills  being  done  under  a  prelimi- 
nary hicmostasis,  and  the  vessels  and  lymjihatics  are  se\'- 
ered  before  the  uterus  is  subjected  to  any  squeezing,  thus 


eliminating  the  possibility  of  extrusion  of  the  cancer  ele- 
ments into  the  absorbents.  Furthermore,  complications 
can  be  better  dealt  with  by  this  route.  The  abdomiijal 
route  permits  the  surgeon  to  remove  all  those  structures 
to  which  cancer  normally  extends  and  in  which  it  has  a 
tendency  to  recur.  In  some  quarters  there  is  a  tendency 
to  apply  the  vaginal  operation  to  the  early  ca.ses,  re- 
serving for  the  abdominal  operation  those  in  which  there 
are  complications,  or  in  which  extension  of  the  cancer 
outside  of  the  cervix  has  taken  place.  If  cancer  were 
free  from  the  tendency  to  recur,  such  a  selection  might 
be  proper,  but  by  adopting  such  tactics  the  operator 
is  neither  just  to  the  operation  nor  to  his  patient  If . 
the  abdominal  operation  is  the  preferable  procedure  for 
accomplishing  all  that  surgery  can  accomplish  for  this 
dLsease  when  complications  already  exist,  it  is,  I  believe, 
still  more  strongly  indicated  in  the  early  cases.  No  one 
has  the  right  to  rob  a  patient  sutlering  from  cancer  of 
even  a  fraction  of  a  per  cent,  of  immunity  from  recur- 
rence. In  all  cases  it  is  the  surgeon's  duty  to  do  the 
most  radical  operation  possible,  jirovided  this  complies 
with  the  surgical  and  anatomical  requirements  of  the 
case  and  does  not  carry  a  prohibitive  mortality.  A 
woman  with  early  (  ancer  has  a  greater  right  to  a  radical 


Fic.  491,i.-I'pon  cutting  the  uterus  loose  upon  the  riglit  side,  it  is 
made  1"  swing  enUrelv  out  of  the  liodv,  so  that  its  posterior  surface 

.  presents  itself,  and  the  forceps  is  shown  gia,sping  the  toii  of  the  left 
broad  ligament,  the  last  pair  of  forceps  to  be  applied.     (Pryor.) 

operation  than  one  with  the  disease  in  a  later  stage,  for 
her  chances  of  recovery  and  of  acquiring  immunity 
against  recurrence  are  greater. 

'  Tiie  operation  has  been  before  the  profession  for  too 
sliort  a  lime  justlv  to  estimate  the  ultimate  results.  It 
has  been  performed  by  me  thirty-four  times  with  three 
deaths,  8.8  per  cent,  mortality.     In  no  case  in  which  the 
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parametrium  was  not  already  involved  has  there  been 
recurrence  as  early  as  at  the  end  of  cue  year.  The  first 
operation  was  done  five  years  ago,  and  the  patient  is  still 
alive,  free  from  recurrence.  In  the  three  fatal  cases  the 
causes  of  death  were  respectively  angina  pectoris  due 
to  arteriosclerosis,  nephritis,  and  endarteritis  obliterans. 
An  extended  report  will  be  made  at  a  future  date. 
Enough  has  been  said  here  to  furnish  reasons  for  the 
procedure. 

The  Operation.  The  Vaginal  Stage. — The  uterus  is 
curetted  and  all  cancerous  spots  are  cut  away.  The  cer- 
vix is  then  thoroughly  roasted  with  the  dome-shaped 
cautery.  The  vagina  is  now  cleansed,  and  a  self-retain- 
ing catheter  introduced  and  left  open  to  drain  the  blad- 
der. This  stage  has  been  conducted  by  the  first  assis- 
tant, who  now  resterilizes  his  hands.  The  patient  ^s 
then  placed  in  position  for  laparotomy. 

The  Abdominal  Stage. — A  median  incision  is  made 
from  the  pubes  to  the  umbilicus.  It  is  necessarj-  to  go 
through  the  pyramidalis  muscle  down  to  the  pubic 
cartilage.  If  the  woman  be  fat,  the  umbilicus  is  re- 
moved and  the  incision  extended  above  this.  Upon 
entering  the  abdomen  the  table  is  lowered  into  the  exag- 
gerated Trendelenburg  position.  The  intestines  and 
omentum  are  gently  taken  from  the  pelvis  and  placed  in 
the  abdomen,  and  the  sigmoid  llexure  is  straightened  out. 
The  curvature  of  the  loins  upon  each  side  of  the  spine 
above  the  pelvic  brim  is  carefully  and  accurately  filled 
with  gauze  pads,  and  other  pads  are  used  so  as  to  make 
a  complete  dam  across  the  body  at  the  upper  end  of  the 
incision,  holding  the  intestines  back.  The  table  is  now 
raised  so  as  to  be  almost  horizontal.  A  careful  survey  of 
the  field  is  made,  but  rapidly.  I  then  pick  up  the  ova- 
rian vessels  of  one  side  at  the  pelvic  brim  before  they 
cross  the  external  iliac  artery  and  ligate  them.  Provi- 
sional ligatures  are  then  applied  near  the  ovaries.  The 
same  is  done  on  the  other  side.     The  broad  ligaments 


Fig.  4916.  -a  Specimen  of  a  Uterus  RemoviHl  iiv  Vneinal  Hysterectomv  (by  the  forceps  opera- 
tiou).  The  cervix,  which  was  the  seat  of  a  cancerous  growth  in  an  early  stape,  is  shown 
closed  by  heavy  silk  sutures,  which  were  employed  to  prevent  soiling  of  the  field  of  opera- 
tion by  the  contents  of  the  uterus.    (Pryor.  i 


between  are  cut  close  to  the  first  ligatures,  which  latter 
are  cut  short.  The  round  ligaments  are  seized  by  artery 
forceps,  drawn  out,  ligaled  close  to  the  internal  inguinal 
rings,  and  cut  short.  Beginning  upon  the  right  side  the 
peritoneum  is  split  upon  a  director  from  the  point  of  the 


first  cut,  along  the  pelvic  brim  below  the  internal  iliac 
artery,  to  the  vesico-uterine  fold.  This  having  been  done 
on  each  side  and  the  two  cuts  uniteil  by  a  third  across 
the  bladder  at  the  vesico-uterine  fold,  the  peritoneal 
covering  of  the  organs  to  be  removed  is  severed  at  all 
points  except  posteriorly.  Using  the  fingers  only,  I  push 
(on  one  side  at  a  time)  the  lower  Hap  of  peritoneum,  in 
which  should  be  the  ureter,  away  from  the  upper,  feeling 
for  the  pulsation  of  the  coriuuou  iliac  artery.  This  blunt 
dissection  proceeds  down  into  the  pelvis  until  the  inter- 
nal iliac  is  found.  At  a  point  over  this,  about  one-half 
an  inch  below  tlie  bifurcation  of  the  common  iliac,  the 
internal  iliac  is  carefully  exposed.  For  this  purpose  I 
use  toothed  forceps  and  Sims'  blunt  vesico- vaginal  scis- 
sors. It  will  be  seen  that  the  artery  is  accompanied,  as 
a  rule,  by  one  vein,  which  usually  lies  below  it;  some- 
times it  is  accompanied  by  two  veins.  The  aneurism 
needle  is  passed  unthreaded  around  the  vessel  from 
within  out.  It  should  then  be  threaded  with  a  chromi- 
cized  tendon  one-sixteenth  of  an  inch  in  diameter,  per- 
fectly round  and  tested.  This  is  di'awn  around  the  ves- 
sel. The  first  knot  is  made  with  one  turn  of  the  strand 
and  tied.  It  should  be  tied  slowly  without  lifting  the  ar- 
tery, and  by  a  pressiu'e  of  about  two  pounds  so  as  to  ap- 
proximate without  rupturing  the  inlima  walls.  The  sec- 
ond knot  is  carefully  tied.  If  pulsation  is  found  below 
the  ligature  another  is  passed  and  tied.  The  ligatures 
are  cut  short.  To  one  side  of  the  bladder,  beneath  the 
horizontal  pubic  ramus,  the  loose  ai-eolar  tissue  and  fat 
are  spread  apart  by  the  fingers  so  as  to  expose  the  wiiite 
obturator  nerve.  The  needle  canying  a  fine  tendon  is 
passed  around  the  vessels,  and  they  are  ligatured.  The 
variations  of  the  obturator  artery  must  be  borne  in  mind 
at  this  stage.  The  dissection  described  above  and  the 
ligations  are  repeated  upon  the  other  side.  These  eight 
preliminary  ligations  have  cut  off  all  blood  supply 
through  the  ovarian,  round  ligament,  uterine,  superior 
vesical,  pubic,  obturator,  gluteal 
and  sciatic  arteries,  and  sometimes 
through  the  iliolumbar.  The  field 
of  operation  will  be  bloodless  ex- 
cept from  severed  veins  and  anas- 
tomoses low  down  in  the  pelvis.  I 
next  dissect  out  the  ureters  to  the 
point  where  thev  pass  beneath  the 
uterine  arteries,  ligate  these  arteries 
at  their  origins  from  the  internal 
iliacs  as  a  precaution,  and  trace 
the  ureters  forward  well  up  to 
their  insertion  into  the  bladder. 
All  fat  in  the  obturator  foramina 
about  the  upper  third  of  the  va- 
gina and  between  the  iliac  vessels, 
together  with  all  glands  which  ju'e 
visible,  are  now  removed.  Partic- 
ular attention  is  paid  to  the  bases 
of  the  broad  ligaments  and  obtura- 
tor foramina,  to  remove  all  lym- 
phatics and  glands.  While  the 
ureters  are  held  up,  the  operator 
dissects  the  bladder  from  the  uterus 
and  upper  half  of  the  vagina.  In 
freeing  the  ureters  thev  should  be 
dissected  entirely  away  from  the 
peritoneal  Haps,  otherwise  much 
fat  will  be  left  clinging  to  them.  I 
usually  at  this  stage  ligate,  as  a 
precaution,  the  superior  vesical  and 
other  anterior  branches  of  the  in- 
ternal iliac  close  to  the  main  ar- 
tery. The  uterus  is  now  held  high 
up  so  as  to  put  the  vagina  and 
utero  -  sacral  ligaments  on  the 
stretch,  and  the  vagina  and  utero-sacral  ligaments,  with 
their  peritoneal  covering,  are  ciix-led  by  the  scissors  be- 
low the  upper  third  of  the  vagina.  Deep  down  in  the 
pelvis  the  erectile  tissue  of  tlie  vagina  will  be  found 
bleeding.     This  is  grasped  and  ligated.     All  loo.sc  bits 
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of  fat  above  the  bases  of  the  broad  ligaments,  between 
the  iliac  arteries  and  between  the  severed  utero-sacral 
ligaments,  are  picked  out.  If  tlie  venous  bleeding  is 
troublesome  the  patient  may  be  lowered   into  Treude- 


extirpation.     It  will  be  seen  how  thorough  a  procedure 
is  the  high  amputation  with  cauterization. 

The   Operation. — The  patient   may  be  in   either   the 
lithotomy  or  the   Sims  position.      I  prefer  the  former. 


riG.  4917.— A  Second  SppciTiien  of  a  (itenis  which  was  lU-jm.vcd.  by  Ihe  Aiithoi's  Method  of  Abdominal  Ablation  with  Preventive 
Haemostasis,  on  account  of  (  iinccrous  Involvenienl  ottheOrvi.x.  Tlie  vaginal  cuff  and  the  lymphatics  surrounded  by  fat  are  well  shown. 
The  drawing  is  from  life,  tlii'  s|>cclmen  having  been  iireservcd  in  alcohol.    (Pryor.) 


lenburg's  position  while  the  operation  is  being  com- 
pleted. The  vagina  is  held  o])en  by  two  forceps  and 
several  rolls  of  gauze  are  inti'odueed,  their  ends  piojecf- 
ing  above  the  vagina.  The  uretei's  are  returned  to  their 
beds  and  the  pei'itoneal  flaps  adjusted  by  inteiTiipted 
sutures  as  far  as  possible.  Upon  each  side  a  sutui-e 
should  pass  through  the  round  ligament,  which  is  stout, 
and  then  through  the  fold  of  peritoneum  at  the  sides  of 
the  rectum.  It  is  unnecessary  to  suture  the  ivctuiu  to 
the  bladder,  as  they  will  fall  together  (Fig.  4917). 

The  field  of  operation  having  been  closed  out,  the  re- 
taining pads  are  removed,  tlie  sigmoid  flexure  and  the 
omentum  are  brought  down,  and  the  abdominal  wound  is 
closed.  The  wound  is  dressed  and  the  patient  placed  in 
the  lithotomy  position.  The  vaginal  dressings  are  ex- 
amined and  adjusted.  In  doing  this  the  livid  hue  of 
the  vulva  and  buttocks,  due  to  the  ligation  of  the  inter- 
nal iliacs,  will  be  noticed.  The  patient  is  given  a  high 
enema  of  one  quart  of  warm  saline  solution  containing 
two  ounces  of  whiskey.  This  is  done  by  dropping  the 
head  of  the  table  and  not  by  inserting  a  long  rectal  tube. 
If  shock  is  present  it  is  to  be  treated  as  detailed  elsewhere. 
The  vaginal  dressings  are  removed  and  renewed  at  the 
end  of  ten  days. 

High  Ampiitation. — Indications. — In  the  author's  opin- 
ion, the  few  cases  which  cannot  stand  the  strain  of  the  per- 
fected abdominal  operation  will  receive  a  better  idtimate 
result,  with  less  immediate  risk,  from  the  operation  now 
about  to  be  discussed  than  from  vaginal  hysteix-ctomy. 
It  has  been  shown  that  cancer  of  the  cervix  has  little 
tendency  to  ascend  above  the  internal  os.  It  is,  there- 
fore, in  operating  for  cancer  of  the  cervix,  not  necessaiy 
to  proceed  above  the  internal  os.  The  true  indication  is 
for  a  removal  of  the  upper  third  of  the  vagina  and  the 
parametric  tissue  and  glands  outside  the  ureter.  This  is 
accomplished  only  by  laparotomy,  never  by  vaginal  hys- 
terectomy. Vaginal  hysterectomy  may  then  be  termed 
an  operation  of  pui-ely  local  application,  such  as  is  ampu- 
tation of  the  mamma  without  muscular  and  glandular 


Wooden  retractors  are  preferable.  If  metal  ones  are 
used  they  must  be  frequently  cooled  by  iced  water.  The 
uterus  is  curetted  and  the  "cervix  amputated  by  Sims' 
method.  The  diverging  tenaculum  is  then  intioduced 
into  the  uterine  canal  and  the  excavated  stump  drawn 
down.  A  sharp-pointed  knife,  curved  on  the  flat,  is  in- 
serted into  the  tissues,  and  a  hollow  cone  of  tissue  is  re- 
moved. Tlie  tenaculum  is  again  introduced  and  another 
cone  removed.  This  is  repeated  until  the  uterus  is  exca- 
vated, so  that  upon  digital  examination  nothing  remains 
of  the  cervix  but  a  thin  shell  of  tissue.  The  resulting 
cavity  leads  by  a  broad  opening  into  the  uterine  cavity, 
and  there  should  be  no  constriction  at  the  former  site  of 
the  internal  os.  The  wound  made  by  the  successive  ap- 
plications of  the  knife  should  open  downward  as  a  cone 
with  a  broad  base. 

The  operator  now  introduces  the  dome-shaped  elec- 
trode, cold,  as  high  up  as  the  fundus  uteri  and  turns  on 
the  current  sufficiently  to  heat  the  knife  white.  It  is 
held  in  one  position  until  all  bleeding  stops  and  the  ad- 
jacent tissues  are  charred  black.  This  takes  about  tifteen 
minutes.  The  heat  radiates  in  all  directions,  and  while 
being  applied  frequent  applications  of  gauze,  wrung  out 
in  iced  water,  are  to  be  made  to  the  vaginal  retractors. 
The  staff  of  the  cautery  must,  of  course,  not  be  allowed 
to  touch  the  retractors.  After  thus  cooking  the  corpus 
uteri  the  current  is  turned  off  and  the  cautery  is  with- 
drawn as  far  down  as  the  cervix.  If  it  is  arrested  at  this 
point  it  is  because  the  cervix  has  not  been  properly  ex- 
cavated by  the  knife.  The  cautery  is  next  held  within 
the  cervical  excavation  and  the  current  turned  on.  Not 
only  should  the  heat  convert  the  remains  of  the  cervix 
into  a  carbonized  mass,  but  the  grayish  tint  assumed  by 
the  adjacent  vagina  shows  that  it,  too,  is  destroyed. _  As 
the  cervical  cavity  has  been  thinned  out,  less  time  is  re- 
quired to  destroy"  it  than  in  the  case  of  the  corpus.  _  In 
fact,  the  corpus  "is  so  thick  that  the  area  of  carbonized 
tissue  protects  it,  and  I  have  never  seen  it  all  slough 
away.     The  application  of  the  cautery  to  the  cervix 
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must  be  most  thorough.  It  is  more  often  doue  incom- 
pleteh'  than  in  au  ade(iuately  thorough  manner.  It  is 
ahnost  needless  to  say  that  the  heat  produces  a  sterilized 
wound.  It  must  also  undouljtedly  destroy  the  pericer- 
vical  tissues,  particularly  the  less  vitalized  cancer  cells, 
throughout  quite  an  area. 

The  wound  is  not  packed,  luit  when  a  discharge  begins 
the  patient  is  jnit  on  mild  aiitiseptie  douches.  Surpris- 
ingly little  pain  results.  Advanced  cases  are  no  bar  to 
the  operation.  It  exerts  a  retarding  effect  in  all  cases  of 
cancer  of  the  cervix  uteri.  Instead  of  removing  the  tis- 
sues b}'  knife  and  then  applying  the  cautery,  the  entire 
operation  may  be  performed  by  the  cauter}-  knife,  but 
more  slowly. 

The  Treatment  of  Advanced  Carcinoma  of  the  Cermx 
Uteri. — This  embraces  leraoval  of  all  sloughy  and  necro- 
tic tissue,  so  far  as  is  ]iossible.  in  order  to  secure  local 
cleanliness.  During  tlie  application  of  the  curette  and 
scissors  frequent  digital  examinations  should  be  made  to 
determine  the  thickness  of  the  tissue  remaining  around 
the  cavity.  Should  the  peritoneal  cavity  or  the  rectum 
or  bladder  be  entered,  the  patient's  danger  is  much  aug- 
mented. If  the  peritoneal  cavity  is  entered  it  should  be 
drained,  not  sutureil ;  and  if  the  bladder  or  rectum  be 
wounded  suture  is  useless,  for  cancerous  tissues  will  not 
luiite,  and  consequently  the  organ  entered  must  be  kept 
empty  in  the  liope,  usually  vain,  that  the  opening  will 
close.  If  the  peritoneal  cavity  is  entered  the  drainage 
is  to  be  effected  by  means  of  a  catheter;  but  if  the  rec- 
tum is  penetrated  a  rectal  ttibe  should  be  used  for  this 
purpose.  In  cases  in  which  no  damage  has  been  done  to 
any  adjacent  organ,  after  all  sloughing  tissue  has  been 
cut  and  .scraped  away,  tlie  bleeding  is  to  be  checked  by 
the  application  of  the  galvano-cautery.  This  cauteriza- 
tion will  |iroiluce  a  superficial  slough,  which  in  a  few 
da3'S  will  separate,  leaving  a  granidating  wound.  Further 
removal  of  tissue  can  be  secured  by  the  following  method 
of  treatment:  Thin  circular  pieces  of  cotton,  about  one 
half  an  inch  in  diameter,  are  squeezed  out  in  an  aqueous 
solution  of  chloride  of  zinc  of  twenty-per-ceut.  strength. 
These  are  packed  snugly  all  around  the  cervical  cavity 
so  as  completely  to  fill  it.  Over  the  whole  the  vaginal 
vault  is  packed  with  large  pieces  of  cotton  wrung  out 
in  a  saturated  solution  of  bicarlmnate  of  soda.  This  is 
essential,  becau.se  as  the  serum  percolates  through  the 

zinc -laden  cot- 
ton it  would 
cauterize  the  va- 
gi u  a  unless 
caught  and  neu- 
tralized by  the 
soda  solution. 

The  dressing 
is  left  in  for  two 
days.  Ujion  its 
remo\'al  tlie  cer- 
vical cavity  will 
be  found  lined 
by  a  grayish 
slough.  T  w  o 
days  later  this 
can  be  picked 
away  by  for- 
ceps. In  this 
way  repeated 
sloughs  can  be 
produced  and 
removed.  When 
the  pliysiciau  is 
not  p  r  o  V  i  d  e  d 
with  an  actual 
cautery,  this 
t  r  e  a  t  m  e  n  t  by 
means  of  caustic  solutions  can  be  begun  after  the  opera 
tion  for  removal  of  the  cancerou.s  outcro|ipings,  as  soon 
as  the  bleeding  has  ceased.  I  have  tried  all  the  various 
methods  of  local  treatment  and  find  this  the  simplest  and 
most  eflicacious.     Immediately  upon  the  completion  of 


Fig.  4918.— Round-cell  Sarcoma  of  the  Uter- 
ine Wall,  of  the  usual  type.     (Wyder.) 


this  treatment  the  patient  should  be  put  on  thjToid  ex- 
tract. I  have  seen  good  residts  follow  in  many  cases, 
and  in  no  case  have  I  failed  to  .see  the  disease  arrested, 
for  a  time  at  least.  The  thyroid  should  be  pushed  to 
the  point  of  tolerance. 

Pain  in  carcinoma  must  be  relieved  by  opiates.  At 
first,  codeine  suppositories  are  employed,  then  the 
stronger  preparations  of  opium. 

Section  of  the  spinal  nerves  I  cannot  recommend. 

Hemorrhages  occurring  during  the  course  of  cancer  are 
best  treated  by  tamponade  with  vinegar-soaked  cotton. 

As  the  pelvis  becomes  blocked  with  cancer  masses,  ob- 
struction of  the  bowel  may  occur.  It  is  then  the  sur- 
geon's duty  to  perform  colostomy. 

The  rapidity  of  growth  of  a  cancer  of  the  uterus  may 
be  cheeked  by  ligathig  the  blood-vessels  which  nourish 
it.  Tlie  plan  which  I  adopt — and  which.  I  believe.  I 
was  the  first  to  advocate — is  to  iigate,  through  the  median 
abdominal  incision,  the  ovarian,  the  internal  iliac,  and 
the  obturator  arteries.  When  the  operation  is  completed, 
a  short  incision  is  made  into  the  peritoneum — one  just 
long  enough  to  enable  the  opei'ator  to  reach  the  vessels. 
After  completion  of  this  operation  the  cancer  masses  are 
scraped  away  through  the  vagina,  and  every  facility  is 
offered  for  the  freest  escape  of  the  necrosing  tissue. 
The  patient  K  put  upon  thyroid  extract  and  tonics. 
By  this  treatment  life  is  mucli  prolonged  and  suffering 
diminished. 

Other  Methods  of  Treatment. — Serum  therapy  has  been 
employed  in  a  numlier  of  cases  and  in  various  forms,  but 
without  benefit.  The  cases  reported  to  be  relieved  have 
upon  critical  examination  proved  worthless  for  statistics. 

Owing  to  the  inaccessibility  of  the  cancerous  uterus, 
the.f-ray  treatment  can  be  carried  out  only  with  difficulty. 
It  is  as  j'et  in  a  purely  experimental  stage. 

Injections,  into  the  cancer  mass,  of  various  drugs,  such 
as  methylene  blue  and  alcohol,  have  been  employed,  but 
with  little  or  no  benefit. 

S.\i!COM.\  OP  THE  Utekus. — Frequency. — Von  Franque, 
Gualt,  Gessner,  and  Roger  Williams,  in  analyzing  19.263 
uterine  tumors,  found  sarcoma  but  44  times.  In  1894 
J.  Whitridge  WiUiams,  of  the  Johns  Hopkins  Hospital, 
could  find  in  literature  reports  of  but  144  cases,  in  34  of 
which  the  cervix  alone  was  involved.  The  disease  is 
undoubtedly  more  frequent  than  these  reports  would  in- 
dicate, being  often  classed  as  flbromyoma  in  its  beginning, 
and  as  cancer  after  ulceration  has  set  in. 

Age. — Sarcoma  of  the  uterus  is  most  frequent  before 
the  menopause.  Gusserow,  in  analyzing  73  cases,  found 
52  under  fifty  years  of  age.  The  youngest  child  in 
which  it  has  occurred,  according  to  the  report  of  Hollan- 
der, was  but  seven  months  old. 

Fertilitji. — Aliout  forty  per  cent,  of  sarcomatous  wom- 
en are  sterile,  and  in  those  who  bear  children  the  average 
to  each  is  1.46  children. 

Patlivloyji. — The  disease  may  occur  as  either  a  spindle- 
cell  or  a  round-cell  sarcoma.  It  may  involve  the  mucous 
membranes  of  the  organ  or  its  parenchyma. 

Sarcoma  of  the  Cerrii.  The  cellular  invasion  becomes 
so  great  as  to  produce  knobbed  projections  into  the 
vagina.  Tlie  growth  is  hard  and  nodular  at  first,  but 
after  a  time  it  sloughs.  Or  there  ma.y  be  "grape-like" 
polypi  hanging  from  the  cervix.  These  are  always  mul- 
tiple, oval  in  shape,  and  yellowish-brown  in  color,  and 
about  one-third  of  an  inch  in  diameter.  They  are  trans- 
lucent and  easily  broken,  affording  escape  to  a  thick 
fluid.  They  strongly  resemble  a  portion  of  a  h)'datidi- 
form  mole.  These  projections  are  composed  of  epithelium 
overlying  layers  of  sarcoma  cells,  with  clear  spaces  be- 
tween. 

Sarcmna  of  the  Corpus  Uteri.  The  surface  of  the  uterine 
cavity  is  nodular  but  smooth,  but  may  be  rougli  after 
ulceration  begins. 

Symptom.^. — The  growth  causes  a  general  enlargeinent 
of  the  tissues  in  which  it  arises.  The  uterus  is  increased 
in  size,  is  movable  until  the  surroundings  become  in- 
volved by  an  extension  of  the  new  growth,  is  insensitive, 
and  in  all  respects  resembles  either  fibromyoma  or  cancer. 
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But  one  form  of  sarcoma  is  at  all  clinically  easy  of  recog- 
nition, viz.,  the  "grape-like"  form  of  cervical  sarcoma. 
Even  the  microscopic  diagnosis  is  often  most  difficult,  and 
yet  upon  the  microscope  alone  does  a  positive  diagnosis 


Fig    1919.— Sarcomii  ut  the  fttrine  Muccsa,  with  a  Blood  Cyst  in  the 
Uterine  Wall.     (Pean.l 

rest.  The  sulijective  symptoms  are  at  first  those  of  fibro- 
myonia  and  later  of  cancer.  Sarcoma,  however,  grows 
more  rapidly  than  fibromyoma,  and  the  metrorrhagia  is 
in  disproportion  to  the  size  of  the  growth.  If  a  nodule 
projects  into  the  vagina  and  is  seen  early,  it  will  be 
found  to  present  a  sinoother  aspect  than  cancer  and  to 
be  more  friable  than  fibroid.  The  sarcomatous  nodides 
are  readily  broken  int<i,  while  submucous  fibiomyomatii, 
•which  can  be  palpated  tlnough  a  dilated  cervix,  are 
firm.  Sarcoma  occurs  usually  before  the  menopause, 
while  cancer  is  most  common  later  in  life. 

That  fibromyoma  not  uncommonly  breaks  down  into 
sarcoiua  must  "be  remembered. 

■Treatment.— ^.s  soon  as  the  diagnosis  is  made,  and  if 
the  disease  has  not  progressed  too  far,  abdominal  removal 
of  the  uterus,  ovaries,  and  tubes  is  indicated,  and  should 
be  accomplished  by  a  broad  dissection.  Although  the 
uterus  may  be  small  enough  to  admit  of  its  removal  by 
the  vagina,  this  should  not  be  attempted  because  of  the 
exceeding  vascularity  and  friability  of  these  growths. 
In  the  removal  of  the" organs  by  way  of  the  abdomen,  the 
vessels  should  be  ligated  at  some  distance  from  the  uterus 
so  as  to  add  to  the  prognosis  the  benefits  which  such  a  pro- 
cedure is  known  to  secure  in  the  treatment  of  sarcomata. 

The  injection  of  Coley's  fluid,  so  successful  iu  the 
treatment  of  sarcoma  on  the  surface  of  the  body,  is  con- 
traindicated  in  sarcoma  of  the  uterus,  owing  to  the  cer- 
taintv  that  a  fatal  sepsis  will  result. 

Even  in  cases  too  far  advanced  for  a  suc<>eS6ful  radical 
operation,  the  internal  iliac,  ovarian,  and  obturator  arte- 
ries should  be  ligated. 

Deciduom.\  ]\i.\LiGNU.M.— Called  also  "sarcoma  chorio- 
cellulaie,"  "syncytioma  malignum,"  "sarcoma  deciduo- 
cellulare,"  etc. 

Dell  nitron. — Deciduoma  malignum,  first  described  by 
Sanger  in  1888,  is  a  malignant  neoplasm  of  the  uterus 
occurring  only  with  or  after  conception. 

Free/nenci/.—The  di.sease  is  about  as  frequent  as  sarco- 
ma, 133  cases  having  been  reported  up  to  January,  1903. 

^4^(.._The  average  age  in  134  cases  was  thirty-two 
years,  but  113  of  the  IS'i  cases  occurred  after  the  forty- 
fifth  year.  The  disease  is  unlike  epithelioma  in  respect 
of  the  age  at  which  it  occurs. 


Fertility. — In  90  of  the  cases  repoited  the  pregnancies 
are  given,  and  the  women  averaged  4.3  conceptions. 
The  disease  is  unlike  sarcoma  in  this  regard. 

Pathology. — We  have  not  space  to  discuss  the  various 
theories  regarding  the  nature  of  this  interesting  disease. 
The  readeris  referred  to  the  exhaustive  article  by  Frank 
Pierce  in  the  American  Journal  of  Obstetrics  for  ^larch, 
1903,  and  also  to  the  article  on  tliis  subject  in  the  pre- 
ceding volume  of  the  Handbook.  It  is  my  belief  that 
the  uteri  in  which  these  growths  develop  are  already 
.sarcomatous  before  the  occurrence  of  the  pregnancy 
which  always  accompanies  deciduoma.  The  rapidity  of 
the  growth  "after  delivery  or  abortion  is  not  strange,  but 
conforms  to  the  progress  of  all  malignant  growths  about 
the  pregnant  uterus.  Microscopicall3^  the  growth  con- 
sists of  irregularly  shaped  protoplasmic  masses,  of  deep 
color,  nucleated,  and  resembling  the  syncytium  of  a 
chorionic  villus;  and,  in  close  relation  with  these,  are  the 
cellular  masses  called  Langhaus'  cells  (Fig.  4930). 

The  growths  develop  rapidly,  the  nodular  masses 
soon  appearing  in  all  parts  of  the  uterus  and  pelvis. 
Metastases  are  commonly  present  in  fatal  cases. 

Symptoms. — As  already  stated,  the  patient,  in  every 
case,  either  is  or  has  recently  been  pregnant.  About  forty 
per  cent,  of  all  cases  have  been  preceded  by  hydatid 
mole.  Therefore  in  e^•ery  case  of  sucli  a  mole,  flecidu- 
oma  malignum  should  be  suspected.  The  disease  is  also 
seen  to  follow  ectopic  gestation,  normal  labor,  and  abor- 
tion. The  first  symptom  after  delivery  is  hemorrhage. 
This  does  not  occur  very  soon  after  deliver}',  as  does  a 
postpartum  bleeding,  bijt  is  first  seen  during  the  puer- 
peral months-  or  a  little  later.  The  hemorrhages  are 
severe,  repeated,  and  rapidly  recurrent.  Profound  ans- 
mia  soon  occurs.  Soon  after  the  first  bleedings  a  jn-ofuse 
discharge  of  muddy  watei-y  fluid  occurs,  and  is  seen 
when  the  patient  is'  not  bleeding.  Metastases  occur  in 
the  vagina  and  such  distant  organs  as  the  lungs,  but  sel- 
fiom  in  the  liver. 

The  patient  usually  has  an  elevation  of  temperature, 
and  an  increase  in  the  pulse  rate  proportionate  to  the 


Fig  4920.— Syncytioma.  .s.  Syncytium  •.  »«,  necrotic  llsstrc-;  I,  leuco- 
cytes; bg.  connective  tissue;  c,  ceUular  (decidual)  part  of  the  tu- 
mor:  n,  nuclei  in  the  syncytium.    (Marchand.) 

hemorrhages.  Pain  is  not  an  eariy  symptom,  but  occurs 
when  the  pelvic  nerves  become  pressed  upon  by  the 
mass. 

Upon  examination  the  enlargement  of  the  uterus  is 
first  noted.     If  the  nodules  have  penetrated  the  uterine 
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wall,  the  peritoneal  surface  of  the  uterus  will  be  found 
nodular.  The  cervix  is  commonly  dilated  enough  to  ad- 
mit the  examining  finger,  upon  introducing  which  the 
friable  spongy  mass  may  be  felt.     It  bleeds  readily. 

Whereas  usually  the  primar_y  tumor  is  in  the  uterus, 
occasionally  it  will  occur  first  in  the  vagina. 

Deciduoma  nialignum  is  of  more  rapid  growth  than 
any  other  neoplasm. 

The  patient  dies  from  anaemia,  heinorrhage,  or  metas- 
tatic complications. 

Diufjiiosis. — In  every  case  of  labor  or  abortion,  in  which 
late  hemorrliagcs  occur,  an  immediate  iutra-uterine  ex- 
amination is  indicated.  If  a  rough  surface  is  found,  and 
if.  after  the  roughnesses  have  been  removed,  they  soon 
reappear  and  are  accompanied  by  hemorrhage,  this  dis- 
ease must  be  suspected  and  the  microscope  appealed  to. 
The  very  frequent  association  of  liydatid  luole  with  do 
ciduoma  must  compel  keen  watchfulness  in  all  cases  of 
such  moles. 

Slarchand  found  that  eleven  patients  died  in  less  than 
si.v  months,  and  five  within  a  year,  wliile  only  one  lived 
as  long  as  three  years.  When  tlie  disease  occurs  prima- 
rily in  the  vagina,  the  progress  is  not  so  rapid. 

Treatmeni. — As  soon  as  a  diagnosis  is  made,  if  the  dis- 
ease be  limited  to  the  uterus,  total  abdominal  hysterec- 
tomy should  be  jierformed  according  to  the  technique 
laid  down  for  cancer.  Willini/i  /?.  th-ynr. 

UTERUS.  DISEASES  OF:  NON-MALIGNANT  NEW 
GROWTHS. — The  benign  neoplasms  affecting  the  uterus 
may  be  divided  into  two  groups  according  to  their  his- 
togenesis: 

1.  Those  originating  in  tlie  uterine  parench_yma — ^fibro- 
ma, myoma,  and  adeno-myoma. 

2.  Those  originating  in  the  remains  of  embryonal 
structures — cysts  of  the  Wolftiau  duct  and  cysts  of  the 
Milllerian  duct. 

Eelatice  Frequency. — The  uterus  is  extremely  prone  to 
invasion  by  non-malignant  neoplasms,  especially  fibro- 
myomata.  Thus,  in  \V.  K.  Williams'  series  of  3,(549  ute- 
rine new  growths  883  were  myomata.  In  Gurlt's  series 
of  4,11.5  uterine  neoplasms  481  were  fibro-myomata. 

The  relation  of  uon-malignant  new  growtlis  of  the  ute- 
rus to  malignant  ones  is  40.6'3  per  cent,  of  the  former  to 
58.38  per  cent,  of  the  latter.  The  non-malignant  glandu- 
lar tumors  occur  with  nuich  less  freciuency. 

Of  the  neoplasms  originating  in  the  uterine  parenchyma 
the  fibromata  and  m_yomata  are  recognized  as  being  of 
identical  structure,  varying  only  in  the.  relative  projior- 
tion  of  the  fibrous  and  muscular  elements  present.  They 
are  therefore  grouped  under  the  common  head  of  myoma. 

Elioloiii/. — The  etiology  of  mj'oniata,  in  common  with 
other  neoplasms,  is  notas  yet  understood.  These  tumors 
usually  develop  during  the  period  of  sexual  maturity, 
seldom  if  ever  before  puberty  (never  according  to  Gusse- 
row),  and  they  very  rarPly  appear  after  the  menopause. 
They  are  more  common  in  the  negro  than  in  the  white 
race,  and  it  would  seem  from  many  case-histories  that 
heredity  is  a  predisposing  factor. 

Myomata  may  be  said  to  be  in  general  growths  of  the 
menstruating  uterus,  since  their  greatest  activity  of 
growth  is  during  this  period.  They  frequently  atrophy 
after  the  menopause. 

ilm-pliolorjji. — According  to  their  situation  uterine  myo- 
mata are  divided  into  those  of  the  body  of  the  uterus, 
those  of  the  cervix,  and  intraligamentous  tumors. 
Those  of  the  body  of  the  uterus  are  again  divided  into 
subserous,  interstitial,  and  submucous  tumors. 

Strictly  sjieaking.  the  subsero\is  variety  should  include 
only  those  tumors  which  are  sheathed  with  peritoneum 
and'  lie  free  in  the  abdominal  cavit}',  attached  to  the  ute- 
rus only  by  a  pedicle.  Submucous  tumors  should  in- 
clude only  those  which  hang  free  in  the  uterine  cavity, 
are  attached  only  by  a  pedicle,  and  have  no  muscular 
coat.  All  intermediate  forms  should  be  designated  as 
interstitial.  Ordinarily,  however,  tho.se  growths  which 
project  into  the  abdominal  cavity  and  which  originate  in 
the  subperitoneal  livyer  of  the  uterine  muscle  are  called 


subperitoneal,  and  those  projecting  in  a  like  manner  into 
the  cavity  of  the  uterus,  whether  or  not  they  be  covered 
with  nuisele,  are  known  as  submucous  tumors. 

Besides  these  situations  the  tuiuor  may  be  confined  be- 
tween the  layers  of  the  broad  ligament ,  the  intraliga- 
mentous form. 

Subperitoneal  myomata  are  single  or  multiple  nodules 
which,  from  being  primarily  interstitial,  have  secondarily 
become  siil)peritoneal.  They  are  closely  covered  by  the 
peritoneum  and  are  attached  to  the  uterus  by  a  broad 
pedicle.  The  tumor  is  inunediatelu  surrounded  by  loose 
connective  tissue.  Torsion  of  the  pedicle  may  occur  with 
entire  detachment  of  the  tumor  from  the  uterus.  Through 
inflanwnatory  adhesions  the  growth  may  become  attached 
to  surrounding  structures,  or  it  maj'  remain  as  a  migra- 
tory tumor  in  the  abdominal  cavity.  The  intraligamen- 
tous myoma  is  a  subperitoneal  growth  arising  from  the 
lateral  wall  of  the  titcrus  or  from  the  supravaginal  cervix. 
It  pushes  apart  the  peritoneal  folds  of  the  broad  ligament, 
and  grows  either  beneath  or  between  them,  being  thus 
extraperitoneal.  The  intraligaiuentous  myoma  from  its 
position  niaj'  exert  pressure  upon  important  structures 
and  cause  grave  symptoms.  Usually  firmly  bound  down 
and  in  close  relation  with  the  pelvic  vessels  and  neryes 
and  the  ureters,  the  intraligamentous  myoma  is  extremely 
difficult  of  access. 

Interstitial  myoma,  the  primary  type  of  all  myomata 
of  the  uterus,  occurs  as  circumscribed  tumors  lying  in  the 
uterine  wall  and  attached  to  the  myometrium  by  a  loose 
connective-tissue  capsule.  In  soiue  cases  the  capsule 
cannot  be  differentiated,  and  in  other  rare  cases  there  oe- 
ciu's  a  diffuse  myoma  of  the  myometrium.  Submucous 
myomata  are  those  in  which  the  greater  part  of  the  nod- 
ule projects  into  tlie  cavity  of  the  uterus  as  a  polypus, 
having  a  pedicle  of  varying  lengths.  The  tumor  is  soft 
in  consistence,  usually  has  a  free  blood  supply,  and  is 
covered  with  loose  connective  tissue  and  to  some  extent 
with  endometrium.  Tlie  pedicle  is  formed  of  dense  fibro- 
museular  tissue,  with  a  sheath  of  mucous  membrane,  and 
contains  a  few  blood-vessels. 

The  submucous  myomata  may  become  adherent  to  the 
neighboring  uterine  wall  by  iiiHammation. 

Cervical  myomata  are  of  rather  infrequent  occurrence, 
forming  from  five  to  six  per  cent,  of  all  uterine  m3'omata. 
They  develop  either  from  the  infravaginal  or  from  the 
supravaginal  cervix,  the  former  growing  usually  into  the 
vagina,  the  latter  into  the  retrocervieal  connective  tissue. 

Myomata  in  general  are  multiple;  sometimes  they  are 
single  oval  nodules,  usually  sharply  circumscribed  and 
surrounded  by  a  capsule  of  loose  connective  tissue.  The 
growth  may  be  hard  or  soft,  is  whiti.sh  or  pinkish  in  color, 
and  may  vary  greatly  in  size.  Arising  in  the  myometri- 
um, the  tumor  develops  in  the  direction  of  least  resistance, 
and  eventually  assumes  one  of  the  positions  described 
above.  On  section  the  tumor  is  glistening  and  may  be 
of  homogeneous  structure,  though  more  frequently  it  is 
divided  into  lobules  by  septa  of  dense  fibrous  tissue 
which  give  it,  on  section,  a  striated  appearance.  The 
consistence  of  the  tumor  varies  from  the  soft  jiure  myo- 
ma to  the  hard  fibromyoma  and  the  almost  slony  pure 
fibroma.  The  blood-su]ii)ly  of  the  tumor  substance  is 
poor,  being  limited  to  a  few  small  vessels.  The  connec- 
tive-tissue capsule  is  freely  supplied  with  large  arteries 
and  venous  sinuses. 

Histologically,  myomata  are  formed  of  a  inuscular  tis- 
sue the  cells  of  which  po.sse.ss  the  spindle-shaped  nuclei 
and  the  homogeneous  protoiilasm  characteristic  of  uu- 
striped  muscle  in  other  localities.  The  muscle  bundles 
are  .separated  into  lobules  by  septa  of  dense  connective 
tissue.  In  certain  cases  this  (lense  connective  tissue 
forms  the  basis  of  the  tumor.  In  all  cases  mast  cells  of 
various  shapes — long,  spindle,  ovoid,  or  round — are  pres- 
ent in  varying  nuiubers,  occurring  mostly  in  the  neigh- 
borhood of  the  blood-vessels. 

The  myometrium  undergoes  an  associated  true  hyper- 
trophy in  interstitial  and  submucous  myomata,  as  well 
as  in  someca.sesof  subperitoneal  myomata.  The  uterine 
walls  become  thickened  and  the  cavity  is  distorted  and  en- 
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larged.  Tbe  endometrium  also  undergoes  liypertroplij- 
iu  niyomata,  some  cases  slicnviug  a  liyjierplasia  of  tlie 
gland  substance,  some  a  thickening  of  the  stroma,  some 
bobli. 

In  the  presence  of  a  large  myoma  the  Fallopian  tube 
frequently  is  the  seat  of  a  salpingitis,  while  the  ovary 
ahuost  always  undergoes  a  hyperplasia  of  tbe  connective 
tissue,  with  some  degeneration  iu  the  neighborhood  of 
the  blood-vessels. 

The  myoma  itself  very  frequently  luidergoes  patho- 
logical change.  Among  the  conditions  which  may  result 
are  atroph_v,  calcareous  infiltration,  fatty  degeneration, 
amyloid  dcgeneralion,  maceration,  myxomatous  degene- 
ration, iullammation,  necrosis  and  gangrene,  thrombi, 
telangiectatic  change,  sarcomatous  degeneration,  and  the 
association  of  carcinoma. 

Atrophy  results  when  the  myoma  undergoes  a  part  of 
the  general  physiologic  involulion  of  the  genital  system 
following  the  puer])eriuni,  the  menopause,  or  after  a 
bilateral  oophorectomy.  The  muscle  cells  decrease  in 
number  and  tbe  relative  proportion  of  fibrous  matter  is 
greatly  increased,  the  tumor  being  converted  into  a  dense 
structure  of  practically  cicatricial  tissue.  Occasionally 
the  growth  entirely  disappears. 

Calcareous  infiltration  may  take  place  locally  or  gene- 
rally. It  oec\irs  with  advanced  atrophy,  and  in  some 
instances  the  entire  myoma  is  converted  into  a  calcareous 
mass  by  tbe  deposition  of  lime  salts — the  so-called  womb 
stone.  Bony  changes  or  osteom\'onia  have  also  been 
described. 

Fatty  degeneration  occurs  in  the  muscle  fibres  and  is  fre- 
quently found  iu  the  interstitial  and  submucous  tumors, 
rarely  "in  the  subperitoneal.  It  occurs  after  pregnancy 
and  also  in  those  growths  which  have  a  dense  consistence. 

Amyloid  degeneration  of  the  tumor  alone  or  of  the 
tumor  and  the  myometrium  may  be  found,  but  this 
change  is  of  rather  rare  occurrence. 

Maceration  of  the  tumor  may  occur  as  a  result  of  an 
acute  disturbance  of  the  circulation;  tbe  tissue  becomes 
soft,  infiltrated  with  blood,  and  finally  assumes  a  brown- 
ish-green color.  My.xomatous  degeneration  occurs  fre- 
quentlj%  more  especiallj' in  the  intraligamentous  variety, 
and  rarely  in  the  subperitoneal  variety.  It  begins  with 
softening,  the  consistence  of  the  tumor  becomes  cystic, 
and  finally  cavities  filled  with  nnicoid  substance  are 
formed  in  the  centre  of  tbe  nodule.  Tumors  undergoing 
myxomatous  degeneration  increase  rapidly  in  size. 

luHammation,  necrosis,  and  gangrene  of  myoma  are 
frequent,  the  pathogenic  organisms  entering  through  the 
vagina,  or,  in  tbe  case  of  subperitoneal  myoma,  through 
the  intestines. 

Tln-ombi  may  be  found  in  the  blood-vessels,  especially 
following  torsion  of  the  pedicle  and  incarceration. 

Telangiectatic  change  is  an  occasional  condition.  The 
tumor  tissue  is  infiltrated  with  numerous  dilated  blood- 
vessels. In  some  instances  the  lymph  vessels  may  lui- 
dergo  dilatation,  as  a  residt  of  which  numerous  cystic 
cavities  lined  with  endothelial  cells  (cystic  myoma")  are 
formed. 

Miil/r/nnnt  Verjenevaiion. — Myomata  may  undergo  a 
sarciimulous  metaplasia,  or  the}'  may  be  associated  with 
carcinoma.  The  transition  into  sarcoma  is  thought  to  be 
due  to  a  direct  change  of  the  muscle  cells  into  sarcoma 
cells.  The  tumors  increa.5e  rapidly  iu  .size,  undergo 
necrotic  change,  and  the  sarcoma  infiltrates  the  surround- 
ing structures. 

The  association  of  carcinoma  with  myoma  is  thought 
to  be  due  to  au  inversion  of  the  polypoid  growth  of  the 
mucous  membrane  into  the  myoma  tissue,  or  it  is  a  carci- 
noma developing  from  the  glandular  elements  of  an  adcno- 
myoma,  or  tliere  may  possibly  occur  a  true  metaplasia  of 
the  myoma  elements  into  carcinoma. 

The  symptomn  of  myoma  uteri  are  hemorrhage,  pain, 
intermenstrual  discharge,  and  pressure  symptoms. 
Hemorrhage  is  present  in  the  great  majority  of  myomata 
of  all  kinds :  it  occurs  as  a  menorrhagia  or  a  metrorrhagia. 
There  may  be  an  increase  in  the  menstrual  bleeding,  or 
the  hemorrhage  may  appear  at  irregular  intervals,  follow- 
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ing  unwonted  exertion,  coitus,  etc.,  or  it  may  occur  as  a 
continuous  bleeding  from  the  uterus.  Usually  the  hem- 
orrhage is  not  alarming  in  amount,  and  can  readily  be 
controlled  by  rest  in  bed  and  the  exhibition  of  astringent 
drugs,  as  ergot.  In  some  cases,  however,  a  profound  and 
sometimes  fatal  ancemia  is  ]5roduced.  The  hemorrhage  is 
independent  of  the  size  of  the  tumor,  but  varies  greatly 
with  its  position  and  variety.  Thus  the  bleeding  is  mo.st 
severe  iu  tbe  uteiiue  polyj),  less  marked  in  the  intersti 
tial  variety,  and  least  in  the  subperitoneal  form.  Again, 
the  hemorrhage  is  more  severe  iu  the  .soft  and  O'dematous 
myomata  than  in  tbe  dense  fibrous  forms.  The  hemor- 
rhages are  caused  by  the  increased  area  of  the  endo- 
metrium, due  to  the  uterine  enlargement  and  to  a  heuuir- 
rhagic  endometritis  set  up  by  the  irritating  presence  of 
the  tumor. 

Pain  is  a  more  or  less  constant  symptom.  It  varies 
greatly  iu  character  and  degiee.  It  may  be  referred  to 
the  occiput,  the  top  of  the  bead,  or  the  sacral  region. 
Bearing-down  and  dragging  sensations  in  the  pelvis  and 
expulsive  contraction  of  the  iiterus  are  frequent.  The 
pain  is  always  iucrea.sed  during  the  menstrual  ])eriods, 
and  during  the  early  growth  of  the  tumor  it  may  be  pres- 
ent only  at  these  periods;  later,  it  becomes  constant. 

Iiitermeiiilnad  (Uschitrrje,  tbe  result  of  a  profuse  secre- 
tion from  the  utricular  glands,  occurs  between  the 
hemorrhages.  The  secretion  is  usually  thin  and  serous, 
and  may  be  very  profuse.  In  some  cases  in  which 
hemorrhage  is  not  marked  its  place  seems  to  be  occupied 
li_v  this  serous  discbarge.  Dysmenorrhcea  is  a  comnum 
symptom. 

Pressure  may  cause  many  mechanical  disturbances: 
constipation  or  mucous  diarrhoea,  hemorrhoids,  difficult, 
painful,  and  frequent  micturition.  Pressure  upon  the 
ureters  may  cause  hydronephrosis  and  eventually  death 
from  uramia.  Pressure  upon  the  pelvic  nerves  may 
cause  neuralgia  or  even  paralysis  of  the  legs. 

Fatty  degeneration  and  brown  atrophy  of  the  heart  are 
sometimes  noted.  Thrombosis  and  embolism  are  fre- 
quent com]ilications,  especially  in  the  telangiectatic 
myomata.  This  is  probalily  the  cause  of  some  of  the 
sudden  deaths  following  operations  upon  these  tumors. 

The  (Uiigiiiisis  of  myoma  is  made  from  a  study  of  the 
sj'mptoms  and  a  physical  cxamiuation  of  the  patient. 
The  symptoms  described  above,  while  characteristic,  are 
in  no  sense  pathognomonic,  and  the  diagnosis  usuallj' de- 
pends upon  a  careful  physical  examination.  In  tumors 
large  enough  to  be  palpated  through  the  abdominal  wall, 
the  dense  consistence  and  irregular  outlines  of  tbe  myo- 
ma may  be  noted.  Bimanual  examination  detects  the 
general  enlargement  of  the  uterus,  the  outline  of  the 
tumor  and  the  consistence,  hard  and  dense,  fluctuating 
or  semifiuctuating,  according  as  the  myoma  is  hard, 
oedematous,  or  cystic.  The  growth  is  found  to  be  at- 
tached to  the  \iterus  and  movable  with  it.  Sometimes  in 
the  case  of  a  small  interstitial  myoma  a  slight  elevation 
or  merely  an  area  of  induration  may  be  felt.  The  pres- 
ence of  such  an  area,  together  with  the  increased  length 
of  the  uterine  cavity,  is  strong  evidence  of  the  existence 
of  a  small  myoma.  The  symmetrical  enlargement  of  the 
uterus  which  occurs  in  some  cases  is  more  difficult  of 
diagnosis. 

Differential  Diagnosis.— Myomata  must  be  differen- 
tiated from  pregnancy,  ovarian  cysts,  retroflexion  of  the 
uterus,  etc.  Tlie  separation  of  a  myoma  from  pregnancy 
is  usually  easy.  The  irregular  hemorrhage,  the  mam- 
mary cbangcs.the  nausea,  and  the  skin  pigmentation  may 
tie  presentin  both.  The  absolute  signs  of  pregnancy— 
the  foetal  movements  and  heart  sounds,  the  blui.sh.  dis- 
coloration of  the  ostium  vaginae,  and  tbe  soft  cervix— will 
usually  establish  tbe  diagnosis.  Should  the  pregnancy 
be  complicated  by  myoma  the  difficulty  of  diagnosis  is 
much  enhanced. 

Tbe  ditferentiation  between  ovarian  cysts  and  myoma 
is  not  difficult,  and  a  mistake  is  not  at  "all  serious,  cadi- 
otomy  being  indicated  iu  both  conditions. 

Small  niyomata  in  the  posterior  uterine  wall  may  be 
mistaken  for  retroversion.     This  mistake  may  be  avoided 
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by  feeling  with  the  abdominal  hand  the  fundus  uteri  in 
its  normal  position  and  by  the  passage  of  a  sound. 

Treatment. — Operative  treatment  is  usually  demanded 
in  a  case  of  myoma.  Palliative  measures  are  of  little 
value,  and  are  indicated  only  where  serious  degenerative 
changes  in  the  heart,  lungs,  or  kidneys  preclude  the  pos- 
sibility of  surgical  interference.  Operation  is  indicated 
because  of  the  danger  of  the  accidents  possible  to  myoma. 
viz.,  inflammation  and  infection,  malignant  degeneration, 
etc.,  and  because  of  the  very  faint  hope  of  spontaneous 
cure  and  atrophy  of  the  growth  following  the  menopause. 
Should  the  patient  be  a  young  woman  with  a  small  tu- 
mor, and  desirous  of  maternity,  the  e-\pectant  treatment 
is  justitiable.  The  patient  should  be  warned  that  the 
tumor  may  interfere  seriously  with  labor,  may  cause  her 
to  abort,  and  may  grow  with  great  rapidity  during  preg- 
nancy. On  the  other  hand,  there  is  a  possibility  that  the 
tumor  may  disappear  after  labor.  Should  the  tumor  be 
intraligamentous  and  of  pelvic  growth,  expectant  treat-  ^ 
ment  is  not  justifiable,  as  dangerous  pressure  .S3'mptoms 
may  result  and  labor  be  certainly  obstructed  should  preg- 
nancy occur.  In  the  case  of  a  woman  who  has  reached 
the  menopause,  in  whom  menstruation  has  ceased,  and 
who  suffers  from  no  serious  symptoms,  expectant  treat- 
ment may  be  tried  in  the  hope  tliat  the  disease  may  be- 
come quiescent. 

Among  palliative  nieasm-es  may  be  mentioned  the 
exhibition  of  drugs,  electricity,  and  various  palliative 
operations.  Drugs  have  no  effect  upon  the  growth  of 
the  tumor.  Ergot  perhaps  does  good  in  arresting  hem- 
orrhage in  some  cases,  but  is  of  no  other  value.  Elec- 
trolysis has  been  practised  by  JIartin,  Engelmann,  Keith, 
and  others,  but  it  does  no  good;  and,  on  the  other  hand, 
it  may  do  positive  harm  bv  setting  up  intlammatory  ad- 
hesions, thus  rendering  the  subsequent  operation  more 
difficult. 

Tliorough  curettage  of  the  uterine  cavity,  by  remov- 
ing the  hemorrhagic  and  chronically  inflamed  endome- 
trium, is  a  very  eflicient  means  of  checking  hemorrhage. 
The  bleeding  is  usually  much  diminished  for  several 
months  after  this  procedure,  though  recurrence  of  the 
symptom  almost  invariably  occurs.  Curettage,  which 
may  be  expected  to  check  hemorrhage  and  to  remove 
polypi,  is  indicated  in  all  those  cases  in  which  the  physi- 
cal condition  of  the  patient  does  not  warrant  more  radical 
measures. 

Ligation  of  the  uterine  arteries  and  broad  ligaments  to 
shut  off  the  blood  suppl}'  of  the  uterus  and  thus  to  cause 
atrophy  of  the  ttunor,  has  been  practised.  While  this 
operation  seems  to  have  done  good  in  some  reported  cases, 
it  is  now  used  only  as  a  rare  palliative  measure.  Salpin- 
go-oophorectomy  has  been  of  value  in  many  cases.  Its 
dangers  are  as  great  as  those  of  hysterectomy,  and  at  the 
same  time  it  does  not  remove  the  disease.  It  is  not  avail- 
able in  all  varieties  of  myoraata,  and  is  of  no  value  after 
the  menopause. 

Of  the  radical  operations  salpingo-oijphoro-hystero- 
niyomectomy  is  the  operation  of  choice  in  the  great  ma- 
jority of  cases.  The  operation  is  indicated  in  the  pres- 
ence of  large  adherent  tumors,  when  radical  measures 
are  necessary,  and  where  degenerative  or  inflammatory 
changes  are  present  in  the  ovaries  or  Fallopian  tubes. 

Myomectomy  is  the  least  mutilating  of  the  radical 
operations.  Its  advantages  are  the  possibility  of  preg- 
nancy after  operation  and  the  avoidance  of  the  surgical 
menopause.  Its  dangers  are  the  liability  to  recurrence 
of  the  tumor  and  the  frequency  of  post-operative  hemor- 
rhage. It  is  also  applicable  only  to  isolated  peduncu- 
lated tumors  and  some  few  isolated  sessile,  interstitial,  or 
broad- ligament  growths  so  situated  that  they  may  be 
easily  shelled  out  without  undue  injury  or  loss  of  tissue. 
This  operation,  which  preserves  the  uterus,  tubes,  and 
ovaries  intact,  is  the  most  conservative  operation  in  the 
treatment  of  myoma  of  the  uterus. 

Further  conservative  measures  are  hystero-rayomec- 
tomy,  an  operation  which  leaves  the  ovaries  and  tubes 
intact  wherever  possible,  and  a  hystero-myomectomy 
with  high  amputation  of  the  cervix.     This  latter  pro- 


cedure is  of  greatest  value  in  those  cases  in  which  total 
hysterectomy  is  not  necessary  and  myomectomy  is  im- 
possible. The  tubes  and  ovaries  are  left  intact,  and  the 
uterus  is  amputated  at  the  highest  possible  point,  so  that 
a  portion  of  the  uterine  body,  lined  witli  corporeal  endo- 
metrium, even  though  it  be  small  in  amount,  may  be  left 
in  the  stump. 

Ai)ENo-MYO>rAT.\  are  rare  forms  of  uterine  myomata 
containing  glandidar  elements.  The  epithelial  struct- 
ures are  deiived  either  from  the  endometrium  or  from 
the  remains  of  the  Wolffian  body.  In  those  developing 
from  the  endometrium  the  tumors  are  situated  in  the 
anterior,  posterior,  or  lateral  uterine  wall,  and  have  the 
usual  cliaracteristics  of  myomata,  except  for  the  pres- 
ence of  glandidar  elements  and  the  absence  of  capsule. 
Those  derived  from  the  remains  of  the  Wolffian  body 
are  found  on  the  posterior  surface  of  a  uterine  cornu,  in 
the  tube,  or  occasionally  in  the  peripheral  layers  of  the 
myometrium.  These  growths  occur  iu  the  following 
forms:  A  dense,  hard  tumor  iu  which  the  muscle  tissue  is 
in  excess  of  the  adenomatous  tissue;  a  c\-stic  tumor  with 
many  dist-iuct  cystic  cavities;  a  soft  adenomyoma  in 
which  the  adenomatous  tissue  is  in  excess  and  in  which 
germinal  epithelium  is  present;  and  a  telangiectatic  ade- 
nomyoma. 

Histologically,  the  tumor  is  composed  of  muscle  ti.ssue 
containing  epithelial  canals.  The  cystic  cavities  may 
contain  pigment  or  bloodj-  fluid. 

Rhabdomyoiiiata  are  pedunculated  polvpi  of  the  cer- 
vical canal  which  always  contain  sarcomatous  elements. 

The  treatment  of  adenomyomata  should  be  radical,  a 
.supravaginal  hysterectomy  being  the  operation  practised. 

The  cysts  of  the  uterus  developing  from  the  remains 
of  the  AVolffian  or  Mlillerian  ducts  are  of  very  infrecjuent 
occurrence.  They  are  usually  small,  though  they  may 
attain  the  size  of  a  fojtal  head.  They  are  lined  with 
cylindrical  or  cuboidal  epithelium,  which  may  be 
ciliated.  Polypoid  pseudoplasms,  the  outgrowth  of  sub- 
acute inflammatory  processes,  occur  more  especially  in 
the  cervix,  the  mucosa  of  the  corpus  being  rarely  affected 
independently  of  the  cervix.  Tliese  pseudoplasms  are 
usually  small,  multiple,  soft,  vascular  growths. 

The  round  ligament,  which  may  properly  be  considered 
a  part  of  the  uterus,  is  at  times  the  seat  of  certain  be- 
nign neoplasms.  Myomata  and  adenomyomata,  having 
the  same  histogenesis  as  similar  growths  iu  the  uterus, 
are  sometimes  observed  in  this  part.  Myomata  of  the 
round  ligament  are  more  common  in  nullipara\  and  are 
more  frequently  found  on  the  right  than  on  the  left  side. 
They  may  be  intra-  or  extraperitoneal,  are  usually  pedun- 
culated, hard,  painless  and  of  slow  growth,  and  when 
they  are  large  the3'  may  give  rise  to  pressure  symptoms. 

Hydrocele  of  the  canal  of  Nuck  may  be  present,  form- 
ing a  cystic  tumor  in  relation  with  the  round  ligament. 
A  true  cystic  myoma  may  develop  in  the  parenchyma  of 
the  round  ligament.  Clinically,  these  tumors  are  found 
in  the  inguinal  canal,  beneath  Poupart's  ligament,  or  in 
one  of  the  labia  majora. 

The  treatment  of  these  round  ligaments  consists  of  ex- 
tirpation of  the  sac  and  direct  suture.  Should  the  myo- 
mata of  the  round  ligament  attain  a  size  sulHcieut  to 
cause  pressure  symptoms  they  should  be  removed. 

Henry  D.  Hei/m. 

UTERUS,  INVOLUTION.  SUBINVOLUTION,  AND 
SUPERINVOLUTION  OF  THE. -I.  Invohtiox— In 
volution  is  the  process  of  retrograde  metamorphosis  by 
which  the  puerperal  uterus  returns  from  its  condition  of 
phj'siological  hypertrophy  to  the  normal  non-gravid  state. 
There  is  a  broader  .sense  iu  which  the  word  is  occasionally 
used,  including  those  cases  of  reduction  in  the  size  of  the 
uterus  following  the  evacuation  of  retained  contents,  as 
in  physometra,  hydrometra,  (}r  iKvmatometra,  or  after 
the  removal  of  subnuicous  fibroids,  uterine  hydatids,  or 
other  tumors  accompanied  by  hypertrophy.  The  proc- 
esses in  these  cases  are  identical,  but  the  latter  conditions 
are  relatively  so  rare  that  it  is  fair  to  disregard  them  and 
use  the  word  in  its  relations  to  pregnancy  only. 
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Every  writer  upon  the  subject  calls  attention  to  the 
woudeiful  nature  of  the  change  which  occurs.  Striking 
as  is  the  alteration  efl'ccted  in  the  uterus  during  the  nine 
months  of  gestation,  by  which  its  weight  is  augmented 
from  twentj'-one  to  twenty-four  times,  even  more  re- 
markalde,  if  possible,  is  the  process  of  involution  by  rea- 
son of  its  great  rapidity.  The  increase  in  size  of  the 
uterus  is  due  almost  wholly  to  hypertrophy  of  the  indi- 
vidual muscular  fibres,  together  with  the  development 
of  new  fibres  from  previously  existing  embrj'ouic  cells, 
this  latter  process  being  probably  confined  to  the  inner 
layer  of  the  muscular  wall,  and  occurring  wholly  during 
the  tirst  si.v  months  of  pregnancy. 

Man}'  authors  claim  tliat,  in  the  process  of  involution  of 
the  uterus,  the  muscle  fibres  undergo  fatty  degeneration, 
that  absorption  takes  place,  or  that  the  fatty  material  is 
carried  off  in  the  lochial  discharge,  that  "this  process 
is  followed  by  regeneration,  that  new  cells  which  de- 
velop into  muscle  fibre  are  seen  in  the  midst  of  the  fatty 
mass,  and  that  a  new  uterus  is  formed.  The  blood- 
vessels, both  arteries  and  veins,  participate  in  the  process 
of  fatty  degeneration,  and  from  the  fragments  of  the 
mucous  membrane  which  remain  intact  at  the  placental 
site  a  new  one  is  formed. 

Others  of  a  later  date,  since  histology  has  developed, 
claim  that  it  is  a  process  of  atrophy — that  is,  a  diminu- 
tion in  volume  of  tlie  muscle  fibres. 

Helme  '  has  made  a  study  of  the  process  in  rabbits  at  all 
stages  of  the  process  and  has  examined  many  specimens 
immediately  after  death.  He  finds  no  evidence  of  a  fat  ty 
degeneration  and  a  later  regeneration.  There  is  not  a 
pathological  atrophy,  but  a  shrinking  of  the  muscle  tis- 
sue— a  pliysiological  retrogression.  It  itiay  be  a  chemi- 
cal change,  but  not  a  fatty  cliange.  The  contents  of  the 
cells  become  more  soluble  so  that  they  can  pass  into  the 
lymph  stream.  The  atrophy  continues  alike  in  all  ])arts 
of  the  uterus,  but  there  are  no  groups  of  degenerated 
cells  found  in  the  midst  of  the  liealthy  tissue. 

At  first  the  muscular  filires  wliich  at  the  end  of  lidjor 
are  translucent  become  cloudy  or  dusk\',  and  diminish  in 
volume  very  rapidly  for  the  first  thirtysi.x  hours.  Then 
follows  a  more  gradual  shrinking  up  to  the  tenth  day. 
Helme  finds  that  there  is  no  evidence  that  old  muscle 
fibres  are  destroyed  and  new  ones  produced,  but  that  it 
is  a  retrograde  change  or  shrinking  and  that  the  larger 
fibres  simply  become  smaller.  It  is  simply  a  diminution 
in  volume. 

The  change  that  takes  place  in  the  connective  tissue  is 
a  different  process.  Tliere  is  a  gradual  diminution  in 
amount  and  a  disappearance  of  tlie  connective  tissue. 
The  connective-tissue  fibres  and  cells  become  granular, 
and  some  entirely  disappear,  while  others  do  not  undergo 
the  degeneration. 

The  veins  and  arteries  of  the  uterus  show  the  same 
diminution,  and  some  again  entirely  disappear. 

It  would  seem  tliat,  concerning  so  universal  and  care- 
fully observed  a  phenomenon  as  involution,  there  need 
be  no  difference  of  opinion  as  regards  the  rate  of  its  prog- 
ress and  the  time  of  its  completion,  and  yet  absolute 
knowledge  of  the  matter  does  not  exist.  The  modifying 
conditions  are  so  numer(jus,  and  the  methods  used  by 
which  to  arrive  at  conclusions  so  various,  that  no  two 
observers  appear  to  agree.  Pathologists  .judge  from  ap- 
pearances found  after  death,  clinicians  from  the  relations 
of  tlie  fundus  to  the  symphysis  pubis,  statisticians  from 
measurements  made  either  with  the  pelvimeter  or  with 
the  inlra-uterine  sound.  Scjurces  of  error  only  too  readily 
creep  into  the  observations  in  each  case  and  seriously 
affect  the  deductions.  Post-mortem  examination  fur- 
nishes, of  course,  positive  results,  and  yet  who  can  say 
how  much  the  retrograde  jirocess  has  been  interfered 
with,  in  any  given  case,  by  the  illness  causing  death,  or 
by  the  other  attending  circumstances  during  life?  The 
relation  of  the  fundus  uteri  to  the  pubis  may  depend 
more  upon  the  amount  of  prolapse,  version,  or  flexion, 
the  fulness  of  bladder  and  rectum,  the  size  of  the  pelvic 
cavity,  and  the  degree  of  tension  of  the  aljdominal  walls, 
than  upon  the  size  of  the  uterus.     It  has  seemed  to  me 


that  measurement  of  the  vertical  diameter  of  the  uterus 
by  means  of  a  pelvimeter  must  be  unreliable  by  rea.son 
of  uncertainty  as  to  the  thickness  of  the  abdominal  wall, 
and  as  to  the  importance  of  existing  flexion  and  of  loni;i- 
tuilinal  compression  resulting  from  the  necessary  expen- 
diture of  force. 

Unquestionably,  the  best  results  must  be  looked  for 
from  the  actual  measurement  of  the  depth  of  the  uterine 
cavity  in  a  large  number  of  normal  cases,  at  intervals, 
during  the  puerperal  month.  JIuch  has  been  done  in 
this  line  of  investigation,  and  yet  I  know  of  no  results 
which  are  at  all  satisfactoiy  or  conclusive.  Up  to  eiglit 
or  ten  years  ago,  it  was  tau'ght  that  reduction  in  the  size 
of  the  uterus  was  most  ra|iid  during  the  second  week 
after  delivery,  but  that  not  until  the  end  of  six  weeks  or 
two  months  was  the  normal  size  regained,  and  this  state- 
ment was  regarded  as  authoritative  until  the  appearance 
of  a  series  of  infra-uterine  measurements, '•' begun  by  A. 
D.  Sinclair  and  continued  by  W.  L.  Ricliardson,  both  of 
Boston.  From  these  figures  there  has  frequently  been 
deduced  the  conclusion  that  involution  is  mucli  more 
rapid  than  was  formerly  believed,  and  teaching  has  been 
modified  in  accordance  with  tliis  belief.  This  conclusion 
has  been  partially  corroborated  by  Charpentier,  though 
his  averages  are  materially  larger  than  those  of  Sinclair; 
and  Skene,  in  his  recent  work,  accepts  it  completely. 

Now  were  the  question  at  issue  merely  one  of  scien- 
tific interest,  having  no  important  practical  bearing  upon 
the  management  of  the  puerperal  statr,  if  would  not 
properly  arise  for  discu.s,siou  in  this  article,  but  it  has  a 
very  vital  connection  with  the  vexed  questions  as  to  how 
long  a  patient  should  keep  her  bed  after  delivery,  and 
how  much  latitude  should  be  permitted  her  in  resuming 
her  customary  avocations ;  and  it  has  also  a  plain  relation 
to  the  remaining  topics  to  be  considered  under  this  head- 
ing. This  being  the  case,  it  is  not  out  of  place  here  to 
call  in  question  the  accuracy  of  the  reported  measure 
ments,  and  to  as.sert  that  the  old  belief,  founded  ujion 
postmortem  investigation,  is  the  correct  one,  the  one 
upon  which  all  rules  of  conduct  should  be  based.  The 
reason  for  so  confident  an  assertion  is  the  knowledge  that 
the  measurements,  as  reported  in  the  papers  above  men- 
tioned, vary  more  with  the  skill  and  boldness  of  the 
house  physician  in  passing  the  sound  than  with  the  con- 
dition of  the  patient  or  the  duration  of  her  puerperal 
period.  A  part  of  tliose  pidilished  were  made  by  myself, 
and,  though  .septictemia  was  rife  in  the  hospital  at  the 
time,  they  evidenced  a  luost  phenomenal  involution 
amounting  in  some  cases  to  superiuvolution.  These  re- 
sults I  knew  to  be  untrustworthy,  and  yet  they  corre- 
sponded with  the  work  of  my  predecessors, 

I  was  succeeded  in  this  line  of  work  bj'  Dr.  W.  J.  Otis, 
who,  believing  with  me  that  his  sound  rarely  reached  the 
fundus,  and  fearing  to  do  injury  to  a  soft  and  friabie 
uterus  by  the  employment  of  greater  force,  entered  upon 
the  use  of  a  Jennison  elastic  sound,  to  which  he  adapted 
a  sliding  marker  or  guide.  With  this  soft  and  elastic 
instrument,  used  with  gentle  yet  persistent  manipula- 
tion, the  whole  aspect  of  the  figures  at  once  changed,  and 
from  that  time  on  only  once  did  the  measurement  fall 
below  three  inches.  He  has  very  kindly  furnished  me 
with  the  results  of  his  examination  in  thirty  cases,  after 
the  adoption  of  the  new  in.strument,  and  from  his  figures 
I  select  the  following  as  indicative  of  the  general  con- 
clusion. Of  the  30  uteri,  6  had  a  depth  of  three  inches, 
.l  of  three  and  a  half  inches,  4  of  tlu'ee  and  three-quarter 
inches,  and  7  of  four  inches.  The  average  depth  was 
3.G8  inches,  and  the  average  day  of  measurement  was  the 
seventeenth. 

I  learn  from  the  house  ph3'sicians  of  more  recent  years 
that  the  depth  of  the  uterus  always  increases  after  a  few 
weeks'  experience  in  measuring,  and  that  the  figures  are 
imiforndy  much  greater  during  the  service  of  some  men 
thau  they  are  recorded  by  others.  Though  septic  influ- 
ences have  been  absent  of  late,  yet  the  average  depth,  I 
am  assured,  is  greater  rather  than  less  than  it  was  found 
by  Dr.  Otis.  The  fallacy  in  this  method  of  investigation 
lies  in  the  fact  that  the  uterus  is  so  softened  as  to  be 
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easily  perforated,  or,  at  least,  peuetrated  by  the  sound, 

tlnis  staying  the  examiner's  liand  through  fear;  is  often 
Hexed ;  is  not  j'et  lined  by  normal  mucous  membrane, 
but  by  a  soft  exudate  in  which  the  instrument  is  readily 
entangled;  and  that  upon  its  inner  surface  is  an  elevation 
corresponding  tothc  pl;icentalsite,  an  elevation  sufticient- 
ly  great  to  obstruct  tlie  passage  of  the  sound.  The  cus- 
tom of  examining  upon  the  back  tends  to  increase  exist- 
ing ditlicultics.  so  that  I  believe  the  fundus  is  by  no 
means  always  readied,  even  by  the  most  skilled  observer, 
aud  under  tlie  most  favorable  conditions. 

A  very  important  series  of  measurements  is  reported  by 
Hansen,"  in  the  ,Zf;Y./'.  (ichnrf.  v.  Gyn.,  1887,  a  review  of 
which  has  been  made  by  Parvin.^  He  examined  200 
women,  making  in  all  1,048  measurements  with  the  sound. 
He  announces  that  "tlie  duration  of  involution  was  in 
general  ten  weeks;  the  shortest  period  observed  was  four 
weeks,  aud  this  in  only  one  ease,  wliile  the  longest  period 
was  three  montlis,  wliieh  was  observed  in  four  women." 
Parvin  concludes  by  stating  tliat'"oneof  the  most  im- 
portant practical  lessons  to  be  learned  from  the  investi- 
gations of  Hansen  is,  tiiat  obstetricians  should  insist 
upon  a  longer  rest  for  the  puerperal  woman.  "When 
we  remember  that  many  a  woman  is  up  and  at  work  two 
or  three  weeksafter  ehildbirtii,  and  that  even  those  whose 
circumstances  in  life  do  not  require  labor  are  frequently 
participating  in  social  jileasures  and  fatigues  at  the  end 
of  si.x  weeks  or  two  months,  we  can  easily  understand 
why  disorders  of  the  genital  organs  not  infrequently 
result." 

It  was  also  found  that  involution  was  delayed  in  those 
who  did  not  nurse. 

The  questions  as  to  the  influence  upon  involution  of 
normal  lactation,  and  of  the  routine  u.se  of  ergot  after 
delivery,  are  eminently  practical  ones,  aud  deserving  of 
notice.  It  would  seem  that  so  physiological  and  essen- 
tial a  process  as  suckling  ought  to  have  a  favorable  in- 
fluence, especially  in  view  of  the  intimate  relation  exist- 
ing between  the  breasts  and  the  uterus.  an_v  excitation  of 
the  former  stimulating  contractions  in  the  latter.  Yet 
this  view  is  opposed  by  many  observers,  notably  among 
the  French.  Tarnier  takes  conservative  middle  ground, 
holding  that  "the  individual  conditions  have  a  much 
greater  influence  upon  the  course  of  uterine  retrogression 
than  lactation."  In  the  face  of  sucli  contradictory  faiths 
the  chances  are  that  Tarnier  is  correct,  and  the  influence 
of  nursing  is  a  factor  of  minor  importance.  My  own  be- 
lief is  that  it  is  favorable  rather  than  otherwise,  pro- 
vided, of  course,  tliat  the  patient  has  sufticient  streugtli 
and  vigor  for  the  physiological  performance  of  the  func- 
tion. Under  other  circumstances  the  drain  might  easil_v 
result  in  such  physical  deterioration  as  materially  to  in- 
terfere with  the  restoration  of  the  uterus. 

UnquestionabI}'.  it  is  the  custom  of  the  majority  of 
American  physicians  to  administer  ergot,  as  a  routine 
measure,  at  the  close  of  labor.  Subsequently,  should  the 
uterus  fail  to  contract  flrmly  or  retrogression  prove  tardj- , 
the  exhibition  of  the  drug  is  continued  with  anticipation 
of  benetit.  Of  late  years,  however,  the  wisdom  of  these 
jjrocediires  has  been  disputed  by  those  who  believe,  not 
only  that  the  practice  is  useless,  but  that  it  is  actually 
harmful,  it  being  claimed  that  involution  is  retarded 
thereby.  This  theory,  while  given  a  respectful  hearing, 
has  not  as  yet  found  favor  in  practice,  the  sanction  and 
approval  of  the  profession  being  still  given  to  the  use  of 
ergot  as  outlined  above. 

Among  other  factors  in  determining  the  rapidity  and 
completeness  of  involution  are  the  duration  of  labor  and 
amount  of  resultant  fatigue;  the  condition  of  the  pa- 
tient's liealth  liefore  labor;  the  occurrence  of  lacerations 
of  cervix  or  iierineum;  the  occurrence  of  septic  poison- 
ing, or  of  local  inflammatory  conditions  from  any  cause. 
These  matters  will  receive  more  especial  mention  in  tlie 
consideration  of  subinvolution.  After  abortion  or  mis- 
carriage, unfavorable  conditions  being  absent,  involution 
proceeds  as  after  normal  labor,  only  more  slowly. 

II.  SiiBiNVOi.fTiON. — .Subinvolution  is  simpiy  a  state 
of  persistent  incomplete  involution,  the  process  having 


by  some  means  been  arrested  before  the  uterus  has  fully 

regained  its  normal  state.  Corresponding  with  the  in- 
tensity of  the  acting  cause  and  the  time  of  its  occurrence, 
the  uterus  ma_y  remain  very  large,  as  at  tlic  close  of  the 
first  week,  or  it  may  be  only  moderately  hvpertrophied. 
From  tills  fact  probabl}'  has  arisen  much  of  the  uncer- 
tainty which  still  exists  as  to  the  exact  nature  of  the 
condition  and  of  the  subsequent  changes  which  take 
Jilaee.  So  great,  in  fact,  is  this  uncertainty  that  few 
writers  can  agree  even  njion  a  name  which  suitably  indi- 
cates the  nature  of  the  disease,  those  who  make  use  of 
the  term  "subinvolution  "  acknowledging  that  it  is  only 
clinical  in  its  application,  and  by  no  means  covers  the 
progressive  pathological  clianges;  those  who  classify  it 
under  the  heading  "chronic  metritis  "  for  the  most  part 
disclaiming  any  belief  in  its  inflammatory  origin  or 
course;  and  the  terms  "engorgement "  and  "infarctus" 
indicating  only  phases  of,  or  steps  in,  the  progress  of  the 
,  disease.  "Chronic  parenchymatous  metritis  "  is  open  to 
the  same  objection  as  "chronic  metritis,"  because  sug- 
gesting inflammation.  Thomas,  in  absolutely  denying 
any  iuflaiumatoiy  element,  suggests  and  uses  the  title 
"areolar  hyperplasia,"  as  descriptive  of  a  condition  of 
the  uterus  of  which  subinvolution  is  by  far  the  most  fre- 
quent cause,  thus  regarding  the  latter  not  as  a  separate 
disease,  but  ratlier  as  a  merely  fugitive  condition  giving 
rise  to  "areolar  hvperplasia." 

However,  it  matters  little  what  one  chooses  for  a  name, 
if  only  he  recognizes  the  fact  of  arrested  involution  and 
acts  accordingly,  as  witness  the  statement  of  Hart  and 
Barbour'';  "The  terra  subinvolution  is  etiolonifdl,  and 
simply  expresses  one  mode,  the  most  important,  in  which 
the  condition  to  be  described  (chronic  metritis)  is  pro- 
duced. Apart  from  the  hhtory,  it  is  not  possible  to  diag- 
nose between  a  subinvolutcd  uterus  and  one  enlarged 
from  chronic  metritis  alone.  Further,  the  condition  of 
subinvolution  is  maintained  by  the  process  of  chronic 
metritis — that  is,  by  the  formation  of  connective  tissue. 
Finally,  the  treatment  is  the  same  in  botli  cases."  In 
other  words,  wdiatever  the  conditions  in  the  early  stages 
of  the  disease, — -whether  involution  has  been  arrested  in 
the  first  puerperal  week  by  septic  absorption,  with  a  re- 
sultant uterine  or  peri-uterine  inflammation,  or  in  the 
fourth  week  by  a,  mechanical  displacement, — there  results 
sooner  or  later,  in  consequence  of  continued  hypera'iuia 
and  irritation,  a  proliferation  of  connective  tissue,  witli 
ultimate  contraction  and  hardening  of  the  whole  uterine 
mass.  These  later  stages  constitute  tlie  "chronic  metri- 
tis." or  "areolar  hyperplasia,"  above  mentioned. 

As  regards  tlie  method  by  which  the  normal  enlarge- 
ment is  perpetuated,  there  are  at  least  two  definite  and 
diametrically  oppo.sed  views,  both  of  which,  as  has 
already  been  intimated,  may  be  consistently  held  to  be 
correct.  Courty  sajs  '• :  "  The  h3'pertro]ihy  of  the  uterus, 
by  failure  of  the  retrograde  evolution,  is  a  pathological 
hypertro])liy  by  its  permanence,  but  resulting  from  a 
purely  physiological  hvpertrophy  in  its  origin."  He 
quotes  AVest  as  claiming  a  fatty  change  with  lack  of  ab- 
sorption of  the  product,  and  claims  the  contrary  to  be 
true.  He  states  that  there  is  not  a  change  in  the  texture 
of  the  uterus,  but  a  "  per.sistenee  in  the  number  and  vol- 
ume of  its  component  elements.  There  is  not  a  fatty 
change  of  the  uterus,"  but  an  hypertrophy  by  excess  of 
nutrition. 

On  the  other  hand.  Hart  and  Barbour  state  that  "the 
condition  of  permanent  enlargement  of  .subinvolution  is 
not  due  to  the  non-degeneration  of  muscular  fibre,  but  to 
the  substitution  of  connective  tissue  for  the  products  of 
this  degeneration." 

In  view  of  this  difference  of  opinion,  and  in  the  lack  of 
positive  testimony  on  either  side,  it  is  fair  to  infer  that 
subinvolution  is  produced  in  both  ways,  the  precise 
process  being  determined  in  any  given  case  by  the  acting 
cause  In  either  case  the  final  result  would  be  the  same, 
the  method  of  its  production  having  been  minutely  de- 
scribed by  Dr.  Mary  Putnam-.Iacobi,'  as  a  structural 
alteration  in  tlie  walls  of  the  enlarged  blood-vessels,  "in 
virtue  of  which  nutritive  transudations  of  an  albuminous 
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plasma  took  [lake]  place,  wiiich  gradually  cuuswl  [ckhsc] 
a  local  development  of  coiiuei-tive  tissue  (perivascular 
sclerosis)."  This  process  she  claims  to  he  inflammatory 
in  its  nature. 

Etiology. — In  entering  upon  the  subject  of  the  cau.sa- 
tion  of  subinvolution,  we  are  at  once  in  a  wide  and  im- 
portant field  for  discuissiou — wide  because  of  the  nuilti- 
plicity  and  variety  of  the  causes  alleged,  important 
because  of  the  necessity  for  their  recognition  and  conse- 
quent avoidance  or  removal.  Thelirst  and  most  fruitful 
source  of  subinvolution  is  wilhuut  doubt  laceration  of 
the  cervi.v.  There  are  some  who  still  dispute  this  fact, 
but  their  number  is  rapidly  growing  less,  and  it  is  to  be 
hoped  that  before  many  years  there  will  be  as  great 
unanimity  in  asserting  the  necessity  for  closing  lacera- 
tions of  the  cervi.x  uteri  as  there  is  now  in  urging  repair 
of  the  perineum  after  injury. 

The  testimony  of  Emmet  in  this  matter  may  be  con- 
sidered somewhat  biassed,  yet  the  accuracy  of  his  obser- 
vation and  the  truthfulness  of  his  statement  can  hardly 
be  called  in  question.  He  says':  "In  closing  this  brief 
chapter,  I  would  state  that,  for  many  years  past.  I  have 
met  with  few  or  no  cases  of  suliinvolution  which  were 
not  due  to  laceration  of  the  cervix."  T.  A.  Reaniy,  \a 
the  "American  System  of  Gynecology,"  pointedly  re- 
marks "that  if  a  laceration  of  the  cervi.\  is  observed, 
more  or  less  subinvolution,  either  of  the  whole  uterus  or 
of  the  cervi.x  alone,  is  almost  absolutely  certain." 

The  means  by  which  the  result  is  produced  are  not  diOi- 
cult  to  understand.  In  the  tiist  place  the  presence  of  an 
open  wound,  and,  later  on,  of  either  a  mass  of  cicatricial 
tissue  or  an  everted  and  eroded  surface  of  mucous  mem- 
brane, serves  as  a  constant  source  of  irritation  to  keep 
up  an  active  liypera^mia  of  the  uterus.  However,  in  the 
early  weeks,  the  very  effort  of  nature  to  rejiair  the  dam- 
age is  opposed  to  the  process  of  involution,  and  subse- 
quently, as  the  wound  remains  and  the  irritation  persists, 
the  permanence  of  the  hy])ertrophy  is  insured  by  the  de- 
velopment of  an  endocervicitis  and  an  endometritis.  It 
is  not  necessary  that  the  laceration  .should  be  a  large  one, 
for  even  very  superficial  tears,  if  exposed  to  the  dele- 
terious influences  of  an  irritating  vaginal  discharge  and 
denied,  by  the  restlessness  or  too  early  effort  of  the  pa- 
tient, the  quiet  needed  for  repair.  ma\'  fail  to  heal  kind- 
ly, and  so  pnjducc  the  same  result  as  the  deeper  lesions 
— at  least  so  far  as  our  subject  is  concerned. 

Septic  absorption  is,  without  question,  a  far  more  fre- 
quent cause  of  subinvolution  than  will  be  admitted  by 
the  mass  of  practitioners,  and  a  present  shame  it  is,  in 
this  age  of  preventive  medicine,  that  this  statement 
should  be  true.  Not  that  in  every  ca.se  of  subinvolution 
due  to  this  cause  there  should  have  been  a  well-marked 
run  of  "puerperal  fever  "  so-called ;  but  where  antisep- 
tic, or  at  leastaseptic,  methods  are  desjiised  or  neglectetl, 
nothing  is  more  common  than  to  have,  durii'g  the  first 
week  of  convalescence,  a  rise  of  two  or  three  degrees  in 
the  temperature  (commonly  called  milk  fever),  the  pres- 
ence of  fcctid  lochia,  and  moderate  abdominal  tenderness. 
In  many  of  these  cases  there  is  set  up  a  sufficient  degree 
of  uterine  or  peri-uterine  influnnuatiou  to  interfere  se- 
riously with  the  process  of  involution;  and  if  this  be  true 
of  these  mild  cases,  much  more  .surely  will  subinvolution 
follow  the  more  marked  instances  of  septic  intoxication. 
Given  a  case  of  puerperal  septica-mia,  and  subinvolution 
may  be  confidently  predicted. 

The  next  cause  to  receive  attention  ought  perhaps  to 
have  been  given  precedence  over  the  last.  It  is  the 
faulty  management,  or  rather  the  mismanagement,  of 
the  period  of  convalescence ;  anil  by  mismanagement  I 
mean  the  permission  of  too  nuicli  freedom  in  movement 
and  of  too  early  rising.  I  am  well  aware  of  the  fact  that 
patients  are  not  only  allowed  to  l)e  up  and  dressed  before 
the  end  of  the  first  puerperal  week,  but  that  .such  a  course 
is  even  advised  by  men  who  are  otherwise  safe  and  skil- 
ful practitioners  and  good  observers.  That  the  leasons 
which  they  give  for  such  a  custom  have  some  weight  is 
not  denied,  but  it  is  far  from  true  that  the  custom  is 
cither  a  safe  or  a  ilesirable  one.     The  general  weakening 


and  lo.ss  of  tone  of  the  uuLscular  system,  due  to  a  stay  in 
bed  of  three  weeks'  duration,  is  far  more  than  compen- 
sated for  by  the  complete  rest  of  the  nervous  system  and 
the  dimiiuition  in  size  of  the  soft  and  heavy  uterus. 
The  emptying  of  the  uterus  and  vagina  of  clots  and 
lochial  discharge  can  be  better  accomplished  by  ergot 
and  a  douche  than  by  sitting  uji  upon  a  chamber  vessel 
or  chair  as  advised  and  practised  by  Goodell,  and  with- 
out the  danger  of  the  latter  course. 

-Another  frequent  cause  is  the  nervous  condition. 

Bennetts  says  ^^^^^  2ie  believes  that,  in  subinvolution, 
the  nervous  power  is  so  altered  in  its  constitution  that 
vascular  congestion  of  an  immoderate  amount  is  per- 
mitted, which  in  itself  further  increases  the  trouble  by 
paralyzing  the  nervous  control  over  the  emptying  chan- 
nels, the  loose  cellular  tissue  of  the  late  pregnant  uterus 
being  well  suited  for  sucli  lesion  to  occur  in.  And  then 
we  must  consider  the  rapidity  of  its  growth,  the  enor- 
mous distention  of  its  walls",  the  pressure  both  from 
within  and  from  without  which  it  has  to  bear,  as  well  as 
the  nervous  shocks  conveyed  from  mental  impressions. 

It  is  a  well-known  fact  of  physiology  that  if  a  nerve 
has  been  bruised  or  injured  beiweeu  the  point  of  irrita- 
tion and  the  muscle,  such  an  injury  will  often  be  followed 
by  defective  nutrition  of  the  part  supplied.  We  liave 
injuries  here  which  may  pass  unseen,  due  to  the  long- 
contmued  pressure  of  the  fa'tal  head  in  tedious  laboi-s— 
especially  where  the  delay  is  in  the  first  stage— the  divi- 
sion and  bruising  of  the  nerves  causing  a  subsequent 
loss  of  function. 

The  way  in  which  subinvolution  is  caused  by  early 
exertion,  and  especially  by  a  too  speedy  assumption  of 
the  upright  posture  after  labor,  is  by  the  production  of 
displacement  of  the  uterus,  prolapse,  ver.sion,  or  Hexion, 
and  consequent  interference  with  the  local  circulation, 
and  hence  with  the  process  of  fatty  change  and  absorp- 
tion. The  uterus  remaining  large,  the  displacement 
continues  and  increases,  the  liypenemia  is  perpetuated, 
and  the  chronic  changesalready  outlined  proceed  to  their 
full  accomiilishment.  By  far  the  safest  course  is  to  take 
conservative  ground,  and  insist  upon  a  sufficiently  pro- 
longed rest  in  the  horizontal  posture  to  permit  of  a  near 
approach  of  the  uterus  to  its  normal  size,  and  then  to 
make  a  gradual  and  cautious  return  to  the  ordinary 
habits  of  life.  The  rule  of  Tarnier  is  a  good  one,  and 
certainly  does  not  err  on  the  side  of  conservatism.  Pro- 
vidc<l  the  uterus  cannot  be  felt  above  the  pubis,  the 
lochia  are  no  longer  bloody,  and  no  fever  exists,  he  per- 
mits his  patients,  between  the  fifteenth  anil  twentieth 
da_vs,  to  be  moved  to  a  reclining  chair  where  at  first  they 
remain  only  one  hour.  The  time  being  lengthened  by 
one  hour  ilaily,  in  thi'ce  or  four  days  they  are  i-eady  to 
try  a  few  steps,  and  so  gradually  to  gain  ]iower  to  walk 
without  fatigue  or  injury. 

Very  painful  and  tedious  labors,  by  leaving  the  patient 
in  a  state  of  complete  exhaustion  from  which  recovery  is 
slow  and  imcertain,  are  jirobably  not  infrequently  the 
cause  of  subinvolution.  In  this  case  there  is  a  lack  of 
tonicity  in  the  vessels,  the  active  process  of  removing  the 
waste  and  building  up  the  new  uterus  is  imperfectly  car-  . 
ried  on,  a  passive  liyper;emia  persists,  and  the  disease  is 
gradually  developed.  Severe  hemorrhage,  either  before 
or  after  deliverv,  would  act  in  the  same  way,  by  lower- 
ing the  vitid  jiowers  and  by  diminishing  the  oxidizing 
properties  of  the  blood. 

If  the  subinvolution  is  due  to  hypertrophy  of  the  de- 
cidua  or  to  retention  of  parts  of  the  placenta,  membranes, 
or  clots,  these  should  be  removed  by  the  use  of  the  cu- 
rj-tte.  Placental  adhesions  form  a  source  of  especial 
danger,  for  they  keep  up  an  irritation  which  causes  a 
localized  subinvolution,  and  this  in  turn  has  a  tendency 
to  become  general. 

Various  other  causes  have  been  suggested,  such  as  in- 
complete emptying  of  the  uterus  at  the  completion  of 
labor,  the  presence  of  tumors  in  or  about  the  uterus,  and 
sexual  excitement  due  to  too  early  intercourse,  or  even 
to  sharing  the  same  bed  by  husband  and  wife.  It  is  to 
this  latter  cause,  doubtless,  that  not  a  fe^v  cases  of  puer- 
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pcnil  hcmtii'iiiase  may  riRlitly  In"  nttrilnitod ;  and  it  is 
tht'ietciir  fair  111  assiiiiK'  tliatil  is  capable  of  setting  up 
a  sut1icii-nt  amount  of  pelvic  eongestiiin  to  render  sulj- 
iuvoUition  liliely. 

As  predisposing  causes  may  be  mentioned  a  poor  state 
of  liealtli  from  whatever  cause,  frequent  and  lapidly  re- 
curring pregnancies,  and  abortions. 

Freqiieiir;/.  —  For  some  years  after  Simpson  first  called 
attention  to  the  "Morbid  Permanence  of  the  State  of 
Pncrperal  Hypertrophy,"  occasional  cases  were  reported 
fiom  varions  qnartcrs,  but  llie  condition  was  considered 
to  be  an  infrequent  sequel  to  pregnancy.  Of  late  years, 
however,  withiniproved  methodsand  more  exact  knowl- 
edge in  the  matter  of  gynecological  diagnosis,  .subinvolu- 
tion is  found  to  be  one  of  the  connuonest  of  the  morbid 
results  of  childbearing.  If  it  betruetliat  the  above-men- 
tioned causes  are  apt  to  produce  a  "  morbid  permanence 
of  the  state  of  puerperal  hypertrophy,"  then  it  is  by  no 
means  to  be  wondered  attliat  subinvolution  is  a  frequent 
condition  among  parous  women.  It  is  impossilile  to  give 
statistics  of  any  value  on  this  point  as.  in  the  nature  of 
the  case,  thej'  must  vary  materially  in  the  practice  of 
diJTerent  men,  in  hospital  and  iu  private  practice,  and 
also  because  of  the  confusion  in  nomeuclature  and  classi- 
fication. 

The  condition  once  established,  from  whatever  cause, 
it  tends  to  develop  into  the  more  intractable,  and  often- 
times incurable,  disease  already  referred  to  as  chronic 
metritis,  or  areolar  hyiierplasia:  hence  the  importance  of 
tlie  early  recognition  of  llie  danger,  that  the  cause  may 
be  removed  and  complete  involution  secured  at  the  proper 
time.  Tills  point  will  receive  more  particular  considera- 
tion under  the  head  of  treatment. 

Syiiiptniiis. — The  history  of  the  case  from  the  patient's 
own  lips  indicates  that  tlie  commencement  of  the  trouble 
liegan  at  a  previous  continenient.  Frequently  then'  has 
been  a  previous  attacic  of  (luerperal  sepsis,  peritonitis, 
parametritis,  or  evidence  of  some  form  of  septicajmia. 
Postpartum  hemorrhage  is  often  a  precursor  of  this  con- 
dition. 

Such  patients  almost  always  complain  of  backache, 
and  this  may  be  the  chief  cause  for  which  treatment  is 
desired.  There  is  almost  always  some  disturlianee  in  the 
menstrual  function.  This  is  \isua]ly  an  irregularity  in- 
dicated by  a  meuorrhagia.  a  condition  in  which  tlie 
periods  are  of  longer  duration  and  come  more  frequently 
tlian  is  normal.  Jletrorrhagia  may  be  jiresent  often  in 
,  connection  with  menorrhagia,  and  the  result  of  the  latter 
may  be  so  profound  as  to  produce  an  excessive  anaemia. 
l)ysinenorrha?a  is  often  present,  due  to  the  engorgement 
of  tlie  already  enlarged  uterus,  which  also  causes  the 
severe  pain.  LeucorrlKca,  although  not  always  present, 
may  be  an  accompanying  symptom.  Its  presence,  how- 
ever, denotes  an  inflammation  of  the  endometrium  rather 
tlian  a  simple  subinvolution.  In  weak  and  debilitated 
(latients  there  is  usually  amenorrho?a. 

Pain  is  a  very  uncertain  symptom.  Headache  is  some- 
times present;  it  is  referred  especially  to  the  crown  of 
the  head  and  is  burning  in  character,  occurring  at  or 
near  each  catanienial  period.  Pain  is  also  localized  in 
the  pelvic  region,  but  may  be  referred  to  more  remote 
parts  of  the  body,  such  as  the  back,  hips,  legs,  and  also 
the  breasts.  'I'lie  pain  is  not  of  so  severe  a  type  as  that 
of  chronic  metritis. 

When  the  uterus  is  large  and  heav}'  and  retroverted, 
as  is  often  the  case,  there  may  be  persistent  constipation, 
which  usually  results  in  hemorrhoids.  Vesical  tenesmus 
may  exist  from  pressure  on  the  bladder  or  from  dragging 
upon  that  organ. 

The  physical  signs  are  especially  valuable  when  ac- 
quired by  a  careful  examination.  The  uterus  is  found 
to  be  soft,  flabb}-,  and  synimetrieally  enlarged,  more 
globular  in  form  than  normal,  and  is  often  displaced. 
The  cervix  is  also  large,  with  usually  a  laceration,  and  the 
OS  is  patulous,  often  permilting  the  entrance  of  a  finger 
as  far  as  the  internal  os.  The  sound  passes  to  a  greater 
depth  than  normal,  and  is  quite  easily  moved  about;  its 
introdnetiiin  may  cause  a  profuse  bleeding. 


DiagnoKis. — It  is  by  no  means  a  simple  and  easy  matter 
to  make  a  positive  diagnosis  in  any  given  case,  unless  the 
l)atient  has  beeu  under  continuous  observation  since  the 
l)regnancy  from  which  the  condition  dates,  for  the  reason 
that  the  term  is  rather  expres.sive  of  a  clinical  fact  than 
of  a  pathological  process.  The  uterus  may  have  under- 
gone a  perfect  involution,  the  hypertrophy  developing 
subsequently  as  a  result  of  an  endometritis,  of  a  displace- 
ment, or  of  ovarian  disease.  A  |u-obable  diagnosis  may, 
however,  be  made  in  most  cases  by  a  careful  comparison 
of  the  symptoms  and  phy.sica!  signs,  the  former  having 
dated  from  a  previous  confinement  or  from  a  period  not 
long  thereafter. 

On  account  of  the  softness  and  moderate  sensibility  of 
the  uterus  in  many  cases,  the  condition  may  be  mistaken 
for  pregnancy  in  its  early  weeks,  or  rice  versa.  In  case 
of  doubt,  it  is  far  better  to  wait  for  time  to  indicate  the 
true  diagnosis  than  to  run  the  risk  of  producing  abortion 
by  passing  the  sound.  This  word  of  warning  is  not  an 
idle  one,  for  the  accident  has  often  hajipened  to  the  im- 
patient and  thoughtless,  and  should  be  guarded  against 
by  excess  of  caution.  It  is  not  impossible  that  the  two 
conditions  may  coexist,  and  this  possibility  furnishes  an 
additional  cause  for  care. 

In  view  of  the  uncertain  relations  existing  between 
subinvolution  and  chronic  metritis,  and  because,  if  they 
be  separate  diseases,  tlic  treatment  of  each  is  the  same,  it 
is  hardly  worth  while  to  attempt  a  nice  discrimination. 
If  the  disease  be  subinvolution  pure  and  simple,  with  no 
metritis  or  "perivascular  sclerosis"  grafted  upon  it,  the 
uterus  will  be  softer  and  more  doughy  than  normal,  will 
measure  three  inches  or  more  in  depth,  and  pressure  upon 
it  -will  be  easily  borne.  Where  there  exists  the  condition 
described  as  chronic  metritis  or  areolar  hyperplasia,  the 
uterus  is  hard  and  sensitive,  and  there  is  usually  more  or 
less  constant  pain  in  the  hypogastric  region.  The  uterus 
is  movable  in  both  conditions,  unless  there  be  adhesions 
or  accompanying  perimetritis. 

Fibroid  tumors  increase  the  bulk  of  the  uterus  and 
elongate  its  cavity,  but  they  can  almost  always  be  felt  as 
local  enlargements  of  the  uterine  mass,  or  at  least  the  en- 
largement is  not  uniform.  The  history  of  the  case  will 
usually  fail  to  show  any  causative  relation  of  pregnancy. 
The  appearance  of  the  cervix  will  often  be  of  assistance, 
it  being  usually  of  normal  size  and  density  in  the  case  of 
tumors  whollj'  confined  to  the  uterine  body.  Malignant 
disease  confined  to  the  body  of  the  uterus  might  be  mis- 
taken for  subinvolution  on  account  of  the  tendencj'  to 
hemorrhage,  the  uniform  enlargement,  the-  lack  of  pain, 
and  the  absence  of  sensitiveness  commonly  noted  in  the 
early  months.  The  age  of  the  patient,  the  continual 
presence  of  a  watery  discharge,  autl  sometimes  the  offen- 
sive odor,  together  with  the  wasting  strength,  should 
suggest  the  nature  of  the  disease,  and  microscopic  ex- 
amination of  shreds  removed  Iij'  the  curette  will  deter- 
mine it. 

Procjnods. — The  prognosis  of  simple  subinvolution 
which  has  not  yet  progressed  to  the  sclerotic  stage  is 
good,  provided  suitable  treatment  be  adopted.  When 
the  condition  is  allowed  to  go  untreated,  its  tendencj-  is 
to  run  through  the  several  stages  of  fibrous  deposit,  in 
duration,  contraction,  atrophy.  Under  these  conditions 
its  course  is  very  variable,  being  influenced  by  a  great 
number  of  factors.  In  some  instances  the  complete  course 
outlined  above  appears  to  have  been  run  through  inside 
of  a  year,  yet  on  the  other  hand  there  are  cases  which 
seem  to  remain  almost  stationary  for  years.  Wiien  the 
stage  of  fibrous  infiltration  has  been  reached — and  most 
cases  presenting  themselves  for  the  relief  of  symptoms 
have  already  entered  upon  it — the  prospect  of  complete 
cure  and  restoration  to  the  normal  is  poor.  As  a  rule, 
the  most  that  can  be  expected  is  the  relief  of  the  princi- 
pal .symptoms,  partial  reduction  of  the  existing  liyper- 
trophy,  and  the  avoidance  of  more  serious  complications. 
The  uterus  may  also  be  placed  iu  a  more  favorable  condi- 
tion for  the  occurrence  of  pregnancy,  and  for  its  success- 
ful completion. 

Trcdtmcrit. — To  a  verv  considerable  extent  subinvolu 
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tiou  is  preventable,  and  hence  prophylactic  measures 
should  be  tirst  considered,  and  uniformly  practised.  It 
is  uunecessar\'  to  urge  the  importance  of  having  every 
woman  approach  her  confinement  in  the  best  possible 
state  of  liealtli.  Of  course  existing  disease  will  be  com- 
bated and  removed  so  far  as  possible,  but  let  the  ]ibysi- 
cian  also  set  his  face  against  every  depressing  influence 
so  often  invoked  by  women  to  diminish  the  size  of  the 
fa?tus  and  thus  to  insure  an  easier  labor.  Let  good  diet, 
fresh  air,  and  plenty  of  e.xercise  be  invoked  to  aid  in 
establishing  or  continuing  a  condition  of  vigorous  health 
previous  to  deliver)'. 

The  importance  of  insisting  upon  a  recumbent  po.sture 
and  absence  of  effort  during  the  first  t\\o  weeks,  and 
upon  a  gradual  and  cautious  getting  up  after  labor,  has 
already  been  referred  to. 

As  septic  causes  have  much  to  answer  for  in  the  pro- 
duction of  the  disease  in  question,  they  must  by  all 
means  be  guarded  against,  and  with  the  present  light 
upon  the  subject  of  aseptic  midwifery  there  is  no  ex- 
cu.se  for  the  man  who  neglects  such  simple  precautions 
as  are  imiversally  agreed  upon.  In  this  connection  Ooo- 
dell"  says:  "The  day  is  surely  coming  when,  to  have  a 
case  of  jnierperal  fever  in  ones  private  practice,  will  be 
deemed  a  crime." 

Tedious  and  ver.y  painful  labors  being,  by  their  ex- 
hausting infiuence,  factors  in  causing,  or  at  least  in  favor- 
ing, the  occurrence  of  subinvolution,  they  should  be 
avoided  so  far  as  possible  by  the  use  of  forceps  and  of 
the  various  ana?stlietic  agents.  Chloral  during  a  long 
first  stage  is  capable  of  giving  rest  and  relief  from  i^ain. 
with  proportionate  lessening  of  exliaustion.  Etlier  and 
chloroform  properly  used  are  perfectly  safe,  and  they 
can  be  given,  if  necessary,  for  long  periods  without  nui- 
terially  delaying  the  progress  of  labor,  and  even  with 
the  effect  of  siiortening  the  duration  in  many  cases. 
Furthermore,  they  diminish  rather  than  increase  the  risk 
of  hemorrhage,  and  in  almost  every  instance  they  di- 
minish tlic  severity  of  the  suffering,  reduce  the  fatigue 
to  a  mininuim,  render  the  convalescence  more  speedy, 
and  insiue  a  more  rapid  and  certain  involution.  There 
is  less  need  of  commendation  of  the  forceps,  yet  if  the 
baneful  influence  of  an  unneces.sarily  prolonged  second 
stage  be  borne  in  mind,  it  will  be  acknowledged  that  no 
mere  prepulice  against  operative  interference  should  be 
permitted  to  prevent  the  timely  employment  of  this  means 
of  abridging  wear  and  tear. 

Lacerations  of  the  cervix  liaving  been  sliown  to  result 
almost  inevitably  in  subinvolution,  it  follows,  as  a  corol- 
lary, tliat  the  presence  of  such  tears  should  always  be 
sought  for  after  labor,  in  order  that  this  and  other  pos- 
sible consequences  may  be  averted  by  suitable  treatment 
addressed  to  the  le.sion.  Conversing  with  a  successful 
fellow-practitioner  recently  upon  this  subject,  I  was  as- 
sured tliat  not  one  physician  in  a  hvmdred  makes  a  i)rac- 
tice  of  cxaniiniug  his  patients  during  or  at  the  close  of 
the  puerperal  month,  and  that  sucli  a  custom  is  imcalled 
for.  If  this  belief  is  general  and  the  former  assertion 
correct,  and  I  believe  them  so  to  be,  the  frequency  of 
subinvolution  is  to  a  large  extent  accounted  for.  He  is 
a  bold  man  who  will  fly  in  the  face  of  such  imanimous 
testimony  as  now  exists  to  the  contrary,  and  assert  that 
laceration  of  the  cervix  is  not  liable  to  result  in  subin- 
volution, or  that  it  matters  not  if  it  does,  as  the  latter 
condition  is  one  of  no  importance;  yet  one  of  these  posi- 
tions must  be  taken  by  the  man  who  disbelieves  in  tlie 
practice  of  examining  his  puerperal  jjatients  before  per- 
mitting them  to  pass  from  liis  hands.  Unless  some  spe- 
cial symptoms  seem  to  demand  interference,  it  is  well  not 
to  examine  until  after  the  completion  of  the  second  week, 
and  better  still  is  it  to  wait  until  the  close  of  the  third 
week,  or  even  of  the  puerperal  month.  By  this  time  in- 
volution should  be  well  advanced,  and  the  cervix  should 
have  returned  nearly  enough  to  the  normal  to  enable  one 
to  judge  well  as  to  the  extent  of  any  laceration,  should 
one  be  present.  The  treatment  of  such  lacerations  needs 
no  consideration  here,  as  this  branch  of  tlie  subject  has 
been  fully  covered  in  another  article;  but  the  importance 


of  caring  for  them  at  an  early  date  cannot  be  too  strongly 
enforced. 

When  the  examination  is  made  as  recommended,  any 
other  existing  condition  which  may  serve  as  a  possible 
cause  of  trouble  can  be  noted  and  will  receive  due  atten- 
tion. It  is  taken  for  granted  that  any  rupture  of  the 
)ierineum  has  been  previously  sutured,  but  the  success  of 
the  operation  is  now  to  be  assured.  If  the  uterus  is  dis- 
jjlaced,  it  must  now  be  returned  to  its  normal  position, 
and  sustained  there  by  glycerin  tampons  or  a  pessary. 

When  subinvolution  is  discovered  soon  after  labor, 
simple  removal  of  its  causes  will  usually  suflice  for  a 
cure.  Later  on.  wdien  the  patient  applies  for  treatment 
for  the  relief  of  symptoms,  the  problem  is  by  no  means 
so  simple.  Measures  directed  toward  the  elevation  of 
the  general  tone  of  the  system  are  always  called  for. 
Tonic  remedies,  liberal  diet  of  the  right  sort,  general 
sponging  followed  bj-  brisk  rubbing,  ajid,  in  those  cases 
in  which  suitable  exercise  cannot  be  taken,  the  employ- 
ment of  massage,  are  to  be  advised.  It  being  assumed 
that  we  have  removed  all  existing  local  conditions  which 
may  serve  to  perpetuate  the  disease,  our  efforts  must  be 
turned  more  directly  to  the  removal  of  hypertrophy  and 
the  restoration  of  function  of  the  diseased  organ. 

In  almost  all  cases  there  exists  liyjiera^mia,  which  is, 
indeed,  the  important  element  in  the  continuation  of  the 
trouble.  This  should  be  attacked  l)_y  puncture,  by  scari- 
fication, or,  better  still,  by  the  application  of  leeches  to 
the  cervix;  the  use  of  glycerin  tampons  and  of  hot 
douches  also  aids  in  reducing  hy  pera'inia.  If  hot  douches 
are  to  be  of  any  value,  they  must  be  administered  while 
the  patient  is  lying  upon  her  back,  with  her  hips  raised; 
the  temperature  of  the  water  must  also  not  be  less  than 
110°  F.,  and  the  douching  should  be  continued  for  at 
least  fifteen  minutes.  Painting  the  cervix  with  Churchill's 
tincture  of  iodine  can  do  no  harm,  and  is  often  of  great 
benefit.  In  those  cases  in  which  the  cervical  canal  is 
patulous,  and  active  endometritis  is  absent,  the  applica- 
tion of  iodized  phenol  to  the  uterine  cavity  by  means  of 
an  apjdicator  is  of  marked  utility.  Such  an  application 
should  be  made  about  once  a  week. 

Electricity  is  highly  recommended  by  many  writers  of 
recent  years,  and  it  has  given  good  results  where  other 
means  have  been  tried  in  vain.  Both  the  galvanic  and 
the  faradic  currents  are  of  value,  either  separately  or  in 
combination.  The  faradic  current  is  chiefly  available,  in 
recent  cases,  for  promoting  contraction  of  muscular  fibre 
and  diminution  of  hyper;emia.  Tlie  galvanic  current 
finds  its  most  important  application  in  the  later  cases, 
in  which  fibrous  deposit  has  already  taken  place. 

Slassage  '"  has  not  as  yet  formed  an  important  factor  in 
the  treatment  of  subinvolution,  but  tliere  are  men  who 
advocate  its  use  very  strongly.  If  no  contraindications 
exist,  massage  may  be  employed  to  the  best  advantage 
in  the  first  stages  of  subinvolution,  when  the  uterus  is 
hypera;mic,  and  when  it  is  found  low  down  in  tlie  pel- 
vis, tender,  spongj',  and  having  a  doughy,  elastic  condi- 
tion. If  there  is  an  accompanj'ing  retrover.sion  this  treat- 
ment is  not  precluded ;  but  wlien  the  uterus  has  become 
hard  and  firm  and  has  lost  its  soft  spongy  feel,  massage 
is  useless. 

Not  infrequently  there  coexists  with  subinvolution,  or 
springs  up  in  consequence  of  it,  a  condition  of  h3'per- 
plastic  endometritis,  which  is  largely  accountable  for  the 
licmorrhagic  symptoms.  In  such  cases  it  may  be  neces- 
sary to  remove  the  diseased  membrane  by  the  use  of  the 
sharp  curette,  following  it,  in  intractable  cases,  by  the 
application  of  tincture  of  iodine,  or  even  of  iodized  phe- 
nol. This,  of  course,  is  to  be  regarded  as  a  surgical 
operation,  strict  aseptic  precautions  being  observed,  and 
the  patient  being  confined  to  bed  for  several  days  there- 
after. 

In  some  refractory  cases  of  subinvolution,  operative 
interference  has  been  practised  by  Keaniy  and  others. 
This  consisted  in  "removing  a  wedge-shaped  piece  from 
the  cervix,  and  closing  the  rent  with  sutures  as  in  trache- 
lorrhaphy, .  .  .  when  laceration  of  the  cervix  did  not 
exist."    "Good  results  are  reported  from  this  operation. 
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AVlien  a  patient  has  advanced  beyond  the  puerperal 
state  and  subinvolution  still  jieisists,  notwithstanding  all 
our  elTorts  to  remedy  the  condition,  relief  may  be  looked 
for  in  pregnane}'.  If  the  patient  becomes  pregnant  the 
uterus  nia\',  in  its  natural  evolution  and  in  its  subseciuent 
involution,  if  no  contrary  condition  hinders,  return  to  its 
natural  size  again. 

Subinwlutioii  nf  the  Vagina.— \n  the  vagina,  as  in  the 
uterus,  the  process  of  hypertrophy  and  development  con- 
tinues throughout  pregnancy,  to  be  followed  after  de- 
livery by  a  process  of  involution  almost  identical  in  its 
method  and  purpose  with  that  which  occurs  in  the 
uterus.  By  this  means  the  vagina  is  restored,  in  about 
two  or  three  months,  very  nearly  to  its  normal  nullip- 
arous  condition,  remaining  permanently,  however,  a 
little  larger  than  before.  This  perfect  result  is,  tuitor- 
tunately,  by  no  means  always  accomplished,  and  subin- 
volution of  the  vagina  is,  like  subinvolution  of  the  ute- 
rus, of  common  occurrence. 

The  causes  of  incomplete  involution  of  the  vagina  are, 
for  the  most  part,  tho.se  that  have  already  been  assigned 
as  factors  in  the  production  of  uterine  subinvolution,  the 
latter  almost  always  being  accompanied  by  more  or  less 
vaginal  subinvolution.  Thecause  which  most  uniformly 
and  certainly  interferes  with  the  process  of  involution  in 
the  vaginal  walls  is,  without  doubt,  laceration  of  the 
perineum  or  pelvic  floor.  While  laceration  of  the  peri- 
neum in  its  entire  thickness  is  common,  laceration  of  the 
posterior  vaginal  wall,  together  with  the  inner  portion  of 
the  perineal  body,  is,  if  possible,  a  still  more  frequent 
accident,  and  is  followed  by  more  disastrous  results. 
When  a  ruptme  extends  through  the  fourcliette,  and 
even  more  deeply  into  the  skin  of  the  perineum,  the  in- 
jury cannot  fail  to  be  noticed  by  the  most  casual  ob- 
server; but  when  internal  inspection  is  necessary  to  dis- 
close the  rent  the  chances  are  strongly  against  its 
discovery.  The  average  phy.sician  considers  his  dutj- 
done  when  he  inspects  the  perineum  externally,  and  to 
his  great  satisfaction  finds  tliat  "not  even  the  fourchette 
is  torn,"  forgetting  or  not  knowing  the  fact,  so  strongly 
insisted  upon  by  Mathews  Duncan,  that  the  point  at 
which  laceration  usuall_y,  and  in  primipai^r  almost  in- 
evitabh',  begins  is  at  the  ostium  vagina',  not  at  the  os- 
tium vulva' — at  the  plane  of  the  hymen,  not  at  the 
fourchette.  In  examining  the  perineum  after  labor, 
therefore,  look  carefully  to  the  mucous  surface. 

Prophylactic  methods  of  treatment  will  be  the  same  as 
those  outlined  above  for  subinvolution  of  the  uterus, 
especial  stress  being  laid  upon  the  care  of  the  perineum 
both  during  and  after  labor.  Curative  treatment,  after 
known  or  possible  factors  in  the  production  of  the  dis- 
ease have  been  removed,  will  consist  in  the  use  of  douches, 
occasional  applications  of  iodine,  with  insertion  of  gly- 
cerin and  alum  tampons,  and  the  employment  of  electric- 
ity. While  both  the  faradic  and  tlie  galvanic  currents 
are  of  utility,  and  ]nany  prefer  the  latter,  my  own  pref- 
erence is  strongly  for  the  former.  By  the  emjiloyment 
of  a  bipolar  electrode  active  contraction  of  the  muscular 
fibres  is  brought  about,  their  tone  is  therebv  improved, 
passive  liypera'mia  is  removed,  absorption  is  stimulated, 
and  the  uterus  is  more  firmly  supported. 

Operative  interference  is  often  called  for  to  repair  old 
injury  to  the  perineum  or  cervix,  to  remove  cystocele 
and  rectocele,  or  to  narrow  and  shorten  a  redundant  va- 
gina, which,  by  the  simpler  means  mentioned,  cannot  be 
reduced  to  the  normal. 

III.  SuPEiitNvor.uTiON. — Nominally,  superin volution 
is  an  excess  of  involution,  by  wiiich  the  uterus  is  reduced 
to  less  than  its  normal  size,  yet  it  is  an  open  question 
whether  just  this  process  really  occurs.  Undoubtedly 
cases  are  noted,  and  with  increasing  frequency,  in  which, 
at  .some  time  after  the  completion  of  puerperal  convales- 
cence, the  uterus  is  found  in  a  state  of  atrophy  ;  but  is 
this  atrophy  due  to  excess  of  the  normal  process  with 
failure  in  the  regeneration  of  muscular  fibre;  or  is  it  not 
rather  fibrous  contraction  following  upon  actual  inflam- 
mation or  occurring  as  a  sequence  of  subinvolution;  or, 
finally,  is  it  not  possibly  a  result  of  disease  of  the  ovaries 


by  which  their  function  is  destroyed,  and  hence  corre- 
sponding to  the  senile  atrophy  of  the  menopause?  The 
present  attitude  of  the  profession  toward  this  disease  is 
one  of  observant  scepticism.  It  is  too  soon  for  any  one 
to  assert  dogmatically  that  superinvolutiiui,  pure  and' 
simple,  docs  not  exist;  yet  before  making  that  diagnosis 
in  any  case  it  would  be  well  to  consider  carefully  if  there 
be  not  some  other  disease  of  which  the  atrophied  uterus 
is  merely  an  expression  or  consequence.  Even  the  clas- 
sical case  of  Simpson — the  case  which  first  suggested  to 
liis  mind  the  title  under  consideration — is  more  likely  to 
liave  been  one  of  premature  atroi)!)}'  and  cessation  of 
function  due  to  tuberculous  disease. 

But  whatever  opinion  may  be  held  concerning  the  ac- 
curacy of  the  term,  it  must  be  admitted  by  all  that  ute- 
rine atrophy  does  occur,  without  apparent  cause,  in  a 
certain  number  of  cases,  not  long  after  delivery,  and  to 
this  condition  has  rightly  or  wrongly  been  given  the 
name  superinvolution.  That  the  condition  is  a  rare  one 
is  shown  by  tlie  scarcity  of  reported  cases,  and  by  the 
fact  that  most  writers  upon  the  diseases  of  women  ig- 
nore the  subject  completely. 

As  regards  the  pathology  of  superinvolution,  it  can 
onl}'  be  said  that  the  uterus  resembles  that  organ  in  a 
state  of  .senile  atrophy.  Ob.servations  are  too  few  to 
afford  any  definite  information  concerning  the  morbid 
processes  involved. 

There  are  no  distinctive  or  constant  symptoms  which 
belong  to  the  disease,  with  the  single  exception  of  amen- 
orrha>a,  or  scanty  menstruation.  Besides  this,  there  is 
the  ordinary  train  of  sympt(jms  common  to  many  another 
form  of  uterine  disease.  Examination  reveals  simply  a 
non-sensitive  uterus,  of  less  than  the  normal  size  and 
depth.  The  ovaries,  if  found  at  all,  are  commonly  much 
smaller  than  normal,  and  are  not  infrequently  bound 
down  anil  compressed  by  adhesions. 

The  disease  is  a  very  intractable  one,  though  the  prog- 
nosis will  vary  in  accordance  with  the  pathological  con- 
ditions which  stand  in  causative  relation  to  the  atrophy. 
In  some  cases,  diagnosticated  as  superinvolution,  a  cure 
has  been  achieved  and  pregnancy  has  followed ;  but  it 
may  be  laid  down  as  a  rule  that  most  cases  will  jirove 
absolutely  rebellious  to  treatment,  and  sterility  will  be 
permanent. 

The  only  treatment  which  has  been  found  of  value  is 
one  having  for  its  purpose  stimulation  of  the  uterus,  and 
this  is  best  accomplished  by  the  conjoined  use  of  mode- 
rate cervical  dilatation  and  electricity.  Either  a  Hanks 
or  a  steel-branched  dilator  may  be  used  to  stretch  the 
cervix  slightly  every  week  or  ten  days.  Rockwell  rec- 
ommends that  both  the  faradic  and  the  galvanic  currents 
be  utilized,  and  relates  one  case  in  his  own  practice  in 
which  menstruation  was  thus  induced  in  a  patient  whose 
uterus  measured  but  one  and  three-quarter  inches.  The 
poles  of  the  faradic  battery  may  be  used  indifferently, 
but  when  the  galvanic  current  is  employed  Rockwell  ad- 
vises that  the  negative  pole  be  placed  within  or  against 
the  uterus.  liiifus  A.  Kiiigmnn. 

Revised  by  Eugene  E.  Everett. 
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UTERUS,    VAGINA,  ETC.,    TUBERCULOSIS    OF.— 

The  iclationsliip  between  tuliei'culosis  of  the  uteiiis.  va- 
gina, and  vulva,  and  tuberculosis  of  the  Fallopian  tubes, 
ovaries,  and  peritoneum,  is  so  close  that  in  the  general 
consideration  of  the  subject  it  will  be  necessary  to  make 
reference  to  tuberculosis  of  the  structtires  above  the  ute- 
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rus,  which  subjects  do  not  strictly  belong  to  this  particu- 
lar chapter.  (For  a  full  consideration  of  tuberculosis  of 
the  uterine  appendages  and  peritoneum  see  the  articles 
on  Fdllojnan  Tubes,  Diseases  uf ;  Oiaries,  Diseases  of  ; 
and  Peritonitis,  Septic  and  Tuberculous  [in  the  Appen- 
dix]. 

General  Consider.\tions. — Tubercle  bacilli  gaining 
entrance  to  the  circidatory  S3'stenis  of  the  body  show  what 
appears  to  be  an  elective  preference  for  certain  organs. 
Thus,  in  the  order  of  frequency,  it  is  found  that  the  in- 
volvement affects  the  lungs,  lymphatic  glands,  mucous 
membranes,  serous  membranes,  bones,  spleen,  l<idne3's, 
adrenals,  brain,  genital  organs,  bladder,  aud  skin.  Age 
has  an  intiucnce  upon  the  relative  susceptibility  of  the 
organs,  the  limgs  being  most  frequently  involved  in 
adults,  and  the  lymph  glands,  bones,  joints,  an<l  menin- 
ges in  children.  In  the  female  organs  of  reproduction 
the  order  of  the  frequency  of  involvement  is:  Fallopian 
tubes,  uterus,  ovaries,  vagina,  cervix,  and  vulva.  As 
tuberculosis  of  these  parts  is  frequently  overlooked  or 
mistaken  for  other  lesions,  this  order  may  be  subject  to 
later  moditications.  Tuberculosis  of  the  genitals  is  near- 
ly seven  limes  more  frequent  in  women  than  in  men. 
Gonorrhoeal  and  other  chronic  inflammatory  conditions- 
appear  to  increase  the  susceptibility  of  the  generativjR 
organs  to  tuberculosis. 

That  the  more  frequent  involvement  of  certain  parts  of 
the  body  over  others  is  due  les^s  to  the  portal  of  entry  than 
to  differences  in  the  relative  susceptibility  of  the  organs 
themselves,  is  intlicated  by  the  observations  made  U|)on 
lower  animals  that  have  been  infected  by  subcutaneous 
inoculation,  intravenous  injection,  ingestion  or  inhala- 
tion of  the  bacilli.  In  such  animals  a  tendency  of  the 
bacilli  to  grow  more  frequently  and  more  lu.vuriantly  in 
certain  organs  is  ob.served.  The  susceptibility  of  a  par- 
ticular organ  obviously  is  modified  by  the  degree  of  gen- 
eral resistance  to  tuberculous  infection  possessed  by  the 
individual,  and  by  the  virulence  of  the  special  bacilli 
concerned.  Against  the  most  virulent  forms  of  the  tuber- 
cle bacilli  it  is  probable  that  no  man  and  few  organs  are 
immune,  while  other  species  of  the  micro-organisms  are 
so  attenuated  as  to  be  able  to  produce  disease  only  in  per- 
sons of  greatly  enfeebled  resistance,  and  then  only  in  the 
more  vulnerable  organs. 

Although  it  is  probable  that  the  organs  most  frequent- 
ly involved,  such  as  the  lungs  and  lymph  glands,  are,  as 
a  general  rule,  most  suscc))tible,  if  is  not  improbable  that 
in  certain  individuals  the  order  of  the  relative  resistance 
of  the  special  organs  varies.  In  this  way  may  we  ex- 
plain the  occasional  primary  colonization  of  tubercle 
bacilli  in  the  female  genital  organs,  despite  their  entrance 
into  the  body  through  the  digestive  and  the  respiiatory 
tracts,  or  through  some  other  remote  portal.  In  such  in- 
stances it  may  be  that  no  lesion  marks  the  point  of  entry 
of  the  bacilli,  nor  the  channels  traversed  by  the  micro- 
organisms in  passing  to  the  reproductive  organs. 

Cn.\n.\cTER  OF  THE  Infection. — Much  stress  has  been 
placed  upon  the  question  as  to  whether  the  lesion  in  the 
genital  organ  be  primary,  or  the  initial  tuberculous  focus 
in  the  body,  or  secondary  to  some  other  lesion  in  a  con- 
tiguous organ  or  in  a  distant  part  from  which  the  bacilli 
have  been  carried  by  the  blood-  or  the  lymph-stream. 
Practically,  however,  the  secondaiy  character  of  the  dis- 
ease of  the  genitalia  has  little  influence  upon  the  treat- 
ment in  the  case,  provided  that  the  primary  lesion  be  of  a 
trifling  character.  Far  more  im]iortant  is  the  determina- 
tion of  the  dominant,  determining,  or  dangerous  lesion  in 
the  body.  Thus,  a  tuberculous  uterus  or  ovarj',  whether 
primary  or  secondary,  rarely  requires  the  attention  of  a 
gynecologist  in  the  presence  of  advanced  pulmonary  dis- 
ease, yet  is  of  great  importance  when  the  lesion  else- 
where in  the  body,  even  though  it  be  primary,  is  slight 
and  stationary  in  character. 

Jlore  important  than  thq  primary  or  secondary  nature 
of  the  disease — for  this  may  have  little  influence  upon  the 
treatment — is  the  consideration  of  the  mode  of  entry  of 
the  bacilli,  which  concerns  the  prophylaxis  against  these 
lesions.     As  a  rule,  however,  the  portal  of  entrance  is 


difflcidt  to  determine,  as  the  bacilli  may  pass  through 
the  mucous  membrane  and  traverse  tlie  lymphatic  or 
blood  channels  without  leaving  any  gross  or  microscopic 
evidence  of  their  path.  Again,  evident  primary  lesions 
may  indicate  the  portal  of  entry. 

The  bacillus  may  enter  directly  through  the  external 
genitalia,  a  condition  known  as  ascendiiiy  infection,  or 
through  contiguous  organs  and  remote  portions  of  the 
body,  by  means  of  the  blood-  or  the  lymph-stream,  desig- 
nated as  descending  infection. 

■Mode  of  Infection. — Ascending  infection  may  occur 
through  contact  with  contaminated  fingers  or  utensils. 
Thus,  a  consumptive  may  reinoculate  herself  by  sputum 
carried  on  her  bauds,  wliile  the  more  seiious  danger  of 
initial  infection  may  attend  the  ministrations  of  a  careless 
tuberculous  physician,  midwife,  or  nurse. 

While  it  is  diflicult  to  offer  the  convincing  evidence  of 
concrete  instances,  the  possibility  of  infection  in  coitus 
from  disease  of  the  genito-urinary  organs,  or  from  the 
use  of  tuberculous  sputum  as  a  lubricant,  is  to  be  con- 
sidered. The  descending  fnrm  of  infection  is  much  the 
more  frequent,  although  usually  it  is  as  dithcult  to  de- 
termine the  precise  portal  of  entry  as  it  is  to  give  abso- 
lute evidence  of  the  primary  natuVe  of  the  lesion.  It  is 
apparent  thilt  for  the  most  paif  this  will  remain  supposi- 
titious. 

The  bacilli  maj-  be  directly  carried  in  the  blood  or  lym- 
phatic vessels  from  the  mucous  membranes  of  the  respi- 
ratory, digestive,  or  urinary  systems,  or  from  surface 
lesions  of  the  skin,  to  the  pelvic  organs.  Often  primary 
lesions  mark  the  path  of  the  invaders,  and  not  infrequent- 
ly the  genitalia  are  infected  by  proximity  to  tuberculous 
organs,  such  as  the  intestines  and  bladder,  or  because 
their  peritoneal  covering  sbaies  in  a  generalized  ttdjercu- 
lous  ])eritonitis. 

ClI.MiACTEn   AND   FltECJl'ENCY   OK    THE   LESIONS. — The 

lesion  may  appear  in  the  form  of  either  gray  or  yellow 
miliary  tubercles,  cheesy  or  i^uriform  foci,  massesof  im- 
perfectly organized  peritoneal  exudate,  granulation  tis- 
sue, or  chronic  ulcerations  of  the  mucous  surfaces.  The 
liquid  exudate  may  differ  from  other  iuflainniatorj-  peri- 
toneal effusions  in  the  presence  of  small  luimbers  of 
polymorphonuclear  leucocytes  and  of  fibrin,  and  the 
presence  of  many  mononuclears  and  the  tubercle  bacilli. 
Most  frequeufly  the  disease  occurs  in  the  form  of  miliary 
tuberculosis  of  the  pelvic  peritoneum,  and  is  but  a  iiart 
of  a  more  generalized  process.  At  times  the  tubercles, 
which  appear  as  slightly  raised,  firm,  grayish  or  yellow 
ish  nodules,  from  1  to  3  nun.  in  diaiueter,  are  limited  in 
their  distribution  to  the  peritoneal  covering  of  the  uterus 
and  its  appendages,  and  may  or  may  not  be  associated 
with  pelvic  exudate  and  adhesions. 

The  Fallopian  tubes  are  affected  more  frequently  than 
any  of  the  other  reproductive  organs.  Besides  the  form 
in  which  onl)'  the  peritoneum  is  involved,  there  is  the 
interstitial  type,  in  which  the  tube  showsa  great  thicken- 
ing of  its  walls,  the  presence  of  tubercles,  and  at  limes  of 
a  serous  iuflammatoiy  oedema  in  the  muscular  walls. 
P'inally,  the  chief  involvement  may  be  the  mucous  lin- 
ing, which  may  show  miliary  tubercles,  or,  if  the  process 
be  advanced,  ulceration,  or  the  mucous  lining  of  the  tube 
may  be  entirely  destroj'cd  and  the  organ  greatly  distended 
by  a  puriform  or  caseous  material.  This  resembles  a 
pyosalpinx,  but  the  microscope  shows  the  fluid  to  con- 
sist largely  of  necrotic  substance  rather  than  of  pus. 
There  is  also  less  tendencj-  for  the  ostium  to  become 
closed  than  in  other  forms  of  salpingitis. 

The  tube  maj'  contain  many  ounces  of  fluid,  giving  it 
an  enormous  size.  Localized  collecti<uis  of  a  more  or  less 
puriform  fluid,  walled  by  masses  of  exudate  and  adhe- 
rent organs,  may  be  mistaken  for  ovarian  cysts.  The 
ovary  may  be  infiltrated  by  tubercles  or  distended  by 
large  necrotic  and  cheesy  foci. 

In  the  uterus,  apart  from  the  miliary  tuberculosis  of 
its  peritoneal  covering,  the  disease  chiefly  attacks  the  en- 
dometrium. Miliary  tubercles,  ulcers,  or,  when  the  proc- 
ess is  more  progressive,  the  destruction  of  the  endome- 
trium and  adjacent  muscularis,  and  the  distention  of  the 
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utei-iue  walls  with  caseous  material,  may  occur.  This 
process  \isuall}'  begins  iu  the  fundus,  and  may  be  espe- 
cially marked  at  th'e  cornua.  Rarely  does  it  pass  the  in- 
ternal OS.  In  the  early  stage  a  tine  nodular  roughening 
of  the  endometrium  may  be  detected,  but  this  may  be  in- 
distinct, and  a  precipe 'diagnosis  is  possil)le  only  after 
microscopic  study.  Later,  irregvdar  ulcers  with  yellow- 
ish necrotic  bases  and  edges  infiltrated  by  tubercles  may 
be  formed.  A  diffuse  caseous  necrosis  uilh  a  com]]lete 
destruction  of  the  endometrium  is  the  most  connnon  form 
in  the  uterus.  It  may  occur  in  childhood,  in  middle  or 
ill  advanced  life.  The  internal  os  may  be  obstructed, 
and  the  process  at  times  advances  to  the  point  of  causing 
a  perforation  of  the  muscular  wall  of  the  uterus.  Rarely 
there  may  develoji  in  the  uterus  a  piu-e  interstitial  or 
muscular  form  that  may  progress  until  it  jiroduces  a  per- 
foration into  the  abdominal  or  uterine  cavity.  Earl_y  in 
the  process  such  an  involvement  may  predispose  to  ute- 
rine rupture  during  jiregnanc}'  or  labor. 

Primary  tuberculosis  of  the  uterus  is  very  rare.  It  is 
usually  secondary  to  tuberculosis  of  the  Fallopian  tubes 
or  to  phthisis  inilmonalis.  As  a  secondary  condition  it 
is  not  uncommon,  and  iu  such  cases  the  tuberculous 
process  is  u.sually  limited  to  the  corpus,  the  cervix  being 
health}'.  On  the  other  hand,  iu  the  rare  cases  in  which 
the  cervix  is  attacked,  the  corpus  is  usually  normal. 
Merletti  (Archino  di  Ontct.  e  Ginec,  December,  1901) 
states  that  in  one  hundred  and  seventy-two  cases  of  geni- 
tal tuberculosis,  seventy -five  had  the  uterine  body  af- 
fected. 

Tuberculosis  of  the  cervix  usuall_y  proceeds  to  the  for- 
mation of  ulcers  or  fuugating  papillary  masses.  The 
ulceration  may  extend  over  the  vaginal  portion  of  the  cer- 
vix, the  base  "of  the  ulcer  showing  reddish  granulations 
and  a  superficial  mass  of  caseous  necrosis.  Minute,  firm, 
grayish  or  yellowish  tubercles  may  be  present  through- 
out the  surface  of  the  ulcer  or  in  the  adjacent  tissue.  In 
the  papillary  form  masses  occiu-  within  the  canal,  and  the 
clinical  picture  resembles  that  of  carcinoma.  There  is, 
however,  less  bleeding  on  manipulation,  and  the  indura- 
tion is  less  wooden.  Tuberculo.sis  of  the  cervix  is  ver_v 
rare.  The  first  ease  was  described  by  Virchow  ("von 
Rud.  Tuberkulose  der  Scheide,"  Virchow's  Air/n'r,  Bd. 
v.,  p.  404).  In  the  majority  of  cases  of  cervical  tuber- 
culosis, tuberculosis  of  the  vagina  has  been  present. 
Tuberculosis  of  the  corpus  seldom  exists  in  conjunction 
with  tuberculosis  of  the  cervix.  J.  Whitridge  Williams 
("  T\iberculosis  of  the  Female  Generative  Organs,"  Johns 
Hopkins  Hospital  Reports,  1892,  vol.  iii.,  p.  85)  was  able 
to  collect  on!}-  seven  cases.  It  is  probable  that  certain 
cases  of  tuberculosis  of  the  cervix  have  been  diagnosed 
as  in.stances  of  cancer,  thus  forming  a  po.ssible  source  of 
error  in  estimating  the  permanent  results  of  hysterectomy 
for  cancer  of  the  cervix. 

In  the  vagina  and  upon  the  labia  miliary  tuberclesand 
irregular  ulcers  with  indurated  yellowish  or  reddish 
bases  and  thickened  borders  have  in  rare  instances  been 
noted.  In  the  vagina  the  posterior  wall  is  the  seat  of 
election  for  the  disease.  Tuberculosis  of  the  vagina  is 
usuall}'  secondar_y  to  tuberculosis  of  the  higher  portions 
of  the  genital  tract,  though  it  may  occur  independently 
of  any  tuberculous  infection  of  the  rest  of  the  genitalia. 
Tuberculous  ulcers  ma}'  perfoi'ate  the  wall  of  the  vagina 
and,  according  to  their  location,  lead  to  the  formation  of 
recto-vaginal  and  vesico- vaginal  fistula?. 

The  lupus  occurring  upon  the  vulva  resembles  that 
which  occurs  upon  other  ]iortions  of  the  body.  The  vulva 
is  less  often  the  seat  of  tuberculosis  than  any  portion  of 
the  genitalia.  J.  Wiiitridge  Williams  ("Tuberculosis  of 
the  Female  Generative  Organs,"  Johns  Hopkins  Hospital 
Reports,  1893,  vol.  iii.,  p.  8.5)  was  able  to  collect  only 
three  cases  in  which  the  diagnosis,  based  upon  microsco- 
pic and  bacteriologic  examinations,  was  undoubted. 
Many  cases  of  supposed  lupus  have  been  due  to  syphilis 
or  to  non-tuberculous  ulceration. 

It  seems  probalile  that  tlie  supposed  rarity  of  the  dis- 
ease below  the  Fallopian  tubes  is  due  in  part  to  the  lack 
of  pathologic  or  bacteriologic  study  of  obscure  lesions. 


Under  the  microscope  the  tubercles  found  in  the  geni- 
talia resemble  those  foimd  elsewhere  in  the  body,  fre- 
quently combining  giant  cells  and  caseous  centres  with 
a  peripheral  zone  of  epithelioid  and  lymphoid  cells. 

Diagnosis.— Cover-glass  smears  made  from  the  secre- 
tions of  the  uterus  or  local  lesions  when  properly  stained 
may  show  the  characteristic  bacilli.  Care  should  be 
taken  by  inoculation  experiments,  or  other  tests,  to  ex- 
clude the  smegma  bacillus. 

The  most  delicate  reaction  is  by  the  injection  of  sus- 
pected secretion  into  the  peritoneal  cavities  of  guinea- 
pigs.  In  from  three  to  six  weeks,  should  virulent 
tubercle  bacilli  be  present  in  the  secretion,  the  animals 
will  show  a  characteristic  involvement  of  the  organs. 
L'terine  scrainugs,  scrapings  or  sections  from  ulcers, 
when  sectioned  and  stained,  may  show  characteristic 
tubercles  or  tiie  bacilli.  I  have  observed  typical  tuber- 
cles in  bits  of  granulation  tissue  scraped  from  a  pelvic 
sinus.  Sections  should  be  made  of  all  excised  organs, 
and,  in  doubtul  cases,  inoculation  experiments  in  the 
lower  animals  should  be  carried  out. 

Clinically,  tuberculosis  is  to  be  thought  of  when  a 
marked  salpingitis,  perimetritis,  or  endometritis  occurs 
in  young  children  or  in  adults,  provided  we  can  exclude 
gonorrlioeal  or  puerperal  infection.  The  diagnosis  is  ren- 
dered more  probable  when  tuberculous  foci  are  present  in 
the  lungs  or  other  organs.  Tuberculosis  of  the  vulva, 
vagina,  and  cervix  may  be  suspected  when  these  tissues 
are  infiltrated  or  ulcerated.  The  lesions  resemble  those 
of  tuberculosis  upon  other  mucous  structures,  but  the 
diagnosis  must  rest  upon  histologic  and  bacteriologic 
studies.  In  tuberculosis  the  adhesions  about  the  Fallo- 
pian tubes  may  be  extensive,  and  yet  the  ostia  of  these 
tulies  may  not  show  the  same  tendency  to  undergo  clos- 
ure that  is  observed  in  other  forms  of  salpingitis.  As  to 
the  general  symptoms,  tlie  great  disproportion  which 
exists  between  the  marked  cachexia  and  the  insignificant 
amount  of  local  disease  is  suggestive,  while  the  injection 
of  tuberculin  causes  a  well-marked  reaction.  The  patho- 
logic process  is  aggravated  by  pregnancy,  by  coitus,  and 
generally  by  <lebilitating  conditions,  especially  such  as 
occur  in  diabetes. 

Tre.\t.mext. — Tuberculosis  of  the  uterus,  whether  of 
the  corpus  or  of  the  cervix,  when  primary  or  when  sec- 
ondary to  tuberculosis  of  the  uteiine  appendages  or  of 
the  peritoneum,  should  be  treated  by  liysterectomy. 
Abdominal  hysterectomy  should  be  preferred  as  aiford- 
ing  the  opportunity  of  dealing  more  satisfactorily  with 
the  involved  appendages  and  of  inspecting  the  abdomi- 
nal peritoneum.  When  tuberculosis  of  the  uterus  is 
secondary  to  tuberculosis  in  the  lungs  or  other  organs  of 
the  body,  hysterectomy  is  still  iudicated,  provided  the 
tuberculous  process  elsewliere  is  not  extensive  and  is  not 
progressive,  and  provided  also  that  the  nutrition  and 
vitality  of  the  particular  patient  is  sufficiently  good  to 
enable  her  to  v.-ithstand  a  major  operation.  When  tu- 
berculosis of  the  uterus  or  cervix  is  secondary  to  or  com- 
plicated by  active  tubercidosis  in  other  organs  of  the 
body,  or  when  the  vitality  of  the  patient  is  too  greatly 
reduced  to  render  a  major  operation  advisable,  treatment 
addressed  to  the  cure  or  amelioration  of  the  complicating 
conditions  should  first  be  instituted.  Admission  should 
be  sought  in  a  well-equipped  sanitarium  for  the  treat- 
ment of  tuberculosis;  or,  if  this  is  not  available,  the  in- 
fluence of  rest,  forced  feeding,  life  in  the  open  air,  and 
tonic  medication  should  be  advised.  During  the  contin- 
uance of  such  general  ti'eatment,  should  the  discharges 
from  the  uterus  be  annoying  or  offensive,  bland  aseptic 
or  mild  antiseptic  vaginal  douches  should  be  employed. 
In  cases  in  which  local  discharge,  whether  of  blood  or  of 
pus,  is  a  marked  feature,  and  in  which  a  radical  operation 
is  contraindicated,  curettage,  with  local  applications  of 
silver  nitrate,  iodoform,  etc.,  may  occasionally  be  indi- 
cated. 

The  treatment  of  tuberculosis  of  the  vagina  depends 
upon  the  character  of  the  lesions,  upon  whether  they  be 
primary  or  secondary,  and  upon  the  complications  in  the 
particular  case.     Isolated  lesions,  when  not  too  exten- 
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sive.  should  be  treated  by  excision  and  suture.  When 
this  is  not  feasible,  owing  to  the  e.xtent  of  the  lesion  or 
to  too  great  involvement  of  the  recto-vaginal  and  vesico- 
vaginal septa,  the  condition  ma_y  best  be  treated  by 
curettage,  followed  by  the  application  of  silver  nitrate, 
iodoform,  or  other  topical  application.s  used  in  tuber- 
culous lesions  of  mucous  membranes  in  other  portions  of 
the  body.  In  complicated  cases  in  which  the  involve- 
ment f)f"the  vagina  is  but  a  minor  part  of  a  more  general 
condition,  local  measures  should  be  restricted  to  those 
which  promote  the  comfort  of  the  patient  by  the  removal 
of  discharges  and  the  relief  of  pain. 

Tuberculosis  of  the  vulva  should  be  treated  by  excision, 
when  the  lesions  are  not  extensive.  In  cases  in  which  the 
tissues  are  involved  to  a  marked  degree,  Piusen-light 
treatment  should  be  employed,  this  having  given  excel- 
lent results  in  lupus  of  other  portions  of  the  body. 

The  importance  of  general  treatment,  both  in  connec- 
tion with  local  treatment,  addressed  to  the  generative 
organs  and  as  supplementary  to  local  treatment  whether 
topical  or  operative,  cannot  be  too  strongly  insisted  upon. 
It  would  be  better  if  all  cases  supposed  to  be  cured  of 
local  tuberculosis  were  treated  by  the  methods  which  are 
employed  for  building  up  the  system  and  which  are  con- 
sidered necessary  in  the  treatment  of  incipient  tubercu- 

11         losis. 

II  The  prognosis  of  tuberculous  cases  should  almo.st  never 

be  hopeless.  Not  infrequently  the  most  unjiromising 
cases  do  well,  and  sometimes  make  good  recoveries. 

C/iarles  P.  Noble. 

UVA  URSI.     See  Bearhernj. 

UVULA  AND  SOFT  PALATE.— Anatomy.— The  soft 
palate,  or  velum  pendulum  iialati,  is,  as  its  name  implies, 
a  movable  curtain  or  fold  formed  bj'  a  duplication  of  the 
nuieous  membrauc  which  covers  the  hard  palate  aud  is 
continued  backward  from  it.  It  contains  muscular  fibres, 
an  aponeurosis,  vessels,  nerves,  and  mucous  glands,  and 
forms  a  valve,  more  or  less  complete,  between  the  mouth 
and  the  pharynx.  Its  inferior  border  is  free  and  pendu- 
lous, and  is  prolonged  ia  the  middle  into  a  small  conical 
process,  the  ^tcnhi.  At  each  side  it  presents  two  curved 
folds  known  as  tlie  arches  or  pillars  of  the  soft  palate, 
aud  which,  .starting  from  above  at  a  short  distance  out- 
side the  median  line,  extend  downward  and  outward, 
diverging  in  their  course  to  form  the  triangular  space  in 
which  lies  the  tonsil.  These  folds  are  called  respectivel.y 
tlie  anterior  and  tlie  ]}oslcrior  jnHms  of  the  palate.  The 
anterior  descends  to  the  side  of  the  tongue,  while  the 
posteriorruns  downward  and  backwai'd  into  the  pharynx. 
The  space  which  is  situated  between  the  anterior  arches 
of  the  palate,  aud  which  constitutes  the  passage-way 
from  the  mouth  to  the  pharynx,  is  called  the  isthmus  of 
the  fauces.  The  mucous  membrane  covering  the  greater 
part  of  the  velum,  as  well  as  its  free  margin,  is  covered 
with  pavement  epithelium.  At  the  upper  part,  however, 
and  near  the  orifice  of  the  Eustachian  tube,  ciliated  and 
columnar  epithelium  is  found.  The  epithelium  of  the 
gland  ducts  is  also,  in  man}-  instances,  of  this  character. 
At  birth  the  whole  posterior  surface  of  the  velum  is  lined 
with  ciliated  epithelium,  which  later  becomes  squamous. 
The  soft  palate  is  acted  upon  by  five  pairs  of  muscles, 
two  superior,  two  inferior,  and  one  intermediate. 

The  superior  muscles  are  the  tensor  palati  and  the 
levator  palati,  the  two  inferior  are  the  palatoglossus 
and  the  iialatopharyngeus,  and  the  intermediate  is  the 
azygos  iivukv. 

The  tensor  jialati.  or  circuniflexus,  arises  from  the  an- 
terior aspect  of  the  cartilaginous  portion  of  the  Eusta- 
chian tube,  from  the  navicular  fossa  at  the  root  of  the 
internal  pterygoid  jilate,  from  the  spine  of  the  sphenoid 
and  the  edgeof  the  tympanic  plate  of  the  temporal  bone ; 
it  descends  vertically  between  the  internal  ]iterygoid 
plate  and  the  inner  surface  of  the  internal  pterygoid 
muscle,  and  terminates  in  a  tendon  which  winds  around 
the  hamular  process,  being  retained  in  this  situation  b.y 
some  of  the  fibres  of  origin  of  the  internal  pterygoid 


muscle,  and  lubricated  by  a  bursa;  it  extends  horizon- 
tally inward,  and  terminates  in  the  anterior  part  of  the. 
aponeurosis  of  the  soft  palate  and  the  under  surface  of 
the  palate  bone. 

The  levator  palati  muscle  arises  from  the  under  surface 
of  the  apex  of  the  petrous  portion  of  the  temporal  bone, 
in  front  of  the  orifice  of  the  carotid  canal,  and  from  the 
adjacent  cartilaginous  parts  of  the  Eustachian  tube.  It 
passes  downward  and  forward,  approaching  the  median 
line^  and  is  expanded  upon  the  posterior  sm-face  of  tlie 
.soft  palate  as  far  as  the  median  line,  where  its  fibres 
blend  with  those  of  the  opposite  side.  Superiorly,  it  is 
placed  above  the  concave  margin  of  the  superior  con- 
strictor. 

The  palatoglossus  muscle  (constrictor  isthmi  faucium) 
is  a  fasciculus,  narrower  at  the  middle,  which  forms, 
with  the  mucous  membrane  covering  it,  the  anterior  pil- 
lar of  the  soft  palate.  It  arises  from  the  anterior  surface 
of  the  soft  palate,  on  each  side  of  the  uvula,  where  its 
fibres  are  continuous  with  those  of  its  fellow  of  the  op- 
posite side,  and,  passing  forward  and  outward  in  front 
of  the  tonsil,  is  inserted  into  the  side  and  dorsum  of  the 
tongue. 

The  palatopharyngeus  muscle,  occupying  the  poste- 
rior pillar  of  the  palate  and  forming,  with  the  palato- 
glossus, the  triangular  space  in  which  lies  the  tonsil, 
arises  in  the  soft  palate  by  fibres  connected  with  tliose 
of  the  opposite  side,  and  passing  partly  above  and  partly 
below  those  of  the  levator  jjalati  and  azygos  muscles. 
As  the  muscle  descends  it  becomes  greatly  expanded,  and 
its  fibres  are  found  extending  from  the  posterior  corner 
of  the  thyroid  cartilage  backward  to  the  middle  line  of 
the  pharynx,  some  of  the  fibres  decussating  posteriorly 
with  those  of  the  opposite  side. 

The  azygos  uvula;  muscle  (so  called  from  having  been 
supposed  to  be  a  single  muscle)  consists  in  reality  of  two 
fasciculi ;  these  arise  from  the  posterior  nasal  spine  of 
the  palate  bone  and  from  the  tendinous  structure  of  the 
soft  palate,  and  descend  to  be  inserted  into  the  uvula. 
The  fasciculi  are  separated  by  a  slight  interval  above  and 
unite  as  they  descend. 

Diseases. — The  diseases  of  the  soft  palate  and  uvula 
may  be  classified  into  two  groups,  namel}',  general  and 
local.  In  the  first  division  may  be  grouped  such  as  are 
sym]jtomatic,  and  merely  the  local  manifestation  of  a 
general  condition,  such  as  measles,  scarlet  fever,  diph- 
theria, syphilis,  tuberculosis,  and  lupus.  Although  the 
local  lesion  in  any  of  the  above  aflections  cannot  compare 
in  importance  with  the  general  disease,  there  may  arise 
certain  conditions  under  which  the  throat  affection  may 
become  of  decided  importance,  as  will  be  seen  later  on  in 
the  study  of  chronic  inflammation,  diphtheria,  and  syphi- 
lis of  the  parts.  Local  affections  of  the  soft  palate  in- 
clude the  various  inflammations  which  iriay  attack  it, 
such  as  simple  hypera^mia,  acute,  subacute,  and  chronic 
congestion,  n?dema,  and  [jhlegmon,  as  well  as  genera!  re- 
laxation, dilatation  of  the  superficial  blood-vessels,  pare- 
sis, new  growths,  and  congenital  malformation. 

InfiiiiJiMiition.— Acute  catarrhal  infiammation  of  the 
uvuia  and  soft  palate  presents  the  following  symptoms: 
The  uvula  is  reddened,  swollen,  and  somewhat  sensitive, 
the  sensitiveness  increasing  at  each  effort  of  deglutition, 
and  the  patient  experiencing  a  sharp  pain,  as  from  the 
presence  of  a  foreign  body  in  the  throat.  If  the  inflam- 
mation be  severe,  oedema  of  the  submucous  connective 
tissue  and  of  the  muscular  tissue  beneath  may  occur, 
giving  rise  to  an  acute  prolapsus  of  the  uvula,  and  at- 
tended with  much  irritation  and  discomfort.  These 
anatomical  changes  are  usually  temporary,  and  disap- 
pear with  the  subsidence  of  the  attack.  Follicular  and 
herpetic  inflammations  of  the  uvula  are  usually  asso- 
ciated with  the  same  condition  in  the  pharynx,  and 
therefore  show  no  features  which  are  distinctive. 

Phlegmonous  uvulitis  is  characterized  by  the  greater 
intensity  of  the  accompanying  inflammation.  The  uvula 
is  very  much  swollen  and  reddened,  and  the  pain  is  ex- 
cessive. The  sensation  is  as  of  a  heavy,  voluminous 
body  in  the  mouth,  which  in  the  act  of  deglutition  gives 
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rise  to  laucinating,  almost  unbf«ral)le  pain.  Respiration, 
besides,  is  more  or  less  seriously  impeded.  In  siicli  cases 
the  intlammation  involves  both  the  mucous  membrane 
and  the  snbinueoMS connective  tissue,  aixl  also  the  azygos 
musck^  and  it  may  extend  to  tlie  neighborin.a;  jiarts. 

The  causes  of  the  above-mentioned  forms  of  iidlamma- 
tion  of  the  uvula  are,  in  general,  as  follows:  Inlluence  of 
cold,  or  of  irritating  substances,  such  as  too  hot  food  or 
drink,  l)urning  or  irritating  alkaline  substances  or  min- 
eral acids:  and,  finally,  progressive  inflammation  extend- 
ing from  the  neighboring  parts.  As  already  mentioned, 
the  symptoms  of  acute  uvulitis  do  not  last  long,  and  the 
disease  can  usually  be  shortened  by  the  application  of 
medicines  such  as  are  generally  used  for  similar  con- 
ditions el.sewhere.  Sometimes  the  disease  liecomes 
chronic,  especially  when  the  inflammation  is  often  re- 
peated, or  the  patient  is  sullcring  from  constitutional 
disease  or  general  disturbance  of  nutrition. 

The  chronic  catarrhal  form  of  vivulitis  presents  all  the 
well-known  changes  in  appearance  which  are  common  in 
like  alleclions  of  the  pharyn.x  and  laryn.N.  A  granular 
condition  of  the  mucous  membrane  is  especially  fre- 
quent, originating  in  a  hy|ierplastic  inllanuiiation  of  tlie 
mucous  glands.  The  surface  of  tlie  uvula  is  hard,  red- 
dened, and  covered  with  small  nodules.  Between  the 
latter  the  mucous  in(rmbrane  is  indurated,  hypenemic, 
and  insensitive.  Tiie  condition  is  often  associated  with 
a  similar  disease  of  the  pharyn.x,  and  it  occurs  most  fre- 
quently in  strumous  anil  anaunic  subjects,  or  in  those 
whose  general  nutrition  has  become  impaired.  It  is  a 
somewhat  stubborn  alVeclion,  for  which  general  as  well 
as  local  treatment  is  recjuired. 

Relaxed  Criilii. — Chronic  inflammation  of  the  uvula 
usually  ends  in  prolapse  and  hypertrophj',  a  condition 
which  may  give  rise  both  to  direct  and  torefle.x  irritation 
of  a  serious  nature.  One  of  the  chief  causes  of  relaxed 
uvula  or,  more  properly  speaking,  of  the  catarrhal 
troidjies  which  occasion  it,  are  vicissitudes  of  climate 
and  variations  of  temperature,  especially  in  countries 
where  there  is  a  frequent  combination  of  cold  and  wet 
weather. 

Exposure  to  night  air,  or  to  the  vitiated  atmosphere  of 
crowded  and  overheated  rooms,  overindidgence  in  eating 
or  drinking,  and  excessive  smoking  are  among  the  causes 
of  relaxed  throat.  It  is  a  common  companion  of  the 
alcoholic  habit,  often  being  associated  with  the  gastric 
catarrh  which  attends  tliat  condition.  Occurring  in  the 
morning,  it  is  probably  due  to  mouth-breathing  from 
nasal  or  naso-pharyngeal  obstruction ;  in  the  evening, 
from  fatigue.  It  is  often  seen  in  those  sutfering  from 
general  depression,- and  when  it  is  observed  in  women  in 
whom  uterine  disease  is  ijre.sent,  it  is  probably  the  result 
of  the  general  enfeeblement  caused  by  the  latter,  rather 
than  of  any  distinct  reflex  influence.  ^larked  elongation 
of  the  uvula  is  often  present  in  strumous  children  and  in 
tho.se  in  whom  the  tonsils  are  enlarged.  It  is  sometimes 
congenital.  In  general,  any  cause  which  may  jjroduce  a 
relaxation  of  the  velum  i)alali  may  also  be  followed  by 
relaxation  and  elongation  of  tlic;  uvula. 

The  .symptoms  of  an  acute  attack  of  relaxed  palate  are 
a  sensation  of  fulness  and  stiffness  of  the  throat,  together 
sometimes  with  the  sensation  as  of  a  foreign  body. 
There  are  also  an  uncomfortable  feeling  of  dryness,  and  a 
desire  to  make  repeated  efforts  to  dislodge  the  supposed 
foreign  substame. 

The  symptoms  may  cpiickly  subside,  or  they  may  con- 
tinue for  several  days.  Examination  reveals  more  or  less 
congestion  of  the  parts,  although  this  is  sometimes  so 
slight  as  hardly  to  be  noticeable.  There  are  also  slight 
swelling,  and  often  a  varicose  condition  of  the  smaller 
veins.  The  elongated  state  of  the  uvida  may  give  ri.se 
to  a  greater  or  less  degree  of  local  irritation.  Sometimes 
this  becomes  excessive,  occasioning  [lersistent  and  .severe 
attacks  of  coughing.  In  case-  the  uvula  he  long  enough 
to  touch  the  epiglottis  or  the  larynx,  severe  paroxysms 
of  coughing  may  occur  whenever  the  patient  lies  upon 
his  back.  This  may  cause  him  much  distress  upon 
lying  down  at  night,  and,  should  he  turn  upon  his  back 


during  sleep,  may  weaken  him  with  a  sense  of  impending 
suffocation.  When  tlie  condition  has  Ix-come  c-hronic,  or 
is  congenital,  these  suffocative  attacks  may  be  of  almost 
nightly  occurrence,  the  patient  being  obliged  lo  sleep 
with  the  head  raised  by  several  jiillows  to  obtain  any 
immiHiity  from  them.  Sometimes  tlie  attenilant  liyper- 
a'Sthi'sia  of  the  jiharynx  is  so  pronounced  that  the  jia- 
tient  may  be  subject  to  sudden  lits  of  violent,  spasmodic 
cough  upon  the  slightest  provocation,  or  even  without 
any  apjiarent  reason  at  all.  The  writer  has  seen  a  case 
of  sjiasmodic  stricture  of  the  wsophagus,  in  a  patient 
suffering  with  elongated  uvula  and  hypera-sthesia  of  the 
pharynx,  which  was  cured  by  amputjition  of  the  uvula. 
Again,  so  great  m;iy  he  the  irritation  that  cough,  loss  of 
appetite  and  sleep,  and  nausea  and  vomiting  may  result 
in  such  pronounced  (nnaciation,  an;emia,  (lebility,  and 
malaise  that  the  case  may,  upon  superficial  examination, 
be  taken  for  one  of  phthisis,  indeed  this  error  is  not  in- 
fiiMpiently  made. 

Proper  treatment  of  relaxed  uvula  generally  results  in 
the  cure  of  the  disease.  The  various  exciting  causes  of 
the  trouble  should,  if  possil'le,  be  carefully  avoided. 
The  patient  should  be  directed  to  live  in  a  dry  and  brac- 
ing climate.  Indigestion  or  constiiiation,  if  present, 
should  be  corrected.  Aiia-mia  and  deliility  must  be 
removed  by  the  administration  of  tonics,  and  the  local 
condition  is  to  be  treated  by  tlie  application  of  mild 
astringent  sprays  or  insuftlations.  If  the  uvula  be  much 
elongated,  if  it  be  a  source  of  irritation,  and  if  it  refuse 
to  retract  under  the  influenceof  local  treatment,  it  .sliduld 
be  shortened. 

Amputation  or  ab.scission  of  the  uvula  has  been  prac- 
tised among  many  peoples  from  a  very  early  date.  Al- 
though in  itself  an  api)areiilly  insigniticant  operation,  it 
is  one  of  great  utility  and  practical  importance. 

At  the  present  day  uvulotomy  is  practised  with  an  in- 
cieasing  degree  of  discretion,  as  some  reproach  has  been 
cast  upon  it  by  the  indiscriminate  and  clumsy  manner  in 
which  it  has  sometimes  been  performed. 

For  the  more  convenient  and  perfect  performance  of 
the  operation  many  instruments  have  been  devised. 

By  far  the  simplest  and  best  instrument  is  a  jiair  of 
long-handled  scissors,  having  the  blades  Curved  sideways 
toward  the  right  hand,  and  one  blade  hooked  at  its.tip  so 
that  the  uvula  may  not  slip  from  its  gras]).  A  holder, 
made  on  the  jninciple  of  Sims'  uterine  thumb  forcejis,  an 
instrument  about  eight  inches  iu  length,  possesses  the 
advantages  over  other  forceps  that  it  has  not  the  incon- 
venient scissors  handle,  that  it  may  be  held  (irmly  and 
with  great  steadiness  by  allowing  its  proximate  end  to 
rest  in  the  hollow  between  the  thumb  and  forefinger,  the 
whole  hand  meanwhile  being  steadied  by  resting  the 
fourth  and  fifth  lingers  against  the  jiatient's  chin,  and, 
finally,  that  in  applying  the  scissors  the  forceps  may  he 
used  as  a  guide^ 

In  operating,  the  patient's  tongue  should  be  held  down 
by  himself,  or  by  an  assistant,  W'ilh  a  tongue  depressor. 
The  amount  neces.sary  to  be  removed  having  been  care- 
fully estimated,  the  uvula  is  grasped  by  tlie  force]is,at  a 
point  below  the  jiroposed  line  of  incision  and  drawn 
slightly  forward.  The  scissors,  carefully  guided  by  the 
hand. and  eye  of  the  operator,  are  then  applied,  and  the 
sejiaration  of  the  redundant  tissue  is  completed.  The 
same  result  may  be  obtained  by  means  of  the  Jarvis 
snare,  in  the  use  of  which  it  is  only  necessary  to  seize 
the  ]iart  to  be  removed  in  the  loo|i  of  the  ecraseur,  with- 
out the  aid  of  the  forceps.  This  latter  method  is  not 
painful  if  cocaine  anicsthesia  is  employed,  and  it  has 
iieeii  found  by  the  writer  to  be  particularly  convenient 
and  effective.  Should  there  be  any  fear  of  exciting  un- 
due bleeding,  the  galvano-caustic  loop  may  be  used,  the 
uvula  being  first  drawn  forward  as  in  abscission  by  the 
scissors.  As  was  long  ago  pointed  out  by  Llewellyn 
Thomas,  the  line  of  incision  should  be  directed  from 
below  obliquely  u|iward  and  backward,  iu  order  that  the 
wound  may  be  exposed  as  little  as  jiossihle  in  llie  act  of 
deglutition.  Local  ana'Sthesia  should  always  be  secured 
before  the  operation.     For  this  purjiose  the  liolding  of  a 
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piece  of  ice  in  the  moulli  for  a  few  moments  before  the 
operation  is  elTective  and  free  from  the  objectionable 
features  of  cocaine.  Paindiirina;  and  after  llie  openition 
will  vary  sreatly  in  ilifterent  cases.  While  in  the  ease 
of  a  slender,  ana'inie  uvula  it  may  be  very  slight,  in  a 
thick,  congested,  hypenvslheticone  it  may  be  severe  and 
annoying,  and  the  iiroeess  of  healing  may  be  jirotmctcd 
for  front  two  days  to  a  week.  MorcU  JIackenzie  insisted 
tliat,  wliere  there  is  any  follicular  disease  of  the  throat, 
it  is  most  important  to  cure  tliat  alfection  before  the 
uvula  is  amputated,  as.  owing  to  the  after|iain  caused 
by  the  removal  of  the  uvula,  patients  will  not  submit  to 
aiiy  fmther  treatment  when  they  have  recovered  from 
the  operation.  Hence  the  patii'iit  remains  uneured.  and 
the  operation,  and  lie  who  performed  it.  are  brought 
into  discredit.  The  antount  of  relief,  however,  wliicii  is 
possible  from  this  apparently  insignitieani  procedure  is 
sometimes  remarkable,  the  whole  train  of  symptoms, 
local  and  reflex,  vanishing  as  if  by  magic,  the  genenU 
health  returning  to  a  normal  basis,  and  the  voice  gaining 
markedly  in  quality  and  power.  This,  however,  is  not 
invariably  the  case,  as  the  rellex  sym|itoms  may  be  slow 
ill  leaving,  not  disjippearing  entirely  until  a  considerable 
lenglli  of  time  has  elapsed.  This  possibility  should  be 
recognized  and  e.xplaincd  to  the  patient  in  order  tliat  lie 
may  not  be  subjected  to  unnecessary  disappointment. 

VVhile  the  operation  of  uvidotomy  is  attended  with  the 
slightest  po.ssible  degree  of  danger,  and  the  bleeding 
which  follows  it  is  seldom  more  than  a  few  drops  in 
amount,  in  certain  rare  instances  hemorrhage,  more  or 
less  troublesome  in  its  chaiacler,  h:is  resulted.  The  exist- 
ence of  an  anomalous  distribution  of  the  arteries  or  veins 
of  the  velum  palati  may  be  an  imiiortant  factor  in  i>ro- 
dueing  hemorrhage,  while  excessive  hypertrophy  or  the 
presence  of  a  varicose  or  hemorrhoidal  condition  of  the 
vessels  would  certainly  ]iredispose  to  bleeding.  Opera- 
tions performed  during  the  existence  of  acute  inllam- 
mation.  ledema.  or  ulceration  are  more  likely  to  be 
succeeded  by  bleeding  than  when  made  for  simple 
prolapsus. 

The  character  of  the  bleeding  is  u,s<ially  arterial,  as  is 
evidenced  by  the  color  of  the  blood,  the  spurting  of  the 
vessels,  and  the  pvilsation  of  the  stump.  Nevertheless, 
venous  hemorrhage  is  sometimes  noticed. 

Troublesome  bleeding  is  not  necessarily  attributable  to 
the  removal  of  too  much  of  the  uvula,  for  a  simple  clip- 
ping liaseaused  inofuse  hennirrhage.  while  extensive  re- 
iiu.vals  may  be  almost  bloodless.  Tlu'  existence  of  the 
hemorrhagic  diathesis  winild  of  cour.se  exert  an  influence 
in  rendering  bleeding  after  uvulolomy  persistent,  al- 
though there  is  not  a  clearly  establisiied  case  of  this 
nature  on  lecord. 

The  most  reliable  surgical  methods  fdr  eontrolling 
uvular  hemorrhage  are  the  ligature,  com|iression  by  the 
clamp  or  forecps,  or  the  use  of  the  galvano-  or  the  actual 
cautery. 

The  most  reliable  styptics  are,  in  the  order  named, 
adrenalin,  solutions  of  antipyrin,  tannogallic  acid,  alum, 
or  the  solid  silver  nitrate,  directly  applied  to  the  bleeding 
stump,  the  local  use  of  ice,  ice  water,  and  vinegar. 

Ordinarily,  the  best  plan  for  preventing  bleeding  is  to 
urge  the  patient  to  refrain  from  attempts  at  eleariiig  the 
throat.  Should  the  hemorrhage  persist,  it  may  usually 
be  checked  by  the  sucking  of  cracked  iee,  or  by  gargling 
the  pharynx  with  hot  water.  Applications  of  the  solid 
nitrate  of  silver,  or  of  the  galvano-cautery,  are  also  elVcc- 
tive,  or  in  severe  cases  a  ligature  may  be  applied  to  the 
stump.  A  lU'vicc  at  once  simple  and  eflective  is  the 
method  of  applying  direct  ]n'essure.  One  of  the  small 
spring  clamps  used  in  retaining  shirt  sleeves  in  position 
is  trimmed  down  with  shears,  the  spring  weakeiu-d.  and 
a  string  attached  to  a  perforation  made  in  one  of  its  arms. 
The  arms  nf  this  iinjirovised  instrument  are  widrly  sepa 
rated  by  means  of  a  dressing  foreeps,  and  quiekly  slippi-d 
over  the  uvula  and  well  up  on  the  soft  palate;  the  for- 
ceps are  then  withdrawn,  and  the  elainp  remains  securely 
fastened  and  in  the  desired  position.  The  teeth  of  the 
clamp  should  be  slightly  flled  down  prior  to  introduction, 


and  the  string  attached  to  the  instrument  secured  to  the 
patienfs  ear. 

Occasionally  the  operation  of  nvnlotomy  is  followed 
bv  a  somewhat  slow  process  of  healing,  and  attended 
with  considerable  pain,  deglutition  becoming  almost  im- 
possible, and  even  the  swallowing  of  the  sjUiva  causing 
ineoiivenience.  In  sncli  cases  the  patient  should  bo 
directed  to  abstain  from  .such  articles  of  diet  as  seem 
likely  to  increase  the  irritation.  Indeed,  it  is  well  in  all 
cases  to  recomineud  that  bland  and  unirritating  food  be 
taken  until  the  healing  process  is  fairly  completed.  Gum 
arabic.  or  a  marshmallow  drop  allowed  to  dissolve  in  the 
mouth,  will  give  decided  relief,  while,  in  case  the  granu- 
lations become  exuberant,  an  application  of  the  solid 
nitrate  of  silver  will  hasten  recovery.  When  much  pain 
is  experienced  in  swallowing,  the  application  of  a  two- 
per-eent.  solution  of  cocaine  is  indicated.  Pain  reflected 
to  the  ears  may  be  annoying.  The  highest  authorities 
are  unanimous  iu  insisting  npcni  the  deleterious  effects  of 
an  elongated  uvula  upon  the  voice,  and  upon  the  vital 
importance  to  that  function  of  remedying  the  evil. 

,M.u.KORM.\Tioxs  of  the  uvula  are  not  infrequently 
observed.  In  addition  to  asymmetry  or  absence  of  the 
part,  two  common  varieties  of  deformity  are  met  with, 
viz.,  congenital  elongation  or  undue  length,  and  the  con- 
dition known  as  bitid  or  double  uvula.  In  the  former 
the  whole  structure,  including  the  muscular  tissue,  is 
lengthened  to  a  greater  or  less  ilegree  beyomi  the  normal 
limit,  the  amount  of  elongation  iu  some  recorded  in- 
stances being  incredible. 

Congenital  elongation  of  the  uvula  has  been  observed 
by  the  writer  as  an  hereditary  trait,  several  inemlu-i-s  of 
the  same  family  showing  the  S;ime  coiulition  of  general 
hypertrophy  aiid  lengthening.  The  conditicni  is  easily 
remedied  by  the  amputation  of  the  ivduiidant  part. 

Bifurcation  of  the  uvula,  a  result  of  arrested  develop- 
ment, is  quite  common.  It  may  be  regarded  as  the  least 
pos.sible  manifestation  of  cleft  iialate.  and  may  occur  in 
any  degree,  from  a  slight  indentation  at  the  tip  uf  the 
organ  to  complete  division  of  it  to  its  base.  It  often  ex- 
ists without  giving  rise  to  symiitoms  indicative  of  its 
presence.  When  it  is  attended  with  much  hypertrophy 
it  causes  the  stuue  abnormal  symptoms  which  are  olj- 
sorved  iu  ordinary  hypertroiihy.  Abscission  of  the  re- 
dundant portion  is  elTective  in  securing  relief.  This, 
however,  is  a  clumsy  method  of  oiieration,  since,  if  the 
bifurcation  be  extensive,  a  broad,  truncated  stump  is  left. 
To  avoid  this,  iu  the  oinnicni  of  the  writer,  some  attempt 
at  a  idastie  ojieralion  should  be  made,  in  order  to  secure, 
if  possible,  the  tmiou  of  the  two  stumjis  in  the  median 
line.  This  may  lie  accomplished,  in  the  majority  of  in- 
stances, by  lirst  removing  the  tips  of  the  two  uvnhe,  and 
theu  denuding,  with  small  curved  seissiu'sor  the  galvano- 
cautery,  the  inner  aspect  of  each  well  iqi  to  the  base. 

Niow  Gnowriis. — Papillomatous  growths,  generally  of 
small  size,  but  sometiniesof  suflieient  dimensions  to  cause 
irritation,  are  occasionally  seen  upon  the  uvula,  They 
are  usually  located  near  its  free  extremity  and  mav  be 
either  pedunculated  or  sessile.  They  are  also  ftnuu"!  in- 
dependentiy  of  any  diathesis.  Jlyxoinata  of  the  uvula 
are  occasionally  seen.  Augiomata  or  vascular  growths 
may  also  occur. 

Occasionally  a  benign  growth  may  be  attached  to  a 
pedicle  so  long  that  the  tumor  itself  escapes  observation 
until  draw  n  ujiward  and  forward.  In  all  of  these  eases 
amputation  of  the  uvula  above  the  site  of  the  growth  is 
at  once  successful  in  relieving  the  diflicnlty. 

Malignant  growths  of  the  uvula  and  soft  palate  are 
occasionally  encountered,  usually,  however,  as  an  exten- 
sion of  the  disease  from  adjacent  parts. 

Syphilis,  tuberculosis,  lupus,  and  lepra  of  the  velum 
and  uvula  are  met  with,  tlie  lirst  often,  the  last  three 
rarely. 

Tlie  main  points  in  the  differential  diagnosis  between 
them  arc.  that  in  syphilis  the  various  lesions  common 
to  this  disease  are  usually  disposed  n|itni  the  soft  palate 
in  a  markedly  symmetrical  arrangement,  they  are  but 
slightly  painful,  "and  they  yield  quickly  to  specific  treat- 
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meat.  Tuberculous  ulcers  are  far  less  common  than  the 
former;  they  are  usually  superficial;  they  often  give  rise 
to  extreme  pain,  and  tliey  coexist  with  well-marked  dis- 
ease of  the  lungs,  and  generally  with  other  manifesta- 
tions of  ulceration  in  the  pharynx.  Tlie  differentiation 
of  lupus  from  syphilis  of  the  soft  palate  is  sometimes 
difficult,  especially  if  tlie  patient  be  also  suffering  from 
general  syphilis.  The  chief  characteristics  of  lupus  are 
that  the  normal  sensitiveness  of  the  part  is  maintained ;  or, 
if  altered,  there  is  anaesthesia.  The  tubercles  are  multi- 
ple, which  distinguishes  tlie  disease  from  carcinoma ;  they 
are  rounded,  their  surface  is  smooth  and  glistening,  and 
their  color  is  bright  red.  They  arc  linn  in  consistence, 
but  less  firm  than  epithelioma.  Tlie  diagnosis  nia\'  be 
confirmed  by  the  presence  of  external  manifestations  of 
the  disease.  Lesions  of  the  mucous  membranes,  common 
in  leprosy,  never  occur  until  the  disease  has  clearly  mani- 
fested itself  in  other  parts  of  the  body.  As  a  rule,  there- 
fore, little  doubt  can  arise  as  to  the  true  nature  of  the 
pharyngeal  disease.  Here,  as  elsewhere,  the  course  of 
lepra  is  one  of  active  and  widespread  destruction. 

Syphilis  of  the  Velum  Palatl — The  occurrence  of 
the  primary  lesion  of  syphilis,  although  now  and  then 
observed  upon  the  tonsil,  is,  upon  the  velum,  almost  un- 
known. 

In  the  secondary  manifestations  of  the  disease,  how- 
ever, the  soft  palate  and  uvula  are  frequently  involved. 
The  conditions  presented  are  those  commonly  seen  in  the 
adjacent  parts  of  the  oral  cavity,  and  include  simple  ery- 
thema or  congestive  patches  symmetrically  disposed, 
submucous  infiltration,  mucous  tubercles,  followed  by 
mucous  patches,  or  by  the  formation  of  condylomata. 
A  peculiar  feature  of  these  manifestations  is  their  sym- 
metry, which,  as  is  often  seen  upon  the  uvula,  is  so  well 
marked  as  to  attract  the  attention  of  the  observer.  Early 
in  the  disease  the  congestion  may  be  so  indistinct  as  to 
escape  observation.  Gentle  irritation,  however,  will 
often  cause  the  distinctive  character  to  be  intensified. 
Considerable  rise  of  temperature  often  accompanies  the 
first  appearance  of  this  form  of  sore  throat. 

The  tertiary  form  of  S3'philis  may  occur  in  the  soft 
palate  at  any  period  of  time  beyond  two  years  after  the 
primary  infection.  It  is  characterized-by  true  ulceration 
or  loss  of  tissue,  and  is  the  result  of  the  degeneration  of 
gummatous  deposit. 

The  effects  upon  the  velum  palati  of  tertiary  syphilis 
are  often  most  disastrous.  A  frequent  seat  of  gumma- 
tous infiltration,  its  exposed  situation  and  delicate  text- 
ure render  it  liable  to  serious  injur}'  as  the  result  of 
tertiary  ulcerative  processes.  These  are  often  character- 
ized by  extensive  loss  of  substance,  and  are  followed  by 
marked  cicatricial  contraction  and  the  formation  of  adhe- 
sions between  the  remaining  tissue  and  the  neighboring 
soft  parts,  which  not  only  destroy  the  velum  itself  and 
abolish  its  functions,  but  result  in  a  closure  or  a  shutting 
off  of  the  upper  pharynx  from  the  lower.  This  closure 
is  more  or  less  complete  in  proportion  to  the  extent  of 
adhesion  present,  and  may  vary  from  a  slight  narrowing 
of  the  aperture,  due  to  adhesions  at  the  outside  angles 
of  the  velum,  up  to  a  degree  of  occlusion  which  seems 
absolute.  Two  varieties  of  cases  may  be  described;  (1) 
Those  in  which  simple  ulceration  has  taken  place,  at  or 
near  the  margins  of  the  velum,  without  material  loss  of 
substance.  In  such  cases,  the  adhesions  being  limited  to 
a  somewhat  narrow  band  of  union  between  the  edge  of 
the  velum  and  tlie  pharynx,  and  tlie  greater  part  of  the 
velum  itself  being  intact,  the  prognosis  is  good.  (2) 
When  the  loss  of  substance  has  been  considerable,  and 
when  the  soft  palate  has  become  extensively  adherent  to 
the  pharynx,  relief  becomes  a  matter  of  extreme  dilli 
culty,  and,  in  many  cases,  is  next  to  impossible  by  any 
known  plan  of  treatment.  In  the  worst  cases  the  whole 
posterior  surface  of  the  velum,  and  the  superior  surface 
of  the  soft  palate,  seem  to  be  firmly  incorporated  with 
the  posterior  pharyngeal  wall.  In  these  cases  the  roof 
of  the  mouth  and  the  posterior  wall  of  the  pharynx  seem 
to  be  continuous,  the  line  of  adhesion  not  being  traceable 
in  the  confused  mass  of  cicatricial  bands  which  represent 


the  original  structures,  and  which  are  sometimes  disposed 
in  the  shape  of  irregular  vertical  digitations,  between 
which  there  may  be  one  or  more  places  in  which  the  ad- 
hesion is  incomplete,  and  through  which  a  probe  may  be 
passed.  Ca.ses,  however,  in  which  complete  occlusion 
has  actually  taken  place  are  rare.  Should  the  opening 
be  invLsible  upon  inspection  of  the  pharynx,  it  may 
generally  be  demonstrated  by  forcing  air  into  the  nasal 
cavities  by  means  of  a  Politzer  infiator.  If  an  opening 
exists,  its  presence  will  be  indicated  by  the  appearance 
of  bubbles  in  the  pharynx,  when  the  air  is  forced  through 
the  opening. 

The  results  of  extensive  adhesion  of  the  velum  to  the 
phar3-nx  are  most  distressing,  and  may  be  summed  up  as 
follows;  (1)  Mouth-breathing,  with  all  of  its  attendant 
evil  results;  (2)  impairment  of  the  quality  and  tone  of 
the  voice ;  (3)  interference  with  drainage  from  the  nasal 
cavities  and  nasopharynx  ;  (4)  consequent  upon  this,  loss 
of  hearing  from  irritation  of  the  Eustachian  tube,  and 
from  the  almost  inevitable  occurrence  of  serious  middle- 
ear  disease;  (5)  loss  of  the  sense  of  olfaction,  owing  to 
the  lack  of  a  current  of  air  through  the  nasal  passages, 
such  a  current  being  necessary  to  bring  the  odoriferous 
particles  in  contact  with  the  olfactory  membrane.  When 
the  passage  to  the  lower  part  of  the  pharynx  is  con- 
tracted, there  is  sometimes  dysphagia  as  well  as  dysp- 
noea. 

The  treatment  of  this  condition  consists  in  the  attempt 
to  separate  the  adherent  tissues,  and  to  establish,  more 
or  less  perfectly,  communication  between  the  upper  and 
the  lower  pharynx.  To  carry  out  this  design  with  suc- 
cess is  one  of  the  most  difticult  problems  of  surgerj'. 
Perforation  of  the  velum  through  the  breaking  down  of 
gummatous  deposits  is  said  to  be  a  cause  of  serious  dan- 
ger to  that  organ,  since,  having  thereby  lost  to  a  greater 
or  less  degree  its  muscular  vigorand  resiliency,  it  is  liable 
to  swing  backward  against  the  pharynx,  instead  of  being 
held  at  a  normal  distance  from  it.  Furthermore,  a  per- 
foration renfiers  it  all  the  more  lialile  to  form  adhesions 
subsequently  with  neighboring  parts.  The  mechanism, 
however,  by  which  adhesion  commonly  takes  place,  is 
the  same  as  that  which  is  observed  in  the  cicatricial  union 
of  the  fingers  of  the  hand  following  burns.  Despite  all 
possible  care,  the  cicatrizing  surfaces  begin  to  unite  at 
the  bottom  of  the  angle  between  the  members,  and  the 
process  of  adhesion  continues  until  the  denuded  surfaces, 
throughout  their  whole  extent,  have  become  firmly 
joined  to  each  other. 

In  the  treatment  of  these  unfortunate  cases  the  first 
care  should  be  to  prevent  adhesion,  by  checking  with  all 
possible  diligence  the  appearance  and  spread  of  ulcera- 
tion upon  the  parts.  N<)t  only  should  the  iodide  of  po- 
tassium be  freel}'  administered,  combined  if  necessary 
with  mercury,  but  local  applications  should  also  be  made 
to  the  ulcers;  of  nitrate  of  silver,  or  the  acid  nitrate  of 
mercurv,  it  they  be  spreading,  or  of  a  solution  of  sul- 
phate of  copper  (gr.  xv.  ad  3  i.)  if  they  be  indolent.  If 
this  treatment  fails,  means  should  be  used  to  keep  the 
ulcerated  surfaces  apart.  For  this  purpose  several 
methods  have  been  proposed,  but  as  they  apply  as  well 
to  the  separation  of  the  parts  after  operation,  they  will 
be  described  later. 

The  prognosis  as  to  the  results  of  operation  must  de- 
pend largely  upon  the  extent  of  deformity  present  in  a 
given  case.  Where  the  degree  of  adhesion  is  compara- 
tively slight,  the  adherent  surfaces  may  be  separated  by 
means  of  a  small,  fiat  knife.  As,  however,  the  separated 
parts  have  a  very  strong  tendency  to  reunite,  it  will  be 
necessary,  after  operation,  to  use  means  for  preventing 
such  a  reunion.  Of  these  the  simplest  is  the  application 
to  the  cut  surfaces  of  inonochloracetic  acid.  This  forms 
an  adherent  eschar,  under  which  the  healing  process 
seems  to  progress  to  such  a  degree  that,  when  the  eschar 
separates  and  conies  away,  the  period  in  which  adhesion 
would  have  taken  place  has  passed,  and  the  parts  heal 
without  uniting. 

Few  cases,  however,  are  so  simple  as  to  render  the 
above  method  possible      Perhaps  the  most  valuable  plan 
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of  treatment  yet  suggested  is  to  separate  the  united  parts 
by  means  of  the  galVano-cautery,  and  then  to  use  great 
diligence  in  keeping  them  apart,  and  in  maintaining  full 
dilatation  of  the  passage.  This  may  be  done  by  re- 
peatedly drawing  forward  the  remnant  of  the  velum  by 
means  of  a  palate  hook — a  jjrocedure  ■which  the  patient 
can  carry  out  himself;  or,  as  has  been  suggested,  a  piece 
of  tape  may  be  passed  through  each  nostril  and  out  at 
the  con-esponding  angle  of  the  mouth,  the  velum  being 
thus  drawn  away  from  the  posterior  pharyngeal  wall ; 
or,  finally,  given  the  best  results,  a  piece  of  metal  shaped 
to  fit  the  space  l)etweeu  the  velum  and  the  pharynx  may 
be  suspended  from  two  stout  threads  passed  forward 
through  the  nose,  and  tied  so  as  to  hold  the  plate  in 
position.  This,  worn  constantly,  serves  as  a  permanent 
dilator. 

Since  readhesion  after  operation  is  due  to  granulation 
and  union  at  thee.\ternal  angles  of  the  wound,  as  in  web 
finger,  Nichols  has  devised  the  following  excellent  opera- 
tion; Before  attemiiting  the  separation  of  the  velum  from 
the  posterior  wall  of  the  pharynx,  openings  should  be 
made  through  the  adhesions  and  at  their  extreme  outer 
angle,  one  on  each  side.  These  openings  should  be  kept 
packed  until  their  surfaces  have  healed.  Thus  the  granu- 
lating angle  will  have  been  destroyed,  aud  in  favorable 
cases  the  remaining  adhesions  cau  be  separated  and  kept 
apart  with  success. 

In  cases  in  which  the  degree  of  deformity  is  excessive, 
the  best  that  has  hitherto  beeu  accomplished  has  been  to 
widen  the  channel  of  communication  between  the  upper 
and  lower  pharynx  sutlicieutly  to  allow  the  nasal  secre- 
tions to  be  drained  away.  This  has  been  done  bj'  aiijili- 
cations  of  the  galvano-caustic  knife,  followed  by  persis- 
tent dilatation,  practised  by  the  patient  himself  by  means 
of  some  form  of  sound.  It  is  highly  probable  that  by 
the  last-mentioned  method  an  opening  of  considerable 
size  may  be  maintained.  Preliminary  to  operating  upon 
such  a  case,  much  aid  may  be  secured  by  passing  a  sound 
backward  tlirough  the  nose,  and  demonstrating  the  lowest 
and  most  superficial  point  of  the  pharyngeal  pouch.  By 
cutting  against  the  point  of  the  sound  used  as  a  guide,  an 
entrance  may  easily  be  effected. 

Finally,  it  nuist"be  said  that,  although  the  prognosis 
as  to  relief  of  adhesion  of  the  soft  palate  to  the  pharynx 
is  often  most  unpromising,  much  may  be  done  to  help 
the  sutferer  by  skill,  ingenuity,  and  unremitting  patience 
in  the  application  of  the  means  already  at  hand. 

Neuroses  OP  the  Velum  Palati  .\xd  Uvula. — These 
may  be  either  sensory  or  motor.  With  the  former  may 
be  classed  anaesthesia,  hyperesthesia,  pantsthesia,  to 
which  may  be  added  vaso-motor  neuroses,  and,  possibly, 
neuralgia.  Motor  disturbances  include  spasm,  or  in- 
creased mobility,  and  paralysis,  or  diminished  mobility. 
The  causes  of  these  neuroses  may  be  either  central  or 
peripheral,  and  they  may  be  either  unilateral  or  bilat- 
eral. 

In  addition  to  the  central  causes  which  may  produce 
anesthesia  of  the  velum,  it  may  also  be  present  in  epi- 
lepsy, chorea,  and  hysteria.  It  commonly  occurs  after 
(lililitheria.  It  may  be  caused  artiticially  by  certain 
drugs,  among  which  may  be  mentioned  cocaine,  mor- 
phine, chloral,  and  bromide  of  potassium.  The  symp- 
toms, if  present,  consist  usually  in  a  feeling  of  relaxation 
of  the  part,  or  a  sensation  as  of  the  presence  of  cotton  or 
wool  in  the  pharynx,  sometimes  associated  with  a  feeling 
of  pain. 

Hyperesthesia  is  often  met  with,  and  may  be  due  to 
elongation  of  the  tivula,  intlammations  of  the  pharynx, 
acute  and  chronic,  the  presence  of  a  new  growth,  or  a 
dilated  condition  of  the  blood-vessels. 

Neuralgia  seems  to  exist  in  certain  rare  cases,  in  which, 
without  apparent  cause,  lancinating  pain  is  experienced, 
and  areas  of  localized  tenderness  may  be  found. 

Paresthesia  often  occurs.  Schech  observes  that  the 
affection,  when  independent  of  disease  of  the  mucous 
membrane,  is  most  frequently  associated  with  hysteria 
and  hypochondriasis,  or  with  a  fear  of  diphtheria  or 
syphilis.     Those  individuals  are  most  prone  to  it  whose 


occupation  demands  excessive  use  of  the  vocal  organs, 
as  also  are  chlorotic  or  anemic  persons,  women  who  suf- 
fer from  gastric  or  uterine  disease,  and  those  whose  tem-  ' 
perament  is  excitable;  more  rarely  it  is  a  symptom  of 
disease  of  the  brain,  or  of  bulbar  paralysis. 

Of  the  motor  disturbances  from  which  the  velum  may 
suffer,  spasm  is  tlie  more  unusual.  It  is  almost  always 
associated  with  a  similar  condition  of  the  pharynx,  and 
is  found  associated  with  the  same  disorders  as  those  which 
cause  it  in  the  latter  region. 

Paralysis  of  the  velum  is  a  common  condition,  and  one 
of  much  importance.  It  may  be  due  to  central  causes, 
such  as  acute,  chronic,  and  degenerative  diseases  of  the 
brain;  to  diphtheria;  to  local  diseases;  or,  finally,  it  may 
be  associated  with  facial  paralysis.  The  paralysis  may 
be  either  unilateral  or  bilateral,  partial  or  complete. 
When  it  is  unilateral  the  velum  and  uvula  are  drawn  tow- 
ard the  unaffected  side,  the  faucial  arch  on  the  affected 
side  is  wider,  and  that  of  the  sound  side  is  narrower  than 
normal.  During  phonation  there  is  distinct  distortion 
toward  the  healthy  side.  In  bilateral  paralj'sis  the  uvula 
hangs  loosely  in  the  pharynx,  showing  no  sign  of  volun- 
tary motion,  and  flapping  back  and  forth  with  the  acts 
of  respiration.  During  phonation,  in  partial  paralysis,  a 
slight  upward  movement  of  the  soft  palate  may  be  no- 
ticed, while,  when  the  paralysis  is  complete,  it  remains 
immovable. 

Besides  the  causes  mentioned,  there  are  several  influ- 
ences under  which  paretic  conditions  of  the  velum  may 
occur.  Thus,  it  is  not  uncommon  to  find  this  organ  more 
or  less  paralyzed  after  severe  acute  affections  of  the  phar- 
3'nx  other  than  diphtheria,  and  while  the  presence  of  such 
paralysis,  after  what  appeared  to  have  been  a  simjjle  fol- 
licular tonsillitis,  may  cause  the  accuracy  of  the  diagno- 
sis to  be  held  in  question  and  suggest  the  presence  of 
diphtheria,  there  are  so  many  other  disorders,  evidently 
not  diphtheritic,  by  which  it  may  be  brought  about  that 
the  possibility  of  its  occurrence  from  simple  causes  is 
beyond  doubt. 

Not  only  may  paresis  be  found  after  acute  affections 
of  the  throat  and  nasopharynx,  but,  as  is  more  common, 
it  may  be  present  in  chronic  conditions,  as,  for  instance, 
chronic  pharyngeal  catarrh,  chronic  hypertrophy  of  the 
tonsils,  and  hypertrophy  of  the  adenoid  tissue  at  the 
pharyngeal  vault.  It  is  found  in  cases  of  chronic  nasal 
catarVh,  and  associated  with  jiosterior  hypertrophy  of  the 
inferior  turbinated  bodies.  It  may  also  occur  as  an  ac- 
companiment of  an  elongated  uvula. 

The  results  of  this  condition  are  generally  evident, 
both  to  the  patient  and  to  the  observer,  and  it  is  prob- 
able that  the  defects  of  speech  generally  present  in,  and 
attributed  to,  adenoid  hypertrophy  at  the  vault,  are  due 
rather  to  the  attendant  paresis  of  "the  soft  palate  than  to 
the  mechanical  obstruction  of  the  pharynx. 

The  treatment  of  neuroses  of  the  soft  palate  must  be 
conducted  in  accordance  with  the  exciting  cause  present 
in  a  given  case.  This  must  be  demonstrated,  and,  if  pos- 
sible, removed.  Catarrhal  conditions  must  be  treated, 
hypertrophied  masses  of  adenoid  tissue  must  be  removed, 
and  the  various  systemic  disorders  with  which  it  may  be 
associated  properly  dealt  with. 

Locally,  direct  therapeutic  measures  are  required,  the 
most  important  thing  being  to  restore  tone  to  the  en- 
feebled muscular  structures.  To  this  end  the  faradic 
current  is  valuable,  the  negative  pole  being  applied  to 
the  afl'ected  part,  or  outside,  along  the  angle  of  the  jaw. 
Systematic  exercise  of  the  velum  is  also  beneficial,  and 
may  be  secured  by  such  gymnastic  exercises  as  frequent 
gargling,  the  singing  of  high  notes,  or,  better  still,  blow- 
ing through  a  small  tube.  In  the  case  of  children  this 
may  be  accomplished  by  allowing  the  patient  to  practise 
daily  at  blowing  soap  bubbles.         D.  Bryson  Deluran. 

VACCINATION  is  defined  as  "  Inoculation  with  vac- 
cine, or  the  virus  of  cowpox,  as  a  preventive  of  small- 
pox ;  in  an  extended  sense,  inoculation  with  the  virus  of 
any  specific  disease.  ...  It  consists  in  the  introduction 
under  the   skin,  or  application   to  an  abraded  surface. 
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usually  on  the  upper  arm  or  thigh,  of  a  minute  quantity 
of  vaccine." — Ciiilnn/  Dirtioinin/. 

"Inoculation  with  the  attenuated  or  modified  virus  of 
a  disease,  to  luoduce  a  mild  form  of  it.  and  so  prevent  a 
virulent  attack;  specifically,  and  originall}',  inoculation 
with  eowpox  as  a  preventive  of  smallpo.x  ;  performed  by 
introducing  vaccine  through  a  iiuneture  of  the  skin,  or 
an  abraded  surface." — 7V/c  Stiuxlfird  Dictioiuiry. 

For  legal  iiuriio.ses,  it  should  be  added  that  the  term 
"  vaccination  "  not  only  implies  the  applicatiim  or  intro- 
duction of  vaccine  to  or  into  the  body,  but  its  sticcessful 
application  or  introduction. 

In  this  article  the  term  will  be  employed  only  in  its 
limited  sense,  as  applied  to  the  specific  disease  vaccinia 
or  eowpox. 

The  object  of  vaccination  is,  ultimately,  protection 
against  smallpox.  As  a  means  to  the  same  end,  it  is 
also  largely  employed  for  the  purpose  of  jiropagatiou, 
continuance,  and  multiplication  of  the  virus  of  vaccinia. 

History. — To  Edward  Jenner,  an  English  surgeon  of 
the  eighteenth  century,  must  be  accorded  the  honor  of  in- 
troducing and  establishing  the  practice  of  vaccination  as 
a  protective  measure  against  smallpox.  The  history  of 
vaccination  is  like  that  of  many  other  important  discov- 
eries. It  had  a  traditional  existence  from  an  earlier 
period,  and  had  undoubtedly  been  practised  to  a  limited 
degree  in  other  countries.  Von  Humboldt  states  that 
it  had  been  known  and  practised  from  an  early  jjeriod 
among  the  Mexicans.  Sulzer  in  1713,  and  Sutton  and 
Fewster  in  176.5.  called  attention  to  the  properties  of 
vaccine.'  But  no  one  had  given  to  the  subject  careful 
observation  and  study  until  Jenner,  then  a  surgeon's 
apprentice  living  at  Sodliury,  near  Bristol,  noticed  that 
people  who  aeipiired  eowpox  by  milking  cows  affected 
with  that  disease  acquired  an  inmuinity  from  smallpo.x. 
From  the  time  of  his  first  observation,  in  1768,  to  the 
date  of  his  announcement  of  the  result  of  his  researches 
to  the  world,  a  period  of  thirty  years  elapsed,  during 
which  time  he  bad  patiently  and  carefully  investigated 
the  subject  both  by  observation  and  by  experiment.  Dr. 
II.  A.  Martin  says  of  him:  "He  was"  a  truly  great  and 
philosophic  man,  worthy  to  be,  as  be  was,  the  chosen 
pupil  and  life-lung  friend  of  John  Hunter.  If  evera  dis- 
covery was  announced  to  the  world  with  due  delibera- 
tion, it  was  that  of  vaccination.  We  have  evidence  that 
for  at  least  thirty  _years,  during  which  he  encountered 
many  perplexing  and  discouraging  obstacles,  and  one  by 
one  mastered  and  overcame  them,  this  mighty  jnatter 
occupied  the  brain  of  Jenner  before  he  published  'An 
Inquiry  into  the  Causes  and  Effects  of  the  Variohr  Vric- 
ci}i(V,  a  Disease  discovered  in  some  of  the  Western  Coun- 
ties of  England,  particularly  Gloucestershire,  and  known 
by  the  name  of  Cowpox.'  It  was  ten  years  after  the 
discovery  first  engaged  his  attention  that,  in  the  year 
1780,  timidly,  and  under  the  seal  of  confidence,  he  re- 
vealed to  his  bosom  friend,  Gardner,  his  mighty  hopes 
for  the  great  good  of  his  fellow-creatures.  .  .  .  Such 
was  the  slow,  careful,  almost  painful  deliberation  and 
completeness  with  which  the  mind  of  Jenner  moved  to 
its  great  goal." - 

Jenner  made  his  first  vaccination  upon  the  human  sub- 
ject in  1796,  published  the  results  of  his  inquiries  in  1798, 
and  established  the  first  public  institution  for  the  per- 
formance of  vaccination  in  1799.  In  1800  the  practice 
was  introduced  into  German}',  France,  and  the  United 
States. 

To  Dr.  lienj.  Waterliouse,  of  Cambridge,  Mass.,  must 
be  creditcil  the  honor  of  introducing  vaccination  into 
New  England  in  1800,  and  to  President  Thomas  Jeffer- 
son that  of  introducing  it  into  the  Southern  States  a  few 
months  later.  It  was  also  introduced  into  France  in 
May,  1800,  by  Duke  de  Kouchefoucault,  his  efforts  being 
seconded  by  Napoleon,  and  especially  by  his  brother 
Lucien  Bonaparte,  who  was  then  jMinister  of  the  Interior. 
Dr.  Woodville  also  came  over  from  London  to  insure  the 
success  of  the  movement. 

The  following  were  the  principal  points  which  Jenner 
had  established  by  his  inquiries: 


1.  That  the  vaccine  disease  casually  communicated  to 
man  has  the  power  of  rendering  him  Insusceptible  to 
smallpox. 

2.  Tliat  the  specific  eowpox  alone,  and  not  other 
eruptions  affecting  the  cow  which  might  be  confounded 
witii  it,  has  this  protective  power. 

0.  That  the  cowpox  may  be  communicated  at  will 
from  the  cow  to  man,  by  the  hand  of  the  surgeon,  when- 
ever the  requisite  opportunity  exists;  and 

4.  That  the  cowjiox,  once  engrafted  on  the  human 
subject,  may  be  continued  from  individual  to  individvial 
by  successi\'e  transnnssions,  conferring  on  each  the  same 
immunity  against  smallpox  as  was  produced  in  the  one 
first  infected  directly  from  the  cow. 

The  practical  usefulness  of  this  great  discovery  lies  in 
the  possibility  of  transmitting  vaccinia  from  one  human 
being  to  another,  or,  as  is  hugely  practised  at  the  pres- 
ent time,  from  the  cow  to  the  human  species. 

Plicnoiiiinnof  Vaccuiui  in  the  Cow. — Vaccinia  in  the  cow 
is  an  eruptive  vesicular  disease,  the  eruption  being  usu- 
ally limited  to  the  udder  and  the  teats.  It  may  occur  in 
single  cases,  either  in  an  animal  kept  alone,  or  in  a  single 
animal  of  a  herd,  or  it  may  attack  a  whole  herd,  or  a 
part  only. 

It  is  confined  almost  exclusively  Jo  milch-cows. 
Ceeley's  earlier  observations  supported  this  statement; 
but  in  a  later  paper  he  reports  a  single  case  of  primary 
infection  in  an  animal  not  giving  milk.  The  earlier 
.stages  of  the  disease  are  so  mild  as  rarely  to  attract  atten- 
tion, and  hence  are  rarely  seen  by  the  expert  at  this  pe- 
riod, except  in  herds  in  which  the  disease  attacks  a  con- 
siderable number.  After  its  first  appearance  in  a  herd,  it 
is  readily  conveyed  from  one  animal  to  another  by  the 
milker's  hands,  unless  the  greatest  care  is  taken  to  pre- 
vent infection. 

Dhtribiition. — Vaccinia  lias  been  met  with  and  de- 
scribed in  all  parts  of  the  world  where  the  cow  exists.  In 
Great  Britain,  France,  Germany,  Holland,  Italy,  Bengal, 
South  America,  Mexico,  New  England,  and  other  States 
of  the  L'nion,  cases  have  been  reported  and  described, 
and  in  not  a  few  of  these  the  genuine  character  of  the 
disease  was  proven  by  experiment.  It  was  found  in  epi- 
demic form  at  Valladolid  and  at  AtlLsco,  in  Mexico  (near 
Puebla),  in  1803.  Genuine  cowpox  was  also  observed 
in  Wurtemberg,  on  69  different  occasions,  between  1827 
and  1837,  and  was  transferred  successfully  to  the  human 
subject  in  at  least  170  out  of  210  trials  (Hering:  "  Ueber 
Kuhpocken  an  Kliheu  ").  Seaton  says  of  its  prevalence; 
"After  the  first  ardor  of  search  had  relaxed,  there  were 
for  many  years  but  few  recorded  instances  of  the  disease 
being  found,  and  it  was  believed  to  have  become  much 
rarer,  in  great  measure,  no  doubt,  because  it  was  le.ss 
sought  for.  Tlu're  can  be  no  doubt  that  nuich  more 
would  be  found  than  really  is  found,  if  it  were  only 
looked  for."  Otlier  noted  cases  were  those  which  were 
observed  at  Passy  (1836),  at  Esneux  (1868),  at  Rouen,  at 
Dijon,  at  Stuttgart,  at  Beaugency  (1866),  at  St.  Mande, 
and  at  (Jerons  ( 1884). 

A  very  careful  report  of  an  epidemic  of  vaccinia  is 
presented  in  the  Eighteenth  Report  of  the  Local  Govern- 
ment Board  of  England  (supplement  containing  the  re- 
port of  the  medical  ollicer  for  1888). 

Not  far  from  the  foregoing  case,  at  Cricklade,  in  the 
neigliboring  county  of  Wiltshire,  other  cases  of  cowpox 
were  discovered  in  the  autumn  of  1887,  of  which  an  ac- 
count is  given  in  the  second  volume  of  Crookshank's 
"Vaccination:  Its  History  and  Pathology."'  This  region 
also  is  not  far  from  the  district  in  which  Jenner  made  his 
early  ob.servations.  In  a  herd  of  one  hundred  and  twenty 
cows  here,  all  were  attacked  except  a  dozen,  which 
proved  refractory. 

Occurrence  of  J^'aturiil  Kinepo.r  in  the  United  States. — 
Kinejiox  is  not  of  unusually  rare  occurrence,  as  some 
have  believed.  It  has  been  observed  on  various  occa- 
sions, and  at  various  places,  in  the  United  States,  and 
reported  as  follows: 

1.  Dr.  John  Yale,  of  Ware,  Mass.,  reports  having  ob- 
served it  in  1844,  at  Toningford,  Conn.,  and  in  1855  at 
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Ware;  in  the  latter  case  contirming  its  character  by  test- 
ing it  upon  the  human  species,  and  also  b_y  continuing 
its  use  upon  calves.  (Transactions  of  the  American 
Medical  Association,  18T2,  p.  2i6.) 

3.  Dr.  Currier  ob.served  it  at  Lexington,  Mass.,  in  1830, 
and  tested  it  by  insertion  i.pon  infants. 

3.  Dr.  E.  Cutter  observed  it  upon  several  occasions,  as 
staled  in  his  report  of  "1872. 

4.  Dr.  H.  Darlington  observed  it  and  reported  upon  it 
as  occurring  at  Concord ville,  Pa.,  in  1872. 

o.  Drs.  McMillan  and  Trask  observed  it  in  Marion 
County,  Cal.,  in  1871,  and  confirmed  its  character  by  ex- 
periment. 

G.  Dr.  Jonathan  Brown  ob.served  it  in  Wihniugton, 
Mass.,  in  18(i7,  and  tested  it  by  experiment. 

T.  Dr.  11.  A.  y];\r\  in  reported  a  case  as  observed  liy  him 
at  Cohasset. 

8.  Cases  were  reported  at  Reading.  Pa.,  in  1873. 

9.  The  writer  has  also  visited  and  inspected  at  least 
twentj-  eases  whicli  occurred  at  seven  different  dairies  or 
farms  in  Jliddlesex  and  Essex  Counties,  in  Massachu- 
setts, in  1872,  1873,  1881,  and  1882.  These  all  occurred 
during  the  prevalence  of  tlie  two  smallpox  epidemics  of 
those 'j'ears.  The}'  were  examined  at  ditferent  stages  of 
the  disease,  and  were  found  to  liave  the  characteristic 
appearances  described  by  the  earlier  investigators  upon 
the  same  subject.  At  one  large  dairy  farm,  where 
about  ninety  cows  were  kept,  several  cases  were  seen  in 
different  stages,  and  the  disease  was  prevented  from 
spreading  only  by  isolation  and  absolute  separation  from 
the  milkers  who  milked  the  remainder  of  the  herd. 

Dr.  Petry.  a  noted  veterinarian,  of  Esneux,  says:  "This 
disease  is  much  more  frequent  than  is  commonly  believed. 
Cowpox  may  l)c  found  in  every  jilace,  in  every  land,  and 
in  every  season  of  the  year;  but  ofteiier,  it  is  true,  in 
spring,  and  in  stminier  at  the  time  of  calving." 
("Quelques  reflexions  sur  la  pretendue  raretedu  cowpox 
chez  la  vache,"  par  M.  Petry,  M.  V.  a  Esneux.  Annales 
de  1(1-  Soc.  Med.-C/iir'ir//.  >le  Liege,  17,  1878). 

Other  cases  have  been  observed  in  recent  years  in  the 
same  vale  of  Gloucester  in  which  Jenner  made  his  original 
researches,  and  also  in  many  other  English  localities. 
The  writer  also  has  <'xamiued  dairies  at  which  animals 
were  pointed  out  by  the  owners  as  having  had  cowpox 
in  ]irevious  years.  In  several  of  these,  by  way  of  exper- 
iment, the  animals  were  vaccinated  bj'  an  exjiert  vacci- 
nator, and  in  such  cases  the  vaccination  iiwariably  proved 
unsuccessful — a  point  which  may  be  addiiced  in  support 
of  tlie  genuineness  of  tlie  disease  as  at  first  observed. 

In  a  case  observed  by  the  writer  at  Saugus,  in  the  win- 
ter of  1881-82,  a  lad.  twelve  years  of  age,  presented  the 
characteristic  apjiearancesof  infection  upon  the  grasping 
surface  of  the  index  finger  and  thumb.  AVken  first  ob- 
served most  of  the  vesicles  had  been  broken  by  the  use  of 
the  hand  in  milking.  Tlie  herd  consisted  of  thirteen  ani- 
mals, but  one  only  of  which  was  found  to  be  suffering 
with  cowpox. 

The  disease,  though  not  by  any  means  of  rare  occur- 
rence, is  evidently  not  so  common  as  it  was  in  the  eigh- 
teenth century,  and  Dr.  Seaton  reasonably  adiluces  as 
causes  of  its  comparative  rarity  the  more  common  prac- 
tice of  vaccination,  whereby  milkers  do  not  become  sus- 
ceptible of  infection,  and,  as  a  consequence,  are  not  the 
conveyers  of  such  infection  from  one  animal  to  another; 
and  second!}',  the  more  limited  diffusion  of  variola. 

The  term  "  spontaneous "  formerly  applied  to  such 
cases  should  lie  abandoned  as  entirely  opposed  to  all  ob- 
servations as  well  as  modern  medical  belief  as  to  the 
natural  history  of  infectious  diseases. 

liiciihaiion. — The  incubative  period  is  ]5robably  about 
three  or  four  days,  prolonged  occasionally  to  seven  or 
eight  days  (Ceeley ).  At  fir.s^  there  are  heat,  swelling,  and 
tenderness  of  tlie  parts  affected,  hard  papules  are  devel- 
oped of  the  size  of  a  small  pea,  especially  at  the  base  of 
the  teats,  at  the  junction  with  the  udder.  The  signs  of 
constitutional  distiu-bances  at  this  time  are  but  slight. 
In  thin-skinned  animals  the  disease  may  be  found,  by 
careful  observation,  when  accidentally  transmitted,  as 
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early  as  the  fifth  day.     The  papules  increase  daily,  and 
in  three  or  four  days  from  their  first  ajipearance  become . 
distinctly  vesicular,  and  have  a  more  or  less  central  de- 
pression. 

The  change  from  the  papular  to  the  vesicular  stage  is 
indicated  by  the  appearance  of  a  dull  yellowish  point  at 
the  apex  of  the  prominence:  the  circumference  then  in- 
creases in  substance  and  extent,  and  the  centre  becomes 
wider  and  deeper,  till  at  last  the  flattened  vesicle  with 
depressed  centre  is  formed.  It  increases  in  size  until,  in 
three  or  four  days  more,  its  full  development  is  reached. 
Their  number  and  size  vary.  The  amount  of  erviption 
varies  with  the  severity  of  the  disease.  With  animals 
having  loose,  fleshy,  hairless  udders,  and  long,  thin- 
skinned  teats,  the  eruption  is  ordinarily  copious.  The 
shape  of  the  lesions  is  usually  determined  by  their  posi- 
tion, being  for  the  most  part  cii-cular  at  the  base  or  neck 
of  the  teats,  and  oval  on  the  body  of  the  teats.  Their 
color  varies  with  the  stage  of  the  disease  and  the  color  of 
the  skin.  When  completely  formed  the  vesicle  is  often 
from  15  to  20  mm.  in  diameter,  and  has  a  solid,  tense, 
shining  margin  of  a  glistening  white  or  silvery  hue,  and 
a  bluish  or  slate-colored  centre.  It  contains  a  viscid,  clear 
lymph,  which  is  at  this  period  quite  scanty.  Around 
the  base  a  narrow,  rose-cotoi'cd  areola  begins  to  spread 
with  a  circumscribed  induration.  The  color  of  the  areola 
varies  with  that  of  the  skin.  The  di-sease  reaches  its 
crisis  about  the  tenth  or  eleventh  day.  The  lymph  be- 
comes more  copious,  the  vesicle  becomes  more  globular 
in  form,  and  if  it  is  broken,  the  lymph  flows  freely.  At 
fir.st  it  is  of  a  light  amber  color,  and  then  becomes  turbid 
and  opaque.  Incrustation  now  begins  at  the  centre  and 
advances  steadily,  the  crusts  attaining  their  largest  size 
by  the  thirteenth  or  fourteenth  day.  They  are  of  a  dark- 
brown  color,  and  adhere  more  or  less  firmly  to  the  skin, 
the  areola  and  the  induration  gradually  subsiding.  The 
crusts  continue  to  dry  and  to  diminish  in  size,  and  become 
loose  and  fall  off  about  from  the  twentieth  to  the  twenty- 
third  day.  The  cicatrices  left  are  shallow,  smooth,  and 
of  a  pale-rose  or  whitish  hue. 

These  are  tiie  appearances  of  undisturbed  vaccinia  in 
the  cow,  and  they  are  rarely  seen  in  their  perfect  form, 
since  the  handling  of  the  teats  by  the  milkers  injures  the 
vesicles,  rupturing  the  cuticle,  and  allowing  the  serum 
to  exude.  Raw  surfaces  and  dark  crusts  are  often  seen 
coalescing,  and  becoming  rapidly  detached  by  rough 
usage.  The  tender  teats,  with  their  raw  surfaces,  bleed, 
and  finally  heal,  leaving  cicatrices  of  varying  size. 

Coiutituiional  Symjriomx. — These  are  usually  slight. 
The  appetite  of  the  animal  appears  to  be  altected  but 
little.  The  secretion  of  milk  may  be  slightly  diminished, 
and  the  amount  actually  obtained  may  be  much  lessened 
in  consequence  of  the  annoyance  to  tlie  milkers  and 
trouble  in  milking. 

There  is  no  evidence  that  tlie  quality  of  the  milk  is  in 
the  least  modified.  Both  in  tlie  casual  form  of  vaccinia 
and  in  that  which  is  artificially  produced,  animals  have 
been  known  to  give  milk  uninterruptedly  through  the 
course  of  the  infection,  and  such  milk  has  been  in  con- 
stant use,  without  percejitible  detriment  to  consumers. 

Spurious  Eruptions. — The  cow  is  liable  to  other  erup- 
tive diseases  which  may  be  mistaken  for  vaccinia.  Cee- 
ley mentions  three  varieties,  under  the  names  of  the  yel- 
low, the  black,  and  the  white  or  blister-pock,  the  latter 
being  quite  contagious.  More  recently  other  eruptions 
of  a  contagious  nature  have  been  observed  and  described, 
especiallythat  which  is  associated  with  scarlatina,  and 
which  appears  to  have  given  rise  to  that  disease  in  hu- 
man beings,  either  through  the  medium  of  the  milk  or 
otherwise^"  Local  Government  Board  Report,"  1S83.  In- 
quiries bv  Mr.  Power  and  Dr.  Klein,  p.  63). 

The  Rei-.\tion  of  Vaccini.\  to  Y.KRioi..\.—T/ie  Unity 
or  Duality  of  the  Two  Diseases.— iieaton  states  that  the 
common  origin  of  the  cowpox,  hor.sepox,  and  smallpox 
has  been  established  by  conclusive  experiments,  and  ad- 
duces the  experiments" of  Gassner,  of  Giinsburg,  in  1801, 
who  inoculated  eleven  cows  with  smallpox  virus,  in  one 
of  which  vesicles  appeared,  from  wliich  seveial  children 
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were  successfully  vaccinated,  the  ordinary  phenomena 
of  vaccination  ensuing  (Henke's  ZeiUehrift,  Ergdnzungs. , 
p.  57). 

In  1865  a  commission  at  Lyons  published  the  following 
conclusions  concerning  the  relation  of  these  diseases  to 
each  other : 

1.  Cowpox  and  smallpox  can  be  inoculated  in  bovine 
and  equine  animals;  the  tirst  cnergcticall_y,  the  second 
feebly. 

2.  Whatever  may  be  their  successive  transmissions,  di- 
rect or  crossed,  these  two  diseases  breed  true  onever}'  soil. 

3.  The  protection  from  one  by  the  other  is  assured  in 
every  case. 

Some  interesting  experiments  have  been  made  by  Hac- 
cius  andEternod,  of  Geneva,  which  tend  tocoutirm  those 
already  published  by  Fischer  in  the  Miinchen.  mcd.  Woch- 
enschrift,  and  make  the  identity  of  variola  and  vaccinia 
more  than  probable.  The  conclusions  at  wliich  Thiele, 
Ceeley,  Voigt,  and  Depaul  arrived  many  years  ago,' 
namely,  that  cowpox  is  a  modified  form  of  smallpox, 
attenuated  by  its  passage  through  the  organism  of  an 
animal,  were  disputed  by  the  Lyons  comrnission,  whieli 
adduced  seemingly  unimpeachable  experiments  of  their 
own,  contradictory  to  the  observations  of  the  earlier  ex- 
peilmenters. 

Ilaccius  and  his  colleague,  following  the  operative 
metliod  of  Fischer,  claim  that  they  have  succeeded  in  im- 
parting smallpox  to  animals,  and  in  transmitting  it 
through  several  generations,  the  disease  finally  manifest- 
ing itself  in  a  mild  form  not  distinguishable  from  true 
cowpox,  and  like  it,  confen-ing  immunity  from  variola. 

In  one  of  these  series  of  experiments,  Haccius  and  his 
colleague  succeeded  in  transmitting  the  smallpox  virus 
from  heifer  to  heifer  to  the  fourteenth  generation;  and 
side  by  side  with  a  set  of  similar  observations  where  vac- 
cine virus  was  used,  they  had  a  series  under  observation 
where  the  licifers  were  inoculated  with  virus  from  a  ease 
of  confluent  smallpox.  Lymph  from  "  the  fourth  gene- 
ration "  has  given  tlie  results  of  ordinary  vaccine  when 
used  for  purposes  of  vaccination. 

Their  conclusions  were  as  follows: 

1.  Variola  is  inoculable  with  certainty  on  the  bovine 
species  when  tlie  operative  method  is  such  as  it  should  be, 
and  the  virus  is  collected  at  the  opportune  moment. 

3.  The  inoculation  of  the  heifer  with  smallpox  consti- 
tutes a  valuable  source  for  new  reinforcements  of  animal 
vaccine.  This  may  be  of  great  practical  benefit,  not  only 
to  tile  vaccinal  institutes  of  Europe,  but  also  to  tropical 
countries,  where  smallpox  is  endemic,  and  where  the 
generations  of  vaccine  tend  rapidly  to  deteriorate. 

3.  Smallpox  inoculated  in  the  heifer  becomes  trans- 
formed into  vaccine  in  the  course  of  several  generations, 
b_y  ti'ansraission  through  the  animal.  Dimlity  is  thus 
disproved. 

4.  Our  practical  conclusions  confirm  the  views  enun- 
ciated by  Depaul,  in  1863,  to  the  Academy  of  Medicine 
of  Paris. 

Following  these  experiments  Chauveau  was  led  by  a 
similar  mode  of  investigation  to  very  different  conclu- 
sions. 

His  paper  ("Sur  la  transformation  des  virus  a  propos 
des  relations  qui  existent  entre  la  vaccine  et  la  variole") 
was  presented  at  the  sessions  of  the  Academy  of  Medicine 
of  October  20th  and  37th,  1891.  His  conclusions  are  as 
follows:  (1)  Vaccine  virus  never  gives  smallpox  to  man. 
(2)  Variolic  virus  never  gives  vaccine  to  the  cow  or 
horse.  (3)  Vaccine  is  not  even  <ittciiuaied  smallpox,  and 
cannot  be  compared  to  the  benign  anthracoid  infection 
which  is  communicated  to  animals  Iiy  inoculation  with 
(tttennnted  anthracoid  rirui.  (4)  If  vaccine  is  a  deriva- 
tive of  smallpox  it  is  by  reason  of  a  radical  tra nsforma- 
tion  of  the  variolic  virus,  a  transformation  thus  far  ini- 
attainable  by  ex|ierimenters.  (5)  These  last  ]ir(ipositions 
lead  to  another  more  general  proposition,  whieli  is  this: 
the  attenuation  of  virus  is  not  a  physical  process  wliich 
can  be  identified  with  the  transformation  of  virus.  Tlie 
weight  of  scientific  opinion  to-day,  however,  is  decidedly 
against  these  conclusions  of  Chauveau. 


Satisfactory  experiments  of  this  kind  are  difficult  of 
performance,  for  no  experimentation  on  animals  can  be 
regarded  as  complete  the  results  of  which  have  not  been 
checked  by  inoculations  practised  on  the  human  subject. 
Now,  Ilaccius  and  Eternod  did  not  try  their  lymph — 
rendered  vaccinal,  as  they  believed,  by  several  removes 
— on  the  un  vaccinated  child,  nor  did  Chauveau  make  any 
such  trials  (Boston  Medical  and  Surgical  Journal.  1891). 

On  the  other  hand,  it  appears  that  the  experiment  has 
been  tried  upon  unvaccinated  children  in  Calcutta,  as 
detailed  by  the  experimenter.  Dr.  W.  J.  Simpson,  medi- 
cal officer  of  health  of  Calcutta,  at  a  meeting  of  the  Cal- 
cutta Medical  Society,  April  13th,  1893. 

Dr.  Simpson  comments  upon  Chauveau's  experiments 
as  follows:  "Seventeen  animals  were  inoculated  by  that 
commission  with  Ij-niph  from  virulent  cases  of  smallpox, 
and  .some  small  papules  Avere  obtained,  the  secretions 
from  which,  when  inoculated  into  other  cows,  gave  rise 
to  papules  of  an  insignificant  kind,  but  which  when  in- 
oculated into  children  gave  rise  to  smallpox.  On  this 
slender  foundation  the  tlieory  has  been  based,-and  is  very 
forcibly  put  forward,  that  smallpox  in  man  produces  a 
real  smallpox  in  the  cow  totally  differing  in  every  respect 
from  cowpox. 

"To  those  who  have  studied  the  subject  these  experi- 
ments are  by  no  means  conclusive.  They  only  show 
that  Chauveau  with  his  coadjutors  failed  to  inoculate  the 
cows  successfully,  and  that  the  papules  raised  were  rather 
due  to  the  irritation  of  the  points  of  insertion  by  the 
smallpox  lymph,  and  that  the  serous  matter  taken  out  of 
these  papules  was  the  smallpox  Ij'mph  itself,  which  had 
remained  in  them  unchanged  ;  and  under  these  conditions 
it  was  not  surprising  that  smallpox  was  produced  in  the 
cliildren  inoculated  with  this  virus. 

"  Nothing  further  was  attempted  in  the  way  of  experi- 
ment until  Dr.  Klein,  in  1879,  inoculated  thirty-three 
cows  with  smallpox  lymph,  but  failed  to  raise  any  vesi- 
cles on  the  cows.  Pajiulcs  appeared  in  some  of  the  cows 
at  the  scat  of  inoculation,  but  these  were  not  considered 
to  have  turned  the  experiments  into  a  success,  and  no 
serum  was  taken  from  these  papules  and  inoculated  into 
children.  If  such  a  procedure  had  met  with  favor,  there 
would  probably,  as  in  Chauveau's  ca.ses,  have  been  an 
after-history  of  smallpox  in  the  children  inoculated.- 

"Dr.  Klein's  failure  served  to  accentuate  the  tlieory 
based  on  Chauveau's  disaster,  and  both  failure  and  dis- 
aster were  employed  as  a  basis  on  which  arguments  were 
founded  against  the  pathological  identity  of  smallpox 
and  cowpox.  So  confident  have  the  supporters  of  this 
view  since  become,  that  strong  doubts  have  been  ex- 
pressed by  them  as  to  the  genuineness  of  tlie  experi- 
ments performed  I)}'  previous  observers.  A  favorite 
argument  appears  to  be  that  what  was  accomplished  in 
the  earlier  part  of  the  century  cannot  be  done  now,  and 
therefore  the  experiments  are  not  altogether  to  be  trusted. 
The  reason  of  this  is  not  far  to  seek.  All  the  conditions 
under  which  the  cow  may  be  successfullj'  inoculated  are 
not  known,  and  hence  it  is  not  every  cow  that  can  be 
inoculated  with  success.  This  entails  on  the  investigator 
much  expense,  the  exercise  of  a  great  deal  of  trouble  and 
patience,  and  of  course  it  is  much  easier  to  read  up  tlie 
subject  as  Professor  Crooksliank  has  done,  and  side  with 
the  view  for  which  you  may  have  the  greater  predilec- 
tion, than  thoroughly  to  investigate  the  subject,  not  be- 
ing sati.sfled  with  dubious  results. 

"Apart  from  the  controversial  question,  it  has  for  a 
long  time  been  a  matter  of  thouglit  with  me  as  to 
whether  there  is  any  relationship  between  cowpox,  hor.se- 
pox,  sheeppox,  and  smallpox  ;  whether  these  four  diseases 
have  for  their  cause  a  common  origin  which  may  be 
designated  bj'  the  letter  .r,  this  common  origin  having 
not  yet  been  discovered:  or  whether  horsepox,  cowpox, 
and  sheeppox,  or  any  of  them,  are  descendants  of  small- 
pox ;  or  tliirdly,  whether  smallpox  may  be  looked  upon 
in  the  light  of  a  parasitic  disease  which  comes  to  its  full 
development  in  man,  enters  some  animal  as  the  cow,  los- 
ing that  which  gives  it  its  infectious  properties,  and  then 
in  some  other  animal,  unknown  as  yet  in  the  soil,  regains 
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that  element  which  it  had  lost  in  the  cow,  and  which 
once  more  renders  it  infectious. 

"  I  am  inclined  to  think  that  it  is  in  this  latter  direction 
that  investigation  will  ultimately  succeed  in  discovering 
the  cause  of  the  periodicity  of  smallpox. 

"Vaccine  and  chickenpo.v  have  always  seemed  to  be 
two  elements  of  smallpox  which  have  become  separated 
in  some  unknown  way,  the  vaccine  retaining  the  peculiar 
qualities  belonging  to  the  smallpox  which  affects  the 
body  in  such  a  manner  as  to  render  it  immune  from  a 
second  attack,  while  the  chickenpox  has  none  of  these 
qualities  but  has  retained  the  infectious  element.  If  this 
were  true,  it  might  seem  to  be  easily  proved  bj'  experi- 
ment. I  have  tried  the  experiment  by  mixing  the  two 
viruses,  but  without  success.  There  is  a  difference, 
however,  between  mixing  and  combining,  and  it  is  pos- 
sible that  the  conditions  which  affect  this  have  to  be 
found  in  some  other  less  simple  way. 

"  It  is  for  the  reasons  stated,  and  for  some  others  which 
I  need  not  mention  here,  that  I  have  been  engaged  for 
years,  as  opportunity  arose,  in  experimenting  with  small- 
po.x  on  animals. 

"When  in  Aberdeen  I  used  to  search  the  farms  in  the 
country  for  cowpox,  and  not  without  success.  I  have 
inoculated  cows,  horses,  sheep,  pigs,  goats,  fowls,  mon- 
keys, and  dogs  with  smallpox  virus  to  a.scertain  the  re 
suit,  and  in  these  experiments  I  have  succeeded  incident- 
ally; for  it  was  not  the  primary  object  for  which  I  began 
the  investigation,  in  converting  smallpox  into  ordinary 
vaccine  by  passing  the  virus  from  an  unprotected  small- 
pox patient  through  the  cow. 

"In  December,  18S4,  I  fir.st  succeeded  in  raising  a  vesi- 
cle in  a  cow  after  inoculation  with  smallpox  vims.  The 
lymph  was  transferred  to  a  ewe  lamb,  and  raised  a  vesi- 
cle in  every  appearance  similar  to  a  vaccine  vesicle. 
This  lymph  was  taken  and  introduced  into  a  young  pig 
six  weeks  old,  and  here  it  was  lost. 

"In  November,  188.J,  with  smallpox  lymph  from  an 
unvaccinated  patient,  I  inoculated  a  cow  with  fifth-day 
lymph,  and  a  ewe  with  eighth-day  lymph  from  the  same 
patient.  Both  presented  vesicleson  the  seventh  day,  the 
lymph  of  which  I  sent  to  London  to  be  used  by  Dr.  Cory, 
the  director  of  the  Animal  Vaccine  Institute  in  London. 
This  calf  lymph,  which  Dr.  Cory  passed  through  a  sec- 
ond calf  before  using  on  children,  was  the  starting  of  a 
new  stock  of  vaccine  at  the  Institute. 

"Between  November  21st,  ISSS,  and  May  6th,  1886, 
1,2-17  children  had  been  vaccinated  with  this  lymph,  and 
gave  98.4  per  cent,  insertions  of  success." 

These  experiments  of  Dr.  Simpson  were  also  confirmed 
by  similar  experiments  made  by  Dr.  W.  G.  King,  of 
Madras,  and  by  Dr.  T.  W.  Hime",  of  Bradford,  England 
(Practitioner,  vol.  xlix.,  1892;  Brit.  Jted.  Jour,  July, 
1892). 

Tfie  Phenomenii,  of  Vaccinia  in  Man. — Vaccinia  is  com- 
municable to  man  only  bj'  inoculation,  and  may  be  com- 
numicated  with  equal  certainty  from  the  cow  or  from 
other  human  beings. 

When  fresh  vaccine  lymph  is  introduced  into  the  un- 
vaccinated human  subject,  either  by  puncture  or  by 
abrasion  of  tlie  skin,  local  effects  are  not  usually  notice- 
able within  the  first  fortj--eight  hours.  The  period  of 
incubation  is  brief,  and  if  the  vaccination  is  successful, 
at  about  the  end  of  the  second  day  a  slight  redness  and 
snelling  are  observed  at  tlie  seat  of  insertion.  On  the 
third  or  fourth  day  a  little  vesicle  appears  at  the  summit 
of  the  papule,  filled  with  a  clear  liquid,  which  gradually 
grows  larger  and  larger.  As  the  size  of  the  efflorescence 
increases,  an  umbilication  appears,  similar  to  that  of  the 
genuine  variola  pustule,  which  corresponds  to  the  shape 
of  the  original  wound  of  insertion;  an  insertion  liy  sim- 
ple puncture  producing  a  circular  vesicle,  and  an  inser- 
tion b}' a  longitudinal  inci-siou  producing  an  oval  vesicle. 
The  vesicle  attains  its  largest  size  about  the  seventh  or 
eighth  day,  when  it  contains  a  clear  liquid,  which,  if  the 
vesicle  is  punctured,  will  ooze  out  upon  the  surface 
sparingly.  The  construction  of  the  vesicle  is  cellular, 
like  that  of  the  pustule  of  variola.     After  the  eighth  day, 


and  sometimes  a  few  hours  earlier,  a  ring  of  inflammation 
called  the  areola  begins  to  form  about  the  base,  and  the 
vesicle  and  areola  together  continue  for  the  next  two' 
days  to  spread.  The'areola  is  circular,  and  when  fully 
developed  has  a  diameter  of  1-3  in.  (2i-7  cm.).  It  is 
often  attended  with  considerable  hardness  and  swelling 
of  the  subjacent  tissues.  The  establishment  of  the  areola 
demands  attention  as  the  evidence  that  the  specific  effects 
of  vaccinia  have  been  produced.  If  several  insertions 
have  Ijeen  made  near  each  other,  the  areola;  coalesce. 

After  the  tenth  day  the  areola  begins  to  fade,  the  vesi- 
cle begins  to  dry  in  the  centre,  the  lymph  remaining  in 
it  becomes  opaque,  the  pearly  colored  pustule  becomes 
yellowish,  while  at  the  centre,  at  the  location  of  the 
original  insertion  of  the  virus,  a  crust  has  begun  to  form. 
By  the  fourteenth  day  the  crust  has  become  dry  and 
hard,  and  gradually  assumes  a  darker  hue,  and  usually 
falls  off  from  the  twentieth  to  the  twenty-fifth  day,  leav- 
ing a  cicatrix,  commonly  permanent,  which  is  usually 
circular,  slightly  depressed,  foveated,  or  indented  with 
minute  pits,  and  sometimes  radiated.     (Plate  LVIII.) 

There  are  also  constitutional  symptoms  more  or  less 
.severe,  in  proportion  to  the  intensity  of  the  local  sj'mp- 
toms.  There  are  fever,  restlessness,  derangement  of  the 
digestive  organs,  and  occasionally  swelling  of  the  axil- 
lary glands.  The  constitutional  symptoms  are  usually 
most  severe  at  or  a  little  before  the  time  when  the  areola 
has  reached  its  fullest  development.  Infants  usually 
suffer  less  than  older  children,  and  these  less  than  adults. 
In  adults  the  course  of  primary  vaccinia  is  apt  to  be  more 
retarded  tlian  it  is  in  infants,  the  areola  is  often  more  dif- 
fuse, and  the  swelling  of  the  axillary  glands  more  com- 
mon. 

All  of  these  phenomena  may  be  modified  by  accelera- 
tion, by  retardation,  or  by  irregularity  of  development. 

1.  The  most  common  form  of  modification  is  a  slight 
dday  in  the  development  of  the  usual  symptoms,  of  one 
or  more  days,  so  that  by  the  ninth  day  the  vesicle  has 
arrived  at  the  usual  condition  seen  upon  the  seventh  or 
eighth  day.  Seaton  mentions  cases  in  which  a  week's 
delay  was  observed,  and  after  success  had  been  given  up; 
and  Bousquet  mentions  a  case  in  which  a  dormant  vac- 
cination was  revived  at  the  end  of  three  weeks.  This 
delay  is  sometimes  due  to  the  incubation  of  other  dis- 
eases. It  the  i)henomena  follow  a  regular  course,  this 
retardation  does  not  necessarily  imply  an  interference 
with  the  protective  power  of  the  vaccination. 

3.  Acceleration  of  the  phenomena  of  vaccination  is  to 
be  regarded  with  more  suspicion  than  retardation.  If 
the  acceleration  amounts  to  not  more  than  one  day  in  ad- 
vance of  the  usual  appearances,  and  the  vesicle  and  the 
consequent  areola  assume  the  typical  form  and  color,  the 
protective  value  of  the  vaccination  is  not  necessarily  im- 
paired. 

3.  Vaccination  may  present  irregvlar  forms.  The 
formation  of  the  vesicle  may  be  accompanied  by  con- 
siderable itching  and  irritation.  Its  shape  may  be  acumi- 
nated or  conoidal,  and  without  the  central  depression,  and 
the  fluid  contents  may  not  be  a  clear  serum,  but  a  cloudy 
liquid.  The  areola  may  be  formed  early  and  may  be 
irregular  in  shape,  arriving  at  its  height  on  the  fifth  or 
sixth  day.  A  crust  may  form  and  fall  off  as  early  as  the 
tenth  or  twelfth  day.  The  local  effect  may  have  been 
still  more  accelerated,  and  a  thin  scale  formed  which  is 
readily  detached. 

Other  irregular  forms  may  be  seen,  none  of  which 
should  be  depended  upon  as  protective  against  smallpox, 
nor  should  virus  be  taken  from  them  for  the  purpose  of 
vaccinating  others.  Such  irregular  conditions  are  doubt- 
less due,  either  to  the  use  of  vaccine  lymph  which  is  not 
sufficiently  recent,  and  has  consequently  lost  much  of  its 
active  infective  power,  or  it  may  have  been  inserted  in  a 
subject  whose  health  is  bad;  so  that  the  results  of  the 
vaccination  may  appear  uniform  from  virus  employed 
under  the  first  of  these  conditions,  Init  not  under  the 
second. 

Mechanical  irritation,  such  as  may  be  produced  by  a 
coarse  woollen  sleeve,  may  occasionally  interfere  with 
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the  usual  phenomena  of  the  vesicle,  by  causing  its  rupt- 
ure or  iiregiilar  api)eaiiince,  and  these  phenomena  may 
l)e  aggravated  if  the  garment  is  colored  with  poisonous 
dyes.  It  is  a  matter  of  necessity  that  projier  instructions 
sliould  be  given  to  parents  or  guardians  for  the  protec- 
tion of  the  vesicles,  that  they  may  remain  uninjured. 

With  reference  to  the  general  cjuestion  of  irregular 
phenomena,  it  may  be  taken  as  a  rule  of  practice  that 
any  TaccinaUon  trhich  pivsenis  a  denolion  front  the.  perfect 
character  of  the  vesicle,  and  the  regnlnr  derelopment  of  the 
areola,  should  not  he  relied  vponas protective  miainst  small- 
pox, nor  should  lymph  be  taken  from  such  a  tcsicle  for 
further  use  in  rnceinalion. 

Effect  of  Climate. — In  temperate  climates  the  utmost 
effect  of  season,  either  hot  or  Cold,  is  only  to  accelerate 
or  to  retard  (and  that  e-xcejitionally  and  seldom  beyond  a 
few  hours)  the  usual  course  of  vaccination.  According 
to  the  best  authorities,  the  excessive  heat  and  moistui'e 
of  certain  seasons  in  the  tropics  interfere  considerably 
with  the  regular  progress  of  vaccination.  In  India  vac- 
cination is  less  successful  after  the  advent  of  the  hot  sea- 
son, and  it  is  peculiarly  so  iu  the  rainy  season  in  Bengal, 
"so  much  so  that  vaccination  must  necessarily  be 
suspended  for  a  time  "  (Report  of  Smallpox  Commission- 
ers in  1850.     Indian  Government). 

In  other  parts  of  India  these  precautions  are  not  found 
to  be  necessary.  In  the  cooler  parts  of  India  vaccination 
may  be  performed  at  any  time,  but  in  the  liotter  jiortions 
the  best  season  for  vaccination  is  from  October  to  March. 

Revaccik.\tion. — In  some  people  the  regular  phenome- 
na of  vaccination  can  be  produced  but  once  in  a  life-time. 
A  subsequent  introduction  of  vaccine  virus  either  fails 
to  produce  any  effect  whatever,  or  it  produces  a  modified 
effect,  like  that  of  spurious  vaccination.  Revacciuation 
is  desirable  in  all  cases  of  imperfect  vaccination,  and  in 
all  persons  at  the  end  of  ten  or  twelve  years  after  a  jiri- 
mary  vaccination  in  infancy ;  and  also,  in  case  of  imme- 
diate ex]x)sure  to  smallpox,  it  is  advisable  in  those  who 
have  not  been  vaccinated  within  five  years.  It  should 
be  understood,  however,  that  the  numan  body  is  not  sub- 
ject to  mathematical  rules  and  limitations,  and  hence,  like 
man_y  other  principles  of  medicine,  no  precise  limit  of 
safety  can  be  stated.  The  writer  has  vaccinated  persons 
successftdly,  who  had  been  successfully  vaccinated  within 
a  year  previous,  and  has  also  found  many  in  whom  vac- 
cination with  fresh  lymph  was  unsuccessful  after  tAventy 
years  or  more  from  the  date  of  a  previous  vaccination. 

Under  no  circumstances  should  the  lymph  from  a  vesi- 
cle of  revacciuation  be  employed  for  fiu'ther  use  in  vac- 
cination. 

As  revaccination  is  a  preventive  measure,  like  vaccina- 
tion, it  sliould  not  be  left  untij  the  occurrence  of  an 
epidemic.  In  the  United  States,  wdiere  public  vaccina- 
tion is  imperfectly  carried  out,  it  is  a  common  custom  to 
await  the  outbreak  of  smallpox,  at  which  time  it  is  more 
likely  to  be  done  with  le.ss  care,  and  in  consequence  of 
individual  fear  rather  tlran  according  to  the  discretion  of 
the  physician. 

The  immediate  results  of  revaccination  may  be  either 
the  development  of  a  typical  umbilieated  vaccine  vesicle 
or  of  a  modified  vesicle,  or  entire  failure. 

The  claim  once  made  by  the  earlier  vaccinators,  that  a 
singe  primary  vaccination  was  absolutely  protective  for 
life  against  smallpox,  is  no  longer  tenable,  since  ex- 
perience in  severe  epidemics  in  large  conununities  has 
shown  abundant  proof  to  the  contrary.  After  several 
years  Jiad  elapsed  from  the  date  of  the  introduction  of 
vaccination,  it  was  observed  that  cases  of  smallpox  occa- 
sionally occurred  in  the  persons  of  those  who  liad  been 
vaccinated ;  such  cases,  liowever,  being  of  a  mild  type 
and  rarely  fatal.  It  was  therefore  m-ged  that  the  pro- 
tective power  of  vaccination  Avas  only  temporary,  grad- 
ually becoming  less  as  the  individual  grows  older.  By 
.some,  the  occurrence  of  such  cases  was  attributed  to  an 
improper  or  an  inefficient  performance  of  the  |uimary 
vaccination.  Early  observations  in  sujiport  of  such  be- 
lief were  made  in  Copenhagen,  and  also  in  London. 

In  every  conunuility  a  certain  juoportion  of  the  inhabi- 


tants will  take  smallpox,  if  the}'  rely  merely  on  the  pro- 
tection which  is  afforded  by  a  single  vaccination  per- 
formed in  carlv  life. 

The  great  standing  armies  of  Europe  afford  conclusive 
evidence  as  to  the  need  of  revaccination.  It  was  intro- 
duced into  the  Russian  army  in  1831,  and  for  the  ensuing 
years  from  1831  to  1857,  the  number  of  revaccinations 
was  733,333,  of  which  number  391,574,  or  56  per  cent., 
were  successful,  and  328,848,  or  31  per  cent.,  were  unsuc- 
cessful ;  the  remainder  were  imjjerfect. 

Seaton  lays  down  the  rule  that  carelessness  in  primary 
vaccination  sh(-nld  not  be  excused  on  the  ground  that  ■revac- 
cination. will  supply  its  defects.  "It  has  too  often  hap- 
pened," he  .says,  "that  vaccination  has  taken,  but  has 
taken  badly  ;  either  at  once  or  at  some  not  distant  period 
it  has  been  repeated,  and  has  perhaps  been  performed  a 
third  time,  but  ineffectualh'  (for  it  will  constanti)-  hap- 
pen that  spurious  vaccination  will  prevent  subsequent 
vaccination  from  taking  effect  properly):  then  no  more 
is  thought  about  it,  or  the  child  is  declared  '  insuscep- 
tible ' ;  it  grows  up,  gets  smallpox,  and  very  likely  dies. 
Take  it  at  its  best,  an  originall)'  imperfect  or  incomplete 
vaccination  is  a  very  grealt  misfortune." 

Age  at  which  Reraccination  Should  be  Performed. — There 
are  circumstances  which  wordd  call  for  its  performance 
in  childhood,  as  when  the  primary  vaccination  is  found 
to  be  spurious,  itnperfect,  or  irregular  in  character.  If, 
however,  the  child's  health  appears  to  be  such  as  to 
account  for  the  irregularities  and  imperfections,  the 
vaccination  should  be  deferred  until  its  health  is  cor- 
rected. Especially  should  children  having  imperfect 
cicatrices  be  revaccinated,  if  there  is  danger  of  immediate 
exposure  to  infection  from  smallpcu:. 

Revaccination  should  be  performed  with  the  same  care 
as  primary  vaccination  and  tilways,  when  ijossible,  with 
fresh  Ij'uiph. 

It  should  not  be  left  to  periods  when  smallpox  becomes 
epidemic,  and  its  performance  upon  persons  arriving  at 
a  certain  age,  saj-  twelve  years,  should  be  as  systemati- 
cally carried  out  as  in  the  primary  vaccination  of  infants. 

From  the  results  observed  as  to  the  i)erformauce  of 
revaccination  in  the  armies  of  Great  Britain  and  of  Wlir- 
temberg  in  1831,  1835,  and  1861,  it  was  concluded  that 
the  local  results  obtaina^d  b}'  the  revaccination  of  any  in- 
dividual gave  absolutely  no  information  whatever  as  to 
the  con.stitutional  condition  in  which  the  revaccinated 
per.son  was  with  regard  to  bis  liability  to  contract  small- 

l)OX. 

Dr.  R.  Gerstiicker,  iu  a  ]iaper  entitled  "The  H_vgienic 
Significance  of  Revaccination,"''  gives  some  valuable 
data  compiled  from  the  reports  of  tlic  Imperial  Board  of 
Health,  and  also  from  the  report  of  the  Vaccination  Com- 
mission. From  their  tables  it  appears  that  the  mortality 
from  smallpox  in  Prussia,  formerly  differing  but  little 
from  that  of  other  countries,  has  fallen  to  a  minimum 
under  the  operations  of  the  vaccination  law,  so  that 
smallpox  may  now  be  regarded  as  having  disajipeared, 
except  in  some  frontier  districts;  while  Austria,  with  her 
defective  regulations  as  to  vaccination,  and  still  more  so 
as  to  revaccination,  sniffers  severely  from  smallpox.  Dr. 
Gerstiicker  presents  the  following  table  as  to  the  mortal- 
ity from  smallpox  in  London  and  in  Berlin,  with  the 
connnent  that,  while  London  enforces  vaccination  of  the 
children,  it  has  not  enforced  revaccination.  He  attributes 
the  difference  in  the  relative  mortality  from  smallpox  in 
the  two  cities  to  these  facts. 

Deaths  from  Smallpox,  per  100,000  Ln'habita.nts. 


1883. 


1 11  Londow  . 
In  Berlin  . . 


187.5.  1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1.3     20.8 
5.2       1.8 

71.0 
.4 

Si8.8 
.8 

12.1 

.7 

12.5 

.8 

61.9 

4.7 

11.1 
.4 

3.4 


Dr.  Gerstiicker  further  agrees  with  the  conclusions  of 
the  earlier  observers,  as  to  the  immunity  against  small- 
pox produced  by  ]irimary  vaccination  in  childhood  being 
of  limited  duration,  and  as  to  the  possibility  of  renewing 
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EXPLANATION    OF    PLATE    LVIIL 

The  vaccinations  shown  iu  this  plate  are  those  of  three  infants,  from  four  to  ten  months  old, 
at  different  stages  of  vaccination.  Figs.  2  and  3  are  from  tlie  same  cliild  on  different  days.  Four 
insertions  vcere  made  in  each  case,  according  to  the  usual  practice  of  official  English  vaccinators. 
These  insertions  are  usually  made  by  light  parallel  scratches,  two  or  more  in  number,  and  about 
3-5  mm.  iu  length. 

Fig.  1  presents  the  appearance  on  the  fifth  day.  The  linear  depressions  in  the  vesicles  indicate  the 
location  of  the  ini^ertions  of  lymph.     A  faint  flush  is  appearing  around  each  vesicle. 

Fig.  2  shows  the  appearance  on  the  eightli  day. 

Fig.  3  presents  the  appearance  at  the  end  of  twelve  days.  In  this  and  in  Fig.  2  some  supplemen- 
tary vesicles  are  shown,  a  matter  of  common  occurrence.  The  course  of  development  has  been 
more  than  usually  rapid  in  this  case  from  the  eighth  to  the  twelfth  day,  desquamation  being 
active  around  the  vesicles  and  the  brownish  coloration  of  crusts  appearing. 

Fig.  4. — .\ppearance  on  si.xteenth  day.  Shows  typically  the  usual  method  of  desiccation  of  the 
vesicle. 
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Vacclnatluii. 


its  influence  by  repetition.  Revacciuation,  therefore,  as 
lie  e.xpresses  it,  forms  an  essential  part  of  the  measures 
of  prevention  against  smallpox,  and  its  hygienic  impor- 
tance extends  not  only  to  the  individual,  but  also  to  so- 
ciety, the  relative  immunity  of  which  is  warranted  only 
by  the  immunity  of  the  individual  from  smallpox.  He 
reckons  the  protective  period  of  primarj'  vaccination  at 
an  average  of  ten  years,  and  therefore  believes  the  revae- 
cinatiou  of  school  children  in  the  later  years  of  school  life 
to  be  essential  to  complete  immunity. 

Dr.  Seaton  sums  up  the  purposes  of  revaeeinatiim  as 
follows: 

1.  To  repair  whatever  was  irregular  in  the  course  of  a 
primarj-  vaccination. 

2.  To  supply  wliat  was  imperfect  in  the  amount  of  in- 
fection, in  cases  in  which  the  course  of  the  disease  was 
regular. 

3.  To  extinguish  the  susceptibility  to  smallpox  which 
may  remain,  or  may  rearise,  in  an  indeterminate  number 
of  persons  whose  primary  vaccinations  may  have  been 
complete  as  well  as  regular  ("Seatons  Handbook,"  p. 
300). 

Automccination. — By  this  term  is  meant  the  reinser- 
tion of  fresh  vaccine  lymph  upon  the  same  person  from 
whom  it  is  taken,  either  by  the  vaccinated  person  him- 
self or  by  some  other  person,  and  also  either  intention- 
ally or  by  accident. 

Vaccinization. — In  a  paper  published  by  the  Belgian 
Academy  of  Medicine,  entitled  "'La  Pratique  de  la  Vac- 
cine; ce  qu'elle  est,  ce  ([u'elle  devrait  etre  "  (1885),  the 
author.  Dr.  Titcca,  concludes  that  the  principles  of  vac- 
cination should  be  raised  to  the  state  of  an  axiom:  in 
other  words,  that  it  may  be  made  perfectly  protective. 
Dr.  Warlomont  has  expressed  a  similar  belief.-^  They 
have  crys.tallized  this  belief  under  the  name  of  the  school 
of  vaccinization  (fcole  vaccinisatriee),  wherein  they  are 
in  accord  with  the  views  of  many  others,  both  in  Amer- 
ica and  in  Europe. 

Theauthor  concludes  that  vaccination  is  in  many  cases 
nothing  bnt  a  deceptive  operation  performed  with  o  hypo- 
thetic vims. 

The  following  questions  are  also  discussed  by  the  same 
author: 

1.  No  vesicle  follows  a  given  vaccination .  We  arc  not 
therefore  to  infer  that  the  subject  is  wholly  insusceptible 
and  abandon  the  attempt  to  secure  a  successful  result. 

2.  One  or  more  vesicles  are  developed.  The  subject, 
therefore,  ipso  facto,  should  not  be  regarded  as  having 
acquired  immunity  from  smallpox.  An  old  regulation 
of  the  German  army  reciuired  twenty  insertions,  ten  in 
each  arm. 

In  Holland,  a  modified  vaccination  has  been  practised 
for  a  long  time,  ten  insertions  being  made  upon  each  sub- 
ject, and  the  results  classitjed  in  accordance  with  the 
number  of  good  resulting  vesicles,  certificates  being 
given  to  such  as  have  more  than  five  good  vesicles.  All 
others  are  submitted  to  a  supplementarj-,  or  an  auto- 
vaccination. 

Dr.  Titeca  gives  the  results  of  twentj-three  primary 
vaccinations  of  children  of  various  ages  from  three 
months  to  five  years:  twelve  boys  and  eleven  girls, 
showing  the  possibility  of  exhausting  the  susceptibility 
of  the  subject  by  means  of  repeated  vaccinations. 

From  a  general  review  of  the  subject  the  author  con- 
cludes that  vaccination,  to  be  perfectly  protective,  shoulil 
be  practised  under  the  following  conditions; 

1.  Tlie  employment  of  a  vaccine  virus  which  has  lost 
none  of  its  vitalitj'. 

2.  The  number  of  inoculations  should  be  in  accordance 
with  the  individual  vaccinal  receptivitj-,  even  to  the  ex- 
tent of  the  exhaustion  of  that  condition. 

The  first  of  these  conditions  is  fulfilled  by  the  use  of 
living  (vivant)  vaccine,  collected  at  the  time  of  the  opera- 
tion; tlie  second  by  the  operation  to  which  Dr.  Warlo- 
mont gives  the  name  of  vaccinization. 

Every  vaccination  made  in  default  of  these  condiiioDS 
is  deceptive,  and  to  such  faulty  methods  the  attivacci- 
nation  school  owes  its  existence.     Its  faults  and  griev- 


ances  will   cease  when   the  school  of   vaccinization   is 
recognized. 
The  author  recommends  the  following  practice: 

1.  Vaccinization  of  infants  within  six  months  of  birth. 

2.  Revaceinization  every  ten  years,  when  no  ejudemic 
is  prevailing,  and  generafrevaccinization  in  time  of  epi- 
demic. 

Insuscepi unity. —It  is  quite  probable  that  under  the 
most  favorable  circumstances  for  vaccination  (ab.solutely 
fresh  lymph  in  each  instance),  insusceptibility  in  primary 
cases  does  not  exist. 

Dr.  Robertson  says,  in  the  twenty-fifth  "Report  of  the 
Registrar-General  of  Scotland";  "Constitutional  insus- 
ceptibility, as  expres.sed  in  the  returns,  is  virtually  a 
confession  from  an  operator  that  he  has  made  three  "un- 
successful attempts  to  vaccinate  a  child  without  ascer- 
taining the  cause  of  his  failures,  and  the  fact  that  a  child 
has  a  certificate  of  iususceiitihility  do'cs  not  absolve  its 
guardians  from  the  duty  of  liaving  the  reality  of  the 
conditions  tested  from  time  to  time." 

Dr.  Oory  says^  upon  this  point:  '"'Of  my  own  vaccina- 
tions, 1  may  say  that  I  have  iu  my  time  performed  over 
thirty-eight  thousand  primary  oi)(rations  with  human  or 
with  calf  lymph,  and  that  it  has  only  once  fallen  to  my 
lot  to  fail  twice  at  an  attemiit  at  vaccination.  This  sub- 
ject was  a  ten-year-old  child,  in, whom,  as  stated  by  its 
mother,  vaccination  had  been  attempted  on  previous  oc- 
casions without  result.  My  operation  failed  at  the  .sec- 
ond attempt,  and  I  did  not  get  the  opportunity  to  trv  a 
third  time." 

Dr.  Thorne,  chief  medical  ofticer  of  the  Local  Govern- 
ment Board,  says*:  "I  woxdd  point  out  that  tlie  number 
of  consecutive  primary  vaccinations  by  the  board's  own 
officers,  witliout  the  occurrence  of  a  single  instance  of  so- 
called  insusceptibility,  now  reaches  107,180." 

The  Techniqie  of  V.\cciN.vnoN. — Since  vaccination 
with  liumanized  lymph  has  been  generally  superseded 
by  the  use  of  vaccine  from  the  calf  it  is  unnecessary  to 
present  detailed  instructions  for  collecting  lymjih  from 
the  arms  of  infants.  Direct  vaccination  from  arm  to 
arm,  with  fresh  fluid  lymph,  is  superior  to  any  other 
form  of  humanized  vaccination,  and  should  be  performed 
when  it  is  impracticable  to  obtain  bovine  virus. 

Methods  of  Inserting  Lymph. — The  methods  of  insertion 
of  either  form  of  vaccine  material  are  the  same.  The 
essential  cliaraeteristics  of  a  successful  insertion  are  that 
the  vaccine  collected  at  the  jiroper  period  of  maturity 
should  penetrate  the  superficial  layer  of  the  skin  and  be 
brought  in  contact  with  the  rete  JIalpighii,  or  mucous 
la3'er.  Bousquet  states  that  smallpox  was  thus  inocu- 
lated by  Eastern  nations  in  early  periods. 

The  part  usually  selected  for  insertion  is  the  outer  part 
of  the  arm,  at  or  near  the  lower  insertion  of  the  deltoid 
muscle,  the  left  arm  being  usually  preferred.  Successful 
vaccinations  may  be  made  upon  any  part  of  the  body. 
Among  females  it  is  quite  a  common  practice  to  make 
insertions  upon  the  thigh.  In  the  case  of  young  infants 
there  are  decided  objections  to  this  method. 

IN  umber  of  Insertions. — At  least  two  insertions  should 
be  made  in  every  case,  and  there  can  be  no  valid  objec- 
tion to  a  greater  number.  Heim  recommends  six,  three 
on  each  arm;  Bousquet,  six;  and  Steinbrenner  ten,  five 
on  each  arm.  Warlomont  recommends  six,  three  on  each 
arm,  and  that  they  be  arranged  triangularly  in  boys,  and 
in  a  horizontal  line  in  girls,  at  the  distance  of  a  thunib's- 
breadth  apart.  He  adds:  "If  one  desires  to  please  the 
mothers  and  spare  subsequent  reproaches,  he  will  asl;  the 
mothers  to  point  out  where  they  wish  the  insertions  to 
be  made;  the  horizontal  arrangement  allows  concealment 
by  a  short  sleeve." 

The  Age  for  Primary  Taccination. — In  all  cases  vacci- 
nation sho\ild  be  performed  iu  early  infancy,  iieaith  per- 
mitting. Young  uuvaccinated  children  are  the  chief 
suiTerers  from  smallpox.  (Statistics  relative  to  this  point 
will  be  introduced  later  on.)  There  is  great  risk  in  de- 
laying the  operation,  especially  in  the  cities  and  large 
towns.  Seaton  advises  that  pliimp  and  liealthy  children 
VM"."  in  large  towns  should  be  vaccinated  when  thej'  are 
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a  montli  or  six  wei'ks  ohl :  and  in  iiioiv  delicate  children 
the  operatiuu  might  be  poslpuiied  until  they  are  two  or 
three  mouths  of  age;  but  all  whose  health  does  not  offer 
some  positive  contraindication  should  be  vaccinated  by 
the  age  of  three  mouths. 

The  writer  has,  under  conditions  of  special  exposure  to 
smallpox,  vaccinated  several  infants  within  the  first 
forty -eight  hours  after  their  birth,  with  perfect  success, 
and  with  typical  vesicles  resulting. 

Ueulth  of  the  Jiidiridtuil  to  be  Vaccinated. — It  is  not 
essential  that  the  persons  who  are  to  be  vaccinated  should 
be  in  robust  health.  They  should,  however,  be  free  from 
any  acute  disease,  and  also  from  any  severe  chronic  dis- 
ease which  would  be  likely  to  interfere  with  the  regular 
course  of  the  vaccine  vesicle.  Many  diseases  do  not  in- 
terfere at  all  with  the  progress  of  vaccinatiou. 

In  man)-  couutries,  aud  also  in  some  of  the  United 
States,  vaccination  is  made  a  statutory  prerequisite  to 
school  attendance,  and  the  importaut  question  occasion- 
ally arises,  "Shall  exception  be  made  in  the  case  of 
scholars  suffering  from  ill  liealth?"  From  the  stand- 
9oiut  of  public  hvgieue,  it  must  be  urged  that  such 
scholars  constitute  a  jiublic  danger,  and  a  constant  men- 
ace to  the  community,  aud  it  may  also  be  added  that  a 
scholar  whose  health  is  not  sufticieutly  good  to  jiermit  of 
vaccination  is  not,  as  a  general  rule,  in  a  condition  of 
health  to  endure  the  routine  of  school  attendance,  and 
should  remain  out  of  school  until  recovery  will  permit  of 
both  school  attendance  and  vaccinatiou. 

Metliuds  of  Insertion.— for  precautions  to  be  taken  at 
the  time  of  vaccination  see  No.  6  of  the  following  in- 
structions of  the  Local  Government  Board  of  England. 

1.  One  of  the  best  meth- 
ods, and  also  one  most 
commonly  employed,  is 
the  method  of  .■<<•« /•//7V('^('o«. 
Fig.  4931.  'I"''e  ir'"  of  the  i)erson  to 

be  vaccinated  should  be 
grasped  by  one  hand  of  the  vaccinator,  so  as  to  put  the 
skin  upon  the  stretch.  With  a  sharp  lancet  several  fine 
|)arallel  scratches,  or  incisions  and  cross  incisions,  should 
then  be  made  upon  the  skin  in  the  following  manner  (see 
Fig.  4921); 

These  incisions  should  be  carried  only  to  such  a  depth 
that  the  surface  becomes  slight!}'  reddened  by  the  ap- 
pearance of  blood.  They  may  often  be  made  ui)on  sleep- 
ing children  l)y  means  of  a  sharp  lancet,  without  awaken- 
ing them. 

Several  such  scarifications  should  be  made,  never  less 
than  two,  preferably  of  a  smaller  size  than  that  which  is 
shown  in  the  cut,  at  a  di.stance  of  about  1  in.  (2-3  cm.) 
apart.  Upon  these  should  be  applied  the  fresh  lymi)h, 
rubbed  lightly  into  the  scarifications  from  the  jioint  of  a 
lancet,  and  if  preserved  Ij'mph  is  used,  the  contents  of 
the  tubes,  points,  or  other  appliances  upon  or  in  which 
it  is  stored  should  be  transferred  to  the  scarifications. 
If  there  is  a  free  oozing  of  blood  or  serum,  it  is  not  neces- 
sary to  moisten  the  dried  lymph. 

2.  ^rapinff. — The  outer  skin  may  be  scraped  away 
with  the  edge  of  a  sharp  lancet  over  a  surface  5-8  mm. 
in  diameter,  imtil  a  slight  redness  appears,  but  not  suffi- 
ciently to  induce  a  free  oozing  of  blood.  The  lymph 
may  be  applied  to  this  slightly  reddened  surface. 

3.  Bi/  PuTtetnre. — By  this  method  a  sharp  lancet  is  in- 
serted obliquely  to  a  depth  of  about  one-eighth  of  an 
inch  (2-3  mm.)  or  more.  From  two  to  five  such  punct- 
ures shoidd  be  made  at  a  distance  of  at  least  three- 
fourths  of  an  inch  apart.  A  couunon  sharp-pointed 
lancet  is  best  adapted  to  the  purpose.  The  fresh  lymph 
may  be  introduced  into  these  punctures. 

4.  The  method  by  puncture  may  be  modified  by  mak- 
ing a  considerable  number  of  small  punctures  close  to- 
gether, or,  in  otiier  words,  a  tattooing  in  several  spots, 
the  lymph  being  spread  ujion  these  spots. 

The  following  are  the  revised  instructions  given  by  the 
Local  Government  Board  of  England  to  vaccinators  under 
contract'; 

1.  Except  so  far  as  any  inunediate  danger  of  smallpox 


may  require,  the  jMiblic  vaccinator  must  vaccinate  only 
subjects  who  are  in  good  health.  As  regards  infants,  he 
must  ascertain  that  there  is  not  any  febrile  state,  nor  any 
irritation  of  the  bowels,  nor  any  uidiealthy  state  of  the 
skin,  especially  no  chafing  or  eczema  behind  tlie  ears,  or 
iu  the  groin,  or  elsewhere  in  folds  of  skin.  He  must  not. 
except  of  necessity,  vaccinate  in  cases  in  which  there  has 
been  recent  exposure  to  the  infection  of  measles,  Si'arla- 
tina,  or  diphtheria,  nor  in  which  erysipelas  is  prevailing 
about  the  place  of  residence. 

2.  A  certificate  of  postponement  must  be  given  by  the 
public  vaccinator  in  the  form  prescribed  by  the  Local 
Government  Board  or  to  the  like  effect;  ('"()  If  in  his 
opinion  the  child  is  not  in  a  fit  aud  proper  state  to  be 
vaccinated,  or  (ft)  if  in  his  opinion  the  cliild  cannot  be 
safely  vaccinated  on  accoiuil  of  the  condition  of  the 
house  in  which  it  resides,  or  because  there  is  or  has  been 
a  recent  prevalence  of  infectious  disease  iu  the  district; 
and  in  any  such  case  the  public  vaccinator  is  required 
forthwith  to  give  notice  of  such  certificate  to  the  medical 
officer  of  health  for  the  district  in  the  proper  form. 

3.  All  public  vaccinations  are  to  be  performed  with 
glycerinated  calf  lymph  or  with  such  other  lymph  as 
may  be  issued  by  the  Local  Government  Board".  If  the 
])arent  or  other  person  having  the  custody  of  the  child 
requires  that  it  shall  be  vaccinated  with  lymph  issued 
by  the  Local  Government  Board,  the  vaccination  must 
be  performed  with  such  lymph. 

4.  The  public  vaccinator  must  keep  such  record  of  the 
lyiuph  he  uses  for  vaccinating  as  will  enable  him  always 
to  identify  the  origin  of  the  lymph  used  in  each  opera- 
tion. He  must  not  employ  lymph  supplied  b)'  any  per- 
son who  does  not  keep  an  exact  record  of  its  somce. 

5.  The  public  vaccinator  must  keep  in  good  condition 
the  lancets  or  other  instruments  which  he  uses  for  vacci- 
nating, and  he  must  not  use  them  for  any  other  purpose 
whatever.  When  he  vaccinates  he  must  cleanse  aud 
sterilize  his  instrument  after  one  operation  before  pro- 
ceeding to  another,  and  must  always,  when  vaccinating, 
have  with  him  the  means  of  doing  this.  When  once  he 
has  unsealed  a  tvibe  of  lymph  he  must  never  attempt  to 
keep  any  part  of  its  contents  for  the  purpose  of  vaccina- 
tion on  a  future  occasion.  Under  no  circumstances 
should  the  mouth  be  applied  directly  to  the  tube  in 
which  the  lymph  is  contained  for  the  purpose  of  expel- 
ling the  lymph.  In  the  case  of  ordinary  capillary  tubes 
an  artificial  blower  may  properly  be  employed  for  this 
purpo.se. 

6.  Vaccination  should  at  every  stage  be  carried  out 
with  aseptic  precautions.  These  should  include;  (1) 
The  cleansing  of  the  surface  of  the  skin  before  vacci- 
nation;  (2)  the  use  of  sterilized  instruments;  and  (3)  the 
protection  of  the  vaccinated  surface  against  extraneous 
infection  both  on  the  performance  of  the  operation  and 
on  inspection  of  the  results.  Advice  as  to  the  precau- 
tions to  be  taken  iu  this  respect  until  the  scabs  have 
fallen  and  the  arm  has  healed  should  always  be  given  to 
the  person  having  the  custody  of  the  child. 

7.  In  all  ordinary  cases  of  primary  vaccination  the 
public  vaccinator  nuist  aim  at  producing  four  separate 
gooil-sized  vesicles,  or  groups  of  vesicles,  not  less  than 
half  an  inch  from  one  another.  The  total  area  of  vesicu- 
hition  resulting  from  the  vaccination  should  not  be  less 
than  half  a  square  inch. 

8.  The  public  vaccinator  must  enter  all  cases  in  his 
register  on  the  day  when  he  vaccinates  them,  together 
with  all  partictdars  required  in  the  register  up  to  aud  in- 
chnling  the  column  headed  "Initials  of  the  Person 
Performing  the  Vaccinatiou."  The  results  of  the  vacci- 
nation, which  must  be  attested  by  the  initials  of  the  per- 
son who  inspects  the  case,  are  to  be  entered  upon  the 
day  of  inspection.  In  cases  of  successful  primary  vacci- 
nation the  public  vaccinator  must  record  the  number  of 
separate  scarified  areas,  punctures,  or  groups  of  punct- 
ures made,  and  the  number  of  separate  normal  vaccine 
vesicles  or  groups  of  vesicles  which  have  been  produce<l. 
In  cases  of  revaecination,  he  must  register  as  "success- 
fid"  onlv  those  cases  in  which  either  vesicles,  normal  or 
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inodifled,  or  papules  surrounded  by  areolae  have  resulted. 
■When  any  operation  (whether  vaccination  or  revaccina- 
tion)  has  to  be  repeated  owing  to  want  of  success  in  the 
first  instance,  it  should  be  entered  as  a  fresh  case  in  the 
register. 

Jiistninienls  Eiiiployed. — 1.  The  common  Imn'et,  with  a 
.shar])  point  and  edge,  is  undoubtedly  the  best  instrument 
that  has  been  ilevised  for  vaccination.     It  is  simple,  easily 


Fig.  4923.— Ivory  Point  for  Vaccine. 


Fig.  4922.— Vaccine  Scarifier. 

cleaned,  easily  sharpened,  and  may  be  used  either  for 
puncture  or  for  scarification,  the  point  being  used  for  the 
former,  and  the  edge  for  scaritication. 

2.  JVenllcs. — Steel  needles  or  pins  answer  the  same  pur- 
pose, and  may  be  easily  cleansed  cither  by  heat  or  lij- 
disinfectMits,  or  may  be  destroyed  after  each  use. 

3.  Another  instrument  which  proves  quite  efficient  for 
scarification  has  the  following  sha])e.  The  only  oljjection 
to  this  instrument  is  the  greater  difficulty  in  cleaning  the 
spaces  between  the  points  (see  Fig.  4922). 

4.  li-oi-y  Points. — One  of  the  advantages  claimed  for 
ivory  or  bone  points  is  that  they  may  serve  two  pur- 
poses: first,  for  the  storage  of  Ij-mph;  and  second  for  use 
in  scarification,  the  edges  near  the  point  being  sharpened 
or  chamfered  for  tlie  purpose  (see  Fig.  4923).  They  are 
poorly  adapted  for  such  use,  it  being  impossible  to  give 

them  a  hard  cutting  edge 

as    sharp    as     that    of    a 

lancet.      In    consequence 

of  the  porous  quality  of 

ivory  and   bone,   and    its 

con.sequent     liability     to 

retain    pathogenic  germs, 

an  enterprising  American  firm  has  introduced  a  glass 

point  with  smooth  surfaces,  which  may  be  used  both  for 

storage  and  for  scarification. 

Various  other  instruments  have  been  devised,  many  of 
them  more  or  less  complicated,  and  therefore  not  so  well 
adapted  for  vaccination,  in  consequence  of  the  greater 
difficulty  in  cleaning  them,  a  point  which  deserves  most 
careful  attention  in  a  matter  of  such  great  importance  as 
that  of  vaccination. 

Dr.  Sagrandi,  a  surgeon  of  the  Eleventh  French  Dra- 
goons, has  recently  invented  for  use  in  vaccinating  large 
numbers  of  people  vaccinostyles  or  small  metallic  lances, 
one  for  each  jicrson  vaccinated,  whicli  are  sterilized  by 
placing  them  to  the  number  of  fifty  or  more  in  racks  in 
a  small  metallic  cylinder,  which  is  put  into  a  larger 
cylinder  containing  a  two-percent,  solution  of  borate  of 
soda,  ■which  is  Uept  at  the  boiling  point  by  a  spirit  lamp. 
This  method  has  the  advantage  of  rapidity  and  complete 
sterilizaticiii. 

Dr.  Burdon  Sanderson  employs  a  gauge  for  measuring 
vaccine  vesicles  (which  is  of  the  following  shape),  and 
estimates  their  jirotective  value  bj'  the  aggregate  area  of 
surface  foveated  in  a  characteristic  manner.  (Si.xth  Re- 
port of  the  Privv  Council  of  England,  p.  205.)  (See  Fig. 
4924.) 

Lymph  which  has  been  stored  upon  points  for  a  month 
or  more  will  often  produce  small  vesicles,  not  more  than 
4-6  mm.  (4— f\  inch)  in  diameter,  with  veiy  slight  areola, 
but  otherwise  characteristic.  The  protective  power  of 
such  a  vaccination  would  presumably  be  but  slight,  and 
the  vaccination  should  be  repeated  with  fresh  lymph. 

Care  nflnxtrumentn. — In  consequence  of  the  importance 
of  this  operation,  it  should  invariably  be  performed  with 
scrupulous  regard  to  cleanliness.  The  instruments  em- 
ployed should  be  used  for  no  other  purpose,  and  it  lan- 
cets are  used,  they  should  be  cleaned  with  the  greatest 
care  after  each  use,  and  when  several  persons  are  to  be 
vaccinated  at  once  the  instrument  employed  should  be 
thoroughly  sterilized  after  each  operation.  The  use  of  a 
disinfecting  solution  for  such  purpose  is  desirable,  such 


as  a  flve-per-cent.  solution  of  carbolic  acid,  or  the  flame 
of  a  spirit  lamp. 

Ciiriimstanca  Calling  for  the  Immediate  Performanee 
of  Vaccination. — Lender  certain  conditions  it  may  be  jjru- 
dent  to  vaccinate  at  a  very  early  age.  AVhen  smallpox 
is  prevalent  in  any  locality,  and  especially  when  it  exists 
in  the  same  house  where  linvaccinated  persons  or  such  as 
have  not  been  recently  vaccinated  are  living,  vaccination 
should  be  immediately  peiformed.  Repeatedly,  for  want 
of  such  precaution,  have  the  lives  of  infants  been  sacri- 
ficed. The  loss  of  a  single  day  may  sometimes  prove  to 
be  the  loss  of  a  life. 

Since  the  incubative  period  of  vaccinia  is  shorter  tlian 
that  of  smallpox  by  about  three  days,  it  is  found  that  if 
vaccination  is  performetl  at  any  time  within  the  first 
three  days  of  exposure  the  vaccination  will  cause  a  cer- 
tain degree  of  modification  of  the  smallpox,  and  conse- 
([uent  protection.  If  it  is  postponed  to  a  later  dav  no 
protection  is  afforded.  An  illustration  of  the  latter  con- 
dition has  come  under  the  writer's  observation.  An  un- 
vaccinated  child  was  exposed  to  smallpox  ou  a  certain 
day.  Vaccination  was  delayed  until  ten  days  afterward. 
Ou  the  third  day  after  the  vaccination  was'performed,  a 
well-marked  eruption  of  smallpox  appeared  and  the  child 
died.  Singularly  enough  the  appearance  of  smallpox 
was  attributed  "by  some  to  the  vaccine  virus  employed 
but  two  days  previously. 

The  only  safe  rule  under  all  such  circumstances  is  to 
vaccinate  immediately. 

In  all  such  cases  it  is  of  the  utmost  importance  that 
accurate  observations  should  be  made  and  recorded  as  to 
the  date  of  exposure,  the  ilatc  of  vaccination,  and  also 
the  date  of  the  first  symptoms  of  smallpox,  should  they 
occur. 

Seaton  also  urges  with  propriety  that  the  word  "  vac- 
cinated "  should  not  be  used  in  certificates  of  death  in 
which  vaccination  was  merely  attempted,  but  without 
any  result.  He  also  condemns  in  the  strongest  terms  the 
practice  of  vaccinating  after  symptoms  of  smallpox  have 
actually  appeared  in  any  given  case  presented  for  vacci- 
nation. 

Extent  to  which  V.\ccin".\tion  is  now  Pu.\ctised. — 
Jcnner  stated  in  1801  that  about  six  thou-sand  persons 
had  been  inoculated  with  cowpox  in  England.  In  the 
previous  year  the  prac- 
tice of  vaccination  had 
been  introduced  into 
several  other  countries, 
and  gradually  won  its 
way  into  public  favor. 
At  "the  present  day  a  fair 
estimate  of  the  annual 
number  of  vaccinations 
performed  throughout 
the  world  (including  re- 
vaccinations)  may  be 
stated  to  be  at  least 
thirty  millions,  which 
would  amount  to  sixty 
per  cent,  of  an  estimated 
annual  number  of  births 
of  fifty  millions.  The 
ratio,  however,  has  been 
constantly  increasing,  as 
the  practice  of  vaccina- 
tion has  spread  to  coun- 
tries wliere  it  had  not 
been  introduced. 

In  the  accompanying 
table  the  statistics  of 
vaccination  of  several 
countries  are  presented, 

as  compiled  from  such  official  sources  as  are  accessible. 
It  is  to  be  regretted  that  the  relative  figures  in  the  sta- 
tistics of  Scotland,  England,  Austria,  and  India  have 
so  little  relation  to  each  other.  This  fact  is  due  to  the 
lack  of  uniformity  in  the  methods  of  reporting  such  sta- 
tistics in  different  countries. 


Fig.  4924.  —  Burdon  Sanderson's 
Gauge  for  Measuring  Vaccine  Vesi- 
cles. 
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1,424,923 
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1,873,680 
1,.536.571 
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1,736,041 
2,26.5,721 
3,838,343 
3,244,236 
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754,059 
733,980 
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707,161 
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693,117 
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661,513 
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4,679,232 
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76.3,884 
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80.3 
79.3 
83.0 
79.1 
79.0 
88.4 
88.8 
83.8 
81.2 
81.4 
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4,70;!,214 
4,9.5fl,.H93 
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5,640,967 
5,709,482 
5,974,.598 
5,883,683 
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6,716,134 
6.869.271 
7,223..591 
7.309,087 
7.144,474 
6,860,915 
7,437,916 
7,86;i,711 
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1887 

1888 
1889 
1890 
1891 
1893 
1893 
1894 
1895 
1896 
1897 
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3,48.5.4«5 
2,463,3(i8 
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2,5.34,tH0 
2,513.(K)0 
2,5.33,227 
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2,678,015 
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25.7 
28.9 
26.8 
37.5 
28.9 
i».3 
33.0 
33.3 
31.5 

1899 

33  9 
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31  8 

'  Germany.    "  Die  Ergebnisse  <les  Impfgescbafts  im  Deutscben  Eeiche,"  1888-1900. 

'  Scotland.    Reports  o(  the  Registrar-<;eneraL  of  Scotland,  1886-1900.       '  Holland.    Reports  of  the  Central  Bureau  of  Statistics,  1900,-  p,  14. 

'England.    Reports  of  tbe  Local  (iovi'miiifiit  Itoiirl.  Is.sVllioo.  'Japan.    Reports  of  the  Central  Sanitary  Bureau,  1885-1897. 

'  Austria.    "  Oesterreichischcs  statist.  Hainlhuili."  Iss.vi!ii»l.    Also,  "statist.  Sanitatswesen,"  Wlen,  1901. 

~  British  India.    Reports  upon  the  Sanitary  .Mi-asurcs  in  India,  1885-1900. 


The  figures  in  the  foregoing  table  are  those  of  vaccina- 
tions performed  by  public  officials  onh' ,  and  do  not  in- 
clude many  which  are  done  by  private  practitioners. 
Such  figures  are  obtainable  only  iu  countries  where  the 
value  of  sucli  information  is  properly  estimated.  Un- 
fortunately, in  the  United  States,  as  a  general  rule  care- 
ful records  of  vaccination  are  not  kept,  e.xcept  in  a  few 
cities,  and  but  little  is  known  as  to  the  number  or  the 
results  of  the  vaccinations  made  iu  each  year. 

In  every  case  the  record  should  not  be  considered  com- 
plete unless  it  contains  at  least  the  name  and  address  of 
the  person  vaccinated,  and  the  results  of  an  inspection 
made  within  ten  days  afterward. 

The  blank  form  on  the  opposite  page,  simplified  from 
tliose  now  used  iu  England,  gives  the  essential  Items 
necessary  for  a  public  record  of  vaccination. 

In  the  following  table  are  preseuted  from  official 
sources  the  numbers  of  vaccinations  and  revaccinations 
in  several  foreign  cities  mostly  for  the  five  years  1895-99. 

Vaccinations  in  Large  Cities,  Five  Ykars  1895-1899. 
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141,526 
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92.970 

42,011 

134,981 

24,896 

18.069 

41,340 

59,309 

'  Reports  of  Local  Government  Board,  189.5-1900. 

*  Annuaire  Statistique.  Paris,  1.89.5-99. 

5  Statistischi-s  .lahrbucb. 

<  Statistis.hfs  .liOirbuch. 

'  Muuiclpiii  di  Miluno.    DaU  Statlstiei,  1900. 

The  foregoini;  Dgures  relate  to  official  vaccinations  performed  and 
recorded  by  official  vaccinators;  except  in  Vienna,  where  vaccina- 
tions pei'foriiifO  ami  ii-[)Ortc(l  by  private  physifians  are  also  included. 

After  ilciiuctiiis-'  tlmse  infioits  who  died  unvuccinated.  there  still 
remained  in  Lond.in  aiid  Pails  a  larfe  iinvaccinated  infantile  popu- 
lation. 

In  the  Ogures  for  primary  vaccinations  in  Budapest  a  considerable 
number  of  older  persons  appear  to  be  included,  so  that  the  number  of 
vacciriiitions  fxccds  that  of  living  births. 

'Ihi'  vMi-ciiiatiniis  ill  Paris  are  reported  by  the  following  authorities: 
By  thirty-four  hospitals  and  asylums,  by  bureaus  of  charity,  by  the 
Academy  of  Medicine,  by  the  general  sanitary  inspection  service,  and 
by  those  having  In  charge  Infants  supported  lit  public  cost. 


Germany  has  at  the  present  day  the  most  thoroughly 
vaccinated  popuhition  in  the  world,  since  the  compulsory 
law  of  that  country  is  the  most  efficiently  enforced. 

The  following  figures  present  the  numbers  of  the  vac- 
cinated and  revaccinated  for  the  year  1900.' 

Total  number  liable  to  vaccination 3,101,465 

Total  number  liable  to  primary  vaccination  after  ex- 
cluding exempts /,739,968 

Total  number  llal>le  to  revaccinatiou 1,281,039 

Total 3,021,007 

Total  number  vaccinated  (primary) 1,518,510 

Total  number  revaccinated 1,246,268 

2,764,778 

Of  these  99.94  per  cent,  were  .vaccinated  with  calf 
lymph  and  only  0.0.5  of  one  per  cent,  were  vaccinated 
with  humanized  lymph.  Glycerinated  calf  lymph  was 
used  in  1,48.5,523  of  the  primary  vaccinations  and  also  in 
1,318,343  of  the  revaccinations.  (For  further  figures  see 
table  at  the  top  of  this  page.) 

Emjland. — In  England  in  1899  the  statistics  were  as 
follows : 

Number  of  births 929,189 

Numlier  successfully  vaccinated 617,113 

ReporO'il  as  insusceptible 5,379 

Had  sniallliox. 4 

Niiiiibir  in  respect  of  whom  certiDcates  of  consclen- 
tic  iiisuhji,ction  have  been  received,  under  law  of  1898.    33,573 

Died  unvaccinated 113,516 

Vaccinations  postponed 16,605 

Remaining 142,999 

The  percentage  of  children  not  accounted  for.  as  com- 
pared with  the  births,  was  17.3.  that  of  1898  having  been 
21.5. 

Japan. — The  following  table  presents  the  number  of 
vaccinations  in  .lapan  iu  1897  (the  latest  publication  of 
the  Central  Sanitary  Bureau).' 

Total  Vaccinations  in  Japan  in  1897. 


Successful. 

Unsuccessful. 

1,359,796 
4,4.58,363 

411.869 
9,571,754 

Revaccinations 

Total 

5,718.061 

9,983,623 

The  success  ratio  of  primary  vaccinations  was  75.3,  that 
of  revaccinations  31.8  per  cent. 
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The  whole  number  of  primary  vaccinations  iu  Japan 
in  thu  ten  years  1887-96  was  11,736,«01,  and  tlie  revac- 
cinations  in  the  same  time  were  1(),70!),()G4,  maliing  a 
total  of  28,435,665.  The  total  number  vaccinated  in  1897 
(15,701,684)  was  more  than  half  as  many  as  the  sum  of 
the  vaccinations  of  the  preceding  (en  yeai-s.  This  enor- 
mous number  is  accounted  for  in'the  official  report  as  fol- 
io ws: 

"The  furious  rage  of  smallpo.x,  and  the  cheapness  of 
the  price  of  vaccine  lymph  sold  by  the  governmeu*  in- 
stitutes encouraged  vaccination,  anil  the  number  of  vac- 
cinated persons  was  very  numerous  compared  with  that 
of  preceding  j^ears." 

Italy. — The  following  figures  presenting  the  number  of 
vaccinations  iu  Italy  in  the  five  years  1889-93  are  given 
in  "La  Legislation  et  radministration  sanitaire  en  italic 
Rome,  1894." 


Number  of  Vaccixatio.ns  i.n  Italy.  1889-93. 


1889  .. 
1890.. 
1891  . . 


1,194.390 
l.H18,880 
1.93fl,.503 


1892  . . 

1893  . . 


1,997,114 
3.353,716 


In  many  of  the  United  States,  iu  consequence  either  of 
the  entire  absence  of  laws  relative  to  vaccination  or  on 
account  of  the  lax  enforcement  of  such  as  exist,  it  is 
probable  that  the  ratio  of  vaccinations  to  births  is  less 
thau  that  of  most  of  the  countries  of  Europe,  unless  a 
few  cities  of  the  former  may  be  excepted  in  which  effi- 
cient boards  of  health  have  enforced  annual  vaccinations 
and  revaccinations. 

A  general  vaccination  was  made  by  the  State  Board  of 
Health  of  Illinois  in  1883,  iu  which  333.340  vaccinations 
were  performed  in  a  population  of  over  3,000,000  people. 
Of  these,  153,936  were  primary  vaccinations  and  79,404 
were  i-evaccinations ;  the  former  being  about  double  the 
annual  number  of  births,  the  latter  being  estimated  at  35 
per  1,000  of  the  population. 

A  publication  issued  by  the  State  Board  of  Health  of 
Tennessee,  April  1st,  1903,  estimates  the  number  of  per- 
sons in  that  State  who  had  been  vaccinated  in  the  pre- 
vious three  years  as  753.617.  or  41  percent,  of  the  total 
population.  Of  the  white  population  36  per  cent,  had 
been  vaccinated,  and  of  the  coloied  population  50  per 
cent. 

For  the  three  years  ended  February  19th.  1903,  there 
had  also  been  in  the  same  State  13,10(5  reported  cases  of 
smallpox,  with  a  mortality  of  only  376  deaths,  or  3  per 
cent. 

The  following  statement  occurs  in  the  Report  of  the 
Surgeon-General  of  the  United  States- Army  for  the  year 
ended  June  30th,  1899; 

The  population  of  Porto  Rico  is  about  900,000.  Small- 
pox was  of  frequent  occurrence.  It  was  ilccided  to  vac- 
cinate all  who  had  not  recently  had  smallpox.  This  was 
carried  out  rapidly  and  etficiently  ;  786,290  persons  were 
vaccinated. 

Bj'  an  order  of  January  27th,  1899,  every  resident 
"who  has  not  had  smallpox  was  ordei'cd  to  be  vaccinated, 
and  hereafter  all  infants  before  reaching  the  age  of  six 
months." 

The  vaccine  lymph  was  produced  from  heifers  reared 
upon  the  island,  and  the  cost  of  the  work  was  S38. 536.17. 

The  Pkotective  Poweu  or  Vaccination. — In  oi'der 
to  consider  this  phase  of  the  question  intelligently,  and 
to  determine  satisfactorily  the  protective  value  of  vacci- 
nation and  of  revaccination  against  smallpox,  it  will  be 
necessary  to  consider  the  subject:  first,  by  a  comparison 
of  the  period  before,  with  the  period  following,  the  intro- 
duction of  vaccination ;  second,  (since  it  may  with  reason 
be  urged  that  epidemics  of  several  infectious  diseases 
have  become  less  severe  within  a  century  or  more),  a 
comparison  of  different  populations  living  under  similar 
conditions,  except  that  of  vaccination;  and  third,  a  con- 
sideration of  the  effect  of  vaccination  upon  the  age-dis- 
tribution of  smallpox. 

1.  The.  Period  Before  and  the  Period  After  the  Introduc- 
tion of  Vaccination. — It  will  be  necessary  in  this  connec- 
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tion  to  review  the  history  of  sinallpo.\,  for  a  century  or 
more,  in  different  countries. 

"At  tlie  present  clay,"  says  Simon,  "the  very  success 
of  vaceiuation  may  have  blinded  people  to  its  impor- 
tance. It  is  very  easy  to  be  bold  against  an  absent  dan- 
ger, to  despise  the  antidote  while  one  has  no  painful 
experience  of  the  bane." 

Smallpox  is  fatal  to  a  large  proportion  of  those  whom 
it  attacks;  it  is  eminently  infectious  from  person  to  per- 
souT  it  seizes,  with  very  few  exceptions,  upon  all  unvac- 
cinated  persons  who  for  tlie  first  time  come  within  its 
range. 

Although  smallpox  has  been  described  with  accuracy 
bj'  earlywriters.  notably  by  the  Arabian  physician 
Rhazes,  its  history  previous  to  the  eighteenth  century 
must  be  regarded  as  in  a  great  measure  defective,  in  con- 
sequence of  being  confounded  with  measles  and  with 
other  diseases. 

It  is  known  that  not  a  decade  passed  in  the  seventeenth 
and  eighteenth  centuries  without  the  occurrence  of  dev- 
astating epidemics  of  smallpox  in  Europe.  In  England 
from  seven  to  nine  per  cent,  of  all  deaths  were  attribu- 
table to  smallpox.  In  London  it  averaged  from  four  to 
eight  per  cent,  of  the  total  deaths.  Capt.  John  Graunt, 
in  his  observations  on  the  Bills  of  Mortality  of  London 
(published  in  166.5),  gives  the  number  of  deaths  from 
smallpox  for  twentv  vears  (1629  to  1636,  1647  to  1658), 
as  10,576,  out  of  a  total  mortality  of  229,250.  It  was 
also  the  seventh  in  the  order  of  destructlveness  upon  the 
population,  consumption  being  tirst. 

In  Berlin,  from  1783  to  1797,  one-twelfth  of  all  deaths, 
according  to  Casper,  were  from  smallpox.  M.  de  laCon- 
damine  estimates  that  one-tenth  of  all  deaths  in  France, 
amounting  to  30,000  annually,  were  from  smallpox. 
Three  and  a  half  millions  perished  from  it  in  Mexico  in 
the  sixecnth  century.  In  1734  nearly  two-thirds  of  the 
population  of  Greenland  were  swept  awav  by  it.  In 
Iceland  18,000,  out  of  a  population  of  50^000,  died  of 
smallpox.  Catlin,  in  his  "  Letters  and  Notes  on  the 
Manners  and  Customs  of  the  North  American  Indians," 
says:  "I  would  venture  the  assertion,  from  books  that  I 
have  read  and  from  other  evidence,  that  of  the  numerous 
tribes  that  have  already  disappeared,  and  of  those  that 
have  been  traded  with,  quite  to  the  Rocky  Mountains, 
each  one  has  had  this  exotic  disease  in  their  turn,  and  in  a 
few  months  have  lost  one-half  or  more  of  their  numbers." 

Wernher  says,  in  his  recent  work,  "Zur  Inipffrage": 
"Before  the  introduction  of  vaccination  smallpox  had 
become  a  permanent  disease  which  never  entirely  ceased 
in  one  year,  and  every  three  or  five  j'ears  became  a  great 
epidemic. 

"  In  non-epidemic  years  one-tenth  of  all  mortality  was 
from  variola,  in  epidemic  years  one-half.  Very  few  men 
escaped  smallpox  till  old  age;  almost  every  one  sickened 
at  least  once  in  his  life  of  this  horrible,  murderous  dis- 
ease. 

"Countless  mortals  who  escaped  death  were  maimed 
by  loss  of  sight.  Of  new-born  children,  one-third  died 
of  smallpox  before  their  first  year;  one-half  before  their 
fifth  year  of  life.  There  was  no  family  which  had  not 
heavy  losses  to  deplore.  In  the  country  the  mortality 
was  greater  than  it  was  in  the  city. 

"Physicians  and  Government  possessed  no  means 
against  this  abominable  evil.  Isolation  was  impracti- 
cable from  the  general,  widespread  nature  of  the  disease. 
Men  accejited  the  pest  as  an  unavoidable  fate. 

"The  loss  which  Europe  suffered  from  this  one  disease 
amounted  to  many  millions.  It  was  a  principal  factor 
which  deterred  or  kept  the  population  from  progress; 
and  to  lead  us  back  to  these  conditions  are  the  efforts  of 
many  ignorant  mortals  directed." 

Comparing  the  present  conditions  with  those  just 
stated  the  author  goes  on  to  say ; 

"  We  now  find  no  child  mortality  from  smallpox  among 
vaccinated  children. 

"Also,  among  adults,  whenever  vaccination  and  revac- 
cination  are  maintained,  mortality  from  smallpox  is  at  an 
end." 


The  following  familiar  table  is  herewith  quoted  from 
the  "Report  of  the  Epidemiological  Society  of  London," 
and  contains  very  conclusive  evidence  of  the  decline  of 
smallpox  in  different  countries  after  the  introduction  of 
vaccination.  Two  series  of  facts  are  presented.  (1) 
The  number  of  persons  per  million  of  the  population 
who  died  of  smallpox  annually  before  the  introduction  of 
vaccination;  and  (2)  the  number  per  million  who  died 
annually  of  the  same  di.sease  after  its  introduction.  The 
periods  are  not  in  all  eases  the  same,  but  the  statistics  are 
those  which  it  was  possible  to  collect  for  the  periods 
named. 


Period  relative  to  which 
data  are  given. 

Country  or  city. 

APPROXIMATE  Average 
Annual  Death  Rate 
BY     Smallpox     per 

Million      Inhabi- 
tants. 

Before 
introduction 

of 
vaccination. 

After 
introduction 

of 
vaccination. 

177T-1806  and  lSOT-18,50. 
1777-1806  and  1807-1850. 

Lower  Austria 

Upper  Austria,  and 
Salzburg 

2.4&t 

1,421 
1,052 

518 
14,046 

911 
2.174 
5,402 
,5,812 
1,194 
3,527 
3,321 
2,272 
1.911 
2.181 
2.643 

908 
3.422 

719 
1,774 
2.050 
3,128 

340 
501 

1777-1806  and  1807  18.50. 

1777-1KU6  and  1807-18.50. 

Illvria 

244 

1777-1806  and  1s;w-|,\t(I. 
1777-1803  and  18ii7-l8.-,(i. 

Trlest 

1  yrol  and  Voraiberg 

182 
179 
215 

1777  1806  and  l.'^fiT-ls.'td 

255 

1777-1806  and  l-soT  IWI. 
1777  1806  and  l.s(.l7-l.s',i) 

siU'.sia  (Austrian)  . . 
(iallcla 

198 
676 

516 

1776-1780  and  IslO-l.s.50. 

1780  and  ISIO-lSiVJ. 

1780  and  l.«l6-ls.">i). 
1776-1780  and  1810  ls.-,ii, 
1776-178(J  and  l.'^lii  t'^'iO 

Prussia  (Eastern).. 
Prussia  (Western)  . 

Posen 

iirandenburg 

Westphalia 

56 
356 
743 
181 
114 

1776-1780 and  lslii-l\5ii, 

1781-1.805  and  181(i-ls>ii. 

1776-1780 and  lsitHs.5ii. 

1780  and  181it-|s.5ii 

Khenish  Provinces. 

Berlin 

Suxony  (Prussian). 
Poinerania 

90 
176 
170 
130 

1774-1801  and  1810  l.Sjii. 

158 

1751-1800  and  1801-1850. 

Copenhagen  

286 

In  the  accompanj'ing  chart  (Fig.  4925)  are  also  pre- 
sented the  data  relative  to  the  mortality  from  smallpox  in 
Sweden  before  and  after  the  introduction  of  vaccination, 
by  which  it  appears  that  in  the  twenty-four  years  before 
the  introduction  of  vaccination  in  1801  the  mortality  from 
smallpox  counted  2,0.50  victims  annually  out  of  each 
million  of  the  population,  and  after  the  introduction  of 
vaccination  this  mortality  was  reduced  to  158  per  million 
annually.  The  period  anterior  to  1773,  included  in  the 
original,  has  been  omitted,  since  the  deaths  from  small- 
pox previous  to  that  year  were  not  separated  from  those 
from  measles. 

No  complete  statistics  of  American  cities  for  the  period 
before  the  introduction  of  vaccination  can  be  obtained. 
The  data  contained  in  the  accompanying  table  are  com- 
]iiled  from  the  most  reliable  historical  sources,  with  ref- 
erence to  the  prevalence  of  smallpox  in  Boston. 

After  the  settlement' of  the  colony  at  Plymouth,  in 
1620,  smallpox  appeared  frequently  in  Massachusetts, 
among  both  the  Indian  tribes  and  the  English  settlers. 
Such  epidemics  occurred  in  1631,  1633,  1639.  1677,  1678 
(from  700  to  800  died  in  this  year),  1702  (213  died,  which 
was  about  4.4  jier  cent,  of  the  population).  In  1721, 
with  a  population  of  11,000,  there  were  in  Boston  5,989 
cases  of  smallpox,  more  than  half  the  population  taking 
the  disease,  of  which  number  850  died.  In  the  words  of 
the  historian:  "The  disease  ran  riot  over  the  town,  feast- 
ing on  all  who  were  susceptible  to  its  poison"  (Dr. 
Toner,  in  publications  of  Mass.  Med.  Soc.,  1866,  vol.  ii.). 

In  1730,  witli  a  population  of  15,000  people,  4,000  were 
sick,  and  about  500  died.  A  vessel  from  London,  with 
smallpox  on  board,  was  wrecked  in  1751  near  Nahant, 
and  spread  the  disease  again,  and  there  were  7,653  cases, 
and  545  deaths.     It  broke  out  in  the  American  army  at 
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Cambridge  in  1776,  and  Dr.  Waterliouse  wrote:  "Tliere 
were  .scarcely  enough  nu-n  free  from  it.  or  not  liable  to 
take  it,  to  keep  guard  at  tlie  different  lio.spitals. " 

In  1792,  8,346  had  smallpox.  In  this  epidemic  it  is 
stated  that,  out  of  a  population  of  19,484.  10,6.55  had 
alread}'  had  smallpo.x.  and  tliat  only  331  persons  escaped 
having  it,  the  remainder  liaving  moved  out  of  town. 

So  virulent  did  it  at  times  become  as  to  compel  the 
legislature  to  hold  its  sessions  in  some  other  town  (Re- 
port of  State  Sanitary  Commission  of  1850,  pp.  64-70). 

After  the  introduction  of  vaccination  the  mortality 
from  smallpox  in  Boston  was  as  follows,  so  far  as  the 
records  can  be  obtained : 


Deaths. 

From  1811  to  1820 B 

From  1821  to  1830 8 

From  1831  to  1840 2U 

From  1841  to  ia5U 534 

From  1851  to  1860  ....      732 


Deaths. 

From  XS61  to  1870 .5U) 

From  1871  to  18,80 l.O!^ 

From  l.sx]  lo  is'to 24 

From  IMil  In  I'.mii 32 

For  19111  and  lint' 367 


By  reference  to  the  tables  relative  to  the  prevalence  of 
smallpox,  which  for  the  eighteenth  century  present  only 
the  date  of  epidemic  years,  since  other  data  are  not  to  be. 
had,  it  will  be  seen  that  the  highest  ratio  of  deaths  froip 
smallpox,  in  any  epidemic  year  since  the  introduction  of 
vaccination  (2.95  per  1,000  of  the  living  population),  was 
much  less  than  that  of  the  lowest  epidemic  year  before 
its  introduction. 

Among  the  few  records  as  to  the  prevalence  of  small- 
pox before  the  general  introduction  of  vaccination,  one 
of  the  best  is  found  in  a  recent  paper  by  Dr.  John  C. 


McVai!.  of  Kilmarnock,  Scotland,  published  in  1882 
(Fourteenth  Report  of  Medical  Officer  of  the  Local  Gov- 
ernment Board  of  England,  p.  39).  It  presents  a  most 
graphic  picture  of  the  prevalence  of  smallpox  at  that 
time.     It  appears  tliat  a  schoolmaster  of  Kilmarnock, 

Smallpox  in  Boston  before  the  Introduction  of  Vaccination. 
Epidemic  Years  Only. 
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p.. 

1631' 

Very  many. 

1633  ■•■ 

Very  many. 

1639  3 

150 

Very  many. 

1677 « 

4,000 

Very  many. 

1678' 

4,000 

Very  many. 

700-800  died  in  Massa- 
'  chusetts,  exclusive  of 
blacks. 

1702  ■' 

6,750 

213 

31.5 

1721.. 

11,000 

6,006 

850 

77.3 

Inoculation  introduced. 

ITM. . 

15,000 

4,000 

500 

33.3 

17.W. . 

1.5.731 

7,669 

569 

36.3 

1761.. 

15,520 

.5,646 

170 

10.9 

1776  « 

5,7.50 

5.392 

57 

10.0 

1778  « 

10.000 

2.343 

61 

6.1 

1793. . 

30,(«)0 

8,346 

198 

9.9 

•  Increiise  Mather.  "^  Report  of  Sanitary  Commission,  1850. 
^  Webster's  History  of  Pestilence.  *  Charlestown  Records. 

*  Felt :  Annalsot  Salem.         ^  Fopulation  changeable ;  years  of  war. 
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Fig.  4925.— Deatb  Rates  from  Smallpox  in  Sweden,  1773-1855. 
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SMALLPOX 

IN  BOSTON  AFTKR  INTRODUCTION  OF  VACCINATION. 
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who  was  considerably  in  advance  of  bis  times,  kept,  a 
record  of  the  inortaUty  of  bis  parish  iu  a  beautifully 
written  volume.  This  schoolmaster,  Robert  Montgome- 
rie,  was  also  the  session  clerk.  Tlie  record  contains  a 
statement  of  the  name,  date,  age,  and  cause  of  death  of 
all  who  died  iu  the  parish  of  Kilmarnock  for  the  thirty- 
six  years  from  March  1st,  1728,  to  March  1st,  176-1. 

The  population  of  the  town  in  question  is  estimated  to 
have  averaged  4,200  for  the  period  under  consideration. 
The  total  deaths  for  the  thirty-si.x  years  were  3,800.  which 
would  indicate  a  death  rate  of  24.36  per  1,000  per  annum. 
In  the  careful  record  of  the  schoolmaster,  which  is  di- 
vided into  groups  of  si.x  years  each,  four  causes  are  cred- 
ited with  fully  two-thirds  of  the  total  deaths.  These 
were  decay,  age,  smallpox,  and  fevers.  What  is  meant 
by  decay  it  is  not  easy  to  state ;  that  old  age  is  not  a  nec- 
essary element  is  evident  from  the  fact  that  deaths  at  the 
ages  of  one  and  two  years  are  attributed  to  it.  The  term 
embraces  nearly  all  chronic  diseases  causing  emaciation 
and  debility,  among  which,  of  course,  consiuiiption  is 
chief.  From  such  cause  or  cau.ses  there  were  910  deaths. 
The  second  disease  was  age,  with  635  deaths,  which  ap- 
pears to  have  formed  a  convenient  class  for  all  persons 
who  lived  beyond  seventy  years,  and  for  many  between 
sixty  and  seventy  years.  Omitting  smallpox,  fevers 
were  credited  with  545  deaths.  This  term  probably  in- 
cluded scarlet  fever,  which  is  not  mentioned  elsewhere, 
and  also,  perhaps,  pneumonia  and  other  acute  febrile 
diseases. 

There  can  be  no  doubt,  saj's  Dr.  McVail,  that  smallpox 
caused  more  deaths,  by  a  long  way,  than  any  other  dis- 
ease in  old  Kilmarnock.  The  entire  number  of  deaths 
from  smallpox  in  this  little  parish  for  the  thirty-six  j-ears 
was  622.     Tliere  were  in  all  nine  epidemics  in  the  thirty- 


six  years,  the  average  time  between  the  epidemics  being 
four  years.     They  came  with  terrible  regularity. 

The  following  table  presents   the  data  of  these  epi- 
demics of  smallpox  by  years  and  by  ages: 
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Totals 

633 

118 

139 

136 

101 

62 

24 

27 
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In  seven  of  these  nine  epidemics  the  death  rate  for  the 
year  was  higher  than  the  birth  rate,  in  one  year  to  the 
extent  of  seventy-two  per  cent.  The  statistics  of  these 
years  are  summed  up  in  the  following  table : 


Epide.mic  Years  in  which  the  Total  Deaths  Exceeded  the 
Total  Births. 


Year. 

Births. 

Deaths 
from  all 
causes. 

Deaths 
from  small- 
pox. 

Excess  of 

deaths  over 

births. 

1728  29  

Ill 

las 

95 
134 
146 
125 
133 

163 
147 
164 
149 
203 
133 
■       173 

66 
66 
&5 
79 
95 
37 
66 

51 

1736-37       

12 

174(1-41 

69 

1749-.50 

IS 

17.54-55 

57 

17.57-58     

7 

1763-63   .            

41 

Total     

878 

l,i:io 

474 

252 

It  will  prove  instructive  to  compare  the  greatest  epi- 
demic of  modem  times,  in  the  same  town,  with  the  great- 
est to  be  found  in  the  old  records.  In  theyear  1874  there 
were  141  deaths  from  smallpox  in  Kilmarnock,  which 
then  had  24,000  inhabitants,  or  at  the  rate  of  5.8  per  1,000 
living.  The  old  epidemic  was,  therefore,  four  times  as 
severe  as  the  modern  one,  and  it  should  be  remembered 
that  while  the  former  eiiidemic  had  only  a  period  of  four 
and  a  half  years  in  which  to  collect  its  victims,  no  seri- 
ous epidemic  had  occurred  for  more  than  thirty  years 
previous  to  1874.  One  can  hardly  conceive  what  would 
be  said  at  the  present  day  about  an  ordinary  annual  death 
rate  as  great  as  that  of  what  we  have  learned  to  look 
upon  as  a  terrible  epidemic,  and  yet  an  annual  epidemic 
equal  to  that  of  1872-73  would  do  little  more  than  repre- 
sent the  conditions  which  prevailed  in  the  eighteenth 
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century.  Similar  statistics  for  otlier  Englisli  towns  cou- 
lirni  tiiese  statements  of  Dr.  McVail. 

2.  Compa rison  of  tlie  Vacniuitedioith  the  Unvaccinated 
in  Like  Periods  of  Tiine. — If.  now,  it  shall  be  urged,  as  it 
is  occasionally,  with  some  degree  of  reason,  that  certain 
malignant  diseases  have  almost  disappeared,  at  least 
from  among  civilized  nations,  and  that  the  disiippear- 
ancc,  or  comparative  rarit\%  of  smalljiox  is  not  a  neces- 
sary' consequence  of  vaccination,  let  us  then  examine  the 
condition  of  tiie  vaccinated,  as  compared  with  that  of  the 
unvaccinated,  with  reference  to  their  immunity  from 
smallpox,  while  living  in  a  similar  environment  and  at 
the  same  period  of  time. 

Wherever  extensive  parallel  observations  are  made 
upon  large  populations  of  the  vaccinated  and  of  the 
unvaccinated,  as  exposed  to  ejiidemics  of  smallpox, 
the  protective  power  of  vaccination  is  especially  mani- 
fest. 

In  the  accompanying  table  are  given  the  statistics  of 
different  populations  in  which  observations  arc  luade 
upon  the  comparative  immunity  from  smallpox  of  the 
vaccinated  and  the  unvaccinated.  It  will  be  noticed  that 
iu  the  majority  of  the  instances  noted,  the  mortality 
among  the  vaccinated  was  but  one-tlftli  or  one-sixth  of 
that  of  the  unvaccinated.  and  that  the  highest  mortality 
.among  the  vaccinated  was  less  than  the  lowest  among 
the  unvaccinated. 


Places  and  dates  of  observation. 


France,"  1816^1 

Canton  Vaud,^  1835-29 

Verona,=  1828  ,39 

Milan.-'  miO-'A 

Breslau.2  1831-:!;! 

Wurttemljerir.'  1831^-35)^ 

Carniola,'  ls:j4-3.i 

Vienna  Hospital, ^  1834 

Carintbia,'  1834-35 

Adriatic,^  1835 

Lower  Austria,^  1835 

Bohemia,'  l,S3.>-55 

Galicia.'  183« 

Dalmatia,''  183B 

London  smallpox  hospital.'  183t>-56. 

Vienna  Hospital,'  18;l7-.')t) 

Kiel,'  1852-53 

Malta,' 

Epidemiological  Society  Retnrns  ^ , 

Illinois « 

Leicester,'"  1892-93 

Sheffield,"  1887-88 


go 


1«,397 


10,240 

220 
1.442 

442 

380 
1,636 
1,002 
2.287 
1,5,640 
1,059 

723 
9,(100 
6,213 

218 
7.,570 
4,624 
1,931 

347 
6,088'  = 


Death  Ratk  per  100 

Casks. 


AmonK 

Among 
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the  unvac- 
cinated. 

vaccin- 
ated. 

16.1 

1.0 

24.0 

2.2 

46.6 

5.6 

38.5 

7.6 

53.8 

2.1 

27.3 

7.1 

16.2 

4.4 

.51.2 

12.5 

14.5 

.5 

15.2 

12.8 

25.8 

1.5 

29.8 

5.2 

33.5 

5.1 

19.6 

8.2 

35.0 

7.0 

30.0 

5.0 

32.0 

6.0 

21.1 

4.2 

23.0 

2.9 

48.6 

6.1 

12.3 

.8 

32.6 

4.9 

'  Wunderllch's  Handbook,  iv.,  201. 

2  Steinbrenner. 

3  Rigoni-Stern  :  Die  Vaccination  und  ibre  neuesten  Gegner,  18.54. 
<  Canstatt's  Jahresbericht.  18.52, 

'  Heim. 

'  Med.  Jalirb.  d.  Oesterr.  Staates,  1838 

'  Report  of  Coll,  of  Surgeons,  and  Statement  of  Professor  Hebra. 

^  Seaton. 

>  Fifth  Report  of  State  Board  of  Health.  1882. 

'»  Report  on  Epidemic  of  Smallpox,  Leicester,  1893, 

"  Dr.  Barry's  Report,  1889. 

'2  The  deaths  of  the  unvaccinated  children  under  five  years  of  age 
were  46.7  per  cent,  of  those  attacked,  while  those  of  the  vaccinated 
children  were  only  one  per  cent. 

One  of  the  most  valuable  reports  of  inodern  times, 
bearing  upon  the  subject  of  the  value  of  vaccination,  is 
tlie  report  of  Dr.  F.  Barry,  upon  tlie  epidemic  of  small- 
pox in  Sheffield,  iu  1887-88.  Dr.  Barry,  an  inspector  of 
the  Local  Government  Board  of  England,  was  instructed 
to  inquire  into  every  influence  which  could  possibly  bear 
upon  the  epidemic  of  siuallpox  at  Sheffield.  After  mak- 
ing a  most  tliorough  and  searching  investigation,  as  his 
report  shows,  no  influence  could  be  discovered  beyond 
the  single  dominating  one  of  vaccination. 

Dr.  Buchanan's  introductory  to  this  report  sums  up 
the  results  as  follows: 


PER  1,000  OF  EACH  Class  Stated. 

Attack  rate. 

Death  rate. 

Vac- 
cinated. 

Unvac- 
cinated. 

Vac- 
cinated. 

Unvac- 
cinated. 

Up  to  ten  years 

5.0 
78.0 
19.0 

281.0 
15.5 

230.0 

101 
869 

94 
686 

97 
750 

0.09 
1.0 
1.0 
14.0 

IU) 

44 
381 

51 
371 

48 
372 

Living  in  invaded  houses 

Over  ten  years 

Living  in  invaded  houses 

Ml  ages 

Living  in  invadgd  houses 

In  tlie  foregoing  table  the  flgures  represent  the  rates 
per  thousand  of  the  child  population  under  ten  years,  of 
persons  over  ten  years  of  age  and  of  persons  of  all  ages; 
first,  as  applying'to  the  population  of  the  borough  gen- 
erally, and  secondl}',  as  applying  to  the  euunierated  pop- 
ulation of  the  invaded  houses.  In  a  lirief  summary  Dr. 
Buchanan  further  says,  "the  vaccinated  children  had,  as 
compared  with  the  unvaccinated  in  the  same  town,  a 
twentyfold  immunity  from  attack  by  smallpox,  and 
had  a  four  hundred  and  eightyfold  security  against 
death  by  smallpox;  that  in  the  iiivaded  houses  the  vac- 
cinated children  had,  as  compared  with  the  unvaccinated, 
an  elevenfold  immunity  from  attack  by  smallpox,  and 
a  three  hundred  and  eighty-onefoldsecurity  against  death 
by  smallpox,  and  that  as  regards  all  ages  the  vaccinated 
among  tlie  population  generally  had,  as  compared  with 
the  unvaccinated,  a  sixfold  immunity  against  attack,  and 
a  sixty-fourfold  security  against  death." 

The  following  table  presents  the  deaths  and  death  rates 
from  smallpox  in  those  countries  from  which  reports 
could  he  obtained.  It  shows,  in  general,  iu  the  lower 
table  of  relative  figures  the  lower  death  rates  from  small- 
pox in  well-  or  comparatively  well-vaccinated  countries. 
The  figures  for  .several  years  are  not  accessible  in  the  re- 
ports of  .lapau,  Italy,  Hungary,  and  Spain.    (See  p.  126.) 

Evidence  was  presented,  for  exaiuple,  before  the  Brit- 
ish Commission  that  there  was  but  little  opposition  to 
vaccination  in  Scotland  and  Ireland  as  compared  with 
that  which  existed  in  England.  The  result  is  apparent 
in  the  table. 

Surgeon-General  Sir  William  Moore  testifies  that  the 
large  yearly  ratio  of  vaccination  in  India  has  had  a  very 
marked  effect  in  the  reduction  of  smallpox  in  that 
country." 

He  also  .states  his  experience  in  India  before  vaccina- 
tion had  been  generally  introduced.  He  says  he  marched 
during  an  epidemic  of  smallpox  a  distance  of  one  thou- 
sand miles,  surrounded  by  smallpox.  "Those  suffering 
from  the  disease  in  a  minor  degree  were  in  the  streets, 
generally  children,  occupied  in  their  accustomed  play;  or 
if  too  ill,  lying  neglected  on  the  ground;  and  these  rep- 
resented a  portion  of  the  whole  suffering  from  smallpox, 
the  remainder,  unable  to  leave  their  dwellings,  awaiting 
death  in  their  houses.  Any  one  cognizant  of  the  after- 
effects of  smallpox  will  at  once  understand  the  amount 
of  suffering  which  must  occur  among  those  recovering 
from  the  immediate  disease.  The  consequent  effects  on 
the  eyes,  the  ears,  the  skin,  the  limbs,  the  joints,  and  the 
general  constitution,  at  least  equal  in  gravity  the  direct 
consequences  of  the  disease.  Roughly  speaking,  from 
calculations  based  on  observing  the  people  passing 
through  the  streets  of  certain  cities,  ten  per  cent,  had 
lost  the  sight  of  one  or  both  eyes,  and  an  equal  number 
had  permanent  injury  of  some  organ  or  member;  and  of 
these  affections  the  great  majority  could  be  traced  to 
smallpox.  From  special  inquiry  I  found  nearly  eighty 
per  cent,  of  the  population  were  more  or  less  marked 
with  smallpox." 

According  to  the  British  Medical  Journal  there  were 
in  the  last  epidemic  of  smallpox  in  Guatemala  twenty- 
five  thousand  deaths  from  the  disease.  In  that  ccnintry 
there  are  no  vaccination  laws.  Its  population  is  about 
one-half  as  large  as  that  of  New  England,  in  which  there 
have  not  been  so  many  smallpox  deaths  in  the  last  sev- 
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enty-five  years  combined.  The  Joiirnnl  characterizes 
Guatemala  as  an  "  antivaccination  paradise "  (British 
Mcdienl  Journal,  3,  1891,  p.  1135). 

At  the  Tenth  Iiiternatioual  Jledical  Congress  in  Berlin, 
in  1.S90,  Dr.  Victor  Desguin,  of  Antwerp,  said  tliat  the 
medical  inspection  of  schools  in  that  city  had  been  organ- 
ized in  a  very  complete  manner  since  1S83,  at  wliicli  time 
revaccination  was  ordered  for  all  school   children  wlio 


were  twelve  years  old.  It  is  performed  with  lymph, 
under  every  possible  condition  of  security.  It  is  fur- 
nished by  the  Central  Vaccinal  Institute  of  Belgium,  and 
before  delivery  of  the  lymph  an  autopsy  is  made  upon 
the  animal  from  which  it  has  been  taken,  to  iletcrmine  its 
condition  of  health,  none  being  issued  if  the  animal  is 
f<.iund  to  be  diseased.  So  tliat  there  is  no  danger  of  com- 
municating either  syphilis  ortuberculosis. 


Deaths  From  Sm.^llpox   in   Different  Countries.     Absolute  and   Rel.\tive  Figures. 
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GROUP  I.  ' 

Group  II. 

Years. 

11 

■a 

a 
— 

c 
1 

d 
S 

CO 

1^ 

•d 
a 
S 
o 

a 

a 

03 

a 

Ed 

1 

•-a 

S 
3 
'5 

CS 

•c 

1 
< 

«- 

1 

a 

1 

1880       

.... 
'im 

168 
113 
200 
.58 
49 
108 
1.57 
88 
27 
10 
5 
15 
28 

10 

19 

3 

11 

14 

39 

24 

8 

3 

8 

0 

0 

11 

68 

129 

47 

10 
2 

1 

389 
72 

129 
16 
1 
4 
2 
14 
3 
0 
0 
7 
0 
1 
73 

148 
4 
3 
0 
1 

173 
299 
1.59 
125 
58 
4 
2 

5 
9 

3 
2 
4 
25 
21 
0 
2 

1 
1 
1 

173 

167 

22 

24 

64 

126 

182 

14 

17 

3 

32 

26 

35 

15 

51 

1 

8 

1 
o 

79 
75 
1.53 
673 
62 
31 
72 
18 
1 

10 
1 

10 

49 

190 

625 

79 

34 

1 

7 

0 

423 
231 
337 
.5.88 
673 
2,012 

648 

3,098 

1.317 

9,57 

2,334 

2,827 

275 

.506 

1,026 

23 

16 

49 

431 

1,457 

820 

323 

.541 

25 

253 

174 

16,249 

18,110 

13,416 

7.017 

2.910 

1,453 

2,638 

2.606 

2,998 

2,033 

1.00:3 

420 

214 

8,210 

12,993 

41,849 

12,189 

,410 

3,329 

18,676 

9,967 

8.53 

;32S 

25 

721 

8,409 

ll,a52 

:3,:i42 

268 

3,388 

12,276 

4,ia5 

2,721 

1,.570 

1.796 

1.355 

1,636 

1,213 

610 

863 

1,312 

636 

l,;30O 

2,.528 

2,103 

537 

298 

130 

140 

1.58 

357 

14,233 
18,019 
21,1.54 
13,310 
ll,.52l 
13,212 
8,794 
9,.59l 
14.138 
12,358 
5,935 
6,8.38 
6,087 
.5,821 
2,513 
1,164 
897 
1,4.50 
2.,521 
1,899 

69,849 
71,647 
85,148 
2.32,4:56 
a3:3,382 
80,785 
31,112 
(>5,7.57 
93,368 
12.5.4.53 
116.321 
iB,743 
93.680 
63,178 
41,609 
4.3,338 
l:i2,784 
160,0.59 
55.798 
48,598 

13,386 
12,467 
12,160 
6,789 
;i,992 
4,746 
11,29(1 
13,740 

:3',426 
1,234 

12,165 
10,.548 
19,9;S3 
16,ai3 
10,648 

1881 

1882           

1883 

1884 

1885 

1886       

1887 

1888           

1889 

8,472 
6,183 
9  081 

1890  . 

1891 

1892 

6,854 
5  194 

1893 

1894   .       .     . 

1895 

1896 

1897 

1898 

1899 

Death   R.wes  fro.m   Smallpox   per  Million   Inhabitants. 
Relative  or  Significant  Figures. 


(iROUP  I. 

Grocp  II. 

Years. 

i.i 

c  p. 
OK 

■6 
1 

■d 
a 
S 
& 

i 
1 

k 

01 

■6 
0 

a 

fi 

■0 
■  rt 

E£ 

>• 

3 

d 

■    S 
m 

1 

CO 

13 

3 

a 

1 

1880 

.... 

'4;3 
3.5 
2.3 
4.1 
1.2 
1.0 
2.2 
3.1 
1.7 
.5 
2 

;i 

.:3 
.3 

2.8 
5.1 

.8 
3.0 
3.7 
10.0 
6.2 
2.1 

.8 
2.0 

'2!? 

16.5 

31.5 

11.5 

.5 

2.4 

.3 

3 

75.0 

14.0 

2.0 

3.2 

.2 

.8 

.4 

3.8 

.6 

'i'.h 
i'.b 

15.7 
31.8 

i 
'".2 

38.0 

65.0 

34.6 

37.2 

12.6 

.9 

.4 

1.1 

2.0 

.4 

.4 

.4 

.9 

5.2 

4.4 

"a 

2 
'2 
'.2 

61.0 

59.0 
8.0 
9.0 

22.0 
149.0 

63.0 
5.0 
6.0 
1.0 

11.0 
9.0 

12.0 
5.0 

16.0 

.3 

2.5 

.3 

19.0 
18.0 
37.0 
160.0 
15.0 
7.0 
17.0 
4.0 
0 

2:0 

.2 

2.0 

11.0 

40.0 

131.0 

16.0 

7.0 

2 

u'o 

16.0 
9.0 
13.0 
22.0 
24.0 
72.0 

25.0 

119.0 

.50.0 

36.0 

8:3.0 

104.0 

10.0 

18.0 

36.0 

.8 

.6 

1.7 

15.0 

49.0 

27.0 

7.0 

18.0 

.8 

8.0 

5.0 

'5.56 

610 

449 

233 

96 

48 

86 

85 

97 

65 

32 

13 

7 

232 

351 

1,122 

327 

11 

88 

485 

256 

22 

8 

6 

18 

205 

389 

80 

6 

81 

284 

749 
487 
277 
314 
334 
380 
2a5 
102 
144 
199 
105 
212 
408 
334 
85 
•     47 
20 
21 
24 
38 

647 
819 
962 
605 
.523 
575 
382 
417 
615 
515 
247 
285 
253 
243 
102 
47 
.36 
.57 
98 
73 

356 
363 
430 
1.174 
1.6.50 
4.50 
349 
313 
445 
570 
529 
420 
403 
274 
181 
188 
.577 
696 
243 
211 

853 
789 
765 
424 
24.5 
287 
(>76 
932 

'iftS 
69 

1881 

H34 

1882 

1883 

1.172 
088 

1884 

1883 

1886 

1887 

188,8 

1889 

481 

1890 

1891 

350 
508 

1892 

381 

1893 

285 

1894 

18ft5 

1896   

1897 

1898 

.6           1.4 

1899 

Mean    ot  30- 
.vear  period 

1.8 

5.3 

9.0 

9.3 

22.6         24.2 

26.0 

33.8 

179 

203 

206 

358 

475 

516 

605 

Sources  of  Information  for  the  Foregoing  I'ali/es. 


1.  Gennany.    "  Ergehnlsse  tier  amtlichen  Pockentodesfallsstatistlli 
Im  Deutschen  Reiolie."  1886-1899. 

2.  Scotland.    KcinTts  of  the  Rciristrar-General. 

3.  Ireland.    Rt-iioris  of  the  lii'L'istiar-iieneral. 

4.  Sweden.    "  Bi.lTiig  till  Sveritres  (JQlciala  Statistili."  1899. 
.5.  Switzerland.    ■'Statlstis(*es  Jalirbuch  der  Schweiz."  1900. 

6.  Holland.    Annuaire  stJitistique  pour  le  Royaume  des  Pavs-bas," 
1899. 

7.  Dutch  Colonies.    "Annuaire  statistique  des  Pays-Bas  (Colonies)." 


8.  Ensrland.    Reports  of  the  Registrar-General,  1880-1899. 

9.  Italy.    ■•  Statistioa  delle  cause  de  Mnrtf."  Rome,  1901,  p.  12. 

10.  .lapiin.    Reportsiif  tlic  CiMitnil  Saiiit;irv  ISurcau.  Tokio.  19tKl. 

11.  Belgium.     "  Annuaiiv  sIali-;lli|lH.Hi.  Ili'li.'i.|ii|.."  1901. 

13.  Austria.    "OesteiTcichisclics  statist,  llaudhuch."  Wien,  1900. 

13.  British   India.     Annual  Reports  in  the   Sanitary  Measures  in 
India.  1.8.H0-1.899. 

14.  Hungary.     Bulletin  de  I'lnstitut  International  de  Statistique, 
Rome.  vol.  x. 

13.  Spain.    Bulletin  de  I'lnstitut  International  de  Statistique,  Rome, 
vol.  .\. 
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I  Vaccination  optional 
Vaccination  and  revaccination  compulsory 


In  nine  years  15,359  children  were  vaccinated,  of  whicli 
8,033,  or  53  per  cent.,  were  succes.sful.  He  says  tlii.s  ratio 
of  success  in  revaccination  is  probaljly  due  to  tlie  fact 
tliat  a  considerable  number  of  children  enter  the  schools 
with  fal.se  certiticates  of  vaccination,  either  on  account 
of  inefficient  per- 
formance or  by  DIAGRAM  I. 
reason  of  its  omis-  3  5:2  2o-l5^CT^o«,^-»!»  =  _|N 
sum. 

Revaccination 
was  not  followed 
in  any  case  bj'  un- 
usual results,  be- 
jond  what  could 
easily  be  con- 
trolled, the  school 
registers  giving 
the  particulars  as 
to  absence  in  all 
cases. 

Moreover,  he 
says  that  revacci- 
nation was  never 
followed  by  the 
development  of 
scrofulous  symp- 
toms; a  fact 
which  he  attrib- 
utes to  the  plan 
adopted  for 
strengthening  fee- 
ble school  children 
by  proper  medical 
means. 

During  this 
period  of  nine 
years  there  were 
in  Antwerp  497 
deaths  from  sniall- 
po.\,  only  two  of 
which  were  those 
of  school  chil- 
dren. They  were 
children  of  seven 
and  eight  3-ears, 
neither  of  whom 
had  been  revacci- 
nated,  and  one 
had  never  been 
vaccinated.  Dur- 
ing this  period 
there  were,  among 
an  average  annual 
school  population 
of  13.,506  children 
(subject  to  yearly 
renewals  and  changes),  53  cases  of  smallpox,  none  of 
which  was  among  revaccinated  children  (Transactions  of 
Tenth  International  Medical  Congress  at  Berlin,  vol.  v.. 
No.  15,  p.  144). 

The  advantages  of  a  system  of  compulsory  vaccination 
and  revaccination  in  protecting  large  communities  from 
smallpo.x  are  clearly  shown  in  the  diagrams  presented 
upon  pages  137  and  13s,  copied  from  Schulz,  '•Impfung, 
Impfge-schaft  und  Inipftechnik."  Berlin,  1888,  and  repro- 
duced in  "Blattern  und  Scluitzpockenimpfuug,"  Berlin, 
1896.  The  figures  for  completing  these  diagrams  for 
the  years  since  1886  have  been  supplied  from  the  official 
reports  of  the  countries  and  cities  represented. 

Diagram  I.  presents  the  statistics  of  mortality  from 
smallpo-\  in  Prussia  and  in  Austria,  showing  the  death 
rate  per  100,000  from  this  cause  in  each  countrv  for  a 
period  of  over  fifty  years,  1846  to  1900,  in  Pruss'ia,  and 
1847  to  1899  in  Austria.  Vaccination  was  optional  for 
the  civil  population  in  Austria  for  the  whole  period, 
while  in  Prussia  it  was  compulsory  after  April  1st,  1875. 

Diagrams  II.  and  III.  present  the  comparative  mortal- 
ity from  smallpox  of  four  German  cities  in  which  vac- 


cination  was  compulsory  after  1875,  and  that  of  four 
other  large  European  cities  in  which  it  was  either  op- 
tional, or  optional  in  the  case  of  revaccination  for  the 
wiiole  period  <1861-1900),  as  it  was  in  London. 
The   renowued  statistician    Korijsi,    of  Budapest,  has 


Km 

filllViUlVlllliVlMMBM  s  i  1  iiSsiisiiiiiSiiiiiiiiiiiii 

-p        ri-        -    -^ '-^ ,^^ 

iio 

HU 

------^^--------~-~-~---^~-    -_:     -s   : II  —  -----  — 

. 

—  ■ — ■ '  — --       . 1 , — .-      1      ; 

-■          -■ ■ ^ 

00 
50 

[  1  1            1  1   1   1  .             1   1                                   ITHwrt  -                   1                            -                     J 

o.                                          ' —                                                                                  = 

40 
30 

111 

i|                 1                      ■    E  '    ^                                     ■■  *^""" 

Ei       It       1                         M       jt                                |,.,|Te 

1 1 1  I.I  M  1 1 1 1 M  1 1 1  i  ij  1 1 1 1    j  11 1 1 II 11 II  ri  II  M  1 1 1 II 1 

i>^  IVaccination  optional 

Fio.  4926.— Mortality  per  100,000  Inhahftants,  from  Smallpox  in  Prussia,  from  184fi  to  1000,  and  in  Austria,  from 
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continued  his  valuable  series  of  statistics.  He  contends 
that  the  ordinary  comparisons  of  smallpox  mortality  in 
the  periods  before  and  after  the  introduction  of  vaccina- 
tion, and  the  mortalitj- from  smallpox  in  countries  and 
cities  well  or  poorly  vaccinated,  do  not  constitute  con- 
vincing proof  of  the  value  of  vaccination.  He  enter- 
tained tlic  idea  that  the  proof  could  be  sustained  only 
when,  in  populous  districts,  the  total  number  of  the  vac- 
cinated and  the  unvaccinated  is  known,  from  wliich  it 
would  be  easy  to  learn  the  mortality  from  smallpox 
among  tlie  vaccinated  and  the  unvaccinated.  But  to  ob- 
tain these  tigures  from  whole  countries  is  not  an  easy 
task.  The  author's  new  method  permits  of  a  proof,  in 
figures,  of  the  influence  of  vaccination  without  a  neces- 
sary knowledge  of  the  number  of  the  living  vaccinated 
and  unvaccinated.  L'ntil  his  inquiry  was  made,  the  vac- 
cination question  had  been  made  to  depend  on  the  num- 
ber sick  or  deceased  from  smalljiox. 

The  tables  which  KoriJsi  has  published  contain  the 
number  of  persons  treated  for  the  most  diverse  diseases, 
and  dying  of  the  most  diver.se  causes,  their  ages,  and  also 
whether  vaccinated  or  unvaccinated.     One  table  contains 
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the  condition  as  lo  vaccination  of  .53,320  persons  treated 
in  1880,  1887,  and  1888.  in  I'J  Hungarian  ho.spitals.  Tlie 
second  table  presents  the  statistics  of  5,518  deaths  in  tlie 
same  hospitals  and  for  tlie  same  period.  A  tliird  table 
gives  the  slalistiisof  58,639  deaths  in  10  Hungarian  cities 
for  the  same  years,  from  different  causes. 

Of  the  ]ier.sons  sick  with  different  diseases  in  the  hos- 
pitals. 11.75  per  cent,  were  unvaccinated.  If  vaccination 
liad  no  eflect  upon  smallpox  morbidity,  then  the  unvac- 
cinated would  have  shared  to  the  rate  of  about  11.75  per 
cent,  in  the  contemporaneous  1,912  cases  of  smallpo.x. 
In  other  words,  there  would  have  been  225  cases  of  small- 
pox among  tiie  unvaccinated.  Instead  of  this  the  num- 
ber of  cases  of  smallpo.x  among  the  unvaccinated  was  720. 
The  neglect  of  vaccination,  therefore,  increased  the  lia- 
bility to  smallpox  three  and  one-fourthfold.  In  the 
same  manner  llie  author  concludes  that  tlie  danger  of 
death  from  smallpox  is  si.x  times  as  great  among  the  un- 
vaccinated. 

He  also  estimates  that  skin  diseases  destroy  tw-o  per- 
sons out  of  ever}'  million,  while  by  vaccination"  two  thou- 
sand are  saved. 

A  severe  epidemic  of  smallpox  broke  out  in  Jlontreal. 
in  1885,  principally  in  the  last  half  of  the  year,  aii<l  de- 
stroyed 3,164,  out  of  a  population  of  167,501.  In  the  re- 
port of  the  local  board  of  health  for  that  year  these  arb 
classified  as  follows: 


' 

Population. 

Deaths  from 
smallpox. 

Ratio  per 
l.OUO  of  the 
population. 

French  Canadians 

93,641 

29.627 

.    44,233 

2,887 

181 

96 

30.8 

Other  Catholics 

6  1 

2  1 

This  classihcatioD  was  a  fair  index  of  the  condition  of 
tlie  population  of  Montreal  at  the  breaking  out  of  the 
epidemic,  the  French  Canadians  being  chiefly  the  unvac- 
cinated portion,  and  the  remainder  the  vaccinated. 

"In  the  years  18T3  and  1874,  there  died  in  the  East 
Indies  about  500,000,  and  in  1875  and  in  1876  about  200,- 
000  people  from  smallpox.  On  the  other  liaud,  among 
the  European  troops  in  the  same  country  (120,000),  there 
were  only  two  deaths  from  smallpox.  The  immunitj'  of 
the  troops  was  attributed  solely  to  the  thorougli  and  rig- 
orous enforcement  of  vaccination  "  (Wernhcr,  p.  263). 

The  contested  points  in  regard  to  vaccination  may  be 
reduced  to  tliree: 

1.  Whether,  in  an  equal  number  of  vaccinated  and 
unvaccinated,  fewer  of  tlie  former  are  attacked  by  small- 
pox than  of  tlie  latter  (a  question  of  morbidity). 

2.  Whether,  in  an  equal  number  of  vaccinated  and  un- 
vaccinated, fewer  of  the  former  die  of  smallpox  (a  (jucs- 
tion  of  mortality).  To  llie  question  as  to  tlie  ratio  of  tlie 
deaths  from  smallpox  to  the  number  of  those  taken  sick 
with  the  disease,  Korijsi  applies  the  term  lethality. 

3.  Whether  or  not  vaccination  is  of  itself  innocuous, 
and  whetlicr  or  nfit  other  diseases  may  not  be  introduced 
by  vaccination  (Kcirijsi:  "  Neue  Beobachtungen  fiber  den 
Einfluss  der  Schutzpockenimpfung  auf  Morbiditat  uud 
Mortalitiit"). 

In  Slimming  up  his  observations  upon  the  influence  of 
vaccination  upon  the  jiopulation  of  Buda-Pesth,  KorOsi 
collected  the  data  of  20,574  eases  of  illness  in  four  hospi- 
tals in  Buda-Pesth  and  lifteen  provincial  hospitals  of 
Hungary,  subsequent  to  April  1st,  1886. 

Excluding  223  children  under  one  j'ear  of  age,  because 
many  are  not  vaccinated  in  their  first  year,  lie  found  that 
out  of  18,572  persons  sick  with  different  diseases,  erclu- 
sire  of  smallpox,  10,135  were  vaccinated,  and  2,437  were 
not  vaccinated.  Of  the  16,135  vaccinated,  1,306  died,  or 
8.1  per  cent.;  of  2,437  unvaccinated,  321  died,  or  13.2 
per  cent.  So  that  the  lethality  of  the  unvaccinated  was 
60  ]ier  cent,  greater  than  that  of  the  vaccinated,  the  dis- 
ease, smallpox  in  this  instance,  being  excluded  from  the 
calculation. 

With  reference  to  the  effect  of  vaccination  on  the  mor- 
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tality  from  smallpox,  he  found  that  there  were  treateil  in 
all  1,113  persons  over  one  year  of  age  ill  with  smallpox. 
Of  these  031  were  vaccinated,  of  which  number  42  diccl. 
or  0.66  per  cent.;  468  Aveie  not  vaccinated,  of  which 
number  231  died,  or  49.68  jier  cent. 
^  There  were  17  doubtful  cases,  of  which  number  3  died. 
So  tliat.  with  reference  to  smallpox,  the  lethality  of  the 
unvaccinated  was  800  per  cent,  greater  than  that  of  (he 
vaccinated.  Korosi  admits  fairly  that  not  quite  the 
whole  of  this  difference  can  be  attrihutcd  to  neglect  of 
vaccination,  since  from  all  other  diseases  upon"  which 
neglect  of  vaccination  has  no  effect  there  died  100  un- 
vaccinated to  100  vaccinated.  Taking  this  into  account, 
we  may  still  predict  that  under  like  conditions  the  un- 
vaccinated \\\\\  have  nearly  a  sixfold  greater  liability  to 
death  when  stricken  with  smallpox  than  the  vaccinated. 
Dr.  Buchanan,  the  medical  officer  of  the  Local  Govern- 
ment Board,  gives  the  following  summary  of  death  rates 
from  smallpox  among  the  vaccinated  aiid  the  unvacci- 
nated for  the  year  ending  May  29th,  1881 : 


Death  rate  of  people  of  subjoined  sges. 

Per  million  of 
ea^^h  a^e  of 
t  li  e    vacci- 
nated class. 

Per  million  of 
each  age  of 
the  unvacci- 
nated class. 

90 
(il 
401-3 

3,350 
4..520 
5,950 

Under  twenty  years 

At  the  date  of  the  British  census  of  1881  the  number  of 
children  under  ten  years  of  age  in  London  was  910,784, 
which  was  divided  into  about  55,000  unvaccinated  and 
861,000  vaccinated.  In  the  same  year  the  deaths  from 
smallpox  were  as  follows;  782  among  the  55,000  unvac- 
cinated, and  125  among  the  861,000  vaccinated,  or  1  in  70 
of  the  former  to  1  in  0,968  of  the  latter,  a  difference  of 
nearly  one  hundredfold  in  favor  of  the  vaccinated  class. 

The  difference  in  these  two  methods  of  inquiry  should 
be  noticed,  since  Dr.  Buchanan  considers  the  effect  of 
vaccination  upon  the  popvilation  at  large,  while  Korosi 
considers  the  eifect  of  vaccination  upon  the  mortality 
from  smallpox  as  compared  with  the  number  of  cases. 

From  all  these  observations,  and  from  many  more  of 
the  same  character  which  miglit  be  quoted,  we  find  that 
the  moi-tality  among  the  uiiraccinated  (without  reference 
to  the  question  of  age  distribution,  or  to  the  quality  of 
the  vaccination  performed)  is  from  fire  to  seven  times  as 
great  as  it  is  among  the  racciiiated. 

When,  however,  the  conditions  of  tlie  latter  class  are 
more  carefully  examined,  it  is  foiuid  that  among  eacci- 
na ted  persons  infected  irith  smallpo.r  the  danger  of  the  dis- 
ease is  cliiefly  determined  by  the  character  or  quality  of 
the  vaccination. 

Mr.  jMarson.  who  first  observed  and  made  known  the 
value  of  tliis  principle,  stated  that,  if  the  vaccinated  are 
divided  into  two  classes — (1)  those  who  have  been  vac- 
cinated in  the  best-known  manner,  and  (2)  those  who 
have  been  badl_v  vaccinated — the  fatality  from  smallpox, 
if  it  infects  the  former,  is  but  5  per  1,000,  and  among  the 
latter  1-50  per  1,000. 


Classification  of  cases  according  to  the 
character  of  vaccination. 

Mortality  rate 

\i\  ciich  class. 

Per  cent. 

1.  Unvaccinated , 

lio.OO 

2.  Said  to  have  been  vaccinated,  but  having  no  cicji- 

trix 

3.  Vaccinated  : 

2:>.5T 

8.80 

(/.»)  Having  two  vaccine  cicatrices- 

((')   Having  three  vaccine  cicatrices 

4.70 
1.95 
.55 

((•}    HavinK  well-marked  cicatrices 

a.52 

8.B2 

19.00 

Mr.  Marson's  observations  further  establishetl  the  fact 
that  the  degree  of  modifying  power  is  in  the  exaet  ratio  of 
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the  excellence  and  completeness  of  tlie  vaccination  as  shown 
bj/  the  cicatrices.  This  principle  was  shown  by  observa- 
tions upon  15,000  cases  of  smallpox  whicli  came  under 
his  observation  in  the  course  of  thirty  years. 

The  preceding  well-known  table  is  introduced  in  sup- 
port of  the  statement. 

From  these  observations  it  appears  that  the  average  of 
vaccinated  persons,  if  they  contract  suiallpo.x,  have  about 
one  sixth  of  the  chance  of  dying  from  this  disease  which 
is  incurred  by  tliose  who  liave  never  been  vaccinated ; 
some  of  them,  on  account  of  the  poor  cjuality  of  the  vac- 
cination, incur  one-third  of  that  risk,  while,  on  the  other 
hand,  others,  thoroughly  vaccinated,  incur  less  than  one- 
seventieth  part  of  it.  As  to  the  prognosis  of  any  case 
of  smallpox,  then,  the  question  is  not  merely  whether 
the  patient  has  been  vaccinated  or  not,  but  also  how 
he  has  been  vaccinated  (Seaton,  in  "Reynolds'  System," 
vol.  i.). 

In  the  examination  of  nearly  a  half-million  children  in 
England,  with  reference  to  tlie  quality  of  the  vaccination, 
the  following  causes  of  imperfection  were  noticed: 

(1)  The  frequency  with  which  practitioners,  instead  of 
attempting  fully  to  infect  the  .system,  had  been  satisfied 
with  insertions  of  lymph  sufficient  to  produce  only  one. 
two.  or  three  ordinary  vesicles;  (2)  the  want  of  due  at- 
tention to  the  selection  of  the  lymph  used  in  vaccinating: 
(3)  carelessness  and  clumsiness  in  the  performance  of  the 
vaccination,  so  that,  if  the  operation  did  not  wholly  fail, 
it  very  frequently  resulted  in  a  less  degree  of  effect  than 
it  had"  been  the  aim  of  the  operator  to  produce ;  and  (4) 
the  great  and  unnecessary  extent  to  which  the  use  of 
preserved  and  conveyed  lymph  was  substituted  for  the 
vaccination  with  fresh  Ij'mph. 

These  observations  were  made  upon  children,  most  of 
whom  had  been  vaccinated  by  public  vaccinators,  but 
a  large  number  of  whom  had  been  vaccinated  by  private 
practitioners;  and  it  was  the  impression  of  the  observer 
that  the  latter  were  not  so  well  vaccinated  as  the  former. 
This  observation  has  been  substantiated  by  more  recent 
inquiries  (Report  of  the  Local  Government  Board,  1884). 
This  report,  in  commenting  upon  the  variable  qualitj' 
of  vaccination,  and  upon  the  inquiries  of  Dr.  Stevens 
upon  this  subject,  says:  "The  12.5  children  under  ten 
years  of  age  who  died  of  smallpox  after  an  alleged  vac- 
cination, must  be  reduced  to  117  by  deduction  of  those 
who  were  discovered,  on  his  personal  inquiry,  not  to 
have  been  vaccinated  at  all,  or  to  have  been  '  unsuccess- 
fully '  vaccinated:  and  this  number  117  divides  into  82 
vaccinated  by  private  practitioners,  and  3a  by  public 
vaccinators.  Now.  the  number  of  vaccinated  children 
imder  ten  years  of  age,  in  London,  is  made  up  in  about 
equal  numbers  of  those  vaccinated  by  private  practi- 
tioners, and  of  tliose  vaccinated  at  the  public  expense. 
Among  the  privately  vaccinated  there  were  83  deaths, 
and  among  the  publiclj'  vaccinated  there  were  but  35. 

"From  these  tigures  we  may  deduce  the  fact  that  pub- 
lic vaccination  in  London  protects  against  smallpox  much 
more  than  private  vaccination. 

"Children  privately  vaccinated  comprise  most  of  the 
children  of  the  upper  classes,  who  certainlj-  run  less  risk 
of  smallpox  infection  than  those  of  the  poor.  The  com- 
paratively large  mortality  among  those  privately  vacci- 
nated, therefore,  becomes  the  more  striking.  And,  un- 
doubtedly, there  are  medical  men  to  be  found  who, 
having  formed  some  opinion  of  their  own  about  the 
sufficiency  of  one  vesicle,  cannot  be  induced  to  set  aside 
that  opinion  in  deference  to  the  indisputable  evidence  to 
the  contrary  that  every  smallpox  hospital  holds  up  to 
them." 

In  the  Prussian  army  there  has  not  been  a  single  death 
from  smallpox  since  1874. 

In  Germany  smallpox  has  diminished,  since  the  enact- 
ment of  the  law  of  1874,  to  a  degree  never  before  known, 
so  far  as  records  reach,  while  in  the  neighboring  coun- 
tries it  prevails.  It  is  for  this  reason  that  the  German 
Government  publishes  an  annual  statement  in  which  the 
condition  of  cities  in  neighboring  countries  in  regard  to 
smallpox  is  compared  with  those  of  Germany,     The  fol- 


lowing table  presents  the  figures  of  1896  as  published  in 
the  annual  German  report  upon  smallpox  '"■ 


Deaths  from  Smallpox,  1896. 


Nuraljer        Deatlis 
of          from  small- 
inhabitants,  pox  in  1896. 

Proportion 

per  1.000 

inhabitants. 

In  the  German  Empire 

52,612,568 
14,125,027 
3,619,109 

600,259 

2,107,594 

8,149,348 

10,846,971 

1,362,056 

10 

64 

1 

12 
958 
25 
20 

0  02 

In  265  German  cities 

01 

1.77 

In  15  greater  cities  ot  Switzer- 
land   .     .                          .   . 

17 

In  70  Belgian  cities 

.57 

In  108  greater  cities  of  France. . 

In  33  greater  English  cities 

In  12  irreater  cities  of  Holland. . 

11.76 
.23 

1.47 

Under  the  title  of  "the  balance  of  vaccination,"  KOrosi 
discusses  the  advantage  secured  as  contrasted  with  the 
infinitestimal  dangers  of  the  practice.  He  says:  "There 
died  in  Buda-Pesth  153  children  from  skin  diseases  in  six 
years,  of  which  number  30  had  been  vaccinated.  If  the 
chances  ot  death  increased  thirteen  per  cent,  with  the 
ch.ances  of  disease,  then  instead  of  these  30  cases  iu  the 
course  of  six  years,  there  would  have  been  34  cases:  ac- 
cordingly 4  cases  would  have  been  charged  to  vaccina- 
tion ;  in  other  words,  for  each  year  4  to  6  cases,  in  a  pop- 
ulation of  about  350,000,  and  for  100.000  inhabitants  and 
one  year,  about  one-fifth  of  a  case.  Therefore,  in  a  city 
of  one  million  inhabitants  there  would  die,  of  skin  dis- 
eases as  a  result  of  vaccination,  at  most  two  children 
more,  while,  on  the  other  hand,  2,000  would  be  saved 
from  the  smallpox.  The  balance  gives  a  gain  of  1,998 
lives.  In  whatever  light  the  case  may  be  considered, 
cowpox  vaccination  will  continue  to  produce  many  hun- 
dred times  more  good  than  evil.  So,  although  the  great 
blessings  of  vaccination  are  not  bought  tor  nothing,  still 
they  are  bought  at  a  very  trifling  cost.  And  we  may  sa}' 
boldly  that  vaccination  is  one  of  the  grandest  preserva- 
tive forces  for  lowering  mortality,  and  raising  the  aver- 
age length  of  life."  (This  testimony  comes  from  a  lay- 
man, and  one  of  the  highest  living  authorities  upon  the 
interijretation  of  vital  statistics.) 

3.  The  Effect  of  Vaccination  upon  the  Age  Distribution 
of  the  Mortality  from  Smallpox. — Smallpox,  when  it  occurs 
uumoditied  by  vaccination,  as  in  the  eighteenth  century, 
is  essentially  a  disease  of  childhood ;  it  might  almost  be 
said,  of  infancy.  M.  Marc  d'Espiue  says  of  it:  "The 
elective  age  of  smallpox  is  childhood  and  infancy."  Some 
of  the  names  of  this  disease  in  different  languages,  which 
have  come  to  us  from  ante-vaccination  periods,  are  in- 
dicative of  this  characteristic,  as  Kinderpocken,  Barn- 
kopper,  and  possibly  the  Engli.sh  name  smallpox,  i.e., 
pox  of  the  small.  It  is  as  essentially  a  disease  of  children 
as  scarlet  fever  or  measles.  In  the  latter  disease  a  regular 
declining  series  is  presented  when  successive  ages  are 
considered.  For  these  diseases  no  method  of  prevention 
is  known,  and  hence  the  statistics  of  mortality  express 
unmodified  natural  affinities  of  such  diseases  for  the  earli- 
est periods  of  life.  For  smallpox,  since  the  introduction 
of  vaccination,  tbis  declining  series  is  interrupted  in  a 
most  remarkable  manner.  Tlie  interruption  is  purely 
artificial,  and  is  the  expression  of  the  effect  of  vaccina- 
tion in  postponing  the  greater  mortality  to  a  later  period 
of  life;  and  hence  the  necessity  of  revaccination,  a  sub- 
ject which  will  receive  further  consideration. 

The  adjoining  table  expresses  in  four  series  of  figures 
what  may  be  taken  as  the  expression  (at  least  approxi- 
mately) of  the  natural  alfinity  of  certain  diseases.  The 
population  under  five  is  a  minority  of  the  population 
(seldom  more  than  fifteen  per  cent.),  but  it  furnishes  by 
far  the  majority  of  deaths  from  the  diseases  named — 
two-thirds  of  all  deaths  by  scarlet  fever,  four-fifths  of  all 
deaths  by  unmodified  smallpox,  and  a  still  greater  pro- 
portion of  deaths  by  measles  and  whooping-cough.  In  a 
word,  these  are  all  distinctively  infantile  diseases;  and 
the  obviousness  of  this  fact  represents  three  conditions: 
First,  that  the  susceptibility  to  those  diseases  develops 
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itself  very  early  in  life;  secondly,  that  the  susceptibility, 
when  once  acted  upon  by  its  corresponding  exterior 
cause,  becomes  exhausted  more  or  less  absolutely  for  the 
remainder  of  life;  thirdly,  that  the  exterior  cause  or  in- 
fection has  been  of  sufficiently  frequent  recurrence  among 
tlie  population  for  those  relations  of  susceptibility  to 
show  themselves. 

For  the  meaning  of  the  diseases  being  infantile  is.  not 
that  any  insusceptibility  to  contract  them  is  acquired  in 
the  mere  act  of  growing  up.  liut  that,  because  the  sus- 
ceptibility develops  itself  at  the  commencement  of  life, 
and  because  the  exterior  intiuence  which  acts  upon  that 
susceptibility  is  seldom  absent,  therefore  all  who  have 
outlived  the  first  years  of  childhood  have  commonly  had 
each  susceptibility  exhausted  by  suffering  the  disease  to 
which  it  relates.  Hence  if  all  occurring  cases  of  any 
such  disease  be  classified  according  to  the  ages  at  which 
they  happen,  the  resulting  series  of  figures  must  neces- 
sarily have  its  maximum  at  that  age  when  the  special 
susceptibility  is  first  fully  developed.  From  this  point 
it  must  undergo  a  more  or  less  rapid  and  uninterrupted 
decline ;  the  vninterriiptednesi  being  determined  by  the 
fact  that  at  each  succeeding  age  there  will  be  fewer  and 
fewer  susceptible  persons,  the  rapidity  being  graduated 
by  the  frequency  or  constanc,v  with  which  the  exterior 
cause  is  in  operation. 

Proportionate  Distribution  by  ace  of  1,000  Deaths  in  Geneva 
BY  Smallpox  (15>iO-17t>0).  before  the  Discovery  of  Vaccina- 
tion, AND  OF  THE  SAME  NCMBER  OF  DEATHS  BY  WHOOPING- 
COUGH,  Measles,  and  Scarlet  Fever,  as  Observed  in  1S47. 


Ages. 

Smallpox. 

Whooping- 
cough. 

Measles. 

Scarlet 
fever. 

0-  1 

191H 

190 

133M 

«m 

805 
7 

37.-) 

943 
53H 
2W 

1.55;^ 

68 

7 
4 

83H 
145 

1-2     

3-  3 

153 

3-4 

4-  5 

133^ 
656 

0-5 

5-10     

10-15. 

15-35. 

Above  25 

"*7S 

1,000 

1,000 

1,000 

1,000 

A  report  of  the  German  Vaccination  Commission  shows 
that  during  the  ten  years  following  the  enactment  of 
its  compulsory  law  of  1874,  Germany  not  only  had  a 
smaller  death  rate  from  smallpox  than  ever  before,  but 
even  passed  from  a  position  of  inferiority  to  England 
to  one  of  distinct  superiority  in  regard  to  its  immunity 
from  smallpox.  Smallpox  mortality  in  the  cities  of  Ger- 
many has  liecome  a  trivial  matter,  while  in  London, 
Paris,  and  Vienna  there  have  been  quite  appreciable 
epidemics,  having  their  principal  incidence  upon  the 
younger  adult  class  of  the  population. 

The  following  statistics  as  to  the  incidence  of  smallpox 
at  certain  ages  are  from  the  Report  of  the  Medical  Officer 
of  the  Local  Government  Board  of  England  for  1884. 
While  the  86  deaths  among  children  under  ten,  stated 
in  the  column  headed  "Vaccinated  community,"  contrast 
strongly  with  the  613  in  the  preceding  column  of  the  un- 
vaccinated,  there  is  no  doubt,  as  the  medical  officer  states, 
that  even  this  number  86  is  far  too  high,  and  is  indicative 
of  sham  vaccination. 

A  comparison  of  the  mortality  from  smallpox  of  chil- 
dren under  one  year  of  age  living  under  the  provisions  of 
ditferent  laws,  some  of  which  are  vigorously  enforced, 
others  optional  or  partiall)'  enforced,  and  also  of  popula- 
tions entirely  without  vaccination,  as  was  the  case  in  the 
eighteenth  century,  is  very  instructive.  Dr.  Robertson, 
of  Edinlmrgh,  made  such  a  comparison,  and  found  that 
under  the  optional  system  in  practice  in  Scotland  from 
18.55  to  1864,  the  number  of  deaths  from  smallpox  of 
children  under  six  months  of  age  was  about  equal  to  that 
of  children  whose  ages  were  six  to  twelve  months. 

When  vaccination  became  compulsory  this  ratio  was 


greatly  changed,  and  the  number  in  the  second  six 
months  was  about  one-fourth  as  large  as  that  of  the  first 
six  months.  It  was  inferred  that  vaccination  made  tlie 
difference.  A  third  fact,  however,  strengthened  this  in- 
ference, and  that  was  the  ratio  existing  before  vaccina- 
tion was  known.  This  was  to  be  found  in  the  carefully 
kept  statistics  of  the  Kilmarnock  register  already  quoted. 

Ratio  of  Deaths  from  Smallpox  between  Six  and  Twelve 
Months  of  .\ge,  to  One  Hundred  Deaths  from  Smallpox 
Under  Six  Mo.nths,  in  Three  Selected  Periods. 


Age. 

1728-1763. 
Kilmarnock. 
Vaccination 

unknown. 

185.5-1864. 

Scotland. 

Vaccination 

optional. 

1865-1879. 

Scotland. 
Vaccinatiou 
compulsory. 

Under  6  monlIi« 

100 
491 

100 
103 

100 
26 

From  6  to  12  months 

The  first  ratio  may  be  taken  as  the  normal  one  of  nat- 
ural smallpox.  It  is  a  disease  nearly  five  times  as  fatal 
in  the  second  as  in  the  first  six  months  of  life.  But  when 
modified  by  optional  vaccination  in  the  second  six 
months,  the  mortality  is  reduced  from  491  to  103.  And 
when  vaccination  becomes  compulsory,  as  in  the  third 
period,  the  103  is  further  reduced  to  26' 

Tlie  question  may  be  asked,  How  far  is  this  decrease  in 
smallpox  mortality  to  be  attributed  to  causes  other  than 
vaccination  ?  Improved  hygiene  and  treatment  may  have 
exercised  considerable  effect  upon  the  mortality,  but  they 
can  have  but  little  bearing  upon  the  facts  quoted  in  the 
last  table.  Such  an  enormous  improvement,  at  the  rate 
of  nearly  20  to  1,  could  never  have  been  due  to  mere 
measures  of  sanitation.  Let  the  following  table  of  the 
rate  of  improvement  of  certain  infectious  diseases  illus- 
trate this: 

Rate  per  One  Thousand  per  Year  of  Deaths  from  Certain 
Infectious  Diseases  in  Kilmarnock  in  173s-tt4.  and  in  Eng- 
land AND  Wales  in  Different  Periods. 


Measles 

Wbooping-cough 

Fever  (including  scarlatina) 
Smallpox 


Rate  in 

Kilmarnock. 

1728-64. 


0.615 
.7671 
3.4722 
4.1071 


Rate  in  Eng- 
land. 


(1861-71)  0.4399 

..5273 

1.8474 

(ia54-79)    .208 


Rate  of 

de- 
crease. 


100  to  70 
100to68 
100  to  53 
100  to  5 


Deaths  from  smallpox  have  therefore  decreased  14 
times  more  than  those  from  measles,  13  times  more  than 
those  from  whooping-cough,  and  10  times  more  than 
those  from  fever. 

From  the  instructive  comparison  given  by  Dr.  Vail, 
the  following  conclusions  are  drawn: 

1.  Smallpox  was  epidemic  every  four  and  one-quarter 
years  (1728-64). 

2.  Its  death  rate  per  1,000  per  year  was  nearly  20  times 
as  great  as  it  now  is.  3.  Its  death  rate  under  five  years 
of  age  was  35  times  as  great  as  it  now  is. 

4.  The  mean  age  at  death  from  smallpox  was  two  and 
one-half  years  in  the  last  centurj',  and  is  now  nearly 
twent}'  3'ears. 

5.  The  death  rate  from  smallpox  in  the  second  half- 
year  of  life.is  now  only  a  fourth  of  that  in  the  first  half- 
year,  while  formerly  in  the  second  half-year  it  was  nearly 
5  times  as  great  as  in  the  first  half-year.  6.  The  smallpox 
death  rate  has  improved  about  12  times  as  fast  as  the 
death  rate  from  measles,  whooping-cough,  and  fever. 

The  fact  that  smallpox  when  allowed  to  pursue  its  nat- 
ural course,  unmodified  by  vaccination,  is  essentially  a 
disease  of  childhood,  is  illustrated  in  a  most  forcible  man- 
ner in  the  sketch  of  smallpox  in  Kilmarnock  in  the  last 
century,  already  quoted. 

Of  tiie  632  persons  who  died  of  smallpox  in  that  town 
between  1728  and  1764,  386,  or  94.2  per  cent.,  were  five 
j'cars  of  age  and  under.  Seven  only  were  over  ten  years 
"of  age,  and  the  oldest  was  but  twenty-six. 
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In  the  different  epidemics  which  fell  upon  that  cora- 
mtinity,  the  time  from  the  height  of  the  first  epidemic  to 
thill  of  tlie  second  Nvas  but  four  years  and  eight  mouths, 
and  of  tlie  45  children  who  succumbed  in  1733,  44  were 
less  than  four  years  and  eight  mouths  of  age,  the  re- 
maining .one  being  seven  years  of  age.  Thus  only  one 
child  that  died  in  the  epidemic  of  1733,  had  been  alive 
previous  to  the  height  of  that  of  1728.  The  disease  had 
to  secure  its  victims  almost  wholly  from  the  population 
that  had  come  into  existence  since  its  last  visitaticni.  One 
epidemic  left  almost  no  victims  for  its  successors;  in  the 
same  way,  hardly  any  had  been  left  to  it  by  its  jiredeces- 
sors.  It  called  at  every  door,  and  nearly  all  who  were 
not  disease-proof  came  within  its  grasp. 


Epidemic 
years. 

Interval  since 

beiRht  of  former 

epidemic. 

Deaths  of  childi-en 
horn  since  height 
of    former    epi- 
demic. 

■-  ca-  a 

bt     *2V 

c  o  «  c 

lilll 

Deatlis  among  per- 
sons   who     had 
passed  through 
more    th^n    one 
epidemic. 

l-2»--£> 

17*3 

Unknown 

66 

44 
.58 
60 
67 
79 
»t 
39 
.53 
8 

1 

.5 
6 

4 
11 

6 
11 

5 

1736              

1 
1 

1 
1 

1740 

3  years  7  months. 

4  years  8  months. 

66 
74 
84 
95 
45 
66 
14 

1749-50 

1754 

4  years  6  months. 

3  years  3  months. 

4  years  8  months, 
etween  epidemics. 

1757  58    .... 

1763 

Cases  oci-ui  Ting  b 

o 
1 

621 

492 
88.6 

56 
10.00 

7 

1  2 

The  principal  point  shown  in  this  table  is  that,  on  an 
average,  over  eighty-eight  per  cent,  of  those  who  died 
in  one  epidemic  had  been  boin  since  the  previous  one; 
that  ten  per  cent,  who  died  had  passed  safely  through 
one  epidemic;  and  that  only  one  per  cent,  had  lived 
througli  more  than  one  outbreak. 

The  ne.xt  table  shows  that  these  epidemics,  to  nearly 
nine-tenths  of  their  extent,  did  not  practically  occur  in  a 

Section  of  PornLATioN  Born  since  Former  Epidemic. 


Height 
of  epidemic. 

Born  since 

height  of  former 

epidemic. 

Died  of  various 
diseases, 
excluding 
smallpox. 

Remaining  to 

form  a 

field  for  new 

epidemic. 

May.  1733 

614 
476 
501 
506 
634 
648 
445 
690 

90 
82 
89 
68 
107 
131 
41 
110 

October,  1736 

May,  1740 

394 

January,  1745 

January,  1730 

July,  17.54 

September,  1757 

May.  1762 

438 
527 
517 
404 

Totals 

4,514 
564 

718 
89 

Averages 

475 

population  of  4.200,  but  in  a  population  of  475  people. 
And    the  average  number  of  deaths  in  this  population 


was  60,  or  at  the  very  high  rate  of  126  per  1,000  living  in 
each  eindeniic  year.  Now  the  number  of  attacks  in  un- 
vaccinatcil  children  under  live  years  of  age  is  two  for 
every  death.  As  many  die  as  recover.  Therefore,  of 
every  100  children  born  in  Kilmarnock,  no  less  than  25 
were  seized  with  smallpox  at  the  very  first  epidemic 
after  their  birth. 

"These  two  tables  show  that,  as  regards  smallpox, 
there  were,  in  fact,  three  Kilmarnocks.  One,  a  Kilmar- 
nock of  3.700  persons,  had  no  fear  of  its  attacks.  These 
had  already  met  and  battled  with  the  disease  tiend.  On 
many  were  to  be  seen  the  marks  of  the  eonllict.  Some 
were  blind,  some  had  lost  their  hearing,  many  were  per- 
manently injured  in  constitution,  and  very  many  were 
scarred  and  disfigured  for  life;  and,  for  every  one  that 
conquered,  another  had  fallen,  never  to  rise  again.  There 
was  indeed  a  second  Ivilmarnock  under  the  green  sod  of 
tlie  kirkyard.  The  Kilmarnock  which  hail  reason  to 
dread  the  epidemic's  approach  was  a  Ivihnarnock  the 
least  able  to  meet  it.  It  cousi.stcd  of  a  baud  of  little  chil- 
dren, numbering  less  than  live  hundred  in  all.  Every 
such  group  that  came  into  existence  had  to  face,  within 
four  or  five  years  of  its  birth,  the  most  terrible  physical 
enemy  that  it  would  ever  meet;  and,  having  fought  the 
battle,  some  were  added  to  the  maimed  and  distorted  who 
formed  so  large  a  portion  of  the  population,  and  others 
were  laid  beside  those  who  had  been  destroyed  by  former 
epidemics.  One  can  barely  imagine  what  must  have 
been  the  feelings  of  a  mother  regarding  these  fearful  vis- 
itations. Even  where  the  town  was  free  from  the  pesti- 
lence, there  would  be  the  constant  foreboding  of  its  all 
too  certain  coming;  and  when  at  last  the  first  case  oc- 
curred— when  the  doctor  was  called  in,  and  pronounced 
the  disease  to  be  the  dreaded  pox — his  words  would  be 
heard  as  a  sentence  of  death  to  some  member  of  almost 
every  family  containing  little  ones;  and,  as  the  news 
spread  from  house  to  house,  with  what  a  despairing 
clutch  would  each  mother  press  her  darling  to  her  breast, 
and  beg  Almighty  God  to  command  the  destroying  angel 
to  pass  by  her  door!  After  the  lap.se  of  a  hundred  a'iid 
fifty  years,  one  can  have  little  conception  of  the  real 
meaning  of  a  smallpox  epidemic.  But  the  old  parish 
register  has  enabled  us  to  apprehend  something  of  its  hor- 
ror, and  I  venture  to  say  that,  if  the  antivaceinationists 
had  their  will,  we  would  ere  many  years  be  again  expe- 
riencing somewhat  of  the  awful  visitations  which  were 
so  familiar  in  )\d  Kilmarnock." 

The  following  figures  and  diagrams  show  in  a  conclu- 
.sive  manner  the  fact  that  smallpox  in  the  eighteenth  cent- 
ury was  beyond  question  a  disease  almost  exclusively 
of  young  children.  They  also  show  in  quite  as  conclu- 
sive a  manner  the  modifying  effect  which  vaccination 
has  had  upon  the  age  incidence  of  smallpox  mortality. 

The  figures  for  the  smallpox  diagram  (eighteenth  cent- 
ury) were  made  from  an  average  of  the  records  of  sev- 
eral English  and  continental  towns  which  are  given  in 
the  foregoing  pages.  This  average  was  as  follows:  Out 
of  each  1,000  deaths  from  smallpox  805.5  were  those  of 
children  under  five  years,  155.5  were  those  of  children 
from  five  to  ten  years  old,  26. 5  from  ten  to  twenty  years, 
10  from  twenty  to  thirty  years,  2.5  from  thirty  to  forty 
years,  and  25  over  forty  years.  (See  lower  left-hand  dia- 
gram  in  Fig.  4929.     In  these  four  diagrams  the   inci- 
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Geneva, 

1580-1781). 

Kil- 
marnock, 
1738-1764. 

Pudsey, 
1771-1813. 

Chester. 
1774. 

Stockholm, 
1774-1800. 

London, 
1848-1851. 

Paris, 
1842-1851. 

LoxnON,  1884. 

Ages  at  Deatli. 

in- 
vaccinated 
community. 

Vaccinated 
community. 

Total 
inhabitants. 

0-10 

961 
26}^ 
10 
[          2J< 

088 
.5 

7 

982 
17 

1 

1,000 

961 
31 

815 
59 
83 
32 
11 

397 
133 
329 
110 
31 

612 
146 
108 
72 

86 
173 
319 

221 
201 

343 

170 
213 
142 
132 

10-20 

20-30 

:i0-40 

40  and  upward. 

Totals 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000        1       1,000 
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dence  of  disease  is  measured  by  tlie  horizontal  length 
of  the  shaded  portions,  not  bj'  their  area,  since  the  age- 
periods  from  birth  to  twenty  years  are  live  years  each, 
while  the  remaining  periods  are  ten  years  each.) 
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Fig.  4929.— Distribution  ol  1,000  Deaths  From  Certain  Causes  by  Ages. 

The  figures  for  Massachusetts,  1863-1900,  also  show 
conclusively  the  cutting  down  of  the  sniallpo.\  death  rate 
of  infants  and  the  increase  in  thatof  young  adults  (twenty 
to  thirty  years)  in  consequence  of  neglect  of  revaccina- 
tion  at  the  proper  period. 

Massachusetts.- -DiSTRiBUTio.v  of  1,000  Deaths  from  Small- 
pox, Measles,  and  Scarlet  Fever,  for  Thirty-eight  Years, 
1863-1900. 


Ages. 

Smallpox. 

Measles. 

Scarlet  fever. 

336.6 

TO. 6 
.33.4 
86.4 

2ro.o 

106.1 
44.7 
30.4 
17.3 
14.5 

836.7 
81.1 
16.. 5 
16. .5 
27.1 
11.7 

3:5 

3..5 

5.8 

656.7 

5-10  years 

250.5 
50.5 

17.9 

20-30  vears 

30-40  years 

40-.Tfl  years 

50-tiO  years 

15.9 
5.6 
1.3 
1.0 

,    .5 

1,000.0 

1,000.0 

1,000.0 

The  following  figures  show  the  death  rates  per  100,000 
living  at  each  age-period  from  smallpox  in  a  population 
iu  which  vaccination  is  moderately  enforced.  They  in- 
clude the  statistics  of  about  3,500  deaths  from  smallpox 
which  occurred  iu  Massachusetts  in  the  thirty-eight 
vears,  1863-1900. 


Deaths  from  Smallpox   in  each  Tear  Oct  of  100,000  Living 
at  each  age  Period.    Massachusetts. 

Under  5  years 15.0 

5-10  years 3.3 


10-15  years  1.7 

15-20  years 4.2 

20-:)0  years 6.1 

30-10  years 3.1 


40-50  years 1.8 

50-60years 1.8 

60-70  years 1.6 

70-80  years 1.7 

Over  80  years 3.5 


Dr.  Tissot,  writing  about  the  middle  of  the  eighteenth 
century,  said  of  smallpox: 


"Smallpox  is  the  most  frequent,  the  most  cxten.sive  of 
all  diseases.  Out  of  100  persons  there  are  not  more  than 
4  or  5  cxemjited  from  it.  People  f/eneral/i/  ta/,e  the  siiiall- 
pox  in  their  iiifiiiini  or  in  their  eliildhoot!.^'  ("Advice  to 
the  People  with  Respect  to  their  Health,"  1762,  p.  l,-)6.) 

The Dunttion  of  the  Protectire  Power  of  Voeeination. — 
Gerstacker,  as  quoted  by  Wolff  berg,  states  (Centralblait 
fiir  all!).  Gemuidh.,  1888,  p.  182)  that  the  cardinal  prin- 
ciple of  the  duration  and  efficiency  of  the  protection 
afforded  by  vaccination  depends  essentiallj'  upon  the  in- 
tensity of  the  preceding  vaccination,  and  upon  those 
changes  which — independent  of  every  attempt  at  protec- 
tion— the  natural  individual  predisposition  to  smallpox 
imdei'goes  in  the  course  of  life,  although  reduced  to  a 
definite  lower  standard  by  vaccination. 

The  Comparatire  Proteetion  Afforded  hy  Vaccination 
and  hy  Smnllpox. — Both  JIarson  and  Simon  expressed 
the  opinion,  before  the  Parliamentary  Committee  of  1871, 
that  the  protection  afforded  by  an  attack  of  smalliJox 
against  a  subsequent  attack  was  greater  than  that 
afforded  by  vaccination  (Replies  3,517-3,521:  4,220- 
4,224). 

In  the  early  years  of  vaccination  it  was  quite  a  com- 
mon practice  to  expose  vaccinated  people  to  the  small- 
pox either  by  contact  or  by  inoculation,  for  the  purpose 
of  testing  the  efficacy  of  the  practice.  The  town  of  Mil- 
ton, Mass.,  in  September,  1809,  voted  to  test  the  question 
upon  twelve  children  who  had  been  vaccinated  in  .Inly 
of  the  same  year.  Twelve  vaccinated  children  were 
therefore  selected  and  inoculated  with  small]iox  lymph. 
They  were  quarantined  during  fifteen  days  at  a  hospital 
provided  for  the  purpose,  and  the  following  certificate 
was  issued  on  their  release ; 

Mii.TON,  October  25th,  1809. 
The  twelve  children  whose  names  are  written  on  the  bacli  of  this 
card  were  vaccinated  at  the  town  inociilatiini  in  .July  last;  they  were 
tested  l>v  sraallpo.K  inoculation  on  ttie  loili  instant,  and  discli,arped 
this  dav'froiii  the  liospiial,  after  otlViinsr  tn  tlic  world.  In  the  rresenoe 
of  most  ri'siieciahlc  uiiiii-sscs,  wliu  lionoreii  Milton  with  their  attend- 
ance on  tliat  occasion,  an  additional  e\idfiu-e  of  the  never-failing 
power  of  that  iiiilil  incvcntivc.  tln'  cowpox,  ajjiainst  sniallpo.K  infec- 
tion :  a  Iplcssinir  prcat  as  it  is  .siriyiilar  in  it.s  kind,  whereby  the  hearts 
of  men  shoiihl  he  elevated  in  praise  to  the  .\linitrhtv  (iiver. 

AMOS   HOLBROOK,  OLIVER   HOUGHTOX, 

PhllKieian.  Chairman  of  the  Committee 

for  Vaccination. 

[Card  In  possession  of  Massachusetts  State  Board  of  Health.] 

As  compared  with  the  earlier  practice  of  inoculation 
with  smallpox  lymph,  vaccination  has  the  great  tidvan- 
tage  over  the  latter  that  its  protection  is  afforded  with- 
otit  risk  to  life,  without  disfiguring  the  features,  without 
causing  loss  of  sight  or  of  hearing,  and  without  the  risk 
of  propagating  ti  highly  infectious,  loathsome,  an<i  dead- 
ly disease  among  the  community. 

Bovine  Vaccination. — The  term  bovine,  or  animal, 
vaccination  is  applied  to  that  which  is  practised  by  the 
aid  of  vaccine  lymph  cultivated  in  bovine  animals. 
Warlomont  very  truly  says  that  the  term  iiiiimal  eaccind- 
tion  is  purely  conventional ;  the  vaccine  lym|ili  from  an 
infant  is  just  as  much  an  animal  product  as  is  that  from 
a  heifer. 

With  reference  to  the  origin  of  the  practice.  Dr.  War- 
lomont states  that  an  aged  physician  had,  in  his  youth, 
seen  his  father,  the  village  doctor,  inoculate  the  teats  of 
a  cow  with  human  vaccine,  preserved  through  the  win- 
ter in  order  to  renew  the  stock  of  fresh  lymph  at  the 
commencement  of  each  vaccinating  season.  Such  was  a 
cominou  practice,  and  it  has  been  carried  out  for  years  in 
Germany,  and  especially  iu  Bavaria.  This  method  of 
practice'  has  been  called  retrovaccination.  It  htis  also 
been  practised  to  a  considerable  extent  in  the  United 
States.  Supplies  of  vaccine  virus  were  largely  nbtaiued 
for  use  in  the  army  bv  Uiis  method  during  the  latter  part 
of  the  Civil  War "(1861-65),  and  while  this  method  has 
been  vehemeutlv  opposed  by  some,  it  is  also  true  that  no 
evidence  has  been  adduced"  to  show  that  such  vaccina- 
tion, when  properly  transmitted  from  a  healthy  infant  to 
the  heifer,  and  thence,  after  one  or  more  successive  trans- 
missions from  animal  to  animal,  is  again  transmitted  to 
the  human  species,  is  less  protective  against  smallpox 
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than  that  which  lias  never  been  cultivated  upon  otiier 
soil  than  that  of  the  cow.  The  German  Government 
takes  this  ground  and  sanctions  its  employment  in  its 
instructions  upon  this  subject. 

That  method  to  which  is  now  given  the  term  animal  or 
bovine  vaccination  is  of  later  origin,  and  also  has  a  more 
restricted  application.  Warlomont  defines  animal  vacci- 
nation as  "the  product  of  natural  horsepox  or  cowpox 
which  has  been  cultivated  upon  heifers,"  and  has  never 
quitted  that  place  (or  medium)  of  cultivation  ("n'ayant 
jamais  quitte  ce  lieu  de  culture ").  This  method  was 
practised  in  a  limited  degree  as  early  as  180U,  by  Duque- 
nelk',  at  Rheims,  and  by  Valentine,  at  Nancy.  It  was 
introduced  into  Naples  in  1810  by  Galbiati,  and  contin- 
ued by  his  pupil,  Negri.  Both  of  these  early  expei'i- 
menters  occasionally  resorted  to  retrovaccination,  but 
Negri  finally  began  a  series  of  continuous  vaccinations, 
for  which  he  obtained  his  original  supplies,  on  two  dif- 
ferent occasions,  from  animals  found  to  be  affected  with 
natural  cowpox. 

In  1864  M.  Lanoix,  a  French  physician,  visited  Naples 
to  study  this  method  of  vaccination,  and  thence  intro- 
duced the  practice  into  Paris  in  the  same  year.  A  com- 
mission was  appointed  bj'  the  Government  in  1806,  whose 
report  favored  the  practice  of  animal  vaccination,  and 
the  first  virus  employed  by  them  was  that  which  had 
been  obtained  from  Naples.  A  new  source  was  soon 
found  at  Beaugency,  in  France,  in  1866,  and  still  later 
another  at  St.  Mandc,  near  Paris.  Other  cases  of  nat- 
ural cowpox  may  be  found  detailed  in  an  article  in 
the  Reinie  d'Hygiene  (July,  1888)  by  Dr.  A.  Layet,  en- 
titled "Les  Sources  naturelles  du  Vaccin."  Dr.  Seaton, 
in  liis  report  on  animal  vaccination  to  tlie  Local  Gov- 
ernment Board  of  England,  made  after  a  visit  to 
Paris  and  other  parts  of  the  Continent  in  1869,  states 
that  Drs.  Lanoix  and  Chanibon,  who  had  introdviced 
animal  vaccination  into  Paris,  "saw  no  advantage  in 
keeping  these  two  lymphs  distinct,  and  the  virus  which 
tliey  have  emploj'ed  since  1806  is  a  mixture  of  the  two 
natural  sources  discovered  at  Beaugency  and  at  St. 
Mandf." 

Dr.  Seaton  had  made  an  imfavorable  report  upon 
Bovine  Vaccination,  ui'ging,  in  the  first  place,  the  diffi- 
culty of  transmitting  the  virus  from  one  animal  to  an- 
other successively;  second,  the  great  risk  of  failure  in 
transmitting  it  from  the  calf  to  the  human  subject ;  third, 
the  inferior  preservative  quality  of  bovine  lymph. 

In  reptj'  to  this  it  may  be  said  : 

First.  With  reference  to  the  facility  of  infecting  calves 
or  heifers  continuously  with  vaccine  Ij'inph,  Dr.  Cory 
states,  in  his  report  to  the  Local  Government  Board  in 
1886,  that  l.'iS  calves  were  vaccinated  with  lymph  of  one 
linndred  and  twenty  hours'  growth,  and  all  of  them 
proved  susceptible  to  vaccination;  8,600  insertions  were 
made,  resulting  in  8,243  vesicles  (an  insertion  success 
rate  of  95.8  per  cent.);  94  calves  were  vaccinated  with 
lymph  of  ninety-six  hours'  growth,  producing  5,440  vesi- 
cles out  of  5,631  insertions  (an  insertion  success  rate  of 
96.6  per  cent. ) ;  3  other  calves  were  vaccinated  with  lymph 
of  one  lumdred  and  sixty  hours'  growth  in  144  places, 
producing  143  vesicles. 

In  the  writer's  experience  not  more  than  five  per  cent, 
of  l)0vine  animals  of  difl'erent  ages  prove  refractory  to 
vaccination,  and  the  ojjeration  of  transmitting  the  vac- 
fine;  infection  successfully  from  animal  to  animal  is  not, 
in  the  hands  of  an  expert,  attended  with  difficulty.  The 
reasons  for  the  comparative  insusceptibility  of  adult  ani- 
mals are  given  elsewhere. 

Second.  As  to  the  transmission  of  the  infection  from 
the  bovine  animal  to  the  human  .subject  (under  like  con- 
ditions as  to  the  quality  and  freshness  of  the  lymph 
used),  the  operation  is  quite  as  successful  as  witli  hu- 
manized lymph,  and  by  some  authorities  the  percentages 
of  success  are  reputed  as  greater  than  with  luimanized 
lymph. 

In  Illinois,  in  1883,  out  of  138,488  primary  vaccinations 
with  bovine  lym|ih,  83.7  percent,  were  typical,  and  out 
of  15,448  performed  with  liumani/.cd   lymph,  76.9  per 


cent,  were  typical.  Dr.  Cory  vaccinated  4,688  persons, 
and  of  these  4,213  were  successful  in  five  places,  338  in 
four  places,  93  in  three  places,  51  in  two,  37  in  one,  and 
17  were  unsuccessful  in  the  first  trial.  Excluding  a  very 
few  who  did  not  return  for  inspection.  Dr.  Cory's  inser- 
tion success  rate  was  96.5  per  cent.,  Mr.  Murphy's  99.9. 
Mr.  Stott's  90.6. 

Dr.  Pissin,  of  Berlin,  in  1883,  reported  that  he  had 
made  12,679  vaccinations  from  18  calves,  with  a  ratio  of 
success  of  98.1  per  cent,  in  primary  vaccinations,  and 
91.3  percent,  in  revaceinations,  using  scarifications  only. 
Pfeiffer,  of  Weimar,  obtained  a  success  of  98.6  per  cent. ; 
Rissel,  97.8  per  cent. ;  Reissner,  98.6  per  cent.,  and 
Voigt,  99.4  per  cent. 

At  the  Hamburg  vaccine  establishment  the  ratios  of 
reported  success  were  as  follows ;  In  1878,  G9  per  cent.  ; 
in  1879,  82  per  cent. ;  in  1880,  73  per  cent.  ;  in  1881,  83 
per  cent.  ;  in  1883,  85.4  per  cent. 

Weiler,  on  the  contrary,  found  the  humanized  lymph 
to  give  better  results,  obtaining  97.3  per  cent,  in  primary 
vacciuationc  with  humanized  lymph,  and  86.8  per  cent, 
with  bovine  lymph. 

Third.  As  to  the  preservation  of  animal  lymph  as  com- 
pared with  that  of  humanized  lymph. 

1.  As  to  its  use  upon  calves.  Dr.  Corj',  in  the  report 
already  alluded  to,  made  careful  observations  as  to  the 
preservation  of  lymph  stored  in  tubes,  and  established 
the  possibility  of  such  jj reservation  for  a  period  of  two 
years.  His  results  were  as  follows :  Tlie  lym|ih  referred 
"to  in  these  observations  was  partly  of  ninety-six  and 
partly  of  one  hundred  and  twenty  hours'  growth,  none 
being  taken  later  than  one  hundred  and  twentj'  hours 
after  insertion.  He  also  states  that  lymph  taken  at  a 
later  jjeriod  deteriorates  more  rapidly,  and  is  apt  to  pro- 
duce spurious  results,  just  as  happens  occasionally  with 
humanized  lymph  taken  at  a  later  date  than  the  eighth 
day. 


Number  of  days  during 
which  lymph  was  pre- 
served in  tubes  before 
using. 


4 

1)  to  8. . . 

9 

II  to  12.. 

14 

16 

17  to  46. 
53  10  93, 

imtoaxi, 

L'0llto500, 
.51111  to6IX). 
6IKI  to  TITO, 
81«to8,W 


Numlier  of  in- 
sertions with 
it  on  calves. 


Successful  in- 
sertions on 
calves. 


!,998 

1,438 

a>5 

431 
337 
263 
288 
(i:39 
445 
388 
104 

i:« 

82 


;3,:390 

1.139 

184 

309 

273 

214 

207 

473 

333 

2.58 

17 

45 

24 

4 


Insertion  suc- 
cess rate  per 
cent. 


84.7 
74.2 
72.1 
71. B 
70.6 
81.3 
71.9 
73.8 
74.6 
66. .5 
lfi.3 
33.3 

ai.o 

.5.5 


3.  As  to  its  use  upon  the  human  subject.  Like  the 
former,  this  lymph  was  at.so  of  one  hundred  and  twentj' 
and  of  ninety-six  hours'  growth,  in  about  equal  propor- 
tions. A  part  wasstored  in  tubes  and  a  part  upon  ivory 
points,  in  regard  to  which  Dr.  Cory  says  that  within  four 
mouths  of  storage  there  is  an  advantage  in  points-over 
tubes  as  a  method  of  storage,  and  a  period  of  one  hun- 
dred and  fifty-four  daj's  appears  to  be  the  longest  interval 
that  should  be  allowed  to  elapse  between  the  taking  of 
calf  lymph  on  points  and  its  use  on  children.  For  longer 
periods  the  lymph  in  tubes  retained  its  powers  better 
than  that  preservetl  upon  points. 

The  three  tables  on  the  opposite  page  were  the  results- 
of  Dr.  Cory's  observations  on  this  point. 

From  Italy  and  from  France  the  practice  of  bovine 
vaccination  extended  to  other  countries.  In  February, 
1865,  it  was  introduced  into  Brussels  by  Dr.  Warlomont, 
who  employed  successively  lymph  from  the  Neapolitan 
source,  afterward  from  the  Beaugency  source,  and  finally 
from  a  third  source  obtained  at  Esneux.  A  state  vac- 
cinal institute  was  finally  established  at  Brussels  under 
his  charge,  where  the  practice  (jf  bovine  vaccination  has 
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Results   of   Vacci.nation    with   Calf   Lt.mph,    Preserved   ox 
Points  and  in  Tubes,  for  Various  Periods. 


o 

Time  during 

which  lymph 

was  stored. 

Aggregate 
number  of  in- 
sertions made 
(tlye  to   each 
child). 

Aggregate 
number    of 
successful 
insertions. 

Percentage  of 
Insertion 
success. 

Under  1(J  days 

40 

34 

85 

1(1  to  3(1  days. 

35 

21 

84 

Points.  ■ 

2(1  U>  .50  days. 

70 

63 

90 

50  to  1(10  days 

70 

51 

73 

j 

lOOto  154  days 

60 

29 

48 

I 

Oyer  1.'4  davs 

30 

f 

rililcr  lll'lavs 

75 

65 

87 

1 

I(l((i:.'(iihivs. 

25 

17 

68 

Tubes.,  i 

2(1  to. ")0  days. 

65 

47 

73 

.50  111  HHhlavs 

45 

39 

87 

[ 

lIKIlol.Vtdavs 

20 

17 

85 

1.5Utij2.Sldays 

40 

33 

82 

Comparative    Results    of   Primary   Vaccinations   with   Hu- 
manized AND  Bovine  Vaccine  Virus  in  Illinois  (1881-82). 


Totals. 

Results. 

Typical. 

Modided. 

Poor. 

Bovine  virus 

138,488 
■  15,448' 
■i53,'93(i 


114.605 

82.7 
ll,8ft3 
76.9 
12«i.498 
82.2 

12.295 
8.9 
2.275 
14.8 
14,576 
9.5 

11  riva 

Percentage.s 

8.4 

Percentages 

Totals 

8.3 

12.868 

8.3 

Percentages 

Comparative  Results  of  Revaccinatioxs  with  Humanized  and 
Bovine  Virus,  Illinois  (1881-82). 


Totals. 

Results. 

« 

Typical. 

Modided. 

Poor. 

Bovine  virus 

76,154 
"3,256' 
■7'9i464' 

45.187 
59.3 
2,206 
67.9 
47,393 
59.6 

14.010 
18.4 
4.30 
13.2 

14,440 
18.2 

16,957 
22.3 

P»Trcnt;iLr*'S 

Percentages 

18.9 
17  .571 

Percentages 

22  2 

Per  cent,  of  vaccinations  n 
Per  cent,  of  vaccinations  w 

ith  bovine 
ilh  human 

virus 

zed  virus  . 

79.2 

2(1. S 

been  carried  out  with  the  greatest  care,  for  tlie  gratuitous 
distribution  of  lymph  both  of  humanized  and  of  bovine 
stock.  Tlie  institute  was  established  ou  coudition  that 
both  sorts  of  lymph  should  be  distributed  from  it.  Dr. 
AVarlomont,  by  tlie  thorough  character  of  his  work  as 
well  as  by  liis  published  writings  upon  the  subject,  has 
accomplished  very  much  toward  the  general  introduction 
of  bovine  vaccination. 

Bovine  vaccination  was  introduced  into  Berlin  in  18C5 
by  M.  Pi.ssin,  and  is  still  conducted  there,  and  also  at 
Vienna;  the  amount  of  bovine  lymph  used,  as  compared 
with  the  hum.anized.  having  increased  rapidly  from  year 
to  year  since  its  inti-oduction.  Establishments  for  the 
production  of  animal  lympli  are  now  in  operation  at  Ber- 
lin. Halle.  Kiel.  Kassel,  Munich,  Nuremberg,  Dresden, 
Bautzen,  Leipsic.  Frankenberg.  Stuttgart,  "Cannstadt, 
Karlsruhe,  Darmstadt,  Schwc^in.  Weimar,  Bamberg, 
Lubeck,  Hamburg,  Bremen.  Strassburg,  and  Metz.  This 
practice  has  gradually  made  its  way  into  other  countries 
of  Europe,  and  now  nearly  every  large  cit.y  lias  its  vac- 
cine institute  or  establishment  for  the  propagation  of 
bovine  lymph.  It  is  also  in  use  under  the  auspices  of 
the  British  Government  in  India.  It  was  introduced  into 
Bombay  in  1881.  and  into  Madras  and  Bengal  in  1883, 
and  was  intrndiieed  into  .Japan  in  18T4. 

The  following  table  illustrates  the  rapidity  with  which 
bovine  lymph  has  taken  the  place  of  humanized  lymph 
in  Germany  since  1879; 


Percentage  of  Bovine  Ltmph  in  Use  in  Germany.  1879-1!X)0. 


1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889., 


Per  cent. 
...    2.6 
...    3.3 
...     4.0 
...     7.1 

..  11.2 
...  19.1 
...  33.1 
...  54.2 
...  68.4 


Per  cent. 


1890 

89  0 

1891 

1892 

i)8  5 

1893 

1894 

1.895     . 

98.9 

99  8.5 

1896 

99  88 

1897 

99  96 

1898 

99  96 

1899 

9it  72 

1900 

99.94 

The  foregoing  figures  for  the  years  1879-87  are  from 
the  "Arbeiten  aus  clem  Kais.  Gesundheitsamte  "  and  for 
the  years  1889-1900  from  the  "Mittheilungen." 

England  was  slow-  to  adopt  the  new  method  of  vacci- 
nation; Dr.  Seaton's  unfavorable  report  in  1869  un- 
doubtedly delayed  its  introduction.  This  report,  how- 
ever, contained  much  valuable  information  upon  the 
subject,  which  led  to  its  careful  consideration,  and 
finally  to  its  introihiction  under  the  direction  of  the 
Local  Government  Board  in  1881,  the  use  of  either  hu- 
manized or  bovine  lymph  being  optional.  The  experi- 
ments of  Dr.  Cory,  establishing  the  possibility  of  the 
transmission  of  syphilis  by  humanized  virus,  even  under 
the  most  rigorous  conditions,  undoubtedly  strengthened 
the  position  of  the  board  in  introducing  the  bovine  virus. 

"As  the  result,  however,  of  the  findings  of  the  Royal 
Commission  on  Vaccination,"  says  Dr.  Copeman,'-  "leg- 
islative measures  have  now  been  introduced  by  which 
arm-toarm  vaccination  will  be  entirely  superseded,  in 
public  work  at  any  rate,  by  animal  vaccination,  and  the 
ado]jtion  of  the  use  of  preserved  glycerinated  calf  lymph 
having  been  determined  on,  the  necessity  for  stational 
attendance  will  disappear,  except  in  so  far  as  may  ap- 
pear desirable  for  purposes  of  control,  or  in  order  to  pro- 
vide facilities  for  teaching." 

By  the  term  ''stational  attendance"  the  writer  refers 
to  certain  definite  places  and  times,  when  and  where 
facilities  were  provided  for  the  work  of  arm-to-arm  vac- 
cination from  healthy  infants.  Opportunities  for  vacci- 
nation upon  the  old  arm-toarm  method  were  usually 
furnished  weekly  in  the  large  cities,  and  about  once  in 
three  nioiiths  in  the  country  districts. 

lu  the  L'nited  States  bovine  vaccination  had  been  at- 
tempted on  various  occasions  previous  to  its  more  gen- 
eral introduction  in  1870-71.  Dr.  John  Yale,  of  Ware, 
Mass.,  writes  to  me  that  in  18o.">,  his  cow  "had  the 
cowpox,  a  single  umbilicated  vesicle  on  the  udder  adjoin- 
ing the  teat;  I  took  the  crust,  and  vaccinated  with  it, 
used  the  matter  upon  calves,  and  so  kept  up  a  supply 
for  years."  He  also  stated  that  in  1844  he  had  observed 
cowpox  in  a  herd  of  thirty  cows  belonging  to  Mr.  Tru- 
man Curtis,  of  Torringford,  Conn.  The  milkmaids  and 
some  of  the  men  servants  contracted  vaccinia  upon  their 
hands  from  this  herd. 

In  March,  1865,  Dr.  E.  Cutter,  of  Woburn,  Mass.,  de- 
tected kinepox  in  at  least  two  instances  in  the  town  of 
Lexington,  where  the  di.scase  was  more  or  less  prevalent, 
and  at  times  very  troublesome  at  dairy  farms.  From  two 
of  these  cases  he  vaccinated  two  cows,  and  obtained  a 
succession  of  lymph,  which  was  used  to  a  considerable 
extent  in  the  vaccination  of  soldiers  in  the  Army  of  the 
Potomac,  in  the  spring  of  1865.  A  report  was  made 
upon  these  cases  b_v  Surgeon  J.  J.  Miihau,  U.  S.  A. 
(dated  March  29th,  i860),  who  visited  and  personally  in- 
spected twelve  of  the  animals  thus  v.aecinated  ("Medi- 
cal and  Surgical  Histoiy  of  the  War  of  the  Rebellion," 
Medical  Volume,  part  iii.). 

Previous  to  the  date  referred  to  (March.  1865)  Dr.  Cut- 
ter, as  stated  in  his  report  of  1872,  had  eniploj'ed  retro- 
vaccination  quite  largely,  and  with  excellent  success,  and 
in  this  respect  had  followed  very  much  the  same  method 
yvhich  had  formerly  been  employed  by  Negri,  at  Naples. 

In  1870  Dr.  Henry  A.  Martin,  of  Roxbury,  Mass.,  im- 
ported lymph  of  French  origin,  and  organized  a  well- 
equipped  vaccine  establishment  at  which  a  constant 
succession  of  heifers  has  been  vaccinated  since  that  liiui.. 
the  work  having  been  continued  after  his  death  bv  his 
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sons.  To  liim  the  work  of  successfully  bringing  bOTine 
vaccination  to  popular  notice  in  tlie  United  States,  as  a 
substitute  for  humanized  vaccination,  was  largel}'  due. 
Dr.  Jlartin  also  obtained  lymph  from  cases  observed  in 


by  contagion,  such  as  syphilis,   does  not  convej'  .such 
germs,  iu  any  case,  and  gives  rise  only  to  vaccinia." 

The  question  was  a.ijaiu  fully  discussed  in  l.'^(i4,  by  the 
same  body,  and  it  was  linally  adiuittrd  liy  the  .Xcadeiny 
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the  neighborhood  of  Boston,  which  was  also  successfully 
transmitted  to  a  succession  of  heifers.  Others  soon  fol- 
lowed him  in  different  parts  of  the  United  States,  espe- 
cially Dr.  Frank  P.  Foster,  of  New  York,  and  Dr.  E.  L. 
Griffin,  of  Fond  Du  Lac,  in  Wisconsin. 

The  production  of  vaccine  material  in  the  United  States 
is  now  (1903)  mainly  in  the  hands  of  a  few  private  pro- 
ducers, who  furnish  most  of  the  vaccine  lymph  used  in 
the  country.  The  principal  producers  are  the  H.  K. 
Mulford  Company,  of  Philadelphia,  Parke,  Davis  &  Co. 
of  Detroit,  Mich,,  and  the  National  Vaccine  Company  of 
Washington.  All  of  these  are  equipped  with  establish- 
ments of  ample  size,  furnished  with  modern  appliances, 
including  excellent  bacteriological  laboratories  and  capa- 
ble of  producing  vaccine  material  ample  in  quantity  and 
reliable  in  quality  for  general  use.  Considerable  quan- 
tities are  also  exported  abroad  for  use  in  other  countries. 

At  present  it  is  safe  to  say  that  practically  all  of  the 
lymph  used  for  vaccination  in  the  United  States  is  of 
direct  bovine  origin — produced  by  artificial  propagation. 

There  are  certain  advantages  iu  the  employment  of 
animal  lymph  which  may  be  detailed  as  follows: 

The  avoidance  of  the  transmission  of  certain  diseases 
common  to  mankind,  which  it  has  been  conclusively 
proven  may  be  transmitted  by  the  process  of  vuceiuation  ; 
for  while  it  is  tnidoubtedly  true  that  millions  are  annu- 
ally vaccinated  without  the  occurrence  of  a  single  case 
of  such  transmission,  it  is  also  true  that  a  sutlicient  num- 
ber of  cases  are  on  record  to  establisii  the  possibility  of 
such  transmission. 

The  French  Academy  of  Medicine  had,  as  long  ago  as 
1830,  proclaimed,  almost  in  dogmatic  terms:  "Vaccinate 
without  fear,  for  the  vaccine  virus  taken  from  subjects 
afflicted  with  complaints  susceptible  of  communication 


that  vaccinal  syphilis  was  an  incontestable  fact,  and 
while  it  was  of  very  rare  occui'rence  its  |)0ssibility  could 
not  be  doubted.  Ricord  said  of  it:  "  I  at  first  denied  the 
possibility  of  the  transmission  of  syphilis  by  vaccination, 
but  facts  repeating  themselves,  and  becoming  more  and 
more  cont3rmator_v,  I  admitted  with  reserve,  and  even 
with  repugnance  this  mode  of  transmission.  To-day  I 
I   do  not  hesitate  to  state  it  as  a  fact." 

Proofs  of  the  occurrence  of  \accinal  syphilis  are  to  be 
j  found  in  the  vvritings  of  Depaul,  of  Viennois,  and  others, 
I  where  about  three  hundred  cases  art'  given  in  detail. 
The  reported  cases  are  niaiuh'  of  French  and  Italian 
origin,  those  detailed  liy  Professor  Cerioli  and  the  Kivalta 
cases  constituting  a  large  part  of  the  number.  While 
the  earlier  English  writers  have  beeu  slow  to  accept  the 
possibility  of  such  transmission,  some  recent  experiments 
have  apparently  settled  the  question  conclusively  that 
the  danger  exists,  so  far  as  vaccination  with  humanized 
lymph  is  concerned,  although  the  transmission  is  of  ex- 
tremely rare  occurrence. 

It  is  certain  that  hundreds  of  thousands  of  vaccinations 
were  made  every  year  without  the  occurrence  of  the  ac- 
cident in  question,  and  hundreds  of  busy  practitioners 
passed  through  the  period  of  active  practict,  during 
which  they  were  called  upon  to  make  frequent  vaccina- 
tions, without  meeting  a  single  case. 

Three  methods  have  been  detailed  as  possible  for  the 
occurrence  of  vaccinal  syphilis: 

(1)  By  the  mixture  of  vaccine  lymph  with  the  products 
of  a  syphilitic  skin  eruption. 

(2)  By  mixture  with  the  blood  of  a  syphilitic  person. 

(3)  By  the  use  of  the  clear  lymph  of  a  vaccine  vesicle 
existing  on  the  person  of  a  syphilitic. 

With  reference  to  the  question  of  the  transmission  of 
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syphilis  by  inoculating  the  blood  of  a  syphilitic  upon  a 
liealthy  person,  there  can  be  but  little  question.  The 
question  has  been  proven,  both  by  observation  and  by 
experiment. 

With  reference  to  the  transmission  of  syphilis  through 
the  medium  of  the  clear  vacciue  lymph  containing  no 
blood,  the  experiments  of  Dr.  R.  Cory,  an  officer  of  the 
Local  Government  Board  of  England,  established  the 
possibility  of  such  communication.  These  experiments 
were  witnessed  by  a  committee  of  experts  comprising 
the  noted  surgeon,  Jonathan  Hutchinson,  together  with 
Drs.  Bristowe,  Humphrey,  and  Ballard  (see  Twelfth  Re- 
port of  Medical  OtEcer  of  the  Local  Government  Board 
of  England,  p.  46). 

Since  the  introduction  of  animal  vaccination  generally 
into  different  countries,  the  reports  of  such  cases  have 
become  comparatively  rare,  and  consequently  the  discus- 
sion of  this  question  has  now  lost  much  of  its  practical 
importance. 

When  it  is  remembered  that  at  least  five  hundred  mil- 
lions of  persons  have  undoubtedly  been  vaccinated  since 
the  introduction  of  vaccination  by  Jenner,  the  ratio  of 
these  cases  of  transmitted  syphilis  to  the  whole  number 
is  surprisingly  small. 

Another  reason  for  the  use  of  bovine  virus  lies  iu  the 
facility  with  which  an  abundant  supply  of  lymph  may 
thus  be  secured  for  use  at  short  notice.  The  occasional 
advent  of  smallpox  among  the  crowded  populations  of 
large  cities  renders  the  production  of  large  quantities  of 
vaccine  lymph  in  a  brief  space  of  time  au  absolute  neces- 
sity. 

The  amount  of  vaccine  lymph  which  may  be  obtained 
from  one  animal,  as  compared  with  the  jiaucity  of  ninte- 


vaccine  material  is  tiually  mixed  wilh  glycerin.  It  is, 
therefore,  a  decided  advantage  to  be  alile  to  resort  to  the 
cow,  and  thus  to  avoid  the  objections  which  may  be 
rai.sed  against  the  taking  of  supplies  of  lymph  from  in- 
fants. It  is  especially  desirable,  wheu  lymph  is  supplied 
by  the  authorities  of  state  and  city  governments,  that 
such  lymph  should  be  of  the  best  quality.  Such  authori- 
ties are  under  moral  obligation  to  furnish  to  the  people  a 
vaccine  lymph  which  is  beyond  all  suspicion  in  the  mat- 
ter of  freedom  from  contamination  of  disease. 

These  two  faults,  the  possibility  of  contamination  with 
syphilis  and  the  relative  paucity  of  lymph,  were  espe- 
cially the  faults  of  the  Jennerian  method  of  vaccination 
— and  in  animal  vaccination  may  be  found  a  method 
wherein  lies  the  remedy  for  both ;  that  is,  the  avoidance 
of  syphilitic  contamination  and  the  capability  of  indefi- 
nite multiplication  of  vaccine  material. 

The  possibility  has  been  suggested  of  communication 
of  bovine  disease  other  than  vaccinia,  especially  of  tuber- 
culosis of  the  cow.  Tuberculosis  is  known  to  be  inocu- 
lable,  as  demonstrated  by  Villemin,  and  more  recently  by 
the  experiments  of  Kocli  and  many  other  experimenters. 
Inoculated  tuberculosis  starts  from  the  point  of  its  in- 
sertion, as  shown  by  experimentation  upon  the  guinea- 
pig,  rabbit,  and  other  animals.  It  may  be  transmitted 
by  means  of  the  tubercle  bacilli  present  in  a  tubercle 
itself,  in  the  blood  of  an  infected  animal,  or  in  the  air 
exhaled  from  a  diseased  lung.  L'pon  this  point  Dr. 
Warlomont  sa_ys;  '"The  importance  of  these  facts  as  re- 
lated to  bovine,  as  well  as  to  humanized  vaccination,  is 
worthy  of  consideration,  and  one  fact'should  be  stated  at 
the  outset,  that  it  is  impossible  to  inoculate  tubercle  by 
means  of  m/perfcin?  innertionoi  bacilli  which  is  the  usual 
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rial  which  it  is  practicable  to  obtain  from  a  healthy  in- 
fant, is  very  large. 

Prom  two  thousand  to  ten  thousand  charges  of  effective 
lymph  upon  ivorj-  points  is  not  an  unusual  quantity  to 
be  taken  from  a  single  heifer,  and  nearly  equal  quantities 
can  be  procured  under  modern  methods  iu  which  the 


method  of  the  insertion  of  vacciue  lymph.  The  latter 
develop  very  slowly,  and  canuot,  like  those  of  splenic 
blood,  rapidly  infect  a  small  wound.  If  we  desire  to 
make  au  animal  tuberculous,  we  must  carry  the  bacilli 
deeply  into  the  tissues.  Thus  it  is  explained  why  it  Is 
that  110  one  has  been  infected  while  making  autopsies  of 
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tuberoiilous  sul)jects.  Thus,  a  fortiori,  is  it  explained 
w))y  no  one  lias  I'vor  been  infected  with  tuberciilosis 
throufjli  vaeeinatidn.  ...  So  nuieli  for  theory ;  now  for 
the  ])raetiee.  Jjet  them  show,  anionj;  the  millions  of 
subjects  vaccinated  in  the  |)ast  twenty-four  years,  either 
witii  humanized  or  with  bovine  lymph,  a  singh^  case  that 
lias  exhibited,  at  the  spot  of  insertion  of  vaccine  lymph, 
anything  that  resembled  a  tubercle.  Nothing  of  the 
kind  has  ever  happened,  although  it  is  probable  that, 
among  .so  large  a  number  of  inoculated  persons,  .some 
nnist  have  received  vaccine  from  tuberculous  vaccin- 
ifers." 

With  reference  to  transmission  of  disea.ses  of  the  "(-har- 
bon  "  type,  Dr.  Warlomont  states  that  "it  has  been  com- 
pletely demonstrated  that  laudable  vaccine  vesicles 
would  never  develop  in  animals  allected  with  charbon. 
Tlies(!  affections  are  not  common  in  animals  sold  at 
markets  or  elsewhere  for  jMirposes  of  vaccination." 

All  of  these  dilllculties.  if  they  are  worthy  the  name  of 
difiiculties,  may  be  avoided  by  the  method  iidoi)ted  in  the 
best  establishments  at  present,  which  consists  in  deliver- 
ing or  using  the  lymph  from  any  animal  for  the  purpose 
of  vaccination  only  after  such  animal  has  been  jiroveu  l)y 
autopsy  to  have  been  absolutely  healthy, 

OoTcrnmeiit  Production  of  Vciccinc. — Tlie  iiroduetion  of 
vaccine  lymph  for  the  use  of  sanitary  aulliorities  in  for- 
eign countries  is  very  generally  eonducleil  by  the  gov- 
ernments of  these  countries,  or  under  their  direct  super- 
vision. 

In  Sweden,  a  central  estaljlishnient  at  Stockholm,  under 
the  direction  of  the  Council  of  Health,  furnishes  vaccine 
for  the  whole  kingdom.  In  Germany  all  the  establish- 
ments are  under  the  general  supervision  of  the  Imperial 
Board  of  Hcjdth. 

In  England  an  establislnncnt  is  maintained  at  London 
under  the  direction  of  the  medical  ollii'er  of  tlie  Local 
Government  lioard.  In  Italy  there  is  maintained  at  Home 
a  national  establishment  wl:icli  distributes  lym])h  to  any 
province  which  desires  it.  J5ut  the  provinces  may  estab- 
lish their  own  plants,  or  obtain  supplies  from  private 
parties  under  careful  restrictions. 

In  Prance  vaccine  is  supidied  b_v  private  parties,  but 
the  work  has  the  strong  supiiort  of  the  Academy  of  Medi- 
cine. 

In  Austria  the  supply  is  partly  from  public  and  partly 
from  private  sources. 

The  cities  of  New  York  and  Chicago  maintain  vaccine 
plants  for  the  public  use  of  these  cities.  There  can  be 
no  reasonable  objection  to  the  establishment  of  such 
plants  eifclier  by  a  country.  State,  or  large  city.  In  fact, 
the  objections  which  are  always  liable  to  arise  in  conse- 
quence of  tiie  sharp  com])etition  of  private  producers  are 
thus  avoided.  There  is  also  the  advantage  that  a  State 
in  which  no  ju'ivale  establishments  exist  ma)'  produce  its 
own  vaccine,  under  its  own  contiiil,  and  in  such  place  as 
may  be  readily  accessible  in  times  of  emergency. 

Tlic  Qunxlioii.  of  the  Degeneration  of  Vdccine. — Tlie  ques- 
tion whether  vaccinia,  in  its  transmission  from  the  cow 
through  a  series  of  human  beings  year  after  year,  loses 
any  of  its  jn-iniary  efliciency  has  been  a  subject  of  discus- 
sion since  the  earlier  years  of  the  present  century. 

Jenner  did  not  admit  such  a  possibility,  although  fre- 
cjuent  ajiplications  Avere  made  to  him.  within  two  or 
thVee  years  after  his  di.scovery,  for  lyni])li  ."as  recent 
from  the  cow  as  ))ossible."  A  further  experience  of 
twenty  years  satisfied  him  that  the  liyjiothesis  of  such 
degeneration  was  groundless.  lie  was,  however,  cai'c'ful 
to  require  that  the  successive  transmissions  of  lymph 
should  be  made  through  healthy  subjects.  In  181(i  he 
stated  that  "the  matter  may  undergo  a  change  that  may 
render  it  unlit  for  further  use  by  passing  even  from  one 
individual  (o  another,  and  this  is  as  likely  to  happen  in 
the  lirst  year  of  vaccination  as  in  tlie  twentieth."  But 
that  with  proper  care  and  attention  lymph  underwent 
no  change  lie  considered  to  be  jjroven,  by  the  fact  that 
the  vesicles  he  was  then  producing  were  "in  every  re- 
spect as  ijerfeet  and  correct  in  size,  shape,  color,  state 
of   the   lymph,    period   of   the    appearance  and    disap- 


pearance of  the  areola,  its  tint,  and,  finally,  the  compact 
texture  of  the  crust,  as  they  were  in  the  lirst  year  of  vac- 
cination ;  and  to  the  best  of  my  knowledge,  the  matter 
from  which  they  were  derived  was  that  taken  from  a 
cow  alioiit  sixteen  years  ago." 

The  argument  as  thus  slated  was,  that  if  lymph  could 
undergo  eight  hundred  or  nine  hundred  transmissions 
through  men  without  giving  evidence  of  change,  it 
should  also  remaiu  equally  unchanged  after  an  indefinite 
number  of  such  transmissions,  and  many  oliservers  after 
forty  years  declared  the  same  opinion. 

The  National  Vaccine  Board  of  England,  in  their  an- 
nual report  for  IH.W,  declared  "that  tlie  vaccine  lymph 
does  not  lose  any  of  its  prophylactic  [lower  by  a  contin- 
ued transit  through  successive  subjects." 

Seaton  conlirms  the  truth  of  this  statement  in  his 
"Handbook,"  page  203. 

.  In  the  United  States  one  of  the  most  noted  instances  of 
long  continued  transmission  of  liumanizcd  lymph  is  that 
recorded  by  Dr.  E.  JI.  Snow,  suiierintendent  of  health  of 
I'rovideuce,  K.  I.,  and  his  successors.  In  a  report  pub- 
lished by  Dr.  C.  V.  Chapin  in  1886  he  said:  "The  record 
of  the  vaccine  now  used  in  the  public  vaccinations  in  this 
city  mav  b(^  traced  from  arm  to  arm  by  name  and  date 
continuously  back  to  February  2yth,  1868;  a  date  fully 
two  years  before  the  importation  of  tlie  famous  Beau- 
gency  stock  of  animal  virus,  from  which  the  country  has 
since  been  so  largely  supplied."  He  states,  furthermore, 
that  "all  the  traditions  concerning  the  matter  are  to  the 
elTect  that  the  virus  then  in  use  was  of  the  stock  .sent  to 
this  country  to  Dr.  Waterhouse,  of  (,'ainbridge,  by  Dr. 
.Tenner  in  the  spring  of  1801,  with  the  statement  that  it 
was  from  his  original  stock." 

The  theory  that  vaccine  lymph  has  suffered  degenera- 
tion by  successive  transmissions  through  the  human  spe- 
cies is  chiefly  of  continental  origin.  JIany  French 
authorities  have  affirmed  this  principle  as  a  reason  for 
rre(|uently  resorting  to  the  cow  for  a  renewed  supply  of 
lymph.  Kinglake  also,  in  England,  as- early  as  1814, 
had  advanced  the  theory  of  degeneration. 

The  Uoyal  Academy  of  Sciences  of  France  in  1838 
offered  a  prize  of  ten  thousand  francs  for  the  best  essay 
on  this  subject,  thus  indicating  the  importance  which 
was  attached  to  the  jiroblem  at  that  early  day.  It  was 
not  till  184.5  that  a  report  was  made  on  the  thirty-five 
essays  received.  The  prize  was  divided  between  Bous- 
quet,  Fiard,  and  Steinbrenner,  each  of  whom  answered 
the  (jnestion  aflirmatively.  The  Sanitary  Commission  of 
the  Grand  Duchy  of  Baclen  in  1817  reported  in  favor  of  a 
frequent  resort  to  the  cow,  inconsequence  of  the  degene- 
ration of  lymph. 

The  TiicuNiQUE  of-  Bovine  Vaccination'. — The  best 
animals  for  u.se  in  bovine  vaccination  are  calves  and 
heifers,  from  the  age  of  one  month  to  two  years,  War- 
lomont says  "they  should  weigh  at  least  100  kgm.  (220 
lbs.),  and  be  in  good  health." 

The  recent  German  regulations  state  that  calves  of 
"five  weeks  and  upward  are  to  be  preferred."  (Dr. 
Voi.gt,  of  Hamburg,  employs  calves  from  three  to  four 
months  old.) 

Vaillard  prefers  calves  from  two  and  a  half  to  three 
months  old,  and  gives  as  a  reason  tlie  consequent  avoid- 
ing of  tuberculous  stock.  JI.  Leclerc,  the  chief  inspec- 
tor at  Lyons,  had  met  but  live  tuberculous  calves  out  of 
about  four  hundred  thousand  slaughtered  arfiinals. 

The  stock  selected  for  the  ]niri)ose  of  vaccine  propaga- 
tion should  be  in  perfect  health,  and  if  fatigued  by  long 
travel  on  the  railroad,  or  affected  wdtli  diarrluea  from 
imjjioper  feeding,  they  should  be  allowed  to  rest  for  a 
day  or  two  until  they  are  in  good  condition,  before  being 
submitted  to  vaccination. 

The  stable  should  be  well  ventilated  and  kept  at  a 
medium  tcmperidure.  For  young  animals  the  feed 
should  be  mainly  of  milk,  and  for  older  animals  hay  and 
the  lighter  meals  may  be  u.sed.  In  HoUanii,  the  feed  of 
calves  at  vaccinating  establishments  consists  of  ten  litres 
of  milk,  and  from  two  to  four  eggs  dail_v,  for  each  calf. 

Older  animals  are  often  used  for  the  propagation  of 
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lymph  with  good  succc-ss.  and  milch  cows  have  not  infre- 
qucDtly  been  employed  for  the  purpose,  such  animals 
yielding  an  abundant  supply  of  lymph,  the  process  of 
vaccination  apparently  having  no  effect  upon  the  quan- 
tity or  the  quality  of  the  milk^     Sucii  animals,  however, 
present  the  disadvantage  of  large  size  and  consequent 
difficulty  of  management.     If  a  large  yield  of  lymph  is 
not  called  for  they  may  Ije  vaccinated,  and  the  collection 
of  Ivmph  mav  be  made  without  laying  the  animal  upon 
the 'vaccinating  tabic.     Another  disadvantage  pr-   -  •  • 
itself  in  the  fact  that  a  small  percentage  of  milk  j 
cows,  and  especially  of  the  older  animals  as  Uy.:  . 
forms,  have  ustially  suffered  with  towpo.x  at  somex)eriod 
of  their  lives.     It  'is  useless  to  attempt  to  vaccinate  such 
animals. 

With  reference  to  the  effect  of  vaccinalion  upon  the 
Talue  of  the  animal,  either  ah've  or  as  slaughter-  '  ' 
beef,   the    following    statement    from    Dr.    War 
should  be  received  as  authority,     "  We  must,  ;: 
not  forget  that,  at  the  latest,  the  animal  should  y : 
il8  harvest  in  the  course  of  the  sixth  day,  and  that  r 
be  killed  on  the  seventh,  before  the  po8.sible  development 
«f  suppurative  fever.     As  a  matter  of  fact,  it  does  not 
suffer  in  consequence  of  vaccination,  however  numerous 
the  inisertions  may  be.     It  may  suffer  from  the  fatiirues 
and  ill-treatment  of  the  journey,  from  the  r.    - 
of  the  dealer,  from  change  of  stable,  or  fror. 
tion  f rom  the  mother,  but  vaccination  of  itv  .. 
means  the  cau.se  of  any  depreciation  in  the  animal.     This 
may  be  laid  down  as  an  a.'siom  in  the  matter  of  respon- 
ability." 

In  Berlin  snch  calves  after  collefftion  of  the  lymph  are 
sold  to  the  .TewLsh  rabbi  to  be  slaughtered  as  fofd.  A 
larger  price  is  paid  for  them  than  for  ordinary  calves. 
owing  to  the  fact  that  they  are  in  excellent  condition  a.s 
a  result  of  good  feeding  while  at  the  vaccine  station.'^ 

Animals  vaccinated  upon  the  aMomen  may  injure  the 
Tesicles  by  abrasion  against  the  flo<jr,  an  accident  which 
may  be  prevented  by  the  use  of  Tegmin  bandages. 
These  have  been  introduced  at  some  of  the  (Jerman  es- 
tablishments in  recent  y«ir=.  Their  use,  however,  does 
not  appear  to  be  univer-.  ■■ 

The  vaccination  of  &■  •■  conducted  un- 

der conditions  of  scienu;;'    ■,..::.  "'^  as  are  pre- 

sented for  e.xample  in  Dr.  Cof<en. .  -.Hon  of  the 

plant  at  Cologne.     The«  condi;:  .   .    to:  1.  The 

oonstniction  and  admini.stration  of  the  stabling  for  the 
calves.  2.  The  means  for  washing  or  barhir^g  calves 
before  their  vaccination.     3.  Thecon.str  ;  cleans- 

ing of  the  operating  rooms.     4.  The  of  the 

Ta'    ■         '         '  '    ■         -,     •-. 

H, 

T)..-  —  ■■; 

concemcl  in  out.    6.  The  steriliza- 

tion of  all  il-  ...      7.  Thecanyingo:;- 

<rf  the  process  of  admixture  of  the  Ij'mph  material  ' 
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continental  vaccinators  have  chosen  the  inguinal  region 
as  the  point  of  election.  Lanoix,  Dei>aul.  and  Ciaudo 
preferred  this  region,  including  a  space  from  6  to  8  in. 
f  10  to  20  cm.)  square.    Warlomont  defines  the  region  of 


JIG.  «33.— Calf  upon  the  VaeOnatliig  Table.    (From  rafljard.) 

elM^tion  as  about  as  large  as  "the  crown  of  a  man's  hat," 
ing  between  the  ingnino-mammary  region  and  the 

'US. 

1  tiamlxjn  and  Vaillard  define  ::  -  ■''  ' — '■'  "  for 

u-se,  namely,  the  entire  surface  iry 

fold  in  front,  the  inguino-crurai  ;   -  .   ,         ..-■.•ro- 

posterior  line  running  near  the  umtjiiicus  hieiow,  and 
above  by  a  horizontal'  line  connecting  the  middle  of  the 
axillarj-  fold  with  a  corresponding  point  behind.  Upon 
this  br'^od  r^-ctangular  surfa^-e  may  be  made  from  one 
hundr    :  "v  to  two  L  '  ''  h. 

Ty;  s  are  oft'  on, 

or  niii<v  ii..;:;i.   of  adult  a^ i-     i.-.    ...--..•........-';   of 

this  region  lying  in  the  ri.sk  of  .soiling. 

For  the  fixation  of  the  animal  in  a'convenient  position 
for  the  requisite  operations,  a  tilting  table  will  be  found 
to  Ije  useful  for  all  animals  weighing'  !<>==  than  300  lbs. 
(140  kgm.  or  less).     This  table  !  of 

two-inch  Tilank.  stronelv  fa.stei.  led 

-  •  •     •      ■  '  '   "■'• :ast- 

fnl 

.,    ...    .     .       the 

by  four  strong  strap  hinges.     To  place  the 

in' it,  it  should  be   led   al'.r  ?=;':'•  the   table, 

sc-curci  I'i  it  firmly,  and  then  the  ta-  be  tilted 

into  a  horizontal  position  and  the  a:  s<rf;urely 

•A  in  place.     The  region  for  '     "bus 

'-d  for  the  necessarr  manipula-  ry  to 
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Fig.  4  934.— Cliamhon's 
Expression  Forceps. 


securing  the  animal  to  the  table,  for  which  purpose  he 
employs  five  assistants,  the  duties  of  each  being  carefully 
defined. 

Two  of  the  forceps  in  common  use  are  shown  in  the 
accompanying  cuts.     Fig.  4934  is  that  of  Cliambon,  and 
Fig.  4935  that  of  Warlomout. 

A  slight  pressure  onlj-  is  neces- 
sary to  hold  the  vesicle  and  facili- 
tate the  How  of  lymph,  and  it 
often  happens  that  no  forceps  are 
necessary. 

The  Development  of  the  Vesicle. — 
If  the  inoculation  is  successful, 
each  incision  will  begin  to  show 
a  light  red  border  at  tlic  end  of 
about  forty -eight  hours;  at  the 
end  of  another  da.y  a  slight  swell- 
ing appears,  increasing  in  size; 
and  b)-  the  end  of  the  fifth  day  a 
well-formed  vesicle  will  be  seen 
at  the  seat  of  eacli  successful  in- 
sertion. These  vesicles  are  shaped 
according  to  the  method  of  inser- 
tion. In  the  case  of  punctures 
they  are  circular,  and  in  the  case 
of  incisions  they  are  shaped  like 
the  half  of  an  "elongated  coifee- 
l)crry,"  having  a  cicatricial  de- 
pression, surrounded  by  a  zone  of 
silvery  white,  and  encircled  by  an 
outer  zone  of  a  reddish  hue,  the 
distinctness  of  color  varying  with 
the  amount  of  pigmentation  of  the 
skin  at  the  places  of  insertion. 
The  swelling  of  the  vesicle  in- 
creases until  about  the  seventh  or 
eighth  day,  when  the  transparent  zone  becomes  3-ellow- 
ish  in  color,  and  in  the  following  days  the  vesicle  be- 
comes purulent,  dries  up,  and  is  converted  into  a  brown 
crust,  which  falls  oft'  from  the  fourteenth  to  the  twen- 
tieth day. 

According  to  AVarlomont,  if  the  modes  of  insertion  by 
incision  and  by  puncture  be  practised  on  the  same  ani- 
mal, the  eruption  will  be  developed  twenty-four  hours 
later  in  the  latter,  a  circumstance  whicli  may  prove  of 
advantage,  by  having  two  stages  of  development  in  the 
same  animal,  and  by  the  consequent  possibility  of  col- 
lecting mature  Ij'mph  on  two  successive  days  if  neces- 
sary. 

The  proper  time  for  the  collection  of  lymph  is  a  period 
of  about  twenty-four  hours  in  length,  and  in  order  to 
obtain  lymph  of  the  best  and  most  efficient  qualitj-,  the 
opportune  moment  for  collection  should  be  carefully 
studied.  This  moment  is  not  of  necessity  the  time  when 
the  most  abundant  tlow  takes  place,  but  an  earlier  period. 
For  greater  clearness  of  expression,  it  is  best  to  state  the 
period  in  hours,  since  the  expressions,  third,  fourth,  fifth 
day,  etc.,  are  differently  interpreted  b_y  different  writers. 
Negri  often  made  use  of  tlie  vesicles  of  three  times 
twenty-four  hours.  Throughout  the  continent,  it  is 
common  to  make  the  collection  of  lynqih  either  at  the 
termination  of  three,  four,  five,  or  six  times  twenty-four 
hours.  At  Cologne  it  is  the  practice  to  vaccinate  on 
Tuesdays  and  collect  lymph  on  Fridays.  The  more  com- 
mon custom  in  the  United  States  was,  previous  to  1890,  to 
collect  lymph  at  the  end  of  seven  times  twenty-four  hours, 
or  on  tlie  same  day  of  the  week  with  its  insertion ;  or,  if 
the  collection  rc(iuired  several  hours,  to  complete  the 
operation  at  that  time,  after  the  method  employed  by 
Lanoi.\.  In  most  United  States  establishments,  however, 
Ij'mph  is  now  collected  at  an  earlier  date. 

Collection  of  Vaccine  Lymph. — The  vesicles  propagated 
upon  bovine  animals  usually  require  more  pressure,  in 
order  to  obtain  a  supply  of  "lymph,  than  is  necessary  in 
the  collection  of  humanized  virus,  es]iecially  from  the 
arms  of  infants,  in  whom  the  skin  is  tender.  From  these 
the  lym])li  usually  Hows  readily  at  the  slighlest  puncture 
or  incision.     In  bovine  animals,  however,  having  a  skin 


of  greater  thickness,  considerable  pressure  is  usually  re- 
quired to  cause  a  free  How  of  lymph  (see  further  state- 
ment in  description  of  the  establishment  at  Cologne). 

DeUcery  of  the  Lymph. — A  careful  record  is  kept  sit 
each  establishment  of  the  date  of  sending,  quantity,  re- 
cipient, and  other  important  items.  B}-  far  the  greater 
quantities  were  furnished  in  the  mouths  of  5Iay  and 
June.  The  recipients  were  clas.sified  into  public  vacci- 
nators, private  physicians,  and  military  physicians.  The 
former  class  used  by  far  the  greatest  quantity  of  lymph. 

Sending  and  I'ocking  of  the  Lymph. — The  usual  mode 
of  sending  lymph  from  the  stations  in  the  German  cities 
is  by  mail  in  capillary  tubes,  usually  containing  about 
enough  for  five  vaccinations,  and  in  large  glass  tubes 
containing  fiftv  or  one  hundred  such  jjortions.  These 
are  securely  packed  in  wooden  or  pasteboard  boxes,  with 
directions  for  use  accomjjanying  them. 

In  most  of  the  cities,  test  vaccinations  were  made  upon 
calves  for  the  purpose  of  proving  the  efficiency  of  the 
lymph  before  forwarding  it.  In  times  of  unusual  ae- 
mand.  however,  this  practice  was  omitted. 

The  Efficiency  of  the  Vaccination.'^. — The  results  are 
stated  with  great  care,  both  as  to  tlie  number  of  persons 
vaccinated,  and  as  to  the  number  of  Insertions  or  sepa- 
rate tcarifications  made. 

In  Leipsic  observations  were  made  upon  32,158  pri- 
mary vaccinations,  in  which  the  successful  vaccinations 
amounted  to  21,982,  or  99.21  per  cent. ;  partially  success- 
ful, 145,  or  0.65  of  one  percent.  ;  and  unsuccessful.  31, 
or  0.14  of  one  per  cent.  Of  the  revaccinations,  15,115 
out  of  16,706,  or  90.48  per  cent.,  were  successful. 

In  Hamburg,  in  a  series  of  ten  years  the  success  rate  of 
primary  vaccinations  was  fully  99  per  cent. 

In  the  entire  Oermau  Empire  the  success  rate  of  pri- 
mary vaccinations  in  1899  was  96.1,  or  1,446,914  success- 
ful vaccinations  out  of  a  total  of  1,505,698. 

Duration,  of  Efficiency. — Lymph,  wlien  carefully  pre- 
served at  an  even  and  low  temperature,  retained  its  eflj- 
ciency  for  from  two  to  four  months,  and  even  longer. 

Lymph  used  ac  stations  was  usually  quite  fresh,  but 
private  physicians  often  found  it  cHicient  at  the  age  of 
several  months.  Tests  were  made  at 
Stettin  of  Ivraph,  46,  81,  102,  138,  153. 
175,  178,  229,  and  249  days  old,  and  in 
each  case  it  was  fcmnd  to  be  efficient. 
The  lymph  was  preserved  in  glass  ttibes. 

Some  l3'mpli  was  sent  to  Jladras  from 
Berlin,  February  17th,  1891.  and  a  calf 
vaccinated  with  this  lymph  on  the  17tli 
of  March,  had  one  iumdied  and  one 
good  vesicles  out  of  one  luuulrcd  and 
twenty-one  insertions.  This  was  also 
successfully  transmitted  from  this  calf  to 
others.  In  some  cases  lymph  sent  to 
places  in  hot  climates  proved  without 
effect. 

Diseases  Following  Vaccination. — Vac- 
cine physicians  are  instructed  to  make 
special  observations  upon  this  jioint. 
Out  of  the  immense  number  of  vacci- 
nated persons  in  Germany,  but  very 
few  cases  of  erysipelatous  eruptions, 
swelling  of  the  axillary  glands,  and 
slight  skin  eruptions  of  a  temporary 
character  were  recorded,  and  no  cases  of 
syphilis  were  mentioned. 

Preparation  of  L.ymph. — The  follow- 
ing account  of  the  method  of  preparing 
vaccine  lymph  at  Berlin  is  given  by 
Prof.  Albert  Guttstadt,  in  an  article  en- 
titled "Das  Impfwesen  in  Preussen  in 
1887-88,"  in  the  Zeitsehrift  den  Konigl. 
Preim.  Statistinch.  Biirean.i.  1890." 

The  skin  of  the  calf  is  first  washed 
with  warm  soap  and  water.  The  incisions  then  show 
clearly,  and  the  lymjih  is  taken  out  with  a  .sharp  spoon, 
shaped  like  a  potato  borer. 

The  lymph  was  at  first  mixed  with  glycerin  in  a  porce- 
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lain   raortar,  but   afterward  a   machine  was    employed 
which  was  designed  by  the  assistant.  Dn  H.  DSrinj;;. 

This  apparatus,  the  "  Doring  lynijjli  mill  "  (Fig.  4936), 
is  the  result  of  several  trials,  and  consists  of  an  iron 


FIG.  4936.— DorinK  Lympb  Mill. 

frame  fastened  to  an  iron  plate,  supporting  four  cyliu- 
ders  of  porcelain  having  roughened  surfaces.  These 
cylinders  are  removable,  and  may  be  sterilized. 

The  lymph  is  first  mixed  bj'  light  stirring  with  one- 
third  of  its  weight  of  glycerin,  and  is  then  ])iaced  on  the 
line  of  contact  between  the  cylinders,  a  little  at  a  time, 
while  an  assistant  turns  the  handle.  In  a  few  moments 
the  finely  mi.\ed  lymph  mass  is  scrapctl  off  fiom  the  last 
cylinder  by  the  glass  shield  and  caught  in  the  dish  be- 
low. After  the  whole  mass  has  passed  through  the  ap- 
paratus it  is  stirred  with  a  glass  rod,  with  the  addition 
of  more  glycerin,  and  is  passed  through  the  mill  again. 
It  is  advisable,  after  emptying  the  lym|>h  upon  the  cylin- 
ders, to  scrape  the  dish  to  avoid  In.ss.  The  lymph  is 
then  ready  for  use.  The  loss  is  at  the  utmost  0. 5  per  gram. 
From  20  and  2.5  gm.  of  raw  lymiih  may  thus  be  easily 
prepared  for  use  in  thirty -five  minutes. 

The  apparatus,  exclusive  of  the  plate  on  which  it 
stands,  is  about  20  cm.  (8  in.)  in  each  dimension.  Ac- 
companying each  apparatus  are  two  rectangular  dishes 
and  glass  scrapers,  a  spatula  to  collect  lymph,  a  clamp, 
screwdriver,  and  oil  can.  The  apparatus  is  sold  by  Ju- 
lius Schober,  Adalbert  Street,  3'J,  Berlin. 

Another  machine  employed  for  the  same  purpose  is  that 
devised  by  Dr.  Chalybiuis,  of  Dresden.  It  consists  of  a 
vertical  spindle  revolving  in  a  cylinder,  the  material  for 
trituration  being  fed  througli  a  funnel  at  the  top. 

Vaccination  in  Japan. — Vaccination  has  made  rajiid 
progress  in  Japan  since  its  iutroiluction  there.  It  ap- 
pears from  the  goveriunent  rejiorts  that  calf  lym|)h  is 
now  very  largely  used.  The  vaccine  farm  was  at  first 
under  control  of  the  Government,  but  was  finally  en- 
trusted to  a  private  association.  February  16th,  1888,  a 
commission  was  appointed  to  investigate  the  subject  of 
the  preservation  of  lymph,  so  that  it  could  be  distributed 
to  distant  places  and  still  be  used  with  efficiency. 

1.  Vamine  Lympli.  in  the  Dn/  Cunt/ilion. — (<()  On  ivory 
points.  The  points  in  use  in  the  United  States  at  ]iresei{t 
are  of  a  pretty  uniform  size,  being  about  37  mm.  in 
length,  6  mm.  in  width,  and  about  i  mm.  in  thickness. 
By  far  the  greater  number  are  produced  at  several  estab- 
lishments in  Connecticut,  where  bone  points  of  the  same 
size  and  shape  are  also  made  for  the  saiue  purpose,  at 
less  cost.  Larger  and  smaller  sizes  have  also  hatl  a  lim- 
ited use.  One  end  of  the  point  is  usually  made  square 
and  the  other  end  pointed,  and  the  rounded  edges  near 
the  point  are  often  bevelled,  this  device  having  been 
adopted  for  the  [Mirpose  of  allowing  the  point  to  be  used 
as  a  lancet  (Fig.  4923). 

In  order  to  charge  the  points,  they  should  be  applied  to 
the  lymph  exuding  from  the  vesicle,  first  upon  one  side 
of  the  point  and  then  upon  the  other,  until  they  are  quite 


uniformly  coated  witlt  the  lymph  for  a  distance  of  from  1 
to  2  cm.  from  the  point.  In  the  case  of  some  propaga- 
tors, it  is  customary  to  allow  the  points  to  dry,  and  to  re- 
charge them  with  "lymph,  either  from  the  same  or  from 
another  animal.  The  points  should  be  carefully  laid  to 
dry  upon  the  edge  of  any  convenient  place,  where  the 
charged  jiortion  may  project  in  such  a  manner  as  to 
allow  of  its  drying  readily.  Ivory  vaccine  points  are 
adapted  to  use  in  connection  with  the  method  by  scari- 
fication, rather  than  by  puncture.  As  ordinarily  pre- 
pared, the  lymph  upon  ivory  jjoiuts  will  usually  retain 
its  activity,  when  the  points  are  kept  at  an  even,  cool 
temperature  of  40'  to  60°  F.  (4°  to  15°  C),  for  two  months 
or  more.  They  have  been  known,  however,  frequently 
to  retain  their  activity  for  very  much  longer  periods,  ten 
months  or  more  having  been  reported.  Points  are  also 
charged  with  glycerinated  Jymph,  and  are  then  coated 
with  parafiin,  or  protected  by  a  shield  of  glass  or  other 
material. 

An  ingenious  device  was  brought  to  notice  by  Dr.  F. 
Kimball,  of  Audover,  Mass.,  in  18SU,  for  the  purpose  of 
facilitating  the  rapid  application  of  lymph  to  ivoiy 
points  when  considerable  quantities  are  required  at  once 
(see  Fig.  4937).  It  consists  of  two  pieces  of  pine  wood 
gliied  together  in  such  a  manner  as  to  allow  the  points 
to  be  held  firmly  in  position  while  the  lymph  is  applied. 
A  thin  shaving  of  uniform  width  is  removed  from  one  of 
the  pieces  of  wood,  not  quite  as  thick  as  the  points. 
Similar  devices  are  now  in  use  in  some  of  tlie  larger 
American  establishments. 

Various  methods  are  employed  for  packing  charged 
points  for  transportation.  Those  methods  are  best  which 
most  efficiently  protect  the  points  fi-om  the  air,  from 
moisture,  and  from  changes  of  temperature.  In  the 
method  emjdoyed  by  Dr.  Martin  the  points  are  first 
wrapped  with  clean  absorbent  cottou,  then  with  thin 
white  paper,  and  finally  are  wrapjjed  in  an  outer  coating 
of  thin  sheet  gutta-)3ercha,  which  is  easily  made  perfectly 
tight  by  a  very  moderate  degree  of  heat. 

(4)  Crasts. — This  method  of  using  vaccine  material  lias, 
fortunately,  gone  out  of  use  in  places  where  bovine 
lymph  can  be  obtained,  and  it  should  be  abandoned  alto- 
gether, as  relating  both  to  bovine  and  to  humanized 
lymph,  since  the  crust  consists  of  the  products  of  the 
vaccine  vesicle  which  have  passed  the  period  of  matur- 
ity, when  the  clear  transparent  lymph  has  advanced  to 
the  purulent  stage  and  the  vesicle  has  become  a  pustide. 

A  few  years  since,  bovine  crusts  were  offered  for  sale 
in  the  shape  of  masses,  or  cones,  which  consisted  of  pow- 
dered crusts,  formed  into  shape  by  the  aid  of  pressure 
and  other  means ;  examination  showed  that  these  masses 
contained  a  considerable  quantity  of  foreign  material, 
such  as  might  be  expected  to  be  found  in  the  crusts 
formed  upcm  animals  which  had  not  been  carefully  kept. 


u 


Fig.  4937.  — KimbaH's  Device  for  tlie  Rapid  Collection  of  Lymph. 

Serious  results  following  the  use  of  these  devices  soon 
l)ut  an  end  to  their  use. '* 

It  is  hardly  necessary  to  allude  to  the  fact  that  crusts, 
like  other  organic  material,  luidergo  rapid  putrefactive 
changes  in  the  presence  of  heat  and  moisture.  Instances 
are  on  record  of  serious  injury  from  so-called  vaccina- 
tions made  by  the  use  of  crusts  kept  dissolved  in  water 
for  a  considerable  period. 
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Other  inethods  iMiiploved  in  the  early  part  of  the  nine- 
teeutli  century  were  Ihense  of  hits  of  thread  or  silk  satu- 
nile<l  with  vaVeine  lymph,  and  these  were  drawn  under 
the  skin  and  allowed"  to  remain  till  infection  took  place. 

Bits  of  jroose  qnill  were  also  sharpened  like  a  pen  and 
then  charged  with  lymph.  These  were  often  used  for 
vaccinatini:  by  puncture. 

((•)  Dried  Viurine  L>/iiij)!i  i/i  the  Form  of  Pow(k}:— This 
method  of  usinsr  vaccine  lymph  has  been  employed  to 
some  extent,  but  has  not  come  into  general  use.  M. 
Ciaudosays  he  has  obtained  good  results  with  dried  vesi- 
cles after  from  one  hundred  and  ton  to  one  hundred  and 
thirtv  days.  Warlom<mt  experimented  with  vesicles  cut 
into  "small  fragments  and  rui)idly  dried  in  a  drying  ap- 
paratus. These  fragments  at  the  end  of  two  or  three 
days  were  reduced  to  a  line  powder  and  preserved  in 
tubes  closed  only  with  cotton.  Wlien  the  powder  was 
used  in  this  condition  the  vaccinations  were  not  very 
successful;  l)ut  if  the  powder  was  allowed  to  macerate  in 
glycerin  and  water  for  twenty-four  hours  (thus  allowing 
the  vaccine  microbes  to  pass  from  a  latent  state  to  one  of 
active  lifi'tancl  was  then  used,  good  results  were  obtained. 
even  though  the  powder  was  more  than  three  months 
old. 

3.  Vaccina  Lymph  in  the  Moist  Condition — Pulp. — This 
method,  tirst  introduced  by  Ciaudo,  of  Milan,  consists  in 
excising  the  vesicles,  freeing  them  from  all  detritus,  mak- 
ing a  homogeneous  paste^and  adding  to  each  vesicle  0.5 
gm.  of  chemically  pure  glycerin  ;  this  is  placed  in  a  small 
glass  vial,  and  covered  with  more  glycerin  to  exclude  the 
air. 

Vaccine  material  thus  prepared  preserves  its  activity 
for  a  long  period,  and  is  very  efficient.  Its  effects  are, 
however,  occasionally  quite  irritant.  A  similar  mode  is 
adoiJted  in  Holland,  the  pulp  being  preserved  between 
glass  plates. 

In  Germany  it  is  customary  to  employ  capillary  tubes 
for  single  vaccinations,  but  when  large  quantities  are  re- 
quired, the  glyceriuated  emulsion  is  ])Ut  into  small  vials 
holding  enough  for  twenty-five  to  fifty  or  one  hundred 
vaccinations  in  each.  Glass  plates,  slightly  excavated 
and  fitted  with  tight  covers,  are  also  in  use. 

Cdjiilhirji  Tubes. — Tliese  were  first  brought  to  public 
notice  by  Dr.  Husband,  of  Edinburgh.  Their  essential 
characteristics  were  stated  to  he  as  follows:  (1)  They 
should  be  so  slender  as  to  admit  of  ready  sealing  in  the 
flame  of  a  lamp ;  (3)  they  should  be  large  enough  to  con- 
tain Ivmph  sufficient  at  least  for  one  vaccination  ;  (H)  they 
should  be  long  enough  to  admit  of  sealing  witliout  sub- 
jecting tlieir  contents  to  the  heat  of  the  flame;  (4)  they 
should  be  strong  enough  to  admit  of  handling  without 
Ijrcakage.  Dr.  Husband  advised  the  following  dimen- 
sions: Average  length,  2J-3  in.  (about  7-8  cm.):  diame- 
ter, ^g  in.  (about  1  mm.).  Another  form  is  made  with  an 
enlargement  at  the  centre  of  the  tube.  Tubes  are  some- 
times made  with  closed  ends,  that  the  interior  maj'  be 
kept  clean  until  ready  for  use.  When  required  for  use 
the  ends  should  be  broken  off,  a  small  rubber  bulb  ap- 
plied, and  the  lymph  should  be  blown  otit  upon  a  glass 
plate,  from  which  it  may  be  conveyed  with  the  lancet  to 
the  scarifications.  Tubes  should  be  used  only  for  the 
preservation  or  storage  of  glycerinated  lymph. 

Glycerinolid Lymph.— An caT]y  as  1850  Mr.  R.  Cheyne" 
had  called  attention  to  the  superiority  of  vaccine  lymph 
which  has  been  treated  with  glycerin."  Curschman,  how- 
ever, credits  Midler  of  Berlin  with  this  discovery.  War- 
lomont  of  Brussels  refers  to  the  subject  in  his  "Traite  de 
la  Vaccine  "  and  had  i)atented  a  process  of  such  mixture 
in  1882. 

The  German  Government  also  recognizes  this  process 
in  the  regulations  issued  April  28th,  1887. 

Chambon,  Menard  and  Straus,'^'  of  Paris,  also  by  means 
of  experiment,  arrived  at  similar  conclusions.  "So  also 
did  Leoni,  Klein,  Kitasato,  and  others. 

Dr.  Copeman  "  sums  up  the  advantages  of  glycerinated 
lymph  as  follows: 

1.  By  enii)loy  ing  the  method  of  glycerination  of  lymph 
pulp  great  increase  in  quantity  can"be  obtained  without 


any  consequent  deterioration  in  quality,  the  percentage 
of  insertion  success  following  in  its  use  being  equal  to 
that  obtained  with  perfectlj'  active  fresh  lymph. 

2.  Glj'eerinalcd  lynqih  does  not  dr_y  up  rapidly,  as 
does  unglycerinated  lymph,  thus  simplifying  the  process 
of  vaccination. 

3.  Glycerinated  lymph  does  not  coagulate,  so  that  it 
never  becomes  necessary  to  discard  a  tube  on  this  ac- 
count. • 

4.  Glycerinated  lymph  can  be  produced  absolutely  free 
from  tlie  various  streptococci  and  staphylococci  which 
are  usually  to  be  fountl  in  untreated  calf  lymph,  and 
which  are,  under  certain  circumstances,  liable  to  occasion 
suppuration. 

5.  In  like  manner  the  streptococcus  of  erysipelas,  in 
the  event  of  its  having  been  orignally  present  in  the 
lymph  material,  is  rapidly  killed  out  by  the  germicidal 
action  of  the  gij'cerin. 

6.  The  tubercle  bacillus  is  effectually  destroyed  even 
when  large  quantities  of  virulent  cultures  have  been 
purposely  added  to  the  lymph. 

7.  The  possibility  of  inoculation  of  syphilis  is  elimi- 
nated, as  the  calf  is  not  subject  to  this  disease. 

8.  The  necessity  for  collecting  children  together,  with 
the  attendant  risk  of  sjjread  of  infectious  diseases,  or  of 
transporting  a  calf  from  place  to  place,  is  obviated,  while 
the  danger  of  "  late  "  erysipelas  in  thechild  is  diminished 
by  reason  of  there  being  no  necessity  to  open  the  mature 
vesicles  for  the  purpose  of  obtaining  lymph. 

9.  The  bacteriological  purity  and  clinical  activity  of 
large  (|uantities  of  lymph  can  be  readily  tested  prior  to 
distribution. 

10.  By  reason  of  the  possibility  of  keeping  large  stocks 
of  glycerinated  lymph  on  hand  for  considerable  periods 
of  time  without  appreciable  deterioration,  any  sudden 
demand,  such  as  is  likely  to  ari.se  on  the  outbreak  of  epi- 
demic smallpox,  can  be  promptly  met. 

11.  The  expense  of  producing  glycerinated  lymph  is 
proportionally  small,  since  the  amount  obtainable  from 
each  calf  is  enormously  increased. 

With  reference  to  the  question  of  quantity  Dr.  Cope- 
man  further  observes:  "It  is  no  unusual  thing  abroad  to 
provide  from  a  single  calf  an  amount  of  glycerinated 
lymph  that  shall  serve  for  four  thousand  and  six  thou- 
sand vaccinations,  and  in  Berlin  we  were  assured  that  the 
glycerinated  lymph  whicli  was  prepared  in  our  presence 
from  one  calf,  would  sutfice  for  no  less  than  fifteen  thou- 
sand vaccinations"  (p.  192).'- 

Upon  the  subject  of  the  duration  of  activity  of  glycer- 
inated lymph  Dr.  Copeman  also  states :  "  Glycerinated 
calf  lymph  can  be  prepared  which  becomes  freed  from 
extraneous  organisms,  is  available  for  a  large  number  of 
vaccinations,  at  least  five  thousand  from  an  average  calf, 
and  retains  full  activity  for  eight  months,  and  will,  under 
favorable  circumstances,  continue  to  do  so  in  all  proba- 
bility for  still  longer  periods  if  necessary  "  (p.  186). 

Deschii'tion  of  the  Vaccine  Establishment  at 
Cologne. — This  new  vaccine  plant,  erected  about  1895, 
was  built  as  a  matter  of  convenience  near  the  new  cattle 
and  slaughtering  establishment  of  Cologne. 

In  building  the  new  establishment  the  provision  of  a 
suitable  annex  for  the  production  of  l3'mph  was  borne  in 
mind  from  the  very  first;  and  so  the  present  institution 
originated,  which  meets  all  the  demands  of  hygiene,  and 
may  justly  be  regarded  as  the  prototype  of  such  institu- 
tions. 

The  building  is  very  solidly  built,  but  undercellared 
only,  and  to  the  smallest  extent  on  the  eastern  side.  As, 
however,  the  whole  of  the  ground  was  filled  in,  and  only 
absolutely  dry  and  permeable  material  employed,  there 
is  no  fear  of  any  dampness  of  the  rooms. 

On  the  giound  floor  of  the  building  are  the  corridor, 
collecting-room,  calf  stable,  slaughter-room,  doctor's 
room,  office,  and  a  closet. 

On  the  upper  floor,  which  is  reached  from  the  collecting- 
room  by  a  convenient  winding  staircase,  is  the  laboratory, 
adjoining  which,  on  both  sides,  is  a  large  garret.  The 
calves  are  driven  into  the  station  through  the  doorway 
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of  the  slaughtering-room,  which  lies  at  the  opposite  end 
of  the  buiUHng.     (See  Fig.  498>s.) 

While  the  floors  of  the  slaughtering-room,  calf  stable, 
collecting  room,  and  laboratorj'  are  of  concrete,  the  doc- 
tor's room  and  the  office  have  in- 
laid wooden  floors  (parquetry);  the 
corridor  and  closets  arc  laid  with 
" Mettlacher  "  tiles ;  and,  finally,  the 
rooms  in  the  roof  (garrets  at  the 
sides  of  the  laboratorjO  are  laid 
with  floor  boards.  In  the  calf  stable, 
slauglitering-room,  and  collecting- 
room  the  floor  is  slightly  sloped  in 
one  direction,  and  at  the  lowest 
point  there  is  a  drainage  outlet 
which  is  shut  off  by  a  small  inter- 
cepting trap.  Tlie  collecting-room, 
calf  stable,  and  closet  are  lined,  to 
the  height  of  1.5  metres  from  the 
floor,  on  all  four  sides,  with  white 
opaque  glass  tiles;  the  slaughter- 
ing-room on  three  sides  (the  door 
side  is  excluded)  to  the  same  height 
with  white  glazed  tiles.  The  re- 
maining part  of  the  walls  of  these 
rooms  is  painted  with  white  por- 
celain enamel.  The  walls  in  the 
doctor's  room  and  the  office  are 
papered.  In  the  laboratory  and 
corridor  the  walls  are  painted  with 
oil  paint.  The  collecting-room  is 
brightly  lighted  by  a  window  4 
metres  wide  by  3  metres  high.  The 
light  entering  becomes  strongly  re- 
flected by  the  brilliant  white  walls. 
The  laljoratory  has  three  windows, 
the  calf  stable  two,  and  the  cloc- 
tor's  room  and  oflice  one  large 
window  each.  The  closet  and 
slaughtering-room  have  each  one 
small  window.  All  the  rooms  are, 
therefore,  amply  lighted. 

The  calf  stable  contains  eleven 
stalls  for  the  reception  of  calves. 
Upon  the  space  which  would  cor- 
respond to  tlie  twelfth  stall  a  weigh- 
bridge is  sunk,  enelo.sed  with  the 
above-described  ironwork;  this  ma 
chine  allow's  of  the  calf  being 
weighed  while  being  taken  through. 
The  hollow  in  which  the  weigh- 
bridge stands  has  also  a  smell  pre- 
venting arrangement.  The  venti- 
lation of  the  stable  is  obtained  by 
a  large  tube  which  passes  through 
the  garret  above.  Tlie  doors,  pad- 
ding, and  air  draught  isolate  the 
collecting-room  both  fiom  smell  and 
from  noise.  Between  the  calf  stable 
and  the  collecting-room  there  is  an 
arrangement  of  double  doors,  one  of 
which  is  thickly  padded.     Water  is 

supplied  by  the  city  main,  and  in  every  room  a  sink  is  pro- 
vided. The  lighting  is  by  electiicity ;  in  the  laboratory, 
however,  the  "Auerches  GUihlicht"  (a  form  of  incan- 
descent light)  has  been  found  preferable. 

The  heating  is  effected  by  means  of  American 
stoves.  Large  gas  stoves  serve  for  the  heating  of 
the  water  and  milk.  For  the  storage  of  considerable 
quantities  of  lymph  a  sufficiently  large  room  is  re- 
served in  the  refrigerating  house  of  the  city  cattle 
establishment. 

The  laboratory  is  completely  fitted  for  bacteriological 
investigations,  containing  all  sterilization  apparatus — 
thermostats,  an  excellent  microtome,  microscopes,  cen 
trifuge,  etc. 

The  extent  of  the  Ij-mph  production  may  be  under- 
stood from  the  following  figures;  In  the  year  1894  about 


Fig.  493S.— Plan  of  Colopne  Vaccine  Station.  1, 
SlaughterinK-room  ;  2,  calf  statile;  3,  vaccinating- 
room :  4,  medical  director's  room :  5,  clerli's 
room  :  6,  entrance  liall ;  7,  closet.  (tYom  Ceit- 
traWlatt  fUr  aUgemeine  Uemmdlwitspftege.) 


3.i6,000  portions  of  Ivmoh  were  issued,  and  in  this  year 
(189.5)  about  400,000.' 

Cali-es. — The  calves  range  usually  from  about  six  to 
eight  weeks  old.  They  are  purchased  in  the  meat  mar- 
ket which  immediatel}'  adjoins  the 
establishment.  The  calves  required 
for  the  current  week  are  bought  on 
Monday,  and  they  are  sold  on  the  fol- 
lowing Saturday,  after  their  slaugh- 
ter and  the  collection  of  lymphon 
the  previous  tlay ;  so  that  the  stable 
is  always  empty  from  Saturday  to 
the  following  Monday.  The  calves 
are  kejit  under  observation  in  the 
stable  for  twenty -four  hours  after 
their  reception,  and  are  vaccinated 
on  Tuesday.  Onl!/  three  complete 
day.i  are  allowed  for  the  progress  of 
the  local  results  of  vaccinatiou.  On 
Friday  the  animal  is  slaughtered  in 
a  small  slaugliter-house  opening  otf 
from  the  stal)Ie,  anil  inunediately  it 
is  dead  the  carcass  is  brought  into 
the  collection-room  on  a  trolle}',  the 
abdomen  washed,  and  the  epithelial 
])ulp  of  the  vaccination  area  is  re- 
moved by  means  of  a  sharp  spoon. 

Vdeciiiiition  i)f  Cii/res. — The  proc- 
ess of  vaccinating  the  calves  is  car- 
ried out  in  u  fashion  .similar  to  that 
em|il(iyed  at  the  Berlin  and  Dresden 
statiniis,  namely,  by  long  parallel 
incisions  over  which  glycerinated 
lymph  is  rubbed  by  means  of  a 
spatula  or  oilier  Hat-bladed  instru- 
ment. The  lymiili  emjiloyed  for 
vaccination  of  calves  is  always 
kept  for  a  jieriod  of  at  last  six 
weeks  after  glycerination,  in  order 
to  insure  that,  it  shall  be  as  free  as 
possible  from  extraneous  organisms 
before  it  is  used  to  vaccinate  the 
cajves. 

After  collection  of  the  lymph 
pul|i,  and  wliih'  it  is  being  prepared 
for  use,  the  carcass  of  the  calf  is 
taken  back  to  the  slaughter-room, 
where  it  is  skinned  and  opened. 
The  internal  organs  are  removed 
and  brought  in  on  trays  to  be  ex- 
amined by  the  veterinary  surgeon. 
In  the  event  of  his  forming  an 
opinion  that  any  of  the  organs  pre- 
sented any  condition  indicative  of 
disease,  the  lymph  derived  from 
the  animal  in  question  would  be 
at  once  destroyed. 

In  view  of  this  precautionary 
measure  it  is  not  deemed  necessary 
to  test  the  calves  by  the  injection 
of  tuberculin  prior  to  their  vaccina- 
tion. 

Collection  and  Prepfinitioii,  of  Lymph. — The  greatest 
amount  of  vaccine  is  collected  during  the  months  of 
March,  April,  and  May,  when  from  si.x  to  eight  calves 
are  employed  every  week.  For  the  remainder  of  the 
year  the  weekly  vaccination  of  one  or  two  calves  is 
found  to  be  sufficient  to  supply  all  the  lymph  required 
for  human  vaccination  and  revaccinations  in  the  Cologne 
district. 

In  the  preparation  of  lymph  material  the  epithelial 
pulp  from  the  vaccinated  area  is  removed  by  scraping 
with  a  Volkmann's  spoon,  and  is  received  in  a  small 
glass  dish.  In  this  it  is  weighed,  after  which  it  is  turned 
out  into  a  mortar  and  thoroughly  triturated  ;  at  fir.st,  with- 
out any  addition  of  water  or  glycerin:  later,  small  quan- 
tities of  water  are  gradually  added  to  the  extent  of  five 
times  the  weight  of   pulp.     The   mixture  having  been 
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ground  up  still  furtlier,  double  the  quantity  of  glycerin 
is  finiillv  iiicorponiti'd.  Tluis,  at  the  time  of  our  visit, 
10  gni.  of  p\ilp  having  been  colleeled  from  one  ealf,  the 
composition  of  the  finished  emulsion  was  as  follows; 
Pulp,  10  gni.  ;  water.  33.13  gni. :  glycerin, 
60.5  gm.  Dr.  Vanselow  informed  us  that 
this  quantity  would  suffice  for  the  vacci- 
nation of  live  thousand  children. 

Tlie  emulsion  is  afterward  forced  into 
small  bottles  and  tulies  by  means  of  a 
machine  actuated  l)y  water  power.  This 
machine,  which  is  manufactured  by  a 
Vienna  lirm,  appears  to  be  decidedly  use- 
ful and  convenient,  and  is  capable  of  being 
worked  in  connection  with  any  form  of 
pressure  ajtparatus. 

The  small  bottles  are  of  different  sizes, 
and  contain  lymph  sufficient  for  fifty,  for 
one  hundred,  iind  for  one  hundred  a,n(l  fifty 
vaccinations  respectively.  The  bottles  and 
their  corlis  are  all  of  tliem  sterilized  prior 
to  use. 

We  were  struck  with  the  numerous  pre- 
cautious which  are  taken  in  this  iustituticm 
to  insure  thorough  asepsis  throughout  the 
various  stages  of  lymph  production.  Thus, 
in  the  collecting-room  the  flooring  is  of 
cement  concrete,  the  walls  are  lined  inter- 
nally for  about  half  their  height  with 
opaque  glass  tiles,  the  upper  lialf  being 
of  Parian  cement. 

On   the   first   floor  of  tlie   building  is  a 
bacteriological  laboratorj-,  which  is  reached 
from  the  collecting-room  by  an  iron  si)iral 
staircase.     It  is  fitted  up  witli  an  autoclave, 
Spoon.  incubators,  etc.     But  owing  to  the  director 

being  engaged  in  private  practice,  lie  has 
no  time  to  work  in  this  laboratory,  wliich  is,  therefore, 
used  only  when  it  is  desired  to  sterilize  cloths,  instru- 
ments, or  glassware.  With  the  lymph  and  pulp  material 
collected  and  glycerinateii  in  our  presence  on  January 
10th,  1897,  Dr.  Cory  vaciinated  34  children  on  January 
19th,  with  an  insertion  success  of  98.8  per  cent.,  and  21 
children  on  February  11th,  with  an  insertion  success  of 
93.3  per  c('nt.  (Copeman's  Lectures,  pp.  22.5-228). 

Plan  of  Model  Vucriiie  EstaUuhinent. — The  following 
plan  of  a  model  vaccine  establishment  is  shown  in  De- 
lobel  and  Cozette's  "  Vaccine  et  Vaccination,"  Paris,  1899. 
The  general  jilan  is  that  of  an  open  court  surrounded  by 
apartments,  stables,  etc.,  suitable  for  the  purposes  of 
producing  vaccine  material  from  animals. 

This  establishment  is  about  77  feet  wide  by  155  in 
length,  and  may  be  made  much  smaller  by  the  omission 
of  the  two  large  director's  rooms  (intended  in  the  original 
plan  as  a  living-room)  and  the  lior.se  stable  and  carriage- 
house,  as  circumstances  may  require.  Rooms  8  and  9  are 
found  to  be  convenient  in  those  cities  where  vaccination 
with  fresh  lymph  is  practised  at  the  establishment  as  one 
of  the  functions  of  such  a  plant,  a  practice  which  was 
carried  out  for  many  years  at  the  government  station 
managed  by  Dr.  Cory  in  I^ondon.     (Fig.  4940.) 

TiiK  B.\(tei!ioloi;y  of  Vaccinia. — As  early  as  1809 
Sacco "  noticed  the  presence  of  granules  in  vaccine 
lymph.  For  a  half  century  no  further  progress  appears 
to  have  been  made.  As  late  as  1863  Eiselt  of  Prague  de- 
scribed vaccine  lymph  as  a  contagious  fluid  devoid  of 
cells.  In  1806  Beale "  drew  attc"ntion  to  particles  of 
germinal  or  living  matter  invading  the  tissues  from  the 
blood,  which  he  identified  as  the  virus  contagium,  or 
inatcries  morhi  of  contagious  diseases,  and  applied  this 
principle  especially  to'  vaccine  lymph.  Hallier  and 
Zurn,'»  of  Jena,  claim  ])riority,  and"describcd  in  1867  an 
abundance  of  micrococci  as  occurring  in  vaccine  lymph. 
They  also  indicated  the  necessity  for  cultivation  experi- 
nienls  to  determine  whether  or  no  these  micrococci  stand 
in  a  causal  relation  to  vaccinia. 

Keber,"  of  Danzig,  in  1868  also  described  micrococci 
in  vaccine  lymph.     Colin-"  in   1873  confirmed  Keber's 
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observations  and  distinguished  the  micrococci  from  the 
spores  of  moulds,  and  also  differentiated  them  from 
bacilli.  Cohn  was  not  able  to  establish  a  difference  be- 
tween vaccine  and  variolous  lymph. 

It  then  became  necessary  to  determine  whether  this 
liartieulate  matter  was  essential  to  its  specific  action. 
Chauveau'-'  attacked  this  question,  and  showed  that  the 
leucocytes  in  lymph  are  not  essential  to  its  specific 
action,  since,  after  dilution,  the  supernatant  fluid,  free 
from  leucocytes,  was  found  to  jiroduce  normal  vesicles 
of  vaccinia.  On  the  other  hand.  In'  a  carefully  conducted 
experiment,  he  proved  that  if  distilled  water  be  cautiously 
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Fi8.  4940.— Plan  of  Proposed  Plant  for  Animal  Vaccine  Production. 
1,  \fi.  Gates,  one  at  each  end.  1,  Public  entrance ;  lo,  entrance  for 
animals  :  2,  oi)t-n  court :  \  stalile  for  ten  animals:  4,  room  for  pre- 
paring the  calves,  sliavinir.  etc..  sultlcient  for  one  or  two  animals: 

5,  vaccinating-room.  prcvidcd  with  one  or  two  vaccinatinfr-taljles : 

6,  room  for  the  vticcjnatnl  animals:  7,  room  for  collecting  the 
lymph:  8,  vaccinatintr-rnnni.  fur  those  who  come  to  the  establish- 
ment to  be  vaccinated ;  it.  waiting  room  :  10,  laboratory  ;  11,  pack- 
ing-room :  12,  clerical  room,  records  and  correspondence :  13, 
director's  room :  14,  carriage  house :  1.5,  horse  stable :  16,  stairway 
leading  to  the  granary  and  room  of  employees. 

floated  on  the  surface  of  lymph  in  a  small  cylindrical 
vessel  the  soluble  elements  of  the  plasma  will  diffuse  in 
the  water,  but  the  granular  corpuscles  remain  in  the 
lymph.  The  upper  layers  of  the  liquid,  which  have  im- 
bibed bj'  diffusion  the  solulile  albuminous  matter  of  the 
lymph,  are  nevertheless  totallj'  inactive  and  incapable  of 
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producing  vaccinia.  He  therefore  concluded  tliat  the 
active  princii)le  of  the  lymph  resides,  neither  in  the  leu- 
cocytes nor  iu  the  soluble  albuminous  material,  but  in 
thesuspended  granular  corpuscles  of  the  lymph,  that  is, 
that  the  contagium  is  particulate.  He  showed  further 
that  lymjjh  can  be  greatly  diluted,  and  yet  retain  the 
contagium  unimpaired,  provided  the  greater  the  dilution 
the  more  extensive  the  absorbing  surface.  With  a  lymph 
diluted  with  about  fifty  vohmies  of  neutral  fluid  a  large 
proportion  of  vaccinations  may  fail  totally ;  but  iu  those 
which  "  take  "  the  vesicles  will  not  show  any  sign  of  at- 
tenuation or  diminished  virulence  of  the  infective  matter, 
but  will  be  as  large  aud  as  characteristic  as  those  pro- 
ducei*  by  undiluted  lymph. 

Sanderson-"-  in  1870,  in  his  report  to  the  Privy  Council, 
confirmed  the  experiment  of  Chauveau. 

Copeman  "■  has  recently  performed  the  experiment  of 
filtering  lym]ih  through  a  Kitasato  porcelain  filter  under 
pressure. "  The  filtrate  was  absolutely  sterile. 

The  hypothesis,  therefore,  that  the  active  principle  of 
vaccine  lymph  resides  in  its  particulate  elements  rests  on 
a  very  high  degree  of  prtibaliility. 

The  flora  of  the  lymph  of  vaccinia  and  variola  have 
been  thoroughly  studied  bj-  Crookshank,  Copeman,  Blax- 
all,  Buist,  Fremlin,  and  others  iu  England,  by  Cohn, 
Kleos,  Koch.  Pfeiffer  in  Germany,  and  by  many  others, 
and  many  micro-organisms  liave  been  isolated,  several  of 
which  have  been  claimed  to  be  specifically  pathogenic,  but 
no  organism  appears  to  ha\e  been  discovered  which  has 
been  proven  to  be  the  specific  contagium  of  vaccine  lymph. 
Of  1  he  various  micro-organisms  that  have  been  discovered 
in  lymph  by  different  observers,  the  three  most  common 
are  Sliip/>i/lococctis  al/nm.  iK  jyi/or/eiie>i  tninuK,  and  »S'.  eerei'« 
flai-us,  which  probably  correspond  to  Buist's  white, 
orange,  and  yellow  vaccine.  According  to  Copeman,  one 
or  another  of  these  is  to  be  found  almost  universally  in 
every  specimen  of  lymph  examined. 

Parallel  with  and  in  harmony  with  these  investigations 
are  the  various  ex]ierimeuts  w  liich  liave  led  to  the  adop- 
tion of  glycerin  for  the  purpose  of  preserving  and  dilut- 
ing vaccine  l_ymph,  aud  of  rendering  it  sterile,  so  far  as 
co7icerns  the  presence  of  aerobic  extraueous  bacteria. 

Cheyne'^  iu  18.50  and  18.53  first  demonstrated  the  fact 
that  the  activity  of  vaccine-lymph  could  be  preserved  for 
at  least  six  months  by  the  use  of  glycerin,  and  that  its 
activity  appeared  to  be  increased  rather  thau  diminished 
by  this  means. 
Muller.-' director  of  the  Berlin  vaccine  institution  in 
1860,  confirmed  Cheyne's  experiments,  and  showed  that 
such  dilutions  could  be  transmitted  to  distant  countries 
and  tropical  climates  without  impairing  tiieir  activity. 

Copeman  --'  again  confirmed  these  experiments  in  1891. 
In  1893  Chambon  and^Menard'^  found  that  while  fresh 
glycerinated  vaccine  pidp  gave  only  moderate  residts, 
the  same  emulsiou  kept  for  a  fortnight  caused  a  fair 
eruption,  and  at  the  end  of  forty,  fifty,  or  sixty  days 
produced  a  crop  of  typical  vesicles. 

Copeman  found  that  a  sample  of  glycerinated  calf 
lymph  f()rt_v-two  weeks  old  gave  in  Dr.  Corv's  hands  an 
insertion  success,  based  <m  fifty  insertions,  of  one  hun- 
dred per  cent. 

Farrar'*  therefore  concludes  that  prolonged  glycerin- 
atinn  secures  the  gradual  extinction  of  all  extraneous 
saprophytic  microbes,  that  whatever  be  the  nature  of  the 
contagium  of  vaccinia  it  is  not  an  organism  which  can 
be  cultivated  liy  al'robic  methods  in  oi'dinarv  laboratory 
media,  and  that  no  microbe  isolated  down  to  the  year 
1893  had  any  claim  to  be  considered  specific. 

Crookshank-^  indorses  this  opinion,  and  says  that  no 
evidence  is  to  be  obtained  by  present  methods  as  to  the 
bacterial  nature  of  calf  lymph.  He  therefore  suggests 
that  a  different  liue  of  inquiry  may  throw  more  light  on 
the  subject. 

Otlwr  Theories. — Protozoa. — Renaut-^  in  1881  noticed 
certain  highly  refractile  bodies  iu  vesicles  produced  by 
inoculating  the  corneal  of  rabbits  and  guinea-pigs  with 
vaccine  lymph. 

Gwarnieri '-•'  in  1892  described  these  bodies  and  called 
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them  Cytoryctes  mcciin'ip  rel  ruriolcr,  classified  them  as 
Khizopoda,  and  claimed  for  them  a  specific  action  in  vac- 
cinia and  variola.  They  are  capable  of  reproduction. 
Monti, -«  of  Pavia,  identified  the  same  bodies,  and  drew 
the  same  conclusions.  Ruffer  and  Plimmer-'  independ- 
ently examined  the  same  boilies  and  established  a  close 
correspondence  between  them.  The  PfeilTers,'-''  of  Jena, 
and  Weimar,-'  Clarke,™  aud  others  also  described  these 
so-called  parasites  more  careftilly,  confirming  Guarnieri's 
hypothesis.  It  cannot  be  denied  that  by  their  delicate 
and  careful  work,  they  have  made  out  a  strong  prima- 
facie  case  for  the  protozoon  theory,  which  also  derives 
much  support  from  the  analogy  of  malaria.  But  the 
malarial  parasite  is  much  more  definite  in  shape  and  size, 
its  developmental  changes  follow  a  regular  antl  well- 
defined  cycle,  and  the  evidence  of  its  being  the  specific 
etiological  agent  of  malaria  has  been  well  established. 

Ferroni  and  ^lassari-''  niainlained,  per  cimtni.  tliat 
bodies  indi.stinguisliable  from  tlie  so-called  parasites  of 
Guarnieri  could  be  identified  in  the  epithelial  cells  after 
mere  mechanical  or  chemical  irritation,  and  that  those 
bodies  are  either  altered  leucocytes  or  derivatives  of  the 
nuclei  of  the  epithelial  cells. 

Salmon'-  examined  these  alleged  protozoa  and  pro- 
nounced them  to  be  merely  chromatic  masses  derived 
from  the  migratory  cells. 

Attempts  tocultiv.ate  ]irotozoa  have  not  met  with  suc- 
cess. Shattock  and  Ballance  "'^  in  1895  made  many  care- 
ful attempts  at  cultivation,  but  the  results  of  all  their 
experiments  were  negative.  In  1893  a  fresh  impetus  was 
given  to  the  bacterial  hypothesis  by  Klein, '■'  who  sug- 
gested that  a  bacterial  organism  might  exist  in  vaccine 
and  in  variolous  lymph  latent  iu  spore  form. 

Certain  considerations  favor  tliis  hypothesis:  First. 
The  action  of  glycerin  appears  to  be  germicidal  only  for 
cocci  and  sporelcss  bacilli,  aud  is  not  inimical  to  the 
preservation  of  the  spores. 

Second.  Lymph  when  dried  after  its  collection  fiom 
the  vesicle  preserves  its  efficacy  for  a  long  time,  as  well 
as  or  better  than  pure  lymph  stored  in  the  fluid  stale. 
This  fact  suggests  that  active  vaccine  matter  exists  in 
the  form  of  spores,  since  non-spore-bearing  bacteria  rarely 
retain  then-  vitality  when  preserved  for  a  long  time  in  a 
thoroughly  dry  state. 

Third.  Lymph  taken  from  the  calf  on  the  fifth,  sixth, 
or  seventh  day,  or  from  the  human  arm  on  the  seventh, 
eighth,  or  ninth  day,  that  is,  when  the  vesicles  are  ma- 
ture, retains  its  efiicacy  better  than  lymph  taken  at  an 
earlier  date,  although  such  earlier  lymijh  used  directlj' 
from  calf  to  calf  or  calf  to  arm  is  fully  efficacious. 

These  facts  are  consistent  with  the  existence  of  spores 
in  the  lymph  taken  at  that  particular  date,  and  a  mi- 
crobe yielding  spores  as  the  last  phase  of  its  life  history 
would  be  present  in  the  earlier  stages  of  vaccinia  chiefly 
as  a  non-spore-bearing  form,  and  in  such  form  would 
withstand  drying  less  well. 

The  earlier,  therefore,  we  obtain  lymph  from  the 
nascent  vesicle  the  more  likely  we  are  to  obtain  the  hy- 
pothetical microbe  free  from  spores.  By  a  special  tech- 
nique Klein  succeeded  in  isolating  a  small  bacillus,  stain- 
iug  with  difficulty,  which  there  is  fair  grouud  for 
presuming  to  be  the  pathogenic  organism  of  vaccinia. 

Klein's  method  consists  in  prolonged  staining  with 
alcoholic  gentian  violet,  by  which  he  isolates  a  bacillus 
which  he  describes  as  occurring  in  cylindrical  i-ods,  fairly 
uniform  in  length,  single,  aud  occasionally  in  dumb- 
bells, 0.4/^-0.8//  in  length,  and  one-third  of  this  meas- 
urement in  thickness.  They  are  generally  thicker  at  the 
ends  than  iu  the  middle,  and  often  include  a  spherical 
and  slightl}'  oval  clear  globule.  They  are  to  be  found 
sparingly  in  Ij'mph  of  the  fifth  or  sixth  day,  more  abun- 
dantly in  that  of  the  fourth  day,  and  almost  as  a  pure 
cult"are  in  Ij-mph  of  the  third  day.  Preparations  of 
lymph  tyJicn  from  the  calf  seventy-two  hours  after  vac- 
cination contaiu  bacilli  chiefly  iu  groups  which  look  as 
though  they  came  from  an  artificial  culture.  The  later 
the  lymph  is  taken  the  less  numerous  are  the  bacilli 
found.     Klein   made   many   attempts  to  cultivate   this 
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bacillus  iu  artificial  media,  but  all  attempts  failed,  This 
l)r(>ves  that  the  bacilli  tlioush  constaut  in  the  lymph  do  not 
belon^r  to  llie  sapiophvtes  lliataro  occasionally  present 
in  lymph  and  are  easily  cultival)le.  Until  this  microbe 
can  "with  certainty  l)c  cultivated,  it  cannot  be  submitted 
to  the  test  of  Koch's  postulates,  and  its  pathogenicity 
cannot,  of  course,  be  conclusively  proven.  Meanwhile, 
it  woiddajipear  that  there  is  a  high  degree  of  probability 
that  it  will  turn  out  to  be  the  s])ecitic  agent  in  variola 
and  vaccinia.  'I'his  bacillus  wasalso  found  in  clear  lymph 
from  the  vesicles  of  contlucnt  smallpo.x  of  the  foiu'th 
day. 

Copemau  claims  to  have  cultivated  tlio  same  or  a  siiu 
ilar  hacillus  by  incubating  for  a  long  period — about  a 
mouth — in  egg's,  and  by  inoculation  of  this  upon  calves 
he  obtained  a  strain  of  lymph  which  was  successfully  used 
in  the  vaccination  of  calves  and  afterward  of  children. 

After  Cliauvcau  had  demonstrated  that  subcutaneous 
injection  of  vaccine  lymph  into  the  tissues  is  protective 
against  subsequent  vaccination  (vaccinia  siue  exanthe- 
mate)  Beclere,  Chambon,  and  Menard-"  in  1896  proved 
that  the  serum  of  calves  rendered  immune  by  vaccina 
tion,  and  withdrawn  several  days  or  weeks  after  desicca- 
tion of  the  pustules,  and  inoculated  into  other  calves  in 
sutbcieut  quantities  (say  L.'iOO  c.c.),  renders  these  calves, 
if  not  absolutely,  at  any  rate  relalively,  immune  in  a  high 
degree  to  vaccination  with  lymph  of  proved  potency. 

Finally,  Dr.  Farrar  concludes  that  the  pathogenic 
identity  of  vaccinia  and  variola  has  been  pioved  by  the 
experiments  of  several  workers.  Klein's  work  on  this 
subject  is  convincing.  He  showed  that  lymph  originall.y 
derived  from  the  vesicles  of  human  variola  and  trans- 
Tniltefl  through  calves  would  produce  typical  vaccine 
vesicles  iu  calves  and  tvpical  vaccinia  iu  the  liumau  sub- 
ject, the  result  being  constant  through  several  removes, 
aud  the  calves  so  treated  being  insusceptible  to  vaccina- 
tion with  current  calf  lymph. 

In  the  discussion  which  followed  the  reading  of  Dr. 
Farrar's  paper  Tavel,"  of  Berne,  expressed  the  opinion 
that  of  all  organisms  hitherto  found  Guarnicn' s  rytoryrteii 
wo\dd  most  proliably  Iv  shown  to  be  the  specific  etiolog- 
ical agent  in  vaccinia.  He  believed  that  the  alleged  dis- 
covery of  a  sjiofidiuiiivncciimleby  Fuuck,  and  the  finding 
of  certain  protozoa  by  other  experimenters  were  due  to 
erroneous  nwthods. 

A  new  stimulus  was  given  to  the  study  of  this  most 
interesting  (juestion  by  the  offer  of  a  prize  of  £1,000  by 
the  Worshipful  Company  of  Grocers  of  London,  in  1H83. 
The  probiiui  being  stated  as  follows:  "To  discover  a 
method  by  which  the  vaccine  contagion  may  be  culti- 
vated ajiari  from  the  animal  body  in  some  medium  or 
media  not  otherwise  zymotic;  the  method  to  be  such  that 
the  contagion  may,  by  means  of  it,  be  multiplied  to  an 
indefinite  extent  in  successive  generations,  and  that  the 
product,  after  an}'  number  of  such  generations,  shall  (so 
far  as  can  within  the  time  be  tested)  prove  itself  of  iden- 
tical potency  with  standard  vaccine  lymph." 

The  great  importance  of  such  an  incpiiiy  can  scarcely 
be  overestimated,  since  certain  great  advantages  would 
thus  be  secured.  On  the  one  hand,  the  ability  to  produce 
unlimited  (piantities  of  vaccine  material  for  inunediate 
use  in  the  face  of  an  epidemic  of  smallpox,  and,  on  the 
other  baud,  the  ability  to  overcome  the  objections  urged 
against  animal  virus  of  either  sort,  humanized  or  non- 
humanized,  namely,  the  possibility  of  transmission  of 
disease,  however  slight  the  foundation  of  such  objections 
niiglit  lie. 

E.\p(  riments  were  conducted  in  this  direction  by  Quist 
of  Finland,  by  Dcjugall,  and  by  H.  C.  Slartin  of  Boston,  but 
no  jiractical  conclusions  appear  to  have  been  reached. 

In_  harmony  with  this  line  of  investigation  are  the  in- 
vestigations of  Drs.  Councilman,  Magi-ath,  Brinckerhoff, 
and  Tyzzer.  At  a  meeting  of  the  Boston  Society  of 
Medical  Sciences.  April  28tli.  1903,  Dr.  Councilman" an- 
nounced the  discovery  of  the  etiology  of  smallpox,  and 
at  the  same  time  gave  his  opinion  as  to  the  identity  of 
the  disease  with  vaccinia. 

He  stated  that  smallpox  passes  though  certain  perfectly 
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definite  stages  in  its  development  on  the  clinical  side,  to 
which  correspond  er(ually  detinite  changes  in  the  form  of 
the  causative  organism;  that  these  changes  iu  form  con- 
sist first  in  the  appearance  in  the  cell  piotoplasm  of 
small,  homogeneously  staining,  structureless  bodies, 
about  1  /J  in  diameter,  not  staining  so  deeply  as  nuclei, 
which  gradually  increase  in  size,  coincidently  with  the 
degeneration  of  the  cells  in  which  they  lie;  that  with  this 
increase  iu  size  the  character  of  these  bodies  changes, 
small  granules  surrounded  by  circles  appear  in  them, 
the  general  outline  becomes  irregular,  with  increas- 
ing resemblance  to  an  amceba;  that  a  process  resembling 
spornlation  takes  place  with  the  breaking  up  of  the 
amccboid  forms  into  smaller,  sporelike  bodies ;  and  that 
this  constitutes  the  first  cycle  iu  the  life  of  the  organism. 
Cp  to  this  period  the  nuclei  of  the  epithelial  cells  show 
no  changes  whatever,  but  the  following  alterations  in 
these  structures  now  apjjear:  penetration  of  nuclei  by 
the  small  sporelike  bodies  before  spoken  of,  with  the  dis- 
appearance of  such  bodies  from  the  cell  protoplasm; 
small  ring-shaped  bodies  become  apparent  in  the  nuclei; 
the}'  also  increase  in  size;  the  ring  shape  is  at  first  pre- 
served, which  is  soon  surrounded  by  a  spongelike  body. 
This  whole  structure  grows,  fills,  and  finally  destroys 
the  nuclei,  and  the  bodies  become  free;  the  bodies  again 
bccom  ■  more  homogeneous;  ring-shaped  bodies  again  be- 
come evident;  finall^'cach  ring  appears  to  have  a  central 
dot.  These  final  bodies  are  regarded  as  the  infecting 
agent  of  the  disease.  Two  cj'cles  of  the  organism,  cor- 
responding in  general  to  wlwt  we  know  of  the  protozoa, 
have  therefore  been  demonstrated:  the  first — extranu- 
clear— simple,  and  the  second — intranuclear — very  prob- 
abl}-  sexiial. 

It  also  appears  to  be  demonstrated  by  this  work  that 
vaccinia  represents  the  extranuclear  phase  of  the  organ- 
ism, but  that  the  production  of  true  smallpox  is  depend- 
ent upon  the  invasion  of  the  nuclei — the  intranuclear 
cj'cle.  Vaccinia  may  be  produced  by  inoculation,  for 
example,  in  the  calf  or  the  rabbit;  variola  under  similar 
conditions  is  produced  in  the  monkey.  This.  al.so.  Dr. 
Councilman  and  his  colleagues  have  shown.  The  organ- 
ism was  fcnmd  iu  the  blood  in  one  case.  The  difficulties 
of  study  are  very  greatly  increased  by  the  extreme  rapid- 
ity with  which  the  entire  process  takes  place  and  by  the 
ease  with  which  the  organisms  are  destroyed;  the  life 
history  is  completed  with  the  formation  of  the  vesicle, 
hence  the  absolute  necessity  of  securing  early  and  per- 
fectly fresh  material.  The  role  of  bacteria  is  regarded  as 
entirely  subortiiuate  to  that  of  the  organism  described, 
though  the  infiuence,  particularly  of  streptococci,  must  be 
taken  into  consideration  in  the  development  of  the  disease. 

Dr.  Councilman  expressed  the  opinion  with  confidence 
that  the  organism  which  he  described  as  belonging  to  the 
protozoa  was  the  essential  etiological  factor  in  the  pro- 
duction of  siuallpox. 

Proposed  liirestigatiuHs  Relntlre  to  VdCvmcttion. — The 
offer  of  a  prize  by  the  Grocers'  Guild  of  London  amount- 
ing to  £1,000  has  already  been  referred  to,  the  object  of 
this  prize  being  to  stimulate  investigation  in  the  direc- 
tion of  some  possible  medium  of  vaccine  culture  outside 
the  living  organism,  either  of  man  or  of  the  lower  ani- 
mals. 

A  new  line  of  investigation  is  also  suggested  by  the 
Reiiort  of  the  German  Board  of  Health  of  1900,  in  which 
it  is  stated  by  the  vaccine  authorities  of  Hamburg,  that 
they  have  reason  to  believe  from  the  cx]ierienec  which 
they  have  had  in  the  culture  of  vaccine  lymph  that  it  is 
possible  to  secure  a  much  longer  period  of  inununity 
from  smalliiox  than  has  hitherto  been  possible  by  the 
employment  of  any  vaccine  lymph  in  ordinary  use. 
They  had  arrived  at  this  conclusion  in  con.seqiu>nce  of 
certain  observations  relative  to  the  percentage  of  failures 
in  the  revacciuation  of  school-children  in  that  city.  It 
was  observed  that,  for  some  reason,  in  1894  the  percen- 
tage of  successfid  vaccinations  among  the  revaccinated 
children  in  Hamburg  suddenlj'  fell  off  from  an  average 
of  about  85  per  cent,  in  the  nine  years  1885-93  to  an 
average  of  only  67  per  cent,  in  the  six  following  years. 
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1894-99.  That  this  decline  in  the  percentage  of  success- 
ful revacciuatious  was  not  due  to  any  deterioration  of 
the  Ij-niph  in  use  appears  to  liave  been  proven  bj-  the 
fact  tliat  the  liijih  percentage  of  success  among  primary 
vaccinations  conducted  witli  the  same  lymph  (an  avei-age 
of  fully  9S.0  to  U9.5  per  cent.)  continued  througliout  the 
entire  period.  The  only  explanation  offered  for  this  fact 
was  that  in  consequence  of  employing  a  lymph  of  un- 
usual strength  in  the  earlier  primary  vaccinations,  these 
children  were  rendered  inniiiuie  for  a  longer  period  than 
they  would  have  been  had  ordinary  lymph  been  em- 
ployed, so  that  when  they  arrived  at  the  legal  age  for 
revaccination  the  percentage  of  successful  results  was 
greatly  diminished.* 

This  fact  opens  up  a  very  interesting  field  of  investi- 
gation with  the  view  of  strengthening  the  quality  of 
vaccine  lymph  to  such  a  degree  as  to  prolong  its  immu- 
nizing power. 

The  following  figures  illustrate  this  singular  fact  in 
the  experience  of  the  Hamburg  vaccine  district: 

Results  of  Vaccination  and  Eevaccination  in  Hambirg 
during  the  tears  1885-1901.— percentage  of  successful 
Results. 


Tears. 

Primary 

vac- 
cinations. 

Revac- 
cinations. 

Tears. 
1894 

Pi  imary 

vac- 
cinations. 

98.8 
99.7 
iW.3 
99.4 
99. .5 
97.7 
99.4 
99.7 

Revac- 
cinaiions. 

1883 

18«> 

1887 

1888 

1889     

99.8 

a;. 4 

98.9 
99.8 
99.8 
99.7 
99.4 
99. n 
99.6 

ST).  8 
78.9 
80.3 
K5.4 
87.7 
BO.l 
89.3 
87.3 
82.9 

69  3 

18ft5 

6B.,5 

189« 

1897 

.59.7 

66  8 

1898 

69.6 

1890 

1891 

1892 

1893 

1899 

69  .5 

1900 

74.8 

1901 

93.6 

Laws  of  Different  Countries  Relative  to  Vac- 
cination.—Herewith  are  presented  the  essential  features 
of  the  vaccination  laws  of  different  countries  in  which 
vaccination  has  been  introduced. 

England.— tlw  following  are  the  essential  provisions 
of  the  vaccination  act  of  England  as  amended  by  further 
acts  of  1871,  1874,  and  1898: 

(I)  1.  The  period  within  which  the  parent  or  other  per- 
son iiaviug  the  custody  of  a  chiUl  shall  cause  the  child  to 
be  vaccinated  shall  be  si.\  mouths  from  the  birth  of  the 
child,  instead  of  the  period  of  three  months  mentioned  in 
t;  16  of  the  vaccination  act  of  1807,  and  so  much  of  that 
.section  as  requires  the  child  to  be  taken  to  a  public  vac- 
cinator to  be  vaccinated  shall  be  repealed. 

3.  The  public  vaccinator  of  the  district  shall,  if  the 
parent  or  other  person  having  the  custody  of  the  child 
.<o  requires,  visit  the  home  of  the  child  for  the  purpose  of 
vaccinating  the  child. 

3.  If  a  child  is  not  vaccinated  within  four  months  after 
its  birth,  the  public  vaccinator  of  the  district,  after  at 
least  twenty-four  hours'  notice  to  the  parent,  shall  visit 
the  home  of  the  child,  and  shall  offer  to  vaccinate  the 
child  with  glycerinated  calf  lymph,  or  such  other  lymph 
as  may  be  issued  by  the  local  government  board. 

4.  The  public  vaccinator  shall  not  vaccinate  a  child 
if,  in  his  opinion,  the  condition  of  the  house  in  which  it 
resides  is  such,  or  there  is  or  has  been  such  a  recent  prev- 
alence of  infectious  disease  in  the  district,  that  it  cannot 
be  safely  vaccinated,  and  in  that  case  shall  give  a  certifi- 
cate (under  ^  18  of  the  vaccination  act  of  1867)  of  post- 
ponement of  vaccination,  and  shall  forthwith  give  notice 
of  any  such  certificate  to  the  medical  officer  of  health  for 
the  district. 

5.  Notwithstanding  any  regulation  of  any  lying-in- 
hospital  or  infirmary,  or  other  similar  institution,  the 
parent  of  any  child  born  in  any  institution  shall  not  be 
compelled  under  such  regulation  or  otherwise  to  cause 
or  permit  the  child  to  be  vaccinated  at  any  time  earlier 
than  the  expiration  of  six  months  from  its  birth. 

(II)  1.  No  parent  or  other  person  shall  be  liable  to  any 
penalty  under  |  29  or  g  31  of  the  vaccination  act  of  1807, 


if  within  four  months  from  the  birth  of  the  child  he  >aiHs- 
fies  two  justices,  or  a  stipendiary,  or  metropolitan  police 
magistrate,  in  petty  sessions,  that  la  conscientiously  hrtieres 
that  vaccination  iruiild  he  jirejudicial  to  the  child,  and  with- 
in seven  days  thereafter  delivers  to  the  vaccination  olHcer 
for  the  district  a  certificate  by  such  justicesormagistrate, 
of  such  conscientious  objection. 

2.  This  section  shall  come  into  operation  on  the  pa.ss- 
iug  of  this  act,  but  in  its  application  to  a  child  born  be- 
fore the  passing  of  this  act  there  shall  be  substituted  for 
the  period  of  four  months  from  the  birth  of  the  child  the 
period  of  four  months  from  the  passing  of  this  act. 

3.  An  order  under  t^  31  of  the  vaccination  act  of  1867, 
diiecting  that  a  child  be  vaccinated,  shall  not  be  made 
on  anv  person  who  has  previously  been  convicted  of  non- 
comjiliance  with  a  similar  order  relating  to  the  same  child. 

4.  No  iiroceediugs  under  t;  31  of  the  vaccination  act  of 
1807  shall  be  taken  against  any  parent  or  person  who  has 
been  convicted  under  tj  29  of  "the  said  act  on  account  of 
the  same  child,  until  it  has  reached  the  age  of  four  years. 

5.  Persons  committed  to  prison  on  account  of"  non- 
compliance with  any  order  or  nonpayment  of  fines  or 
costs  under  the  vaccination  acts  shall  be  treated  in  the 
.same  waj'  us  first-class  misdemc'anants. 

Italy. — Italy  supports  fourteen  vaccine  establishments, 
at  Bologna,  Milan,  Genoa,  Aiicona,  Venice  (two).  Ber- 
gamo, Arezzo,  Verona,  Vicenza,  Rome,  Modena,  Ra- 
venna, and  Rimini. 

A  law  of  January  1st,  1892,  provides  for  the  produc- 
tion and  preservation  of  vaccine  lymph. 

All  children  must  now  be  vaccinated  within  the  half- 
year  succeeding  their  birth.  Certain  exemptions  are 
specified — children  who  have  had  smallpox,  etc. 

Persons  who  have  not  been  rcvaccinated  since  they 
were  eight  j-ears  old  are  excluded  from  schools  and 
workshops  until  they  arc  rcvaccinated. 

A'onrai/. — In  Norwav.  vaccination  was  made  obligatory 
by  law  in  1811. 

In  Austria.  liomnania,  I'urkey,  and  in  Greece  the  Gov- 
ernment a.ssumes  the  right  to  vaccinate  all  the  uuvacci- 
nated,  and  in  some  of  these  countries  to  revaccinate  all 
who  have  not  been  vaccinated  within  seven  years.  Vac- 
cination is  not  compulsory  in  BcUjiunt  and  in  Spain. 

In  Vienna,  Dr.  Weyl  attributes  the  low  mortality  from 
smallpox  in  the  last  j'ear.'i  of  the  century  to  the  introduc- 
tion of  the  vaccination  of  school-children,  to  the  active 
efforts  of  officials  to  arouse  an  interest  in  public  vaccina- 
tion, to  the  introduction  of  animal  vaccine  lyiniih,  and  to 
the  establishment  of  a  state  institution  for  this  jnirpose. 
("Die  Assanienin'g  von  Wien,"  1902,  p.  173.) 

France. — After  acentury  of  failures  to  enact  a  compul- 
sory vaccination  law  France  has  finally  fallen  into  line 
by  the  enactment  of  a  law-  which  became  operative  in 
February,  1903.  This  .tct  constitutes  a  ]iortion  of  the 
new  "law  for  the  protection  of  the  public  health"  of 
February  19th,  1902.  It  iirovides:  (§  6)  that  vaccination 
shall  be  obligatory  during  the  first  year  of  life,  and  also 
that  revaccination  shall  be  performed  during  the  elev- 
enth and  t\vent_v-first  years.  Parents  and  guardians  are 
made  responsible  for  the  execution  of  this  measure.  A 
public  regulation  made  after  consultation  with  the  Acad- 
emy of  Medicine  and  the  Consulting  Committee  of  Pub- 
lic Health  will  establish  the  necessary  measures  for  car- 
rying out  the  provisions  of  this  act.  By  Article  23  the 
prefect  of  police  is  charged  with  the  duty  of  enforcing 
the  provisions  of  the  act  so  far  as  penalties  are  con- 
cerned.^'' 

Vaccination  of  all  new  recruits  in  the  French  arm}'  is 
obligatory,  and  to  this  regulation  is  undoubtedly  due  the 
coinparati\'e  immunity  of  the  army  from  smallpox  as 
comjiared  with  tlie  jieople  at  large. 

Holland. — In  Holland  vaccination  is  not  compulsory, 
and  for  many  years  it  was  the  custom  to  delay  vaccina- 
tion until  the  child  was  more  than  two  years  of  age. 

There  are  at  present  four  vaccine  establishments,  at 
Rotterdam,  Amsterdam,  The  Hague,  and  Utrecht,  and 
three  temijorary  establishments  at  other  places.  Bovine 
lymph  is  mainly  used  at  these. 
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Oermany.—la  Germany  every  cliild  trmst  be  vaccinated 
in  the  year  followintr  tin-  year  of  its  birth.  All  scholars 
in  public  and  private  schools  must  be  rcvaccinated  in  the 
twelfth  year,  if  Ihey  have  not  already  bad  the  smallpox. 
When  the  vaccination  and  re  vaccinal  ion  arc  not  success- 
ful, they  should  be  repeali'd  in  the  two  following  years. 

Onlv  "attested  |ihysicians  may  vaccinate.  The  special 
contnil  of  vaccination  is  left  to  the  .separate  States.  Tlie 
public  vaccinal  ions  are  free  to  all.  The  cost  is  paid  from 
the  public  treasury.  Humanized  lympli.  retrovaccinc 
lymph,  and  aidniai  lyuiidi  may  be  employed  indiffer- 
ently.    Humanized  lymph  is  now  scarcely  ever  used. 

Dr.  Wernlier  maUi's  the  just  comment  upon  the  age 
limit  for  vaccination  that  it  is  delayed  too  long  for  chil- 
dren, since  children  born  in  January  may  become  twenty 
months  old  before  their  vaccination  is  obligatory. 

/>CJi7/i(t)7i.— Vaccination  was  established  by  law  both 
in  Denmark  and  in  the  Faroi!  Islands,  at  the  beginning  of 
the  present  century.  By  the  laws  of  Denmark  no  child 
can  be  admitted  to  school,  or  present  itself  f(n-  confirma- 
tion, until  a  certiticate  of  vaccination  is  produced.  ,Rc- 
vaccinalion  is  also  enjoined  for  soldiers,  ami  seamen  in 
the  navy. 

In  Iceland,  which  was  subject  to  devastating  epidemics 
of  smallpo.\  in  the  eighteenth  century,  one  country  phy- 
sician and  eight  district  physicians  are  appointed  for  the 
control  of  vaccination,  and  every  clergyman,  after  hav- 
ing received  the  necessary  instruction  of  these  jjliysicians, 
shall  be  the  vaccinator  ex  officio  of  his  parish  and  keep  a 
register  of  those  who  are  vaccinated.  The  distiict  ph.v- 
sicians  provide  a  supply  of  vaccine  virus  from  Copen- 
hagen. 

Sweden.— The  law  in  Sweden  prescribes,  as  a  general 
rule,  that  children  shall  be  vaccinated  before  the  age  of 
two  years,  and  in  case  of  epidemic  smallpo.x  vaccination 
is  recommended  in  the  first  months  of  life.  Revaccina- 
tion  is  generally  recommended  at  the  age  of  fifteen  years, 
and  is  prescribed  for  recruits  in  the  army  and  navy. 

jKjitni. — Vaccination  was  introduced  into  Japan  in 
1849  by  Dr.  Monnik.  a  Diilch  physician  at  Nagasaki,  and 
vaccinating  offices  were  afterward  opened;  but  there- 
suits  were  not  at  first  satisfactory,  in  consequence  of  the 
want  of  a  regular  sujijjly  of  good  l_ymph  and  its  deterio- 
ration, or  on  account  of  the  imperfect  performance  of  the 
operation.  In  June.  1S7-1,  a  central  office  was  ojiened 
for  the  purpose  of  collecting  vaccine  lymph  from  calves 
ami  distributing  the  same  to  the  local  authorities 
throughout  the  emjjire  in  the  spring  and  autumn,  and 
wherever  smallpox  should  be  prevalent. 

In  December  of  the  same  year  (1874),  vaccination  was 
made  compulsory,  and  regulations  were  issued  for  its 
performance  and  for  the  collecting  of  statistics  relative  to 
vaccination  and  revacciuation. 

Prof.  E.  S.  Morse,  who  has  been  a  keen  observer  of  all 
matters  of  public  interest  in  Japan,  says:  "It  is  gratify- 
ing to  know  that  smallpox,  which  was  formerly  endemic, 
is  now  coming  under  control  by  the  Government  taking 
active  measures  to  insure  vaccination.  The  frightful 
scourges  of  smallpox  in  past  times  are  seen  in  the  sadl}' 
scarred  faces  of  many  of  the  ])eople,  and  in  the  number 
of  blind  persons  one  enconnteis, " 

United  Statex. — The  following  resume  contains  the  es- 
sential points  of  the  vaccination  laws  of  the  principal 
States  of  th(5  I'luon. 

The  following  order  of  the  Secretary  of  the  Treasury 
relates  to  the  vaccination  of  inmiigrants: 

"Steerage  passengcis  and  cr(!w,  coming  from  districts 
wliere  smallpox  prevails  in  epiden\ic  form,  or  who  have 
been  exposed  to  smallpox,  shall  l)e  vaccinated  before 
embarkation,  nidess  they  show  evidence  of  innnnnity  to 
smallpox  by  previous  attack  or  recent  successful  vacci- 
nation." 

In  Alabama  the  county  health  officer  is  required  from 
time  to  time  to  obtain  necessary  supplies  of  reliable  vac- 
cine matter  which,  without  charge,  he  nuist,  on  applica- 
tion, furnish  to  the  jiracti^ing  idiy.sicians  of  the  county; 
and  when  prepared,  vaccinate  without  charge  all  indi- 
gent pe]-sons  of  the  county  apjilying  at  bis  office, 
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Arkansas  has  no  State  law  as  to  vaccination. 

In  California  the  law  forbids  the  attendance  of  unvac- 
einated  children  at  school,  audit  is  provided  that  "any 
practising  physicians  may  certify  that  the  child  or  per- 
son has  used  due  diligence  and  cannot  be  vaccinated  so 
as  to  produce  a  successful  vaccination,  whereupon  such 
child  or  person  shall  be  exempted  from  the  operation  of 
the  act"  (Law  of  1889). 

In  Colorado  the  local  sanitary  authority  may  provide 
for  vaccination  during  the  prevalence  of  smallpox,  and 
even  then  only  as  an  alternative  to  isolation. 

In  Connecticut  the  town  lioards  of  health  may  ado]it 
such  measures  for  the  vaccination  of  tlic  inhabitants  of 
their  respective  towns  as  they  deem  necessary.  Eveiy 
person  who  refuses  to  be  vaccinated,  or  prevents  any  one 
under  his  control  from  being  vaccinated,  on  application 
of  a  member  of  a  board  of  health,  or  of  a  pby.sician  em- 
ployed by  the  board  for  such  purpose  (unless  in  the  opin- 
ion of  another  physician  it  would  not  be  ])rudeut  on  ac- 
count of  illness),  shall  forfeit  five  dollars  to  the  town. 

The  Board  of  School  Visitors  of  any  tow-n  has  aiulior- 
ity  to  require  every  child  to  be  vaccinated  before  such 
child  is  permitted  to  attend  a  public  school.  The  ex- 
pense of  vaccination  is  to  be  paid  from  the  town  treasury, 
when  necessar}'. 

In  Delaware  the  school  authorities  are  required  to  en- 
force the  vaccination  of  all  school -children,  unless  they 
are  previously  protected  either  by  vaccination  or  by 
smallpox.  A  copy  of  the  law  must  be  po.sted  for  two 
weeks  at  the  door  of  every  school-house. 

Florida.— By  a  law  of  1889  the  State  Board  of  Health 
was  authorized  to  make  regulations.  They  made  it  the 
duty  (by  tfi  11  of  the  Sanitary  Code)  of  city  and  town  au- 
thorities to  "  provide  for  the  vaccination  and  revacciua- 
tion of  the  citizens  residing  in  their  several  cities  and 
towns."  Every  parent  or  guardian  of  a  child  is  made 
responsible  for  its  vaccination ;  exceptions  were  made  in 
the  case  of  sparsely  settled  districts  when  not  threatened 
with  smallpox,  and  in  the  case  of  a  certificate  from  a  rep- 
utable physician  that  vaccination  woidd  be  "dangerous 
to  the  health  of  the  person  required  to  be  vaccinated." 

By  5^^  13  and  13  superintendents  of  schools  in  towns 
having  more  than  two  thousiind  people,  and  owners  or 
managers  of  factories  are  not  to  admit  imvaccinated  j)ei'- 
sons. 

Illinois  has  no  state  law  relative  to  vaccination.  The 
State  Board  of  Health  has  issued  an  order  excluding  un- 
vaccinated  children  from  the  public  schools  and  defines 
what  it  deems  to  be  a  "proper  and  successful  vaccina- 
tion." 

Indiana  has  no  state  law  as  to  vaccination.  The 
State  Board  of  Health  has  issued  certain  rules  especially 
applicable  to  epidemic  seasons.  It  has  also  ordered  that 
bovine  virus  should  be  u.sed  for  vaccination,  with  certain 
exceptions. 

In  Iowa  the  attendance  of  unvaccinated  children  at 
school  is  forbidden. 

In  Kansas  there  is  no  state  law  as  to  vaccination. 

In  Kentucky  the  law  requires  that  all  unvaccinated 
persons  over  twenty-one  years  of  age  shall  procure  their 
own  vaccination.  Parentsand  guardiansmust  have  their 
children  and  wards  vaccinated  within  twelve  months 
after  their  birth.  The  secretary  of  the  State  Board  of 
Health  is  recpured  to  furnish  vaccine  virus  to  local 
boards  of  health  for  the  gratuitous  vaccination  of  the 
pool'. 

Louisiana  has  no  state  law  as  to  vaccination.  A  <ity 
ordinance  relative  to  school  attendance  is  enforced  in 
New  Orleans. 

In  Maine  the  city  or  town  autliorities  are  required  an- 
nually, or  oftener  if  they  deem  it  pruilent,  to  provide  for 
"free  vaccination  with  the  cowpox"of  all  inhabitants 
over  two  years  of  age,  to  be  done  under  the  care  of 
skilled  practising  jihysicians,  under  such  circumstances 
and  restrictions  as  the  authorities  may  adopt.  School 
committees  may,  if  they  deem  it  expedient,  exclude  un- 
vaccinated children  from  the  public  schools. 

A  law  was  enacted  in  Maine  in  1889  providing  for  the 
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exclusion  of  all  unvaccinated  persons  from  paper  mills, 
where  domestic  or  foreign  rags  are  used,  under  penalty 
of  fifty  dollars  or  less. 

In  Maryland,  a  state  vaccine  agency  is  established 
which  is  required  to  keep  a  supply  of  fresh  vaccine  virus 
fortheu.se  of  pbj'sicians.  The  governor  is  required  to 
appoint  a  vaccine  agent  with  prescribed  powers  and 
duties.  Physicians  are  authorized  to  vaccinate  children 
born  in  their  practice.  A  penalty  is  provided  for  the  use 
of  virus  of  bad  quality.  Parents  are  charged  with  the 
duty  of  having  their  children  vaccinated  within  twelve 
mouths  after  their  birth.  Unvaccinated  children  are  not 
to  be  admitted  to  the  public  schools.  Small  fruit- 
growers, cauners,  truck  farmers,  and  tish-packers  must 
not  employ  persons  who  do  not  show  written  proof  of 
vaccination  of  more  recent  date  than  July,  1896.  Pen- 
alty, §.50  to  S500  (order  of  State  Board  of  Health  of 
March  6th,  1899). 

In  Massachusetts  the  law  provides  that  parents  and 
guardians  shall  cause  their  children  and  wards  to  be  vac- 
cinated Ix'fore  they  attain  the  age  of  two  years,  and  re- 
vaccinated  whenever  the  town  authorities  shall,  after 
five  years  from  the  last  vaccination,  require  it.  The 
town  authorities  shall  also  require  and  enforce  the  vac-  ' 
cination  and  revaccination  of  all  inhabitants  when  the 
public  health  requires  it.  The  penalty  for  neglecting  to 
comply  with  these  provisions  is  So.  Towns  shall  furnish 
means  for  vaccinatiim  to  tho.se  who  cannot  pay  for  it. 
Incorporated  manufacturing  companies  and  superinten- 
dents of  public  institutions  are  required  to  see  tijat  the 
inmates  of  such  institutions  are  vaccinated.  Towns  may 
make  further  provisions  for  vaccination,  under  the  direc- 
tion of  the  Board  of  Health,  or  of  a  ccmimittee  chosen 
for  the  purpose.  School  committees  are  required  to  ex- 
elude  unvaccinated  children  from  the  public  .schools,  ex- 
cept "any  child  who  presents  a  certificate  signed  by  a 
registered  physician  designated  by  the  parent  or  guard- 
ian, that  the  physician  has  at  the  time  fif  giving  the  cer- 
tificate personally  examined  the  child,  and  that  he  is  of 
the  opinion  tliat  the  physical  condition  of  the  child  is 
such  that  his  health  will  be  endangered  b}'  vaccination, 
shall  not.  while  such  condition  continues,  be  subject  to 
the  provisions  of"  the  vaccination  acts  (chap.  190,  Mass. 
Acts  of  1903). 

In  Michigan  townships  luay  make  stntable  provision 
for  the  "inoculation  of  the  inhabitants  witli  the  cowpox," 
under  the  direction  of  the  Board  of  Health,  or  of  the 
he,'>ltb  officer.  The  Board  of  Healtli  of  eacli  municipal- 
ity may  at  any  time  direct  its  health  olHcer  or  physician 
to  offer  vaccination  with  bovine  vaccine  virus  to  every 
child  not  previously  vaccinated,  and  to  all  other  persons 
not  vaccinated  within  the  preceding  five  years.  Any 
health  officer  is  also  authorized  to  order  the  prompt  vac- 
cination or  isolation  of  persons  who  have  been  exposed 
to  smallpox. 

In  Minnesota  parents  and  guardians  are  charged  with 
the  duty  of  having  minors  vaccinated. 

Mi.ssouri  has  no  state  law  as  to  vaccination. 

In  New  Hampshire  the  law  is  permissive  as  to  the  ap- 
pointment of  agents  for  the  vaccination  of  towns.  Un- 
vaccinated children  are  excluded  from  the  schools. 

In  New  Jersey  the  school  authorities  may  prohibit 
the  attendance  of  unvaccinated  children  who  have  not 
had  the  smallpox,  and  may  decide  whether  revaccination 
shall  be  required  when  smallpox  occurs  in  any  city  or 
district.  In  the  enrollment  of  children  by  the  school 
authorities,  inquiry  must  be  made  as  to  the  fact  of  vac- 
cination, and  if  the  parents  desire,  children  are  to  be  vac- 
cinated bv  a  regularly  licensed  pliysieian.  The  State 
Board  of  Health  may  prohibit  the  manufacture  and  sale 
of  impure  vaccine  virus,  antitoxin,  or  otlier  animal  prod- 
uct (Law  of  189.5). 

In  New  York  it  is  the  duty  of  local  boards  of  health 
to  provide  at  stated  intervals  supplies  of  vaccine  virus, 
of  a  quality  and  from  a  source  approved  by  the  State 
Board  of  Health.  During  an  epidemic,  local  boards  of 
health  are  to  obtain  fresh  supplies  of  virus,  at  intervals 
not  exceeding  one  week,  and  at  all  times  to   provide 


thorough  and  safe  vaccination  for  all  persons  who  may 
need  it. 

In  North  Carolina  cities,  towns,  and  counties  luaj' 
make  rules  requiring  vaccination  (Law  of  1893). 

In  Ohio  local  boards  of  health  may  take  measures, 
supply  agents,  and  afford  inducements  and  facilities  foi' 
gratuitous  vaccination.  They  may  also  make  and  en- 
force such  rules  and  regulations  to  secure  the  vaccination 
of  school-children  as  in  their  opinion  the  safety  and  in- 
terests of  the  people  require. 

In  Penn.sylvania  by  a  law  of  189.5  the  Bureau  of  Health 
luay  issue  an  order  requiring  all  jiersons  in  a  city,  or  any 
part  tliereof,  to  be  vaccinated  within  such  tinie  as  the 
Bureau  shall  prescribe.     Penalty,  $5  to  §20. 

Unvaccinated  children  may  "be  refused  admission  to 
school. 

In  Rhode  Island  the  town  councils  shall  provide  annu- 
ally for  the  gratuitous  vaccination  of  the  inhabitants. 
They  shall  also  contract  with  and  provide  physicians  to 
vaccinate.  Such  physicians  are  to  record  the  names  and 
ages  of  i)ersons  vaccinated.  Unvaccinated  children  are 
excluded  from  the  public  schools.  The  maximuiu  fine 
for  violation  of  the  law  is  §50,  or  imprisonment  for  thirty 
days. 

In  South  Carolina  the  State  Board  of  Health  may  order 
vaccination  (Chap.  77,  Laws  of  1899). 

In  Teimessee  the  State  Board  of  Health  has  power  to 
prescribe  rules  to  prevent  the  introduction  of  epidemic 
diseases. 

In  Vermont,  by  a  law  of  1892,  the  local  board  of 
health  must  ju-ovide,  wliencver  it  is  deemed  necessary  by 
the  Stale  Board  of  Health,  a  suitable  supply  of  vaccine 
virus  of  a  quality  and  from  a  source  approved  by  said 
State  Board  of  Health;  and  during  the  existence  of  an 
actual  outi)reak  of  .smallpox  in  any  town  or  city,  the 
local  board  of  health  shall  at  all  times  provide  thorough 
and  safe  vaccination  forall  persons  within  its  jurisdiction 
who  may  need  the  same. 

In  Virginia  unvaccinated  children  are  excluded  from 
the  public  schools.  The  governor  is  required  to  appoint 
an  agent  annually,  who  must  furnish,  by  mail  or  other- 
wise, to  every  citizen  of  the  State  who  applies  for  it, 
genuine  vaccine  virus,  free  of  charge,  with  directions 
how  to  use  it.  The  agent  must  advertise  that  he  is  ready 
to  furnisli  such  virus.  The  town  and  cit}'  authorities 
may  cause  the  inhabitants  to  be  vaccinated,  "and  may  en- 
force obedience  by  fixing  fines  and  penalties  for  violation. 

AVest  Virginia  also  had  a  statute  requiring  the  appoint- 
ment of  a  vaccine  agent,  but  this  has  recently  been  re- 
pealed. 

In  AVisconsin  the  following  remarkable  decision  of  tlie 
courts  is  published : 

"Compulsory  vaccination  as  a  condition  precedent  to 
school  attendance  cannot  be  sustained  as  an  exercise  of 
police  powers  by  the  Board  of  Health  in  the  absence  of  a 
statutory  provision  requiring  it. 

"  If  the  Board  of  Health  possessed  the  power  to  luake 
a  rule  excluding  children  from  the  public  schools  with- 
out a  certificate  of  vaccination,  it  is  void  as  unreasonable 
when  no  epidemic,  and  but  a  few  scattered  cases  of 
smallpox  exist  in  the  State  where  the  rule  is  adopted, 
and  but  one  case  in  the  city  where  adopted,  and  that 
quarantined  "  (Adams  v.  Burdge,  95,  390,  AVisconsin). 

AxTiy.\cciN.\Trox.  —  Vaccination,  like  almost  evety 
iiuportant  discover^'  which  has  ever  been  made,  has  had 
its  opponents  from  the  very  outset. 

The  literature  of  antivaccination  is  quite  consider- 
able, and  consists  of  many  pamphlets  in  English,  the 
principal  writers  being  Messrs.  Gibbs,  Tebb,  Taylor, 
Young,  AVilkinsoa,  and  Prof.  A.  R.  AVallace.  Several 
journals  devoted  to  the  same  cause  are  published  in  Eng- 
lish, the  Vaccination  Inquire!'  being  the  organ  of  the 
first-named  societj'. 

There  are  also  many  continental  pamphlets  upon  the 
same  subject,  chiefly  in  French,  German,  and  Swedish. 

The  most  decided  resistance  to  the  vaccination  acts 
in  England  has  been  for  several  }'ears  in  the  county  of 
Leicester,  where  the  number  of  unvaccinated  children  has 
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increased  dui-in,u;  the  past  few  years.  Until,  in  the  returns 
for  1896.  it  appears  that  tlie  neglect  of  vaecination 
amounted  to  T!l  |icr  eent.  of  the  hirtlis.  and  in  tlie  city  it 
amounted  to  82.1  per  eent. 

Tlie  following  lisures  show  the  inereasing  neglect  in 
regard  to  vaccination,  both  in  LoncUm  and  in  the  whole 
country : 


Proportion    not    Fi.nallt    accoimed 
Vaccination. 


FOR   IN    Regard   to 


Year. 

London. 

Rest  of 
England. 

Tear. 

London. 

Rest  of 
England. 

1887 

mss 

IStiSt 

l.S'H) 

1S91 

9.0 

in.3 

11. « 
13.9 
10.4 
18.4 

18.2 

li.7 
8.3 
9.« 
10.9 
12.9 
14.3 
15.7 

1894 

20.0 
24.9 
20.4 

19.0 

1895  

19.8 

1890 

22.3 

1897 

1898 

1899 

29.1 
:w.0 
37.7 

21.6 
19.0 
13.4 

1893 

Dr.  Arnoukl,  in  hi.s  treatise  on  "Public  Hygiene,"  rec- 
ognizing the  fact  that  an  unvacciuated  person  is  a  con- 
stiuit  menace  to  the  public  .safety,  reasonably  inquires 
whether  the  Uhtrtu  of  those  who  do  not  wish  to  liave  the 
smalliiox  i.s  not  as  worthy  of  respect  as  the  liberty  of 
tliose  who  do  not  desire  to  be  vaccinated. 

In  France,  the  opponents  of  compulsory  vaccination 
succeeded  in  preventing  tlie  enactment  of  the  bill  pro- 
I)()scd  liy  Dr.  Liouville,  in  1881 ;  and  in  Switzerland  a 
similar  organized  opposition  secured  the  repeal  of  com- 
pidsory  acts  in  1882,  the  effect  of  which  action  very  soon 
became  evident  in  a  decided  increase  of  smallpox  in  that 
country. 

The  "opposition  to  vaccination  is  based  mainlj-upou  the 
following  obiections: 

1.  Alleged  infringement  of  personal  liberty.  Upon 
this  subject,  Dr.  3.  M.  Toner,  of  Washington,  makes  the 
following  excellent  comments: 

"The  qnestion  of  the  prophylactic  power  and  safety 
of  vaccination  is  so  well  settled  tliat  the  individual  who 
fails  to  protect  himself  against  variola  by  it  should  be 
lookcfi  upon  l)y  the  community  with  aversion,  and  treated 
as  a  nuisance  (as  he  really  is,  so  far  as  the  social  inter- 
ests are  concerned),  and  be  compelled  to  submit  to 
vaccination  for  his  own  safety  and  the  protection  of 
the  public. 

"  Parents  and  guardians  have  no  more  right  to  with- 
hold or  neglect  to  provide  vaccination  for  the  children 
under  their  protection  than  they  have  to  jeopardize  the 
lives  of  their  helpless  infants  by  not  furuisliing  them 
with  food  or  clothing.  It  is  criminal  to  neglect  either,  as 
deatli  may  be  the  consequence;  but  the  failure  to  pro- 
vide protection  against  smallpox  seems  to  be  more  mali- 
ciously wicked  than  to  neglect  either  food  or  clothing, 
as  the  former  may  not  only  cause  the  death  of  the  cliild, 
but  may  be  the  means  of  spreading  disease  and  death 
among  many  others;  while  the  evil  which  arises  from 
the  latter  ceases  with  the  death  of  the  victim." 

2.  As  to  the  claim  that  vaccination  does  not  protect 
from  smallpox. 

The  amount  of  protection  afforded  by  the  process  of 
vaccination,  when  properly  performed,  lias  been  quite 
fully  discussed  in  the  earlier  portion  of  this  article.  At 
the  present  day,  but  very  few  authorities  claim  that  the 
protection  afforded  by  a  single  vaccination  is  absolute. 
Not  even  snialli)ox  itself  is  protective  in  all  cases  against 
a  second  attack  Tlie  ainoniit  of  protection  afforded  is 
quite  well  slmwn  by  the  statistics  of  epidemics.  Dr. 
Buchanan,  medicid  officer  of  the  Local  Govcrnmeiil 
Board  of  Enghind.  showed  that  the  smallpox  deatli  rate 
among  adult  persons  vaccinated  was  90  to  the  million ; 
among  the  unvaeeinated  it  was  3,350  per  million.  Among 
vaccinated  children  under  five  years  age  it  was  40..')  per 
million  ;  among  unvaeeinated  children  of  the  same  age  it 
was  .5,9.'50  per  million. 

3.  As  to  the  claim  that  vaccination  introduces  other 
diseases  besides  vaccinia.     As  lias  already  been  stated. 


the  fact  that  such  cases  have  occurred  is  not  denied.  It 
is  also  true  that  cases  of  such  injury  are  exceedingly 
rare.  So  far  as  the  introduction  of  diseases  of  human 
origin  is  concerned,  this  objection  is  entirely  overcome 
by  "the  employment  of  bovine  virus;  and  with  reference 
to  the  possibility  of  introducing  any  of  the  diseases  com- 
mon to  the  cow  and  to  man,  the  question  has  been  suffi- 
ciently answered  by  the  quotations  already  given. 

With  reference  to  the  various  incidents  which  occasion- 
ally follow  vaccination,  very  much  has  been  attributed 
to  the  operation  which  docs  not  belong  to  it,  on  the  en- 
tirely erroneous  jiriuciple  of  pof:t  Imf,  ergo  jiropter  hoc. 
The'raortality  from  all  causes  among  children  is  large, 
and  in  a  large  number  of  annual  vaccinations,  as  for  ex- 
ample, among  the  two  millions  or  more  of  the  German 
Government,  it  is  not  remarkable  that  a  considerable 
number  of  deaths  should  occur  within  a  short  period  of 
vaccination,  and  cases  of  harm  are  attributed  to  the  oper- 
ation which  actually  have  no  connection  with  it,  in  the 
line  of  cause  ami  ctfect. 

4.  A  singuhir  argument  often  urged  by  the  opponents 
of  vacciuation  is.  that  smallpox  is  not  caused  by  conta- 
gion, but  by  filth,  and  hence  its  proper  preventive  treat- 
ment should  be  accomplished  simply  by  sanitary  meas- 
ures, without  vaccination.  Undoubtedly,  filth  and  bad 
hygienic  conditions  promote  the  spread  of  smallpox,  but 
that  they  directly  cause  the  disease  in  the  absence  of  a 
previous  case  of  smallpox  has  never  been  proven.  On 
the  other  hand,  the  disease  has  been  shown  to  be  conta- 
gious and  iiioculabie  in  the  highest  degree. 

With  reference  to  the  theory  of  the  origin  of  smallpox 
from  filth.  Dr.  Carpenter  says:  "As  regards  smallpox, 
there  is  not  any  difference  of  opinion  on  this  point.  It 
certainly  requires  the  introduction  from  without  of  some 
form  of  particulate  contagion  (a  germ  or  living  organ- 
ism), however  much  meteorological  states  and  personal 
diet  may  ]n-omi)te  its  growth ;  and  if  the  contagion  be 
absent,  smallpox  cannot  arise." 

5.  Displacement  of  mortality  (Carnot'sdoctriue).  This 
theory  was  proposed  by  M.  "Carnot,  a  French  artillery 
officer.  He  alleged  that,  while  certain  diseases,  such  as 
smallpox,  measles,  convulsions,  and  croup,  were  decreas- 
ing, other  diseases,  such  as  cholera,  typhoid  fever,  and 
dysentery,  were  increasing;  that  the  birtlis  were  tending 
to  become  less  in  number  than  the  deaths;  that  the  de- 
population of  France  was  an  iiniuineiit  danger;  and  that 
vaccination  was  the  cause  of  all  this  disturbance.  Mr. 
Simon  comments  upon  this  remarkable  theory  as  fol- 
lows: "Supposing  Carnot 's  statistics  to  be  correct,  does 
he  give  any  sufficient  reason  for  ascribing  to  vaecination 
that  deteriorated  state  of  adult  life  which  he  professes  to 
have  discovered?  So  little  does  he  this,  that  in  any  of 
the  sentences  where  damnatory  conclusions  are  drawn,_if 
there  were  substituted  at  hazard  for  his  word  rneciniiilon, 
the  mention  of  any  otlier  historical  event  belonging  to 
about  the  same  period  of  time  as  Jenuer's  discovery,  M. 
Carnot's  logic  would  scarcely  suffer  by  the  change,  or 
his  new  conclusion  be  less  warrantable  than  his  first. 
Post  ergo  propter  was  never  more  whimsically  illustrated. 
For  the  argument  goes  siinjily  to  claim  as  the  effect  of 
vaccination  whatever  evils  have  occurred  since  its  dis- 
covery;  and  M.  Carnot's  moderation  may  be  praised, 
that,  with  the  infinite  resources  of  this  proof,  lie  did  not 
also  convict  Jenuer  of  causing  last  year's  inundation  of 
the  Rhone." 

M.  Charles  Dnpiu,  in  1848,  and  Dr.  Bertillon,  in  1854, 
also  expo.scd  the  fallacy  of  Carnot's  proposition.  It  was 
shown  that,  whether  his  arithmetic  were  right  or  wrong, 
his  medical  conclusions  were  wholly  untenable.  His  evi- 
dence was  purely  local  and  applied  to  France,  in  wliic'« 
there  were,  it  is  true,  certain  facts  of  an  unfavorable 
character  relative  to  the  growth  or  movement  of  the  pop- 
ulation; and  yet  these  same  ob.servations  were  not  ap- 
plicable to  England,  nor  to  Sweden,  nor  to  Russia,  nor  to 
any  other  countries  in  which  vaccination  was  practised 
as  well  as  in  France. 

Has  Vciccineition  Increased  the  Liiihility  to  Other  Dis- 
eases, and  has  it  Increased  the  General  Death  Bate? — 
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Both  of  tliese  propositions  have  been  advanced  by  the 
oiiponents  of  vaccination.  Let  it  first  be  inquired  what 
is  meant  l)_y  these  propositions. 

"A  child  whose  liability  to  smallpox  has  just  been  ex- 
tinguished by  well-performed  vaccination,"  says  Simon, 
"may  tomorrow,  like  an  unvacoinated  child,  be  run 
over,  or  be  drowned,  or  become  sick  of  )neasles,  or  suffer 
with  teething,  or  be  struck  with  any  other  of  the  num- 
berless shafts  of  death.  And  the  vaccinated  subject, 
advancing  to  adolescence,  to  middle  life,  or  to  old  age, 
must  encounter,  like  the  unvaccinatcd,  the  several  ri.sks 
of  each  period  of  life.  And  obviously,  if  vaccination  on 
a  given  day,  in  England,  secures  a  thousand  lives  from 
death  by  smallpox,  sooner  or  later  those  lives  will  be 
subject  to  the  inevitable  lot;  sooneror  later  the  thousand 
deaths  will  be  written  against  the  names  of  other  diseases 
than  smallpox ;  and  such  diseases  may  then  be  said  to 
have  been  rendered  more  frequent  by  vaccination.  In 
the  same  sense  cx'ory  life  that  is  snatched  from  lire,  or 
flood,  or  poison  counts  at  last  as  a  death  from  some  other 
cause:  and  to  .saj'  in  this  sense  that  such  causes  are  more 
fatal  than  before  vaccination,  is  but  another  form  of  say- 
ing, what  Jenner  would  most  have  wished  to  hear,  that 
smallpox  is  less  fatal  than  it  was." 

Dr.  W,  Chamiiiig  relates  a  case  of  a  young  mother 
who  desired  to  have  her  child  vaccinated,  but  hesitirted 
and  .declined  to  have  it  performed.  In  a  few  days  the 
child  was  covered  with  a  loathsome  eruption.  Had  vac- 
cination been  ju-rfornied,  the  disease  would  undoubtedly 
have  been  attributed  to  the  operation  {Boston  Mediad  and 
Sure/ical  Journul,  JIarch  1st,  18C0). 

The  British  Parliament.\hy  Commission  op  1889. 
— From  the  very  beginning  of  the  introduction  of  vacci- 
nation opposition  lias  been  manifested  to  its  practice,  the 
degree  of  resistance  differing  much  in  different  countries. 
In  England  several  parliamentary  inquiries  have  been 
held  u|uin  the  subject,  the  general  result  of  which  has 
been  a  eunlirmation  and  strengthening  of  existing  laws 
upon  vaccination.  The  last  Parliamentarv  Commission 
appointed  to  consider  this  subject  was  that  of  1889.  The 
commission  consisted  of  fifteen  members,  of  which  Lord 
Herschel  was  chairman.  Several  voluminous  reports  of 
this  Commission  were  published  containing  an  enormous 
amount  of  evidence  together  with  many  appendices  con- 
taining valuable  information,  covering  about  3,300  folio 
pages  of  closely  printed  matter.  jNIany  witnesses  were 
examined  by  this  commission,  including  such  noted  ex- 
perts as  Sir  John  Simon,  Dr.  Ogle,  of  the  Registrar- 
General 's  Office,  Dr.  Buchanan,  Dr.  Thorne  Thorne,  Dr. 
Cory,  Dr.  Barry,  and  other  officials  of  the  Local  Gov- 
ernment Board  of  England.  The  principal  advocates  of 
repeal  of  the  compulsory  laws  were  Alfred  Russell  Wal- 
lace, LL.D.,  Messrs.  Alexander  Wheeler,  William  Tebb, 
and  others. 

The  points  which  this  commission  was  charged  to  con- 
sider were  the  following; 

1.  The  effect  of  v.accination  in  reducing  the  prevalence 
of,  and  mortality  from,  smallpox. 

3.  What  means,  other  than  vaccination,  can  be  used 
for  diminishing  the  prevalence  of  smallpox,  and  how  far 
such  means  could  be  relied  on  in  place  of  vaccination. 

3.  The  objections  made  to  vaccination  on  the  ground 
of  injurious  effects  alleged  to  result  therefrom;  and  the 
nature  and  extent  of  any  injurious  effects  wliich  do,  in 
fact,  so  result. 

4.  Whether  anj',  and  if  so,  what  means  should  be 
adopted  for  preventing  or  lessening  the  ill  effects,  if  any, 
resulting  from  vaccination ;  and  whether,  and  if  so.  l)_y 
what  means,  vaccination  with  animal  vaccine  should  be 
further  facilitated  as  a  part  of  public  vaccination. 

5.  Whether  any  alterations  should  be  made  in  the  ar- 
rangements and  proceedings  for  securing  the  performance 
of  vaccination,  and,  in  particular,  in  the  provisions  of  the 
Vaccination  Acts  witli  respect  to  prosecutions  for  non- 
compliance with  the  law. 

The  commission  made  an  interim  report  April  21.st, 
1892,  at  which  time  it  had  held  ninety  meetings  and  ex- 
amined one  hundred  and  thirty-five  witnesses.     The  final 


report  was  not  made  until  1896.  The  two  recommenda- 
tions which  the  commission  made  in  its  interim  report 
were  substantially  as  follows: 

1.  It  appears  that  the  courts  had  so  construed  the  laws 
as  to  warrant  repeated  orders  in  respect  to  the  non-vac- 
cination of  a  child  and  the  imposition  of  a  penalty  for 
the  disobedience  of  each  of  such  orders,  notwithstanding 
tliat  previous  penalties  have  been  inflicted.  The  com- 
mission agreed  that  the  imposition  of  repeated  penalties 
in  respect  to  the  non-vaccination  of  the  same  child  should 
no  longer  be  possible.  They  arrived  at  this  conclusion 
independently  of  the  question  whether  vaccination  should 
continue  to  l)e  compulsorily  enforced. 

Those  who  favored 'the  view  that  vaccination  ought 
not  to  be  compulsory  were  naturallj' opposed  to  repeated 
convictions;  while  those  who  inclined  to  tlie  opposite 
view  believed  that  any  advantage  whicli  could  arise  from 
the  tendency  of  repeated  convictions  to  increase  the 
number  of  the  vaccinated,  is  more  than  counterbalanced 
by  the  resentment  and  active  opposition  to  vaccination 
which  the}'  engender. 

3.  The  question  having  arisen  whether  a  person  com- 
mitted to  lu'ison  on  account  of  failure  to  pay  the  penalty 
imposed  under  the  Vaccination  Laws,  should  be  treated 
as  a  criminal  or  not,  the  commission  expressed  its  opin- 
ion that  such  persons  "should  no  longer  be  subjected  to 
the  same  treatment  as  criminals.  Many  of  the  victims 
of  such  imprisonment  regard  the  practice  of  vaccination 
as  likely  to  be  injurious  to  the  health  of  their  children, 
and  are  well-conducted  and  in  other  respects  law-abiding 
citizens.  Even  those  who  consider  that  the  course  wliich 
such  persons  ado]it  is  a  mistaken  one  may  nevertheless 
well  be  of  the  opinion  that  they  ought  not,  during  their 
imprisonment,  to  be  subjected  to  the  treatment  awarded 
to  criminals,  such  a  proceding  not  being  calculated  to 
secure  obedience  to  the  law  or  to  add  to  the  numbers  of 
the  vaccinated." 

Dr.  Alfred  Russell  Wallace  appeared  before  the  Royal 
Vaccination  Commission,  in  1890,  as  a  convert  to  the 
principles  of  anti- vaccination,  and  was  hailed  by  the  op- 
ponents of  vaccination  with  great  triumph,  Dr,  Wal- 
lace confidently  expected  to  demolish  the  arguments  in 
favor  of  vaccination  upon  scientific  principles,  and  ap- 
peared before  the  commission  with  a  long  array  of  tables 
of  statistics  and  diagrams  which  fill  many  pages  in  the 
third  report  of  the  commission.  The  principal  part  of 
these  statistics  relates  to  vaccination  in  the  departments 
of  France  for  a  period  of  about  twenty  j-ears.  Tlie  data 
presented  for  each  department  are  the  number  of  births, 
number  of  vaccinations,  and  number  of  deaths  from 
smallpox  for  each  jear,  the  object  being  to  show  that 
vaccination  increases  smallpox. 

These  tables  were  taken  uji  and  carefully  considered 
by  the  commission,  and,  so  far  as  Dr.  Wallace's  hasty 
conclusions  were  concerned,  they  were  found  to  be 
worthless.  This  witness  finally  admitted,  after  re- 
treating step  by  step,  that  his  tables  were  "not  perfect," 
that  "  the  imperfection  is  very  great  and  irregular."  He 
also  admitted  that,  if  his  entry  of  "no  deaths  "often 
meant  nothing  more  than  that  there  had  been  "no  re- 
turns" (which  was  actually  the  case),  "then,  of  course, 
the  whole  thing  is  imperfect,"  an<l  that  in  view  of  such 
a  defect,  which  was  vitally  important,  "the  whole  thing 
is  valueless." 

Criticism  followed  upon  criticism,  and  at  last  Dr. 
Wallace  asked  that  he  might  make  a  few  personal  con- 
cluding remarks,  the  pith  of  which  had  to  do  with  sug- 
gestions from  the  commis.sion  that  he  must  have  "taken 
lip  this  subject  and  written  upon  it  without  full  and  ac- 
curate information  befitting  a  man  of  science."  And,  in 
making  the  personal  explanation,  the  previous  declara- 
tions as  to  the  absolute  need  for  a  scientific  accuracy 
such  as  had  controlled  the  labors  of  Darwin  seems  to  have 
been  forgotten,  and  in  their  place  came  the  frank  ad- 
mission, "JMy  answer  is  that  I  did  not  take  it  up  as  a 
question  of  pure  science." 

Thus  ended  the  "absolute  test  and  demonstration" 
held  out  at  the  previous  session  of  the  commission,  and 
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the  result  is  that  the  opponents  of  vaccination  still  lack 
a  scientifH^  statistician  as  an  exponent  of  tlieir  views  (edi- 
torial in  Prai-lilitiiiir,  18!)1.  vol.  xlvi.,  p.  465). 

The  smallpox  statistics  of  Prussia,  which  Dr.  Wallace 
presented  to  the  coninii.ssion.  were  brought  down  to  the 
year  1874,  and  there  discontinued.  The  compulsory  law 
of  Prussia  was  enacted  in  1874,  and  Dr.  Wallace  ad- 
mitted that  "he  had  heard  of  it,"  but  had  not  seen  any 
eviilence  that  it  made  any  important  ditlcreucc. 

On  the  (X)ntrary,  there  are  nowliere  to  be  found  any 
stiitistics  so  absohilely  conclusive  of  the  value  of  vacci- 
nation as  the  comjiarative  statistics  of  Prussia  for  the  two 
periods  before  and  after  the  enactment  of  the  compulsory 
vaccination  law  of  1874. 

Tlie  London  Ldiirel.  in  commentingupon  the  testimony 
of  this  witness,  .says  that  Dr.  Wallace's  theory  was  based 
uixin  "blunders  that  would  hardly  be  expected  of  a 
school  bov,"and  in  a  concluding  paragraph  upon  the 
same  sid)ject  anirm.s,  "if  this  is  all  that  science  can  do 
for  the  antivaccinationists.  the  scientific  value  of  vacci- 
nation stands  more  than  ever  confirmed,"  But,  notwith- 
standing the  exposure  of  his  errors,  the  philosopher  ob- 
stinately adheres  to  his  position  that  "  vaccination  is  a 
delusion  "  ("  The  Wonderful  Century,"  New  York,  1899). 
In  this  paper  he  quotes  largely  from  the  experience  of 
English  towns  in  which  vaccination  is  only  partially  en- 
forced, and  utterly  ignores  the  greatest  and  best  example 
of  modern  times — the  German  nation.  He  also  quoted 
the  experience  of  Leicester,  England,  but  takes  special 
pains  to  omit  all  reference  to  the  difference  between  the 
smallpox  mortality  of  the  vaccinated  and  the  unvaeci- 
nated  in  that  city,  as  shown  so  clearly  by  its  medical 
olliccr.  Dr.  Priestly,  in  his  report  of  the  epidemic  of 
1892-93.  Out  of  a  total  of  twenty-one  deaths  from  small- 
pox in  that  city  nineteen  were  tliose  of  unvaccinated  per- 
sons, one  had  "been  vaccinated  and  the  facts  in  regard  to 
the  remaining  one  were  unknown. 

The  principal  modern  opponents  of  vaccination  who 
have  published  their  views  upon  the  subject  are  Prof. 
E.  JI.  Crookshank,  Dr.  Charles  Creighton,  Professor 
Wallace,  Mr.  William  'I'ebb,  Prof.  A.  Vogt,  of  Berne, 
and  Lorinser,  of  Vienna. 

The  final  outcome  of  (his  legislative  farce  was  the  en- 
actment of  the  "conscientious  objector"  clause  already 
quoted.  The  practical  operation  of  such  a  law  is  suffi- 
ciently illustrated  in  the  following  report  of  the  first 
case  which  came  to  trial  January  27th,  1899: 

The  First  Appeal  Ukdeu  the  Vaccination  Act, 
1899.  Regina  v.  Welby,  ex-parte  Bird,  January 
27th,  1899.— The  absurdity  of  the  provisions  of  §  2  (1) 
of  the  Vaccination  Act,  1898,  which  require  that  the 
parents  or  person  responsible  for  having  a  child  vacci- 
nated must  "satisfy  "  the  magistrate  before  whom  he  is 
brought,  that  he  "conscientious!}'  believes  that  vaccina- 
tion would  be  prejudicial  to  the  health  of  the  child,"  in 
order  to  escape  liability  to  a  penalty  under  S  29  or  §  30 
of  the  Vaccination  Act,  1867,  was  fully  demonstrated  in 
the  above  case,  which  formed  the  ground  of  the  first  ap- 
peal under  the  section. 

One  Walter  Bird  had  endeavored  to  "satisfy"  the  sti- 
pendiary magislrale  of  Sheffield  as  to  his  child,  as  re- 
(jnired  by  ^  2  (1)  of  the  Act,  but  failed  to  do  so.  Being 
convinced  that  tli(^  stipendiarj'  ought  to  have  been  "sat- 
isfied," he  aijplied  for  and  obtained  a  rule  from  the  court 
of  (Jueen's  Bench  (thc^  ]>ord  Chief  Justice  and  Mr.  Justice 
Wills),  calling  on  the  sti|)cndiarj'  to  show  cause  why  a 
iiiiimhimuR  should  not  issue  directing  him  to  hear  and 
determine  the  case,  as  he  had  declined  to  grant  exemp- 
tion to  the  child  on  the  ground  that  he  did  not  believe 
that  Bird  conscientiously  believed  that  vaccination  would 
be  injurious  to  the  child. 

In  granting  the  rule  the  Lord  Chief  Justice  .said,  inter 
alia  : 

"  The  section  clearly  said  that  the  magistrate  was  to  be 
satisfied,  not  in  his  opinion  that  vaccination  would  be 
prejudicial  to  the  health  of  the  child,  but  satisfied  that 
the  applicant  con.scientiously  believed  that  vaccination 
would  be  prejudicial  to  the  child." 


When  the  case  came  on  for  hearing  before  the  Divi- 
sional Court  (Lawrence  and  (Uianuell,  J.  J.),  after  the 
affidavits  of  the  parents  had  been  read  and  explained  by 
coun.sel,  who  stated  that  the  parents  had  been  prosecuted 
and  had  sutfered  great  inconvenience,  Chanuell,  J.,  said; 
"The  magistrate  said  in  bis  affidavit,  'A  certificate  was 
uot  given  because  I  was  not  satisfied  that  he  believed  that 
vaccination  would  be  prejudicial  to  the  health  of  the 
child.'  They  could  not  grant  a  mandar/ius  to  compel  him 
to  be  satisfied.  ...  He  has  to  satisfy  the  magistrate  of 
his  belief,  and  he  has  not  done  so.  Even  if  the  magistrate 
is  wrong,  we  cannot  make  him  be  satisfied." 

The  rule  was  discharged  (Himes'  "  Handy  Guide  to  the 
Public  Health  Acts,"  London,  1901). 

Dr.  Creightons  views  upon  vaccination  are  sufficiently 
set  forth  in  hisarticle  in  the  twenty  fourth  volume  of  the 
"Encyclopa-dia  Britannica,"  and  in  his  book  entitled 
"Cowpo.v  and  Vaccinal  Syphilis."  In  the  former  he 
takes  the  ground  that  there  is  neither  identity  nor  even 
alfinily  between  vaccinia  and  variola.  He  also  asserts 
his  belief  that  the  diminished  activity  of  variohi  is  due  to 
epidemiological  laws,  and  not  to  vaccination.  Tn  his  ex- 
ceedingly superficial  statement  of  the  practical  working 
of  vaccination  laws,  like  Dr.  Wallace,  he  omits  reference 
to  the  convincing  experience  of  Prussia  since  the  enact- 
ment of  more  efficient  laws  in  1874,  although  a  dozen 
years  or  more  had  elapsed  from  that  date  to  the  publica- 
tion of  his  article  in  the  "British  Encyclop;i?dia." 

The  various  publications  issued  by  the  opponents  of 
vaccination  are  characterized  mainly  by  the  absence  of 
facts  and  the  presentation  of  an  abimdance  of  theory. 
For  example,  a  recent  work  by  Jlr.  William  Tebb,  in- 
tended to  prove  the  "synchronicity  between  the  spread 
of  leprosy  and  vaccination,"  introduces  many  arguments 
in  support  of  an  alleged  connection  between  the  one  and 
the  other.  But  leprosy  produced  its  most  disastrous  ef- 
fects in  the  twelfth,  thirteenth,  and  fourteenth  centuries, 
when  vaccination  was  unknown.  There  were  then  nine- 
teen thousand  lazarettos  in  Europe.  Now  that  the 
human  race  is  much  more  widely  distributed  over  the 
globe,  Icpro.sy  is  far  more  rare,  and  exists  to  its  greatest 
extent  in  countries  where  vaccination  is  but  little  prac- 
tised. In  the  United  States,  where  probably  more  than 
three-fourths  of  the  population  is  vaccinated,  leprosy  is 
confined  chiefly  to  a  very  small  number,  among  wliom 
the  disease  was  introduced  directly  from  other  and  in- 
fected countries. 

Leprosy  has  for  many  years  been  prevalent  in  Bombay, 
but  since  the  iutrodtiction  of  vaccination  there,  by  the 
British  Government,  the  ratio  of  lepers  has  gradually 
diminished. 

Much  importance  has  been  attached  by  tlie  opponents 
of  vaccination  to  certain  statistics  which  were  published 
in  1872-73  by  Dr.  Keller,  the  chief  physician  of  the 
Austrian  State  Railway,  who  was  himself  an  opponent 
of  vaccination.  These  statistics  were  quoted  largely 
by  Lorinser  of  Vienna,  Vogt  of  Berne,  and  by  Reicli- 
sperger,  all  of  whom  were  antivaccinationists.  Kijrosi 
recently  investigated  the  sources  of  these  statistics,  and 
ascertained  that  Keller  was  dead,  and  that  the  original 
documents  could  not  be  found.  He  then  corresponded 
with  all  of  the  physicians  who  had  contributed  material 
to  the.se  statistics,  who  were  still  living  and  could  be 
found,  and  learned  that  not  only  had  Keller  suppressed 
important  data,  but  had  actually  altered  the  returns  to 
suit  his  own  views.  One  of  the  physicians  who  contrib- 
uted to  the  returns  confessed  that  "the  data  w-ere  pre- 
pared in  conformity  to  the  taste  of  their  chief,  whom  he 
knew  to  be  opposed  to  vaccination." 

The  committee  of  the  Ninth  International  Medical 
Congress  who  examined  the  proofs  of  these  statements 
reported  that  they  were  "  forced  to  declare  that  the  sta- 
tistics of  Dr.  Keller  were  found  to  be  false ;  that  they  are 
an  tinparddiialili-  elfort  to  mislead  public  and  scientific 
opinion,  and  that  henceforth  no  weight  should  be  attached 
to  them,  having  been  proved  by  us  to  be  entirely  in- 
correct. " 

Samuel    W.  Abbott. 
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VAGINA,  ANATOMY  OF.     See  Sexval  Organs,  Fenude. 


VAGINA,     CONGENITAL     MALFORMATIONS     OF 

THE.— Devei.op.ment  of  the  Vagina. — A  kuowledgc  of 
the  mcHJe  in  wliicli  the  vagiiui  is  developed  is  essential  lo 
a  proper  tiuderstaudiiig  of  itseougeiiital  malformations. 

The  lower  portionsof  tlie  two  Miillerian  ducts  coalesce 
to  form  the  vagina,  and  by  the  ninth  weelv  of  embryonal 
life  the  intervening  septum  disappears,  and  this  union  is 
complete,  although  the  appearance  of  the  cervi.x  and  the 
differentiation  of  the  genital  passage  into  uterus  and  va 
gina  cannot  be  said  to  take  place  hefore  tlie  fifteenth  or 
sLxtcentb  week.  In  the  nineteenth  week  of  ffftal  exist- 
ence a  sliglit  projection  of  mucous  membrane  makes  its 
appearance  on  the  posterior  wall  of  the  entrance  to  the 
genitalia,  just  above  the  point  of  union  of  the  vagina 
with  the  tirogenital  sinus,  and  a  little  later  a  smaller  pro 
jection  at  a  slightly  higher  level  may  be  seen  on  the  an- 
terior wall.  These  elevations  subsequently  unite  lat- 
erally, and  thus  form  the  hymen,  which,  by  the  twentieth 
week,  is  fully  developed. 

Varieties  of  Congenital  Malfokmations. — The 
vagina  maybe  entirely  absent;  it  maybe  more  or  less 
completely  closed  by  a  transverse,  or  divided  by  a  longi- 
tudinal, septum;  though  not  seriously  misshapen  it  may 
still  be  too  short  or  too  narrow;  or  it  may  communicate 
with  cavities  from  which  it  should  properly  be  separated. 
There  are  yet  other  errors  in  development,  which  are, 
however,  of  less  import. 

A.  Abufiiceof  the  I'dffiiia. — When  there  is  total  failure 
in  development  of  the  lower  portions  of  the  ducts  of 
Mliller  the  vagina  is  entirely  absent,  and  only  a  thin  sep- 
tum intervenes  between  the  bladder  and  the  rectum,  in 
which  some  little  connective  tissue,  but  no  muscular  ele- 
ments, are  discoverable.  A  fibrous  strand  or  cord  may, 
however,  indicate  the  situation  which  should  be  occupied 
by  the  vaginal  tube.  When  tlie  Jliilleriaii  ducts  are 
developed,  except  at  their  very  lowest  extremities,  or  are 
not  prolonged  downward  far  enough  to  open  into  the 
adittts  urogenitalis,  then  only  the  most  inferior  portion 
of  the  vagina  is  wanting. 

Absence  of  the  vagina  is  usually  associated  with  .some 
other  marked  maldevelopment.  such  as  aUseuce  or  a  rudi- 
mentary condition  of  the  uterus.  The  condition  of  the 
uterus  will  determine  the  e.xistence  or  non-existence  of 
retained  fluids. 

In  absence  of  the  vagina  the  urethra  is  found  to  be 
abnormally  relaxed. 

If  there  is  haiinatometra,  an  operation  designed  to  cre- 
ate a  passage  where  the  vagina  should  be  located  is  im- 
perative ;  and  even  when  only  a  very  rudimentary  uterus 
can  be  discovered,  and  there  is  no  retention,  the  general 
health  of  the  individual  is  often  markedly  improved  after 
operative  interference  is  instituted,  and  the  uterus  has 
been  known  to  take  on  active  growth. 

AVlien  there  is  sufficient  space  between  the  bladder  and 
rectum,  a  vagina  can  be  made  by  stretching  and  tearing 
the  intervening  tissues  with  the  finger,  aided  by  the  use 
of  blunt-pointed  scissors,  if  great  resistance  is  encoun- 
tered. 

A  sound  In  the  urethra,  and  the  finger  of  the  operator 
or  of  an  tissistaut  in  the  rectum,  are  useful  guides.  The 
operation  should  be  completed  at  one  sitting,  and  the 
passage  should  be  made  larger  than  it  is  thought  desir- 
able lohave  it  subsequently  remain.  Undue  contraction 
is  prevented  by  the  use  of  a  vaginal  plug  of  glass,  and 
the  cicatricial  tissue  which  forms  over  it  is  said  to  resem- 
ble very  closely  normal  mucous  membrane. 

When  the  uterus  is  well  developed,  and  there  is  reten- 
tion, but  no  vaginal  passage  can  be  formed,  Battey's 
operation  may  be  indicated. 

15.  Atresia  of  the  Simple  Vagina. — In  this  condition'the 
occlusion  of  the  vagina  is  absolute.  The  obstruction  may 
be  seated  at  the  hymen — atresia  hymenalis,  or  at  some 
point  within  the  vagina  proper — atresia  vaginalis. 

Atresia.  JJi/riienalis. — Atresia  hymenalis  is  the  most 
common  variety  of  vaginal  atresia.  The  dtiplicature  of 
mucous  membrane  constituting  the  hymen  here  forms  an 
obstruction,  which,  althoughthiuner  and  more  elastic 
than  the  atresias  situated  above  in  the  vagina,  yet  may 
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be  cousidenibly  thickened  and  of  almost  cartilaginous 
ton, all  Mess.  As  niensti-Uiil  blood  accumulates,  the  hymen 
hnlncs  ilownwaril,  and  the  vagina  dilates  above,  until  it 
fonns  a  sac  lilling  the  jiclvie  cavity.  The  uterns  at  first 
is  undisturbed,  and  rests  upon  the  summit  of  the  dis- 
tendeil  sac.  Ultimately  the  cervi.x,  and  even  the  uterus, 
if  no  outlet  is  found  below,  become  dilated.  The  tubes 
likewise  sulfcr,  luit  the  blood  discovered  in  them  is  by 
some  not  re.i;arded  as  an  overflow  from  tlie  uterine  cav- 
ity, since  the  uterine  ends  of  the  tubes  are  often  closed, 
and  the  blood  is  located  in  small  diverticula  or  sacs  near 
the  timbrialed  extremities,  and  is  said  to  originate  in 
hemorrha,a;es  from  the  mucous  membrane  of  the  oviducts 
themselves.  The  blood  may,  however,  subsequently 
escape  into  the  peritoneal  cavity  from  the  fimbriated 
ends  of  the  Fallopian  tubes. 

Atresia  Viif/iiuUis. — lu  atresia  vaginalis  the  obstruction 
(or  obstructions,  for  there  may  be  several,  located  one 
above  the  other,  and  separated  by  layers  of  different 
kinds  of  retained  fluid)  is  generally  found  in  the  lower 
third  of  the  vagina.  The  thickne.ss  of  the  atresia  varies 
in  different  cases,  and  whatever  may  have  been  its  origi- 
nal dimensions,  pressure  from  the  fluid  accumulation 
above  produces  sometimes  a  remarkable  degree  of  thin- 
ning. Thus  the  obliteration  may  be  1.2  inch  thick,  or 
of  membrane-like  delicacy.  In  atresia  vaginalis,  how- 
ever, we  do  not  find  the  elasticity  and  distensibillty  met 
with  in  atresia  liymenalis.  The  occluding  membrane, 
made  up  largely  of  connective  tissue,  is  of  a  firmer  text- 
ure and  greater  thickness,  and  yields  less  readilj'  be- 
neath the  superincumbent  weight.  As  a  result  of  this, 
the  lower  part  of  the  vagina  and  the  vulvar  orifice  are 
seldom  dilated,  and  the  former  is  not  uncommonly  narrow 
and  cone-shaped,  although  attempts  at  coition  may  mate- 
rially modify  its  shape,  while  the  occluding  diaphragm 
viewed  from  below  may  appear  quite  flat. 

It  is  very  important,  in  view  of  proposed  operative 
interference,  to  ascertain  the  seat  and  thickness  of  the 
occlufiing  membrane,  and  this  is  best  done  by  the  various 
combined  methods  of  examination,  a  catheter  or  sound 
placed  in  the  bladder  being  employed  to  assist  the  finger 
iu  the  rectum  or  vagina. 

Above  the  obstruction,  as  in  atresia  hymenalis,  mucus 
or  blood  accumulates.  The  seat  of  the  atresia,  and  the 
activity  and  frequency  of  the  menstrual  function,  deter- 
mine largely  the  quantity  of  the  accumulated  blood; 
but,  as  has  been  pointed  out,  nature,  discovering  an 
obstacle  to  escape,  retards  in  some  way  the  amount  of 
blood  effused,  so  that  it  is  never  as  great  as  one  would 
expect  to  find  it,  considering  the  number  of  periods  that 
have  occurred,  and  is  always  less  in  congenital  atresia 
than  in  the  acquired  condition.  It  is  probable,  also, 
either  that  the  uterus  is  in  an  immature  and  inactive  con- 
dition, or  else  that  the  fiuid  elements  of  the  accumulated 
blood  have  been  largely  absorbed.  The  peculiar  charac- 
teristics of  the  retained  liq\iid  would  seem  to  support 
this  last  asstimption,  for  it  is  found  to  be  dark  reddish- 
brown  in  color,  and  of  a  thick,  tenacious  consistence,  the 
mucus  mingled  with  it  preventing  coagulation. 

Microscopically  it  is  found  to  contain  shrivelled  blood 
corpuscles,  and  extravasated  blood  pigment,  with  flat 
epithelial  cells,  mucous  corpuscles^  and  granular  debris. 

As  in  atresia  hymenalis,  the  genital  tube  above  the 
point  of  obstruction  dilates  as  the  retained  fluid  accumu- 
lates. At  first  the  vagina,  then  the  cervical  canal,  and 
finally  the  uterine  cavity  become  filled  and  expand  often 
to  a  remarkable  degree;  the  distended  vagina  will,  how- 
ever, always  constitute  the  major  part  of  the  tumor.  If 
the  liquid  is  mucus,  the  conditions  known  respectively 
as  hydrocolpos  and  hydrometra  develop;  if  blood,  then 
the  terms  luematocolpos  and  ha'matometra  are  employed. 
Fortunately,  the  walls  of  the. dilated  portion  of  the  va- 
gina, although  overstretched,  do  not  become  thinned. 
On  the  contrary,  they  hypertrophy,  especially  their 
musculature,  and  the  condition  known  as  "excentric 
hyperlropliv  "  is  thus  developed. 

'l"he  vaginal  w'alls  internally  may  be  thrown  into  folds, 
although  the  sac  be  greatly  distended.     Occasionally,  in 


new-born  children,  the  folds  of  mucous  membrane  on  op- 
posite walls  of  the  vagina  become  united,  forming  a  thin, 
transparent  diaphragm,  which  soon  ruptures  sponta 
neously,  and  is  seen  no  more. 

The  "origin  of  the  obstruction  in  atresia  hymenalis  has 
been  variously  explained.  It  is  said  that  the  fusion  of 
the  lower  ends  of  two  solid  MuUerian  ducts  will  produce 
this  abnormality,  or  that  there  may  be  an  overgrow tli  of 
the  fold  of  mucous  membrane  which  constitutes  the  hy- 
men and  a  union  of  its  free  edges  toward  tlie  centre  of  the 
ring.  Fecial  inflammation  luay  likewise  produce  an  ag- 
glutination of  these  same  free  edges  aftei  tlie  hymen  has 
been  completely  formed.  Numerous  hypotheses  liave 
likewise  been  advanced  to  explain  the  origin  of  atresia 
vaginalis.  Either  the  lutuen  of  the  vagina  at  soiue  point 
has  never  been  established,  as  when  the  Mullerian  ducts 
as  solid  cords  have  united,  but  have  failed  to  become  hol- 
lowed or  tunnelled  at  the  point  in  cjuestion,  or  else,  after 
a  normal  formation  of  the  vagina  by  proper  coalescence 
and  perforation  of  these  ducts,  its  walls,  for  a  variable 
distance,  become  united  one  with  the  other,  as  the  result 
of  an  inflammation  during  intra-uterine  life.  And 
further,  the  idea  has  been  suggested  that,  in  cases  in 
which  there  is  but  one  septum,  the  canal  above  the  sep- 
tum may  belong  to  one  Mullerian  duct  and  that  below 
to  the  other.  In  explanation  of  the  fact  that  atresias  are 
most  often  seated  in  the  lower  third  of  the  vagina,  it 
should  be  borne  in  mind  that  the  walls  of  the  vaginal 
tube  are  very  closely  approximated  just  above  the  seat 
of  the  hymen,  and  agglutination  is  thereby  rendered 
easy. 

Atresias  of  the  vagina  are  impoilant  only  as  interfer- 
ing with  menstruation  and  coition.  Hence,  although 
exceptionally  before  puberty  these  occlusions  may  give 
rise  tr>  inconvenience  or  suffering  (as  in  certain  cases  of 
profuse  secretion  of  mucus  and  the  formation  of  a  hydro- 
colpos, a  condition  rarelj'  of  significance  in  adults),  yet  in 
the  majority  of  cases  it  is  not  until  the  establishment  of 
the  menstrual  function,  and,  more  rarely,  when  graver 
rudimentary  conditions  exist  and  the  catamenia  do  not 
appear,  not  until  after  marriage,  that  symptoms  manifest 
theiuselves  and  a  physician  is  consulted.  Certain  well- 
known  general  conditions  may  likewise  postpone  the 
ushering  in  of  the  first  men.strual  period,  and  then  if  an 
accumulation  occur  it  will  be  of  mucus  and  not  of  blood. 

In  atresia  of  the  hymen  or  of  the  vagina  proper,  when 
puberty  arrives  the  usual  disturbances  which  precede  and 
accompany  the  catamenia  are  notided,  but  there  is  no  dis- 
charge. At  the  time  of  the  next  period  these  disturb- 
ances are  soiuewhat  accentuated,  and,  as  the  fluid  ae- 
cuiuulates,  gradually  change  to  suffering,  wliieh  is 
experienced  now  during  the  intermenstrual  period  as 
well.  The  tumor  produces  pain  and  a  feeling  of  weight 
in  the  pelvis,  and  by  pressure  or  traction  upon  the  blad- 
der and  rectum  interferes  with  micturition  and  defeca- 
tion. There  is  sometimes,  too,  no  little  constitutional 
disturbance.  The  aiuount  of  fluid  and  the  consequent 
size  of  the  tumor  determine  in  large  part  the  intensity  of 
suffering,  which  is  also  influenced  bj'  the  general  con- 
dition of  the  patient. 

Usually,  after  menstrual  molimina  have  been  noticed 
for  three  successive  months,  a  tumor  begins  to  be  appar- 
ent, although  it  may  not  be  noticed  until  a  much  later 
period,  and  this  swelling  gradually  enlarges  until  it 
bulges  at  the  vaginal  inlet  and  causes  a  perceptible  in- 
crease in  the  size  of  the  abdomen.  Certain  conditions 
previously  described  ma.y,  however,  retard  its  develop- 
ment, and  the  sac  may  never  attain  very  great  propor- 
tions. 

If  menstruation  has  never  appeared  and  the  accumula- 
tion of  mucus  has  not  been  excessive,  it  may  be  that 
futile  or  unsatisfactory  attempts  at  intercourse  first  re- 
veal the  existence  of  an  atresia.  Yet  if  the  atresia  be 
elastic  or  high-seated,  repeated  efforts  at  cohabitation  ulti- 
mately form  a  fairly  roomy  canal,  or,  if  the  diaphragm 
be  low  or  unyiekling,  intercourse  may  be  carried  on 
through  the  urethra  or  anus.  It  is  extraordinar}-  how 
greatly  the  urethra  may  become  dilated  under  these  cir- 
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cumstances,  and  it  is  still  more  singular  that  incontinence 
of  urine  so  seldom  results  Occasionally  sterility  first 
induces  a  patient  to  seek  medical  advice. 

Spontaneous  rupture  of  tlie  occluding  membrane  and 
evacuation  of  the  retained  fluid  are  rare  in  both  forms  of 
vaginal  atresia;  the}'  occur  in  only  one  per  cent,  of  cases 
of  atresia  vaginalis.  And,  indeed,  although  a  source  of 
tempor.ary  relief,  this  natural  effort  at  cure  is  of  some- 
what questionable  value.  Pyocolpos  and  pj'ometra  al- 
most invariably  result,  and  the  danger  to  the  patient  is, 
if  anything,  aggravated.  Yet  if  spontaneous  perforation 
does  not  occur,  and  no  surgical  procedure  looking  to  the 
emptying  of  the  sac  is  instituted,  the  outlook  is  extreme- 
ly unfavorable.  Rupture  of  some  portion  of  the  dis- 
tended genital  tube,  or  of  a  blood  sac  in  the  oviduct,  is 
almost  sure  to  occur,  or  else  without  rupture  a  grave 
peritonitis  may  develop. 

The  symptoms  observed  at  puberty,  and  repeated  peri- 
odically afterward,  which  have  already  been  detailed, 
are  qui'te  characteristic,  and,  with  the  accompanying 
physical  signs  of  a  gradually  increasing  retention  tumor, 
leave  but  little  doubt  as  to  the  diagnosis.  It  is  true  that 
amenorrhcca  and  abdominal  enlargement  may,  and  some- 
times do,  give  rise  to  the  impression  that  pregnane}'  ex- 
ists, but  this  is  rapidl}'  dispelled  by  a  local  examination 
and  a  careful  inquiry  into  the  history  of  the  case.  lu 
view  of  the  serious  nature  of  the  malformation  in  ques- 
tion the  physician  is  justifled  in  insisting  at  least  upon 
an  examination  of  the  rectum  and  abdomen,  if  not  of  the 
genitals,  in  all  doubtful  cases.  And  this  e.xaminatiun 
should  be  undertaken  early  and  be  performed  carefully; 
for  although  the  recognition  of  a  vaginal  atresia  is  a  mat- 
ter of  no  great  difficult}',  yet  it  is  not  always  easy  to 
determine  the  exact  seat,  and  more  especially  the  thick- 
ness, of  the  ob.structing  membrane,  which  are  matters  of 
great  importance  when  surgical  iutcrfer<'nee  is  attempted. 

The  various  combined  manual  and  digital  methods  of 
exploration  are  the  means  generally  employed,  and  a 
sound  or  catheter  of  some  resistant  material,  placed  in 
the  bladder,  often  assists  in  arriving  at  a  definite  opinion. 
In  children  the  peisistence  of  dysuria  may,  after  simple 
remedies  fail,  .suggest  the  necessity  for  an  examination; 
and  in  adtdts  dyspareunia  and  sterility,  in  a  case  in  which 
menstruation  has  never  occurred,  likewise  require  inves- 
tigation. To  differentiate  between  atresia  hymenalis  and 
atresia  vaginalis  is  not  always  so  easy  as  one  would  sup- 
pose. In  atresia  hymenalis,  if  there  be  retention,  the  sac 
distends  the  perineum  and  protrudes  from  the  vulvar 
orifice.  The  obstruction  in  atresia  vaginalis  is  thicker 
and  less  elastic,  and  there  is  not  so  much  likelihood  of 
distention  of  the  lower  vagina  and  separation  of  the  vul- 
var fissure;  but  if  it  be  seated,  as  is  usual,  in  the  lower 
third  of  the  vagina,  the  sac  may  bulge  through  the  geni- 
tal outlet,  Mie  hymen  being  seen  adherent  to  it  like  a 
fringe.  However,  in  atresia  vaginalis  the  lower  part  of 
the  vagina  is  often  narrow  and  cone-shaped,  and  the  dia- 
phragm itself  may  appear  flat.  Atresias  of  the  vagina 
which  are  located  at  a  higher  level  are  more  difficult  to 
delimit  accurately,  but  are  less  likely  to  give  rise  to  con- 
fusion with  imperforate  hymen. 

It  is  not  always  easy  in  a  given  case  to  decide  whether 
an  atresia  is  congentia'l  or  acquired.  Even  in  children 
injury  and  subsequent  inflammation  of  the  vagina  may 
produce  occlusion,  although  stenosis,  rare  as  a  congenital 
condition,  is  more  likely  to  result. 

The  existence  of  a  rudimentary  state  of  other  portions 
of  the  genital  apparatus,  and  the  absence  of  tissue  irregu- 
larities, cicatricial  bands,  and  the  remains  of  destructive 
inflammation,  point  to  the  congenital  nature  of  the  affec- 
tion. Atresia  of  the  hymen  is  very  rare  as  an  acquired 
condition. 

The  prognosis,  in  cases  of  vaginal  atresia  with  reten- 
tion, is  almost  without  exception  unfavorable,  and  this  is 
especially  the  case  when  the  fluid  consists  of  menstrual 
blood.  Where  nothing  is  done,  a  fatal  termination  is  in- 
variably to  be  expected,  through  rupture  of  some  part  of 
the  sac.  or  as  a  result  of  septic  infection  or  peritonitis, 
independently  of  rupture.     If  perforation  of  the  occlud- 


ing membrane  and  evacuation  of  the  cavity  do  occur, 
pyocolposand  pyomctra  follow  with  rare  exceptions,  and 
the  danger  to  the  patient,  though  less  imminent,  is  liard- 
ly  less  certain.  Even  in  spite  of  the  most  active  treat- 
ment, the  existence  of  a  large  sac  secreting  pus,  which 
often  is  in  free  communication  with  the  peritoneal  cavity, 
is  a  constant  source  of  apprehension,  and  a  termination 
by  no  means  favorable  is  to  be  anticipated. 

In  every  case  of  atresia  with  retention  it  may  be  safely 
said  that  surgical  intervention  is  urgently  required.  But 
even  this  is  not  free  from  danger  or  difficulty.  For  im- 
mediate rupture  of  a  blood  sac  in  the  Fallopian  tube  may 
introduce  a  complication  of  the  greatest  gravity,  or  sep- 
tic peritonitis  may  subsequently  develop.  In  atresia 
hymenalis  an  operation  is  likely  to  be  followed  by  a  bet- 
ter result  than  in  atresia  vaginalis. 

While  the  greater  number  of  the  congenital  malforma- 
tions of  the  female  genitalia  appeal  only  to  the  student  of 
development  and  of  pathological  anatomy,  vaginal  atre- 
sias possess  great  clinical  interest  and  are  of  the  utmost 
practical  importance.  It  is  true  that  in  a  certain  propor- 
tion of  cases  of  vaginal  atresia  relief  is  sought  before 
puberty  is  reached,  and  in  other  instances  not  until  sex- 
ual intercourse  proves  to  be  difficult  or  impossible,  and 
conception  fails  to  occur;  yet  in  the  majority  of  cases  of 
atresia,  where  suffering  follows  the  establishment  of  the 
menstrual  function  and  is  dependent  upon  retention  of 
the  menstrual  fluid,  surgical  intervention  is  urgently 
demanded.  Almost  without  exception  the  condition  of 
the  patient  is  not  recognized  until  this  time,  or  else  the 
obstruction  could  be  divided  before  stasis  had  begun  or 
before  it  had  become  considerable.  The  most  satisfac- 
tory results  are  to  be  looked  for  when  an  operation  is  un- 
dertaken while  there  is  yet  no  hamatometra. 

Although  the  methods  of  operating  vary  according  to 
the  nature  of  the  obstruction  and  the  taste  of  the  opera- 
tor, yet  the  indications  are  always  the  same.  In  every 
case  an  opening  must  be  made  through  the  occluding 
tissue  (at  a  time  midway  between  the  two  menstrual 
periods),  sufficiently  large  to  permit  the  free  egress  of 
the  retained  fluid,  and  this  opening  must  be  maintained 
in  order  that  the  sac  may  be  thoroughly  emptied  and 
kept  empty.  In  atresia  without  retention  the  same  gen- 
eral plan  of  procedure  is  necessary,  so  that  the  vaginal 
tube  may  be  kept  sufficiently  patulous  to  offer  no  ob- 
stacle to  intercourse,  conception,  and  delivery.  Hy- 
meneal atresias  may  be  incised  or  punctured,  and  the 
opening  thus  made  cau  be  immediately  or  subsequently 
enlarged  with  the  finger. 

Atresias  of  the  vagina  which  are  simply  due  to  an  ad- 
hesion of  its  walls  are  sometimes  easily  broken  down  with 
the  finger  alone  or  with  some  blunt  instrument.  But  if 
the  atresia  is  due  to  a  pronounced  rudimentary  condition 
of  the  genital  canal,  bloodless  dilatation  is  hardly  pos- 
sible. In  such  cases  the  obstructing  tissue  must  be  care- 
fully and  slowly  divided  with  a  knite,  or,  preferably, 
with  blunt-pointed  scissors  and  the  finger,  a  silver  cathe- 
ter guarding  the  urethra  and  bladder,  and  an  assistant's 
finger  the  rectum,  until  the  retention  tumor  is  reached. 
Breisky,  of  Prague,  who  minutely  describes  the  method 
of  operating  in  high  vaginal  atresias,  accompanied  per- 
haps witli  atresia  of  the  cervix,  advises  that  as  soon  as 
the  sac  is  encountered  it  should  be  punctured  opposite 
the  site  of  the  cervix,  or,  if  this  cannot  be  found,  at  the 
lowest  part  of  the  vault  of  the  tumor,  with  a  long- 
handled  lancet-shaped  knife,  the  blade  of  which  is  sur- 
rounded and  protected  by  a  cannula.  As  soon  as  the 
blade  has  been  projected  from  the  cannula  into  the  tu- 
mor, and  the  opening  has  been  enlarged  laterally,  the 
knife  is  withdrawn  and  the  cannula  is  pushed  for  some 
distance  into  the  sac.  The  blades  of  a  dilator,  especially 
designed  for  this  purpose,  are  next  introduced  alongside 
of  the  cannula,  and  the  opening  into  the  tumor  can  be 
enlarged  in  any  direction,  to  any  extent,  or  with  any  de- 
gree of  rapidity  that  is  deemed  desirable.  After  this 
dilatation  a  German  silver  tube  is  introduced  to  serve  for 
drainage,  and  likewise  for  the  introduction  of  antiseptic 
fluids,  and  the  dilator  is  removed.     Whatever  form  of 
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(ImiuagL'-tube  is  employeil,  it  should  always  be  of  some 
resistant  material,  and  should  be  provided  with  large 
fenestratious.  As  the  walls  of  the  retention  tumor  sub- 
sequently contract,  a  ttibe  smaller  than  the  one  tirst  used 
should  be  substituted. 

Although  this  mode  of  operating  is  based  upon  sound 
prineii)les.  and  is  intended  to  prevent  any  injury  being 
done  to  the  surroiuuling  lioUow  organs  and  peritoneum, 
to  enable  the  surgeon  to  control  the  rapidity  of  the  es- 
cape of  the  retained  fluid,  and  to  maintain  after  tlie 
ojieration  a  free  communication  with  the  sac,  yet  it  is 
quite  jirobable  that  the  same  results  could  be  achieved 
without  tlie  aid  of  the  special  instruments  described,  and 
with  a  greater  degree  of  simplicity  in  manipulation. 

The  prognosis  in  cases  of  neglected  vaginal  atresia  is 
unfavorable,  nor  is  a  more  hopeful  issue  always  to  be 
anticipated  after  operation.  Like  many  other  gyneco- 
logical procedures  the  danger  iiere  is  out  of  proportion 
to'thc  magnitude  of  the  operation  itself;  for  even  punct- 
ure of  a  tliin  hymeneal  septum  may  be  followed  by  a 
fatal  result. 

The  untoward  accidents  which  ma.y  accompany  or  fol- 
low measures  iu.stituted  for  the  relief  of  atresia  vaginalis 
are:  (1)  injury  of  neighboring  organs  or  of  the  perito- 
neum :  (2)  rupture  of  tubal  blood  sacs ;  and  (3)  septic 
infection. 

The  first  of  these  dangers  is  not  to  be  anticipated  in 
operating  upon  the  imperforate  hymen  or  upon  vaginal 
atresias  of  moderate  extent,  but  where  there  is  a  con- 
siderable defect  of  the  vaginal  tube,  and  the  atresia  is 
broad  and  deeply  seated,  it  requires  the  greatest  care, 
especially  when  sharp-pointed  instruments  are  used,  to 
avoid  wounding  the  urethra,  bladder,  rectum,  or  perito- 
neum. 

Rupture  of  the  tubes  may  follow  operative  interference 
in  even  the  simplest  forms  of  vaginal  occlusion.  The 
Fallopian  tubes,  distended  with  blood,  or  containing 
diverticula,  or  sacs  filled  with  blood,  are  very  prone, 
when  the  menstrual  function  has  been  established  for 
some  time,  and  there  lias  been  considerable  retention,  to 
form  adhesions  with  surrounding  tissues  or  organs. 
"When  the  retained  fluid  is  evacuated,  and  the  distended 
genital  canal  collapses  and  contracts,  great  traction  is 
exerted  from  below  upon  the  fixed,  thinned,  and  friable 
tubal  wall,  and  rupture  is  very  apt  to  occur.  Increased 
pressure  of  the  abdominal  walls,  blood  forced  by  uterine 
contractions  into  the  tube,  and  even  contractions  propa- 
gated from  the  uterine  to  the  tubal  wall,  are  said  to  in- 
crease the  probability  of  this  untoward  accident.  Rupt- 
ure of  the  tube  is  a  most  unfortunate  complication,  to 
prevent  which  efforts  have  been  made  to  alter  slowly  the 
size  and  position  of  the  overfull  uterus  and  vagina  bj' 
withdrawing  the  fluid  gradually  through  a  small  trocar 
puncture,  or  by  several  successive  tappings.  It  is  cer- 
tainly wise  to  proceed  slowl}*,  and  to  withdraw  the 
greater  part,  if  not  all,  of  the  retained  fluid  through  a 
small  opening,  which  is  to  be  enlarged  after  evacuation 
is  completed.  In  this  way  changes  in  pressure  occur 
slowly,  and  the  genital  canal  has  adequate  time  to  adapt 
itself  to  its  new  position  and  surroimdings.  But  the  en- 
tire operation  should  be  concluded  at  one  sitting,  or  other- 
wise, whileavoidingrupture  of  thetube,  wecourt  danger 
through  septic  infection,  and  subsequent  disintegration 
of  the  tubal  walls  may  occur  as  a  result  of  this  process. 
BreisUy  suggests  that'in  some  cases  it  might  be  well  to 
perform  abdominal  section  and  remove  the  hsematosal- 
pinx,  or  iiu'ise  and  drain  it,  if  such  is  known  to  exist, 
before  the  operation  upon  the  atresia  is  attempted. 

Septic  infection,  the  third  of  the  complications  already 
mentioned,  may  be  caused  by  absorption  from  the  divided 
surfaces  of  the  atresia,  and'  the  actual  cautery  and  gal- 
vanic current  have  been  used  instead  of  the  u.sual  cutting 
and  puncturing  instruments  in  order  to  obviate  this  dan- 
ger. Hut  such  an  origin  is  somewhat  questionable  in 
view  of  the  greater  liability  of  the  contents  of  an  incom- 
pletely emplied  sac  to  mulergo  decomposition,  and  the 
much  greater  importance  which  this  factor  assumes.  It 
is  septic  decomposition  and  absorption  which  increase  so 


signally  the  risk  of  repeated  punctures  and  gradual 
evacuation.  Emmet  long  ago  showed  the  fallacy  of  this 
procedure,  and  the  principles  which  he  then  urged  upou 
the  profession  have  now  been  accorded  universal  accept- 
ance and  approval.  We  should  evacuate  the  cavity  slow- 
ly if  tubal  rupture  is  anticipated,  but,  nevertheless,  al- 
ways at  one  sitting.  Subsequent  risk  of  deeompositicm 
within  the  sac  is  diminished  by  juoviding  for  adeciuate 
drainage.  The  sac  immediately  after  operation  may  be 
thoroughly  irrigated  with  an  appropriate  solution  thrown 
into  it  under  low  pressure,  and  not  so  hot  at  tirst  as  to 
stimulate  uterine  contractions;  but  if  the  entrance  of  air 
is  prevented,  or  only  sterilized  air  is  admitted,  the  dan- 
ger to  the  patient  is  materially  lessened.  When  the 
operation  is  performed  with  the  spray  and  other  antisep- 
tic precautions,  and  the  outer  end  of  "the  drainage-tube  is 
wrajiped  in  some  absorbent  material  impregnated  with 
an  efticieut  germicide,  the  outlook  is  rendered  exception- 
ally favorable.  Under  certain  circumstances  it  might  be 
judicious  to  postpone  washing  out  the  canal  until  after 
evidences  of  decomposition  have  become  apparent,  in  the 
meanwhile  care  being  exercised  to  secure  adequate  drain- 
age. Irrigation  is  always  indicated  when  pyocolpos  and 
pyometra  are  recognized. 

When  the  immediate  danger  to  the  patient  is  over,  the 
phj'sieian  is  confronted  with  the  probleiu  of  how  best  to 
keep  patulous  the  opening  that  has  been  made.  The 
tendenc}'  of  artificial  passages  through  extensive  atresias 
to  close  is  remarkable;  various  plans  have  been  suggested 
to  obviate  this  difiiculty.  The  use  of  the  glass  tube, 
which  can  be  introduced  into  the  vagina  by  the  patient, 
and  can  be  worn  for  as  hmg  a  time  as  is  desirable,  is 
especially  conuuended  b_v  Emmet.  Breiskj-,  on  the  con- 
trary, prefers  dilatation  with  the  fingers  or  speculum,  to 
be  begun  eight  days  after  the  operation,  and  to  be  re- 
peated at  suitable  intervals.  If  the  divided  edges  can  be 
covered  with  a  flap  of  skin  or  mucous  membrane,  as  has 
been  done  in  exceptional  instances,  an  excellent  result  is 
assured.  Cohabitation,  if  the  patient  be  married,  mate- 
rially assists  subsequent  efforts  to  keep  the  canal  open. 
Puncture  of  hrematocolpos  through  the  rcolum  or  blad- 
der should  be  mentioned  only  to  be  condemned. 

C.  Congenilal  Stenosis  af  the  Simple  Vagina. — While 
atresia  of  the  vagina  means  complete,  stenosis  implies 
only  partial,  occlusion  of  that  canal,  so  that  menstrual 
blood  can  find  an  exit,  and  conception  can  take  place, 
things  impossible  in  the  former  and  more  rare  condition. 

As  in  atresia,  the  hymen  or  the  vaginal  canal  above  it 
may  be  affected,  though  congenital  stenosis  of  the  hymen 
is  uncommon.  There  may  he  a  septum  perforated  with 
openings  so  small  as  only  to  become  apparent  when  tlie 
menstrual  blood  trickles  through  them,  or  bands  of  tis- 
sue extending  from  one  portion  of  the  vagina  to  another, 
or  again,  spiral  or  ring-shaped  folds  projecting  from  the 
vaginal  surface.  Pronounced  stenoses  are  not  commonly 
encountered  where  the  remaining  portions  of  the  genital 
apparatus  are  normally  developed. 

The  same  causes  which  produce  atresia  of  the  vagina, 
though  operating  less  actively,  occasion  stenosis  of  this 
canal,  namely,  foetal  inflammatory  processes  occurring 
late  in  embryonal  development,  and  overgrowth  of  the 
hymeneal  folds. 

In  this  condition  there  may  perhaps  be  temporary 
amenorvhaa  when  the  stenosis  is  very  pronounced,  fol- 
lowed by  dysmenorrluva  from  forcible  contractions  of 
the  vagina  and  uterus;  but  since  there  is  always  sotiie 
opening  for  the  escape  of  menstrual  blood  there  is  no 
development  of  a  retention  tumor  nor  of  the  painful  and 
alarming  disturbances  incident  thereto.  Cohabitation 
may  be  interfered  with,  but  there  is  no  insuperable  ob- 
stacle to  concejition,  and  while  labor  is  occasionally  made 
tedious  and  difficult,  the  characteristic  tissue  changes  of 
pregnancy  often  render  the  structures  soft  and  dilatable. 
Still,  in  certain  cases,  without  surgical  intervention  de- 
livery cannot  be  accomplished,  and  even  rupture  of  the 
vagina  during  labor  has  been  known  to  occur. 

The  diagnosis  is  easy,  as  a  rule,  although  it  may  some- 
times be  difiicult  to  find  an  opening,  and  the  condition  is 
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hence  mistaken  for  an  atresia.  It  is,  however,  not  im- 
possible to  confound  acquired  with  congenital  stenosis, 
and  a  spasm  of  the  muscles  of  the  pelvic  floor  may  lead 
one  into  error. 

For  obvious  reasons  the  prognosis  in  stenosis  presents 
none  of  the  grave  aspects  that  characterize  atresia  of  the 
vagina. 

When  to  lessen  the  difficulties  attending  coition,  and  to 
increase  the  probabilities  of  conception,  it  is  desirable  to 
enlarge  the  strictured  vaginal  canal,  this  may  be  accom- 
plished by  the  use  of  tents,  sounds,  dilators,  and  the 
like,  but  the  results  are  never  so  satisfactory  as  when  the 
edges  of  the  occluding  bauds  or  folds  are  incised,  and 
dilatation  by  speculum  or  antiseptic  tamponing  is  after- 
ward systematically  employed.  Cohabitation  alone  often 
ultimately  achieves  the  desired  end,  and  during  labor  the 
advancing  head  accomplishes  an  extraordinary  degree  of 
dilatation.  Yet  it  is  never  safe  at  this  crisis  to  rely  en- 
tirely upon  nature's  efforts  to  overcome  the  obstruction, 
for  the  most  untoward  accidents  have  been  known  to 
occur.  It  is  best  during  delivery  to  divide  at  once  any 
obstructing  band  which  seems  likely  to  delay  materially 
the  progress  of  the  child,  though  incision  should  always 
he  made  as  superficially  as  possible. 

D.  Divided  or  Duplex  Vnf/iiia.— In  this  condition  the 
vagina  is  divided  into  two  lateral  halves,  rarely  of  equal 
dimensions,  by  a  more  or  less  perfect  septum,  consisting 
of  two  folds  of  mucous  membrane,  separated  by  a  little 
muscular  and  connective  tissue.  This  partition  may  be 
complete,  or  may  be  perforated  by  a  number  of  openings, 
or  its  presence  may  alone  be  indicated  by  a  band  or  by 
hands  of  tissue  connecting  the  upper,  middle,  or  lower 
portions  of  the  anterior  and  posterior  vaginal  walls. 
With  double  vagina  the  uterus  is  usually  also  double, 
but  may  be  single,  and  there  may  be  a  portion  in  each 
half  of  the  vagina,  or  the  uterus  may  have  two  openings 
in  one  side  and  none  in  the  other.  When  the  uterus  is 
single  and  the  vagina  double,  only  that  half  of  the  latter 
is  suitable  for  coition  which  ends  in  a  cul-de-sac  above: 
and  in  one-horned  uterus,  with  atrophied  second  horn, 
the  side  of  the  vagina  which  corresponds  to  the  atrophied 
half  of  the  uterus  is  generally  found  in  a  very  rudimen- 
tary condition. 

There  may  be  atresia  of  Doth  halves  of  a  duplex  va- 
gina, although  one  side — in  a  vast  majority  of  cases  the 
right — is  alone  occluded  as  a  rule.  As  a  result  of  this, 
bilateral  or  unilateral  ha;matocolpos  may  develop. 
Spontaneous  perforation  of  the  obstructing  membrane 
and  evacuation  of  the  contained  fluid,  and  rupture  of 
tubal  blood  sacs,  occur  more  often  here  than  in  the  case 
of  atresia  ef  the  simple  vagina. 

Diiplexity  of  the  vagina  results  from  a  persistence  of 
the  septum  between  the  Mlillerian  ducts,  which  should 
have  completely  disappeared  by  the  end  of  the  twelfth 
week  of  embryonal  life.  Coalescence  of  the  two  ducts 
of  Jliiller  begins  not  far  from  their  points  of  outlet,  be- 
tween the  lower  and  middle  thirds  of  the  future  genital 
ti'act,  and  extends  upward  and  downward,  but  n)ore 
slowly  in  the  former  than  in  the  latter  direction.  A  sin- 
gle vagina  with  a  double  uterus  is  hence  a  moreconunon 
condition  than  a  double  vagina  with  a  single  womb. 

The  septum  of  a  duplex  vagina  may  interfere  with 
coitus,  and  during  labor  the  descending  foetal  extremity 
may  not  follow  either  canal,  displacing  the  partition  lat- 
erally, but  may  push  the  septum  or  band  before  it, 
delivery  being  thus  impeded. 

Wlieii  there  is  atresia  of  both  .halves  of  a  duplex  va- 
gina the  symptoms  will  be  almost  identical  with  those 
accomiianying  occlusion  of  the  simple  canal.  When, 
however,  (inly  one  lialf  is  obstructed,  molimiual  disturb- 
ances will  occur  with  retention  in  the  obstructed  half 
(ha'matocolpos  and  ha;matometra  lateralis),  but  a  men- 
strual discharge  will  regidarly  escape  from  the  patent 
portion  of  the  tube,  and  in  the  intermenstrual  periods  a 
catarrhal  outflow  will  occur. 

The  diagnosis  is  facilitated  by  remembering  that  in 
this  condition  tliere  are  present  all  the  symptoms  accom- 
panying atresia  of  the  simple  vagina  with  the  exception 


of  amenorrho?a;  the  menstrual  flow  regularly  recurs  and 
the  retention  tumor  that  is  developed  has  a  distinctly  lat- 
eral situation.  This  latter  fact  may  lead  the  examiner  to 
confuse  ha'matometra  and  hannatocolpos  lateralis  wilh 
peri-uterine  ha-matocele,  with  cystic  enlargements  of  the 
ovary  and  Fallopian  tube,  or  with  .soft  uterine  myomata. 
But  if  the  atresia  is  seated  near  the  vaginal  outlet,  no 
such  error  is  likely  to  arise,  and  familiarity  with  the  his- 
tory of  the  case  will  usually  solve  any  apparent  difficul- 
ties. 

The  same  dangers  attend  atresias  of  the  double  vagina 
that  are  present  in  obstruction  of  the  simple  canal.  Rupt- 
ure of  the  Fallopian  tubes  may  occtn-,  or,  after  sponta- 
neous perforation  of  the  occluding  diaphragm,  pyocolpos 
and  pyometrama}'  develop  with  subsequent  involvement 
of  the  tubes  and  pelvic  peritoneum,  or  the  patient's  gen- 
eral health  may  suffer  seriously  from  the  long-continued 
suppuration  and  purulent  discharge. 

The  septum  can  be  divided  with  scissors  without  much 
risk  of  hemorrhage  even  during  labor,  when  it  ofl'ers,  or 
seems  likely  to  offer,  any  serious  obstacle  to  deliver^',  or 
in  the  non-pregnant  female  when  intercourse  is  difficult 
or  conception  impossible. 

E.  Fuiilty  Communications  with  Other  Cavities. — If  it 
be  remembered  that  in  the  embryo  the  urogenital  tube  and 
the  intestinal  tube  terminate  in  a  common  conduit — the 
cloaca,  a  depression  on  the  external  surface  of  the  ovum, — ■ 
the  genesis  of  the  abnormalities  in  question  is  easily  ex- 
plicable. In  the  normal  course  of  development  a  septum 
(completed  in  the  tenth  week  of  intra-uterine  existence) 
divides  the  urogenital  sinus  in  front  from  the  rectum  be- 
hind. If  this  septum  doesnot  appear  the  cloaca  persists, 
there  is  no  anus,  and  apparently  the  rectum  empties  into 
the  vagina  a  short  distance  above  the  hymen.  To  this 
condition  the  strange  name  atresia  ani  vaginalis  has  been 
accorded;  while  if  the  commimication  is  below  the  hy- 
men, it  is  called  atresia  ani  hymenalis  or  vestibularis. 
The  simple  term  persistent  cloaca  would  more  accurately 
describe  both  abnormalities.  The  opening  of  the  intes- 
tinal canal  into  the  cloaca  may  be  small,  and,  if  not  act- 
ually possessing  a  sphincter,  may  yet  be  able  to  resist 
the  involuntary  passage  of  fieces  and  flatus,-  which  are 
voided  periodically  and  at  will.  If  the  communication 
be  large,  however,  the  patient  suifers  from  (hose  symp- 
toms which  characterize  the  more  extensive  forms  of 
perineal  laceration. 

Numerous  other  abnormal  communications  have  been 
observed,  as,  for  example,  an  opening  from  the  vagina 
into  the  normally  formed  rectum,  from  the  vagina  into 
the  urethra  or  bladder,  or  between  a  ureter  and  the  va- 
gina. Again,  the  ileum,  colon,  and  vagina  have  been 
found  opening  upon  the  surface  of  au  extroverted  blad- 
der. 

The  sinus  urogenitalis  may  persist  as  a  long  and  nar- 
row passage,  so  that  the  urethra  opens,  apparently,  not 
into  the  vestibule,  but  into  the  vagina. 

The  causes  of  these  faulty  conmnmications  are  largely 
arrests  in  development  occasioned  by  fcetal  inflammatory 
processes;  but  in  the  production  of  persistent  cloaca 
(atresia  ani  vaginalis  or  vestibularis)  hereditary'  iufluence 
seeins  to  have  some  force,  since  this  condition  has  been 
known  to  have  been  present  in  several  members  of  the 
same  family. 

For  the  relief  of  this  last  condition  the  perineum  should 
be  divided  from  before  backward,  the  end  of  the  intestine 
is  to  be  sutured  in  the  middle  of  the  incision  thus  made, 
and  the  remainder  of  the  wound  clo.se<l  by  stitches.  The 
abnormal  opening  into  the  vagina  will  often  close  spon- 
taneously. 

F.  Blind  Canals  or  Inversions  of  Vaginal  Mvcotis  Mem- 
bnine. — Occasionall}' lacunae  of  the  vagina  attain  unusual 
dimensions  and  are  recognized  as  blind  tubes,  sometimes 
large  and  long  enough  to  admit  the  little  finger,  lined 
witii  smooth  mucous  membrane  and  lying  parallel  to  the 
long  axis  of  the  vagina,  or  they  are  deflected  into  the 
perivaginal  connective  ti.ssue.  The  point  of  exit  of  these 
tubes  is  usually  near  the  vaginal  outlet  at  the  sides  of  the 
columna  ruga  posterior. 
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G.  Iiifdiitilf  !>((/(«/(.— Sometimes  the  vagina,  tliou.cli 
perfectlV  lieveloped,  from  an  arrest  of  growth  in  cliild- 
hooii,  fails  to  attain  adoqnate  dimensions,  and  retains  its 
infantile  character  throughout  later  life,  being  too  sliort, 
too  narrow,  or  both.  Uterus  fetalis  and  uterus  infantilis 
are  not  infrequently  associated  with  this  condition. 

George  Woodruff  Johnston. 
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VAGINA,  DISEASES  OF.— I.  Cysts,— Cysts  of  the 
vasina  are  not  met  with  very  frequently.  Usually  they 
are''located  in  the  lower  third  of  the  vagina  and  occur 
with  equal  frequency  upon  either  the  anterior  or  the 
posterior  wall.  When  deep-seated  they  are  small  and  do 
not  encroach  much  upon  the  lumen  of  the  vagina,  but  as 
they  increase  in  size  the  vaginal  mucous  membrane  be- 
comes distended,  loses  its  characteristic  wrinkles  and  as- 
sumes the  appearance  of  an  ovarian  tumor,  especially 
when  it  protrudes  at  the  vulva.  As  a  rule  they  grow 
slowly  and  rarely  attain  a  great  size.  These  cysts  may 
be  of"  glandular  origin  or  may  have  their  origin  in  the 
remains  of  the  Wolffian  bodies.  In  those  cases  in  which 
several  cysts  are  found  connected  in  a  row  at  the  side  of  the 
vagina  they  have  doubtless  originated  in  local  dilatations 
either  of  one  of  Gartner's  ducts  or  of  an  undeveloped  duct 
of  Jliiller.  The  contents  of  the  cysts  are  usually  a  clear 
yellowish  transparent  fluid,  but  they  may  be  discolored 
by  disorganized  blood  which  lias  escaped  into  them.  They 
rarely  give  an\-  syini^toms  bej'ond  that  of  mechanical  ob- 
struction. It  is  well  to  remember,  in  making  a  diagnosis, 
tliat  these  c_vsts  have  been  mistaken  for  cystocele,  recto- 
cele,  urethrocele,  vaginal  hernia,  and  cysts  of  the  vulvo- 
vaginal gland.  In  all  cases  of  vaginal  cyst  it  is  best  to 
remove  them  except  in  old  women  in  whom  the  tumor  is 
small.  They  may  be  punctured  and  drained,  or  injected 
with  some  irritating  fluid  to  set  up  an  obliterating  inflam- 
mation, or  they  may  be  dissected  out.  The  last  sometimes 
proves  a  most  tedious  and  difficult  procedure,  Schroe- 
der's  operation  consists  in  removing  by  scissors  all  of  the 
cyst  wall  that  rises  above  the  level  of  the  vagina  and 
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Fig,  4941.— Diagrammatic  Representation  of  Combined  Cystocele  and 
Urethrocele.    (From  Munde'.s  ''Gynaecology.") 

stitching  the  mucous  membrane  of  the  vagina  about  the 
circumference  of  the  excavation  to  the  cyst  wall.  The 
surface  occupied  by  the  remainder  of  the  cyst  soon  as- 


sumes the  character  of  the  vaginal  raucous  membrane, 
tlie  cavity  becomes  flattened  out,  and  no  trace  of  the  tu- 
mor remains.  In  this  connection  it  may  be  well  to  mention 
the  fact  that  large  blebs  are  sometimes  found  in  the  va- 


FiG.  4942.— Diagram  showing  Hypertrophy  of  the  Tissues  below  the 
Urethra,     (From  Munde's  "Gynjecology,") 

gina,  and  have  been  named  by  some  authorities  air  cysts 
of  the  vagina.  They  are  usually  found  in  the  upper  por- 
tion of  the  canal.  They  collapse  on  puncture  or  they 
rupture  and  disappear.  The}'  are  more  apt  to  be  present 
during  gestation  than  at  any  other  period. 

II.  New  GiiOWTHS. — Carcinoma  has  been  known  to 
develop  primarily  in  the  vagina,  but  as  a  rule  the  only 
malignant  growths  observed  in  the  vagina  are  those 
which  have  developed  primarily  in  the  uterus.  For  in- 
formation in  regard  to  them  the  reader  is  referred  to 
the  article  entitled  Uterm,  Diseases  of:  Malignant  New 
Qrowths. 

III.  Vesico- VAGINAL  Ctstocele. — Cystocele  Is  a  de- 
scent or  prolapse  of  the  base  of  the  bladder  into  the  va- 
gina, and  declares  itself  by  tlie  presence  of  a  protruding 
ma.ss  at  the  iutroitus  vaginae.  It  varies  in  size  from  a 
small  ovoid  to  a  large  mass  protruding  entirely  out  of 
the  vulva  (Fig.  4941).  Under  the  latter  circumstances  it 
is  usually  accompanied  by  procidentia  of  the  uterus  and 
prolapse  of  the  rectum.  A  cystocele  partakes  of  the 
character  of  a  true  liernia,  and  in  its  ordinary  form  must 
be  regarded  as  a  hernia  of  the  bladder  which  protrudes 
into  the  vaginal  canal  and  presents  itself  at  the  vulva. 
The  symptoms  which  are  steadily  progressive  are  dys- 
uria,  retention,  and  incontinence  due  to  overdistention. 
Later,  tliere  may  follow  cystitis,  ureteritis,  pyelitis, 
rarely  a  vesical  calculus.  The  etiology  of  the  condition 
varies  in  different  periods  of  life.  In  virgins  and  nulli- 
pani;  it  is  due  to  a  supravaginal  elongation  of  the  cervi.x, 
occasioned  primarily  by  hypertrophy  of  the  uterine  tis- 
sue. This  permits  the  descent  of  the  upper  supports  of 
the  vagina,  producing  a  sagging  of  its  anterior  wall  and 
the  base  of  the  bladder.  This  initial  elongation  pushes 
down  tlie  vaginal  supports;  but  later  the  roles  are  re- 
versed and  the  vaginal  prolapse  drags  down  and  increases 
the  elongation  of  the  cervix.  In  multiparse  the  condition 
is  usually  associated  with  laceration  of  the  cervix  and 
perineum,  with  retrodisplacement  and  descent  of  the  ute- 
rus. In  the  process  of  ])arturition  the  anterior  vaginal 
wall,  as  well  as  the  other  parts,  has  suffered  serious  in- 
jury, reducing  its  resisting  power  and  peimitting  the  de- 
velopment of  the  hernial  pouch  into  which  the  bladder 
descends.  The  diagnosis  of  the  condition  is  not  diflicult, 
A  protruding  mass  presents  itself  at  the  vulva;  it  is  .soft 
and  flabby  when  the  bladder  is  empty,  tense  and  elastic 
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■wheu  the  bladiler  is  full.  A-sound  passed  through  the 
urethra  readily  turns  down  into  the  protruding  tiinmr, 
and  b}'  means  "of  this  the  boundaries  of  the  bladder  may 
be  readily  determined. 

The  condition  of  urethrocele  must  be  distinguished 
from  that  of  hypertrophy  of  the  tissues  which  lie  below 
the  urethra.  This  latter  condition  i."  by  no  means  un- 
common (see  Fig.  4942). 

Treatiiieiit. — In  aged  women  in  wliom  an  operative 
procedure  is  not  advisable  on  account  of  the  dangers  of 
ansesthesia,  shock,  and  depression,  a  pessary  can  usually 
be  titted  to  retain  the  mass  in  the  vagina  and  thus  afford 
relief.  The  Gehrung  hard-rubber  pessary  has  been  found 
most  serviceable  for  this  purpose.  A  soft-rubber  ball 
that  can  be  inflated  after  insertion  is  effective,  but  re- 
quires constant  attention  and  frequent  renewals.  Such 
devices  are  merely  temporary  expedients.  For  perma- 
nent relief  some  operative  procedure  must  be  resorted  to. 
Sims  and  Emmet  were  very  ingenious  in  devi.sing  differ- 
ent methods  of  plastic  work  upon  the  vaginal  wall,  and 
they  carried  these  methods  to  a  high  degree  of  perfection. 

The  fundamental  idea  in  these  methods  was  to  denude 
areas  of  various  sizes  and  shapes  in  the  mucous  mem- 


nourished  areas  that  have  either  resisted,  or  have  not  been 
subjected  to,  the  destructive  pressure.  In  the  relief  of 
cystocele,  however,  the  bUwUler  does  not  adapt  itself  to 
the  new  condition  so  readily  as  the  intestines  do  after.au 
operation  for  inguinal  hernia.  The  base  of  the  bladder,  by 
reason  of  the  diminution  in  tlie  extent  of  tlie  vaginal  wall, 
is  thrown  into  wrinkles  and  folds,  producing  pockets  in 
which  the  urine  may  accunudatc,  be  retained,  undergo 
decomposition,  and  inaugurate  the  unfortunate  sequela; 
of  cystitis,  calculus,  ureteritis,  pyelitis,  etc.  Some  way 
must  be  provided,  therefore,  for  smoothing  out  the  redun- 
dant tissue  of  the  bladder  wall  produced  by  the  operation 
upon  the  fascia.  This  is  all  accomplished  in  the  author's 
procedure,  as  follows: 

The  Author's  Operation  for  Cystocele. — This  device  has 
for  its  object  the  attainment  of  two  distinct  results: 
First,  to  free  the  wall  of  the  bladder  from  all  connection 
with  the  vagina,  as  the  contents  of  an  inguinal  hernia  are 
freed  from  the  sac,  so  that  all  of  the  overstretched  vagi- 
nal sheath  or  fascia,  and  vaginal  mucous  membrane  as 
well,  may  be  cut  awa.y  and  the  well-novirished  areas 
secured  for  support  of  the  bladder;  and.  second,  to 
smooth  out  the  redundant  base  of  the  bladder  produced 
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FIG«  4SH.3  4944,  4ND  4945.— Diairram  showing  some  of  ihe  Deti\ils  of  the  Author's  Operation  for  the  Relief  of  a  Veslco-Vaginal  Cystocele,  and 
the  Principle  upon  which  it  is  Based.  Fig.  4!«3  shows  the  position  of  tin-  lilinLlnr  ami  its  relations  to  the  uterus  before  the  operation. 
\fter  the  liladder  has  been  freed  from  its  sheath,  it  is  rotated  on  its  transvers.-  iliameter  until  the  point  A  is  carried  up  to  B,  and  the  point 
B  to  C  The  effect  of  this  is  shown  in  Fi(f.  49+4.  The  liladilei-  is  then  stitched  in  its  new  position,  in  which  its  base  (from  A  to  the 
tirethra)  fonns  a  straight  line.  In  Fig.  4945  the  line  A  B  (' orrespi.nds  with  that  of  the  tear  through  the  peritoneum  across  the  face  of  the 
uterus  and  broad  ligaments,  C  and  B  being  the  points  at  which  tin-  corners  of  the  bladder  are  attached  on  either  side ;  D  and  E  represent 
the  internal  abdominal  rings  through  which  the  round  ligaments  pass. 


brane  of  the  vagina,  and  then  to  cover  them  over  bj- 
introducing  sutures  into  the  suriotmding  edges  of  the 
mucous  membrane  and  drawing  upon  them  until  all  the 
slack  over  the  hernial  mass  had  been  taken  in.  These 
operations  took  the  name  of  colporrhaphy.  The  stitches 
were  usually  passed  in  a  transverse  direction.  Stoltz 
simplified  this  by  merely  denuding  an  oval  or  round  area 
of  mucous  membrane,  the  size  varying  with  the  size  of 
the  cystocele,  and  then  drawing  the  edges  together  with 
a  puckering  string,  which  had  been  passed  around  the 
circumference  of  the  denuded  area,  about  one-third  of 
an  inch  from  the  edge.  This  string  was  worked  in  and 
out  of  the  mucous  membrane,  like  the  gathering  string 
of  a  tobacco  pouch.  All  of  these  opeiations,  however, 
failed  to  give  permanent  relief.  Sooner  or  later  the 
steady  pressure  caused  the  contracted  tissue  to  stretch 
and  eventually  to  give  way,  and  thus  the  original  condi- 
tion was  reproduced.  The  true  cause  of  the  difficulty 
was  not  overcome  b\-  these  methods. 

If  it  be  granted  that  a  cystocele  is  a  hernia,  it  would 
seem  quite  as  rational  a  procedure,  and  would  give  prom- 
ise of  quite  as  satisfactory  results,  to  denude  the  skin 
over  an  inguinal  hernia  and  bring  the  edges  together 
with  stitches,  as  to  expect  to  cure  a  cystocele  b_y  simply 
denuding  the  vaginal  mucous  membrane  and  covering  in 
the  raw  surface.  The  fascia  is  the  sustaining  tissue  in  all 
hernia\  and  the  only  permanent  relief  consists  in  cutting 
out  the  overdistended  and  atrophied  area  of  fascia  and 
bringing  into  apposition  the  edges  of  the  strong,  well- 


by  thus  diminishing  the  size  of  its  capsule.  The  tech- 
nique of  the  operation  is  as  follows:  A  transverse  incis- 
ion is  made  through  the  vaginal  wall  just  in  front  of  the 
cervix,  as  for  vaginal  hysterectomy;  Through  this  the 
bladder  is  dissected  from  the  uterus  and  the  peritoneal 
cavity  entered,  the  peritoneum  being  toi-n  well  out  to 
either  side.  A  longitudinal  incision  is  then  made  in  the 
anterior  vaginal  wall  from  the  middle  point  of  the  trans- 
verse incision  to  the  neck  of  the  bladder.  Through  this 
the  bladder  wall  is  freely  dissected  from  the  vaginal  wall 
on  either  side  until  its  base  is  set  entirely  free.  The 
bliidder  is  now  rotated  upon  its  transverse  axis,  the  base 
being  carried  up  against  the  face  of  the  uterus  and 
stitched  there  with  chromicized  catgut.  In  doing  this 
the  surgeon  should  select,  in  the  base  of  the  bladder,  a 
point  so  situated  that  by  stitching  this  pai'ticular  part  of 
the  bladder  to  the  uterus  he  will  cause  all  the  slack  be- 
tween the  latter  organ  and  the  symphysis  pubis  to  dis- 
appear. He  should  next  select,  on  the  sides  of  the  blad- 
der, two  other  points  equally  distant  from  the  median 
line  and  on  the  same  level  with  the  points  lirst  selected, 
and  by  means  of  sutures  he  should  fiiinly  attach  these 
two  parts  of  the  bladder-wall  to  the  torn  edges  of  the 
peritoneum  on  the  face  of  the  broad  ligaments.  In  doing 
this,  however,  he  should  be  careful  to  insert  the  sutures 
into  each  broad  ligament  at  points  far  enough  removed 
from  the  median  line  to  cause  them,  when  tied,  to  take 
in  all  the  slack  in  the  base  of  the  bladder  from  side  to 
side.     The  effect  of  this  mode  of  employing  sutures  is  to 
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stretcli  the  bladder  taut  and  smootli  in  every  diieetion. 
The  fascia  and  mucous  nienibranc  along  the  longitudi- 
nal Hue  of  the  vaginal  incision  are  now  trimmed  oil'  sulli- 
cicntly  to  make  them  til  snugly  the  base  of  the  bladder, 
and  they  are  then  to  be  stitched  together  with  interrupted 
suturesof  chromicizcd  gut.  The'  dressing  consists  of  a 
light  |iacking  of  gauze  in  the  vagina.  In  cases  in  which 
lacerations  of  the  cervix  and  iirrineum  complicate  the 
cystocclc,  these  injuries  sliouhl  lie  repaired  at  the  same 
sitting.  If  displacement  of  the  uterus  also  exists,  this 
may  be  relieved  bv  shortening  the  round  ligaments 
through  tJie  anterior  vaginal  incision  previous  to  stitch- 
ing up  the  bladder. 

IV.  Diseases  of  the  Vulva. — The  vulva,  the  puden- 
da, or  the  external  genitals  of  the  female,  compri.se  all 
the  structures  immediately  external  to  the  hymeji  and 
surrounding  tlie  entrance  to  the  vagina.  Anatomically 
these  parts  are  very  distinct.  Posterior  to  the  hymen 
are  the  fossa  navicularis,  the  posterior  commissure  or 
fourchette,  and  the  perineum.  Anteriorly  are  the  ure- 
thral orilicc,  the  vestibule,  the  clitoris,  and  the  mons 
veneris,  and  at  the  sides  the  labia  minora  (sometimes 
called  the  nyniphie  because  they  preside  over  the  water 
brooks),  and"  the  labia  majora.  It  is  important  to  recog- 
nize the  position  of  certain  ducts  opening  in  the  mucous, 
membrane  of  these  parts.  The  most  important  of  these 
are;  the  Bartholinian  ducts,  which  supply  an  exit  for  the 
secretions  of  the  glands  of  the  same  name,  and  whose 
orifices  lie  at  either  side  of  the  hyiuen  and  exterior  to  it; 
and  the  mucous  ciypts  known  as  Skene's  glands,  which 
may  be  found  inside  the  meatus  urinarius.  These  ducts, 
as  well  as  the  meatus,  are  the  frequent  foci  of  inflamma- 
tion in  the  mucous  membrane  of  the  vulva.  The  hymen 
marks  the  bouudaiy  between  the  external  and  internal 
organs  of  generation,  and  may  he  classified  as  belonging 
either  to  the  vulva  or  to  the  vagina.  When  intact,  or  in 
its  caruncular  form  after  rupture,  it  participates  in  all 
inflammatory  processes  of  the  vagina  or  vulva. 

The  function  of  the  vulva  is  to  close  the  entrance  to 
the  vagina  and  to  protect  it  against  the  entrance  of  air, 
dust,  and  bacteria.  This  is  accomplished  not  only  bj- 
the  contact  of  the  labia  due  to  their  anatondcal  position, 
but  by  the  adhesive  secretions  which  cover  their  internal 
surfaces  and  agglutinate  them  together.  The  importance 
of  this  function  has  become  clearer  during  recent  years, 
as  we  iiave  realized  that  air  and  dust  are  the  carriers  of 
bacteria,  and  that  bacteria  are  the  source  of  inflammation. 

The  liygioie  i/f  the  vnlra  is  a  subject  that  has  been  sadly 
disregarded,  and  yet  is  of  supreme  importance  in  pre- 
serving the  health  of  the  genital  organs  of  girls  and  of 
women.  In  the  proper  observance  of  the  laws  of  hygiene 
applicable  to  these  parts  lies  the  prophylaxis  of  many  of 
the  inflammations  of  the  genital  tract.  Only  the  com- 
monest attention  to  cleanliness  is  necessary  to  prevent 
the  accumulation  of  secretions  in  the  creases  and  folds  of 
the  pudenda,  and  yet  it  is  a  very  common  experience 
in  examining  women,  even  of  the  better  class,  and  tho.se 
who  would  be  insulted  if  they  were  told  that  they  were 
not  cleanly,  to  lind  accumulations  of  smegma,  in  the  sulci 
between  the  labia  minora  and  majora  and  about  the  cli- 
toris, discolored  with  dirt  and  of  most  unpleasant  odor. 
Mueo-purulent  discharges  also  freqtiently  escape  be- 
tween tlie  labia  and  smear  their  external  surfaces.  Such 
secretions  afford  a  lodging-place  for  the  clouds  of  dust 
that  roll  up  from  the  str<>et  under  the  women's  skirts,  and 
become  culture  media  for  all  sorts  of  micro-organisms, 
which  travel  fi-om  these  foci  along  the  genital  tract  to  the 
vagina,  cervix  uteri,  fimdus,  and  Fallopian  tubes.  The 
proxinuty  of  the  anus  is  another  source  of  bacterial  infec- 
tion, and  tlK-refore  in  women  especiallj-  it  demands  hy- 
gienic care.  These  parts  certainly  deniand  as  frequent 
bathing  as  the-  face,  and  shotdd  be  thoroughly  cleansed 
with  soap  and  water  at  least  once  every  day.  Open 
drawers,  so  eonunonly  worn  by  women,  expose  these 
parts  to  contact  of  street  dust."  They  should  never  be 
worn  The  tight  drawers  alford  the"onlv  ellicient  pro- 
tection against  street  dust  and  sudden  changes  of  tem- 
perature, in  both  old  and  young.     Women  should  also 


be  taught  to  change  the  napkin  frequeutl_y  during  the 
monthly  molimen,  whether  it  becomes  saturated  or  not. 
Jlenstrual  discharges  take  on  fermentation  \'ery  prompt- 
ly, and  when  kept  for  several  hours  in  contact  with  the 
heated  parts  about  the  vulva,  they  not  only  make  the  in- 
dividual offensive,  but  become  active  sources  of  infection 
to  the  genital  tract.  If  the  menstrual  flux  is  free  or  ex- 
cessive, the  necessity  for  frequent  changes  of  najdiin  can 
be  obviated  by  taking  a  tepid  aseptic  vaginal  douche  for 
cleansing  purposes  once  or  twice  each  day.  By  having 
the  temperature  of  the  fluid  used  in  the  douche  at  110'- 
115°  F. ,  the  amount  ot  the  How  can  be  materially  lessened 
or  entirely  interrupted.  AVhen  the  douche  is  used  simplj' 
for  cleansing  purposes,  the  temperature  of  the  water 
should  not  be  above  100°  F. 

Through  tradition  as  well  as  in  accordance  with  the 
Hebrew  law  it  has  long  been  accepted  as  axiomatic  that 
a  woman  should  not  bathe  during  the  monthly  molimen. 
A  moment's  reflection  should  satisfy  any  reasonable  per- 
son that  such  teaching  is  unwise.  If  there  is  ever  a  time 
in  a  woman's  life  when  she  needs  a  tub  bath  it  is  during 
the  days  of  menstruation.  During  this  period  not  only 
are  the  glands  of  the  genital  tract  stimulated  to  an  un- 
wonted degree,  but  the  cutaneous  glands  of  the  groins 
and  axilla;,  and  indeed  of  the  entire  surface  of  the  body, 
take  on  tiuusual  activity.  These  sudoriferous  and  seba- 
ceous excretions,  if  not  removed  by  the  daily  bath,  un- 
dergo fermentative  changes,  become  rancid  and  foul- 
smelling,  rendering  many  an  otherwise  attractive  creature 
anything  but  an  agreeable  companion.  Women  are  aware 
of  this,  and,  to  overcome  it  and  make  their  presence  less 
offensive,  they  saturate  their  handkerchiefs  and  clothing 
with  perfumer}'  of  all  kinds.  In  the  mean  time  the  pores 
of  the  skin  become  occluded  with  accumulations  of  excre- 
tions, the  glands  cease  to  do  their  physiological  work, 
and  the  woman  suffers  from  headache  and  indigestion. 

Malformation  uf  the  Vvlca. — The  key  to  all  malforma- 
tions is  usually  to  be  found  in  the  embryology  of  the 
affected  part.  The  malformation  is  the  result  either  of  a 
lack  of  development,  an  excessive  development,  or  a  tiiis- 
directed  development.  In  the  vtdva  the  first  and  simplest 
form,  although  not  the  most  common,  is  illustrated  by 
what  is  knov.n  as  the  infantile  vulva,  i.e.,  the  character 
of  the  vulva  during  infancy  persists  into  adult  life.  The 
labia  majora  are  less  developed  than  the  other  parts,  the 
vulvar  cleft  being  more  exposed  to  view.  The  mons 
veneris  is  lacking  in  prominence,  and  there  is  absence  of 
hair.  The  persistence  of  this  form  of  the  vtdva  is  usually 
indicative  of  imperfect  development  of  the  internal  gen- 
erative organs  as  well.  The  type  of  excessive  develop- 
ment is  seen  in  cases  of  double  vulva.  Three  such  cases 
have  been  observed  and  recorded.  In  these  there  were 
two  vulva'  situated  side  by  side  in  the  interfemoral  space. 
The  type  is  exhibited  in  what  is  known  as  pseudoherma- 
phroditism, in  which  there  is  such  an  excess  of  develop- 
ment of  some  parts  and  lack  of  development  of  others,  or 
such  a  confusion  of  development  of  the  apparent  organs 
of  both  sexes  that  it  becomes  difficult  to  decide  to  which 
sex  the  individual  lielongs.  Such  cases  are  rare,  and  are 
interesting  as  curiosities  or  freaKs  of  nature  rather  than 
as  cases  for  medical  or  surgical  treatment. 

A  condition  of  practical  importance  is  that  of  rtilrar 
atresia.  This  is  produced  by  more  or  less  jjcrmauent  ad- 
hesions between  the  labia  of  opposite  sides,  thus  appar- 
ently obliterating  the  vulvar  cleft.  There  is  usually  a 
small  o])einng  anteriorly,  through  whiclt  the  urine  finds 
exit  with  greater  or  less  difficulty,  but  the  menstrual  dis- 
charge is  frequently  retained  in  these  ca.ses.  But  even 
if  the  di.scharge  be  not  retained,  trouble  is  apt  to  arise 
when  attempts  at  sexual  intercourse  are  made.  The 
labial  adhesions  may  give  way  under  this  pressure,  or  it 
may  be  necessarj'  to  dissect  them  apart.  Sometimes  the 
labia  may  be  torn  ajjart,  but  if  this  occurs  in  the  nuptial 
bed  serious  hemorrhage  may  result.  Adhesions  may  not 
be  confined  simply  to  the  labia;  they  may  also  involve 
the  clitoris  and  the  prepuce,  or  adhesions  between  these 
parts  may  exist  independently.  This  condition  is  analo- 
gous anatomically  to  the  adherent  prepuce  in  the  male, 
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and  may  be  attended  with  similar  nervous  symptoms, 
even  persisting  to  adult  life.  The  treatment  consists  in 
freeing  tlie  tissues  from  theise  adhesions.  This  maj'  be 
acconiijlished  in  some  cases  by  simple  manipulation  with 
the  lingers.  In  other  cases,  however,  the  adhesions  have 
become  so  thoroughly  organized  as  to  require  careful 
dissection  under  general  ana?sthesia. 

Vuh-d-rdyiiKil  Anus. — This  malformation,  known  un- 
der various  names  as  anus  vulvalis,  vulvar  anus,  atre- 
sia ani  vaginalis,  or  atresia  ani  vestibularis,  is  the  result 
of  arrested  development  at  the  cloacal  stage.  There  is 
no  anal  opening  in  the  normal  position,  the  contents  of 
the  rectum  finding  exit  through  an  opening  near  the  site 
of  the  hymen,  either  external  or  internal  to  it.  There 
may  be  two  openings  near  to  each  other,  or  one  may  be 
at  the  normal  site  of  the  anus  and  the  other  at  the  hymen. 
In  some  of  these  cases  the  patient  may  have  satisfactory 
control  of  tlie  movements  of  the  bowels.  Under  such 
circumstances  the  discovery  of  the  condition  may  be  en- 
tirely accidental,  and  no  surgical  interference  is  required. 
But  when  fa-cal  incontinence  exists,  operative  measures 
liecoine  uecessaiT.  The  effort  of  the  surgeon  should  be 
to  make  an  artificial  aims  at  the  normal  scat  of  that  ori- 
fice. Control  maybe  secured  by  splitting  the  fibres  of 
the  levator  ani  muscle  and  dragging  the  rectum  through 
to  seciu'e  sphincteric  control,  or  the  rectum  may  be 
twisted  upon  itself  180°  for  the  purpose  of  .secuiing  a 
valve-like  action,  or  both  devices  may  be,em|)lo3*ed.  To 
relieve  this  condition  effectually  requires  all  the  inge- 
nuity of  the  most  experienced  plastic  surgeon.  Some  au- 
thorities advise  delaying  all  interference  till  the  age  of 
puberty.  But  there  are  many  reasons  for  the  opinion 
that  the  earlier  the  abnormality  is  relieved  the  better. 
In  the  j-oung  and  formative  years  nature  will  do  more 
toward  developing  sphincteric  control  than  in  later  years. 
Moreover,  by  early  repair  the  child  will  be  saved  years 
of  disciinifort  and  embarrassment  that  would  necessarily 
retard  its  mental,  moral,  and  plnsieal  development. 

Analogous  to  the  condition  just  described  are  the  mal- 
formations known  as  hyprispaiJia,i  and  epupiidiiif.  In  the 
former  the  posterior  wall  of  the  urethra  is  lacking,  and 
in  the  latter  the  anterior  wall.  Epispadias  maybe  ac- 
companied by  extroversion  of  the  bladder  or  by  exten- 
sion of  the  sinus  to  the  clitoris,  dividing  it  into  two  parts. 
The  one  symptom  of  these  conditions  is  incontinence  of 
urine.  Control  may  be  secured  by  plastic  operations, 
and  in  cases  in  wliich  sulHcient  length  of  urethra  can  be 
secured  for  the  purpose,  the  urethra  may  be  dissected  out 
and  twisted  on  its  longitudinal  axis  one-fourth  or  one-half 
the  circumference  of  a  circle  and  stitched  in  that  position. 

Injuries  of  the  Vulva. — These  may  be  due  to  external 
violence,  to  coitus,  or  to  parturition,  and  are  serious  on 
account  of  the  profuse  hemorrhage  that  is  apt  to  attend 
them.  The  patient  may  fall  astride  a  stepladder  or  the 
back  of  a  chair,  or  as  a  child  she  may  fall  on  a  picket 
fence,  or  in  sliding  down  an  incline  may  transfix  these 
parts  on  anj'  pointed  object.  There  is  on  record  the  case 
of  a  child  who,  on  sliding  down  from  a  haymow,  came 
astride  the  sharp  slake  of  a  hayrack.  The  stake  entered 
at  the  v\dva,  passed  up  through  the  abdomen,  and  made 
its  exit  below  the  ninth  rib  of  the  left  side,  entirely  trans- 
fixing the  body.  It  is  noteworthy  that  the  child  recovered 
and  lived  for  three  years,  diving  finally  of  scarlet  fever. 

Bicyclists  may  be  thrown  from  their  saddles  upon  the 
frames  or  handle-bars  of  their  wheels  and  receive  serious 
injuries  of  the  vulva.  Coitus  rarely  produces  injuries 
except  in  cases  of  rape  in  children  and  women  of  ad- 
vanced years.  In  such  cases  damage  is  done  to  tlie  hy- 
men, the  fourchette,  and  the  posterior  wall  of  the  vagina. 
In  parturition  the  vulva  may  suffer  from  contusions  or 
lacerations  by  the  head  of  the  child  or  from  the  unskil- 
fid  use  of  the  forceps.  In  cases  of  external  violence  and 
in  puerperal  cases  it  is  well  to  remember  that  there  may 
be  deep  hemorrhage  into  the  connective  tissue,  resulting 
in  ha'matocele.  The  tumor  thus  formed  may  be  small 
and  inconspicuous,  or  it  may  assume  large  proportions, 
dissecting  into  the  connective  tissue  of  the  pudenda,  and 
even  spreading  up  into  the  abdominal  wall.  The  tension 
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upon  the  external  tissue  may  be  so  great  as  to  cause  rupt- 
ure of  the  walls  of  the  tumor  and  allow  the  clots  to  es- 
cape. If  an  artery  is  involved  in  the  injtu-y,  the  con- 
dition may  be  converted  into  one  of  actual  hemorrhage. 
In  a  small  hematocele  the  clot  under  gentle  pressure 
usually  becomes  absorbed,  but  in  cases  of  severe  contu- 
sion or  of  excessive  hemorrhage  gangrene  ma^'  supervene. 
The  sj'mptoius  of  pudendal  ha'uiatoma  or  ha»matocele 
are  rapid  swelling  of  the  laliia  and  pain.  Discoloration 
of  the  skin  follows,  the  color  changing  from  red  to  blue 
and  green,  and,  as  absorption  progresses,  to  bronze. 
The  tumor  at  first  is  tense,  but  graduall}'  it  becomes  boggy 
and  soft.  If  the  hemorrhage  is  copious,  there  may  be 
symptoms  of  shock.  The  treatment  consists  in  stopping 
tlie  ueiuorrhage,  if  still  in  its  active  stage,  bj-  applica- 
tions of  ice,  or  bj'  pressure  effected  by  means  of  pads  and 
bandages.  If  this  is  not  effectual  and  the  tuiuor  con- 
tinues to  develop  rapidly,  it  may  be  necessary  to  cut 
down  upon  the  bleeding  vessels  and  secure  them"  by  liga- 
ture. If  in  due  time  alj.sorption  does  not  set  in,  and  the 
tumor  .shows  signs  of  breaking  down  and  suppurating, 
with  more  or  less  elevation  of  temperature,  tlie  tumor 
must  be  treated  as  an  abscess,  i.e.,  hy  free  incision  and 
drainage. 

Vt-ilcilis. — If  we  accept  the  modern  scientific  dictum 
that  all  inflammation  is  the  manifestation,  or  the  result, 
of  an  invasion  by  micro-organisms,  inflammations  of  the 
vulva  may  be  classified  according  to  the  genus  of  the  in- 
fecting organism.  But,  as  all  the  infecting  germs  have 
not  yet  been  discovered,  and  as  the  part  played  b_y  each 
organism  in  a  mixed  infection  has  not  been  positively 
determined,  the  clinical  picture,  the  signs,  and  symptoms 
must  still  be  deiiended  upon  in  many  instances  as  a  re- 
liable guide  to  diagnosis  and  treatment.  Irritating  dis- 
charges from  the  vagina,  which  spring  from  gonorrhceal 
or  from  seiitic  inflammation  of  the  vagina  or  the  uterus 
or  from  cancerous  ulceration  of  the  cervix,  may  cause  iu- 
flaninuition  of  the  vulva.  The  infection  may  come  from 
without  or  from  the  morbid  germs  carried  in  the  dis- 
charges. In  such  cases  applications  of  silver  nitrate  in 
solution  (1  in  20),  .should  be  made  to  the  external  parts 
after  they  have  been  thoroughly  cleansed,  and  then  some 
protecting  ointment,  as  oxide  of  zinc,  should  be  applied. 
At  the  same  time  vigorous  treatment  must  be  directed 
to  the  cause  of  the  disease. 

AplitliiT  or  thrush  of  the  vulva  is  an  infection  similar  to 
that  which  invades  infants'  and  children's  mouths.  It 
is  apt  to  attack  nursing  women.  The  infecting  agent  is 
the  vegetative  organism  oi'dium  albicans.  The  disease  is 
characterized  by  a  white  exudate  elevated  on  an  inflam- 
matory base.  It  occurs  in  discrete  patches.  The  treat- 
ment consists  in  bathing  the  parts  thoroughly  with  a 
solution  of  bichloride  of  mercury  (1  in  2,000), — the  pro- 
cedure to  be  repeated  dail}'. 

Chancre  and  chancroid  of  the  rulra  have  the  same  sig- 
nificance and  characteristics  as  the  same  lesions  in  other 
parts,  and  the  treatment  is  the  same. 

Diphtheria  of  the  vulm  is  found  almost  exchisively  in 
puerperal  women,  although  it  may  attack  children.  It 
is  usually  ushered  in  by  a  severe  chill,  followed  by  a 
sharp  rise  of  temperature  to  104°  or  10.5°  F. ,  and  a  rapid 
and  feeble  pulse.  Inspection  reveals  the  presence  of  the 
yellowish-gray  membrane  containing  the  Klebs-Loetfler 
bacillus.  Thorough  antiseptic  washes  should  be  em- 
ployed and  prompt  constitutional  treatment  instituted. 
Fnil  doses  of  antitoxin  hypodermatically  are  the  sheet 
anchor. 

Erysipelas  of  the  mlrn  is  due  to  the  invasion  of  the 
streptococcus  erysipelatis,  and  is  recognized  as  a  despe- 
rate condition.  It  maj'  follow  operations  upon  the  ex- 
ternal genitals,  may  appear  without  warning  as  a  com- 
plication of  diabetes  mellitus,  especially  in  aged  women, 
or  may  be  the  first  stage  in  the  march  of  invasion  of  a 
puerperal  sepsis.  In  the  last  instance  the  serious  symp- 
toms manifest  themselves  in  the  uterus  and  adjoining 
structures.  The  rich  supply  of  Ij-mph  spaces  and  chan- 
nels in  and  about  the  pudendal  structures  afford  a  good 
field  for  the  spread  of  this  particular  infection,  and  the 
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trcatmeut  should  be  promjjt  aud  vigorous,  both  sustain- 
ing and  local.  Iron  iutcniallj'  and  lead  and  opium  wash 
externally  still  hold  as  tho  specitics.  The  bowels  should 
be  kei't  freely  open  with  salines. 

Skin  Dise('iK(S  of  tlic  Vulva. — Skin  diseases  have  been 
treated  very  fully  in  the  articles  devoted  to  them,  but 
there  are  certain  localized  conditions  of  the  sUin  of  the 
external  genitals  which  come  more  directly  under  the 
care  of  the  gynecologist,  and  which  may  therefore  prop- 
erly be  considered  here.  Among  these  may  be  mentioned 
such  common  affections  as  intertrigo,  erythema,  aud  ec- 
zema, all  of  which  are  largely  the  result  of  filth.  Thor- 
ough and  persistent  attention  to  cleanliness,  and,  in 
aggravated  cases,  the  employment  of  soothing  lotions  or 
dusting  powders,  constitute  all  the  treatment  that  is 
called  for. 

Folliculitis  is  a  pustular  eruption  due  to  the  invasion 
of  the  hair  follicles  by  the  staphylococcus  jiyogenes  al- 
bus,  aureus,  or  citretis.  The  entire  skin  surface  of  the 
vulva  may  be  completely  covered  with  couical-shaped 
pustules,  each  having  a  hair  springing  from  its  summit. 
The  disease  is  apt  to  occur  in  anifmic,  debilitated  women, 
but  is  due  directly  to  lack  of  cleanliness.  Sometimes  the 
skin  is  red  and  inflamed,  and  burning  aud  itching  may 
be  present.  In  other  cases  there  will  be  no  unusual  sen- 
sation whatsoever,  the  pustules  being  discovered  by  acci- 
dent, as  it  were,  after  they  have  invaded  a  large  area  of 
tissue.  Constitutionally  the  treatment  should  be  sus- 
taining, and  locally  the  application  of  strong  antiseptics 
is  indicated.  Jloist  dressings  of  bichloride  of  inercurj-, 
1  in  3,000,  or  carbolized  or  sidphurated  ointments,  may 
be  applied  to  the  affected  skin,  for  the  purjiose  of 
promptly  destroying  the  infecting  agent.  Epilation  is 
usually  unnecessary. 

Herpes  genitalis  has  already  been  discussed  in  sufficient 
detail  in  a  previous  volume  (Vol.  IV.,  page  685). 

The  parasitic  affections  of  the  vulva,  i.e.,  the  common 
ones,  are  eczema  marginatum,  or  ringworm,  and  the  irri- 
tation caused  by  the  pediculus  pubis.  The  former  ap- 
pears in  reddish,  luoist,  jiigmeuted  areas,  of  circular  or 
ctirved  form,  aud  with  raised  borders.  Over  the  surface 
of  these  areas  are  scattered  small  vesicles  or  pustules  with 
yellowish  crusts.  These  ma}'  be  confined  to  the  labia  or 
they  \\vd.y  spread  back  to  the  anus  or  forward  over  the 
mons  veneris  aud  abdomen,  and  out  on  to  the  thighs. 
The  sovereign  remedy  is  sulplmr,  either  in  the  form  of 
sulphurous  acid  on  compresses,  or  as  one  of  the  suljihur 
ointments.  The  pediculus  or  louse  that  infests  the  hairy 
parts  of  tho  pubes  is  a  crab-like  insect,  aud  can  be  found 
holding  fast  to  a  hair,  aud  inserting  its  proboscis  into 
the  .sebaceous  follicle^  from  which  it  derives  its  suste- 
nance. It  produces  an  iutense  itching.  When  the  pres- 
ence of  the  parasite,  however,  is  once  discovered,  relief 
is  promptly  secured  by  one  or  two  applications  of  mer- 
curial ointment  (blue  ointmeut),  which  destr03's  both  the 
insect  and  the  nits. 

Pruritus  Vulva;. — Many  affections  of  the  vulva  are 
attended  with  the  most  intense  burning  and  itching.  In 
neurotic  patients  it  becomes  absolutely  intolerable,  and 
in  some  iuslauces  causes  loss  of  sleep,  physical  exhaus- 
tion, and  nervous  depression  leading  to  melancholia  and 
other  forms  of  insanity.  The  distress  may  be  aggravated 
by  the  effort  to  procure  relief  by  scratching  or  rubbing 
the  jiarts.  In  this  waj'  sexual  excitement  and  orgasm 
are  produced  and  a  habit  of  masturbation  is  establi.shed. 

Pruritus  is  only  a  symptom,  but  like  dysmenorrho'a  it 
is  so  common  aud  |)ersistent,  and  withal  so  obscure  in  its 
etiology,  that  it  demands  a  special  chapter  for  itself  in 
all  gynecologic  treatises,  eveu  the  most  recent  aud  scien- 
tific. It  will  be  treated  here  under  the  following  head- 
ings: Puerperal  pruritus,  diabetic  pruritus,  p'arasitic 
pruritus,  and  neurotic  pruritus— also  termed  kraurosis 
vulva;. 

Puerperal  Pruritus. — Pruritus  is  not  an  unusual  accom- 
paniment of  pregnancy,  aud  may  arise  at  any  time  during 
the  period  fjf  gestation.  At  this  time  the  .secretions  from 
the  glands  about  the  vulva  and  vagina  are  markedly  in- 
creased, and,  unless  the  patient  is  scrupulously  clean. 


they  are  apt  to  become  culture  media  for  irritating  micro- 
organisms. 

In  this  variety  of  pruritus,  as  in  all  cases  of  this  affec- 
tion, the  parts  should  be  carefully  inspected  to  exclude 
parasites,  the  urine  should  be  examined  to  exclude  or 
confirm  thepreseuceof  diabetes  mellitus,  aud  the  amount 
of  the  local  secretions  should  be  determined. 

If  parasites  or  diabetes  be  present,  the  appropriate 
treatment  should  be  applied;  otherwise  hj'gienic  meas- 
ures should  be  prescribed,  including  sitz-batis  aud  vagi- 
nal douches  of  bichloride  of  mercury  or  carbolic-acid 
solutions.  Local  applications  of  black  wash  (oxide  of 
mercury),  carbolic-acid  solution  (1  in  40),  or  Unguentum 
zinci  oxidi  are  also  efficient. 

Pruritus  is  one  of  the  early  symptoms  of  diabetes  mel- 
litus, and  in  all  cases  of  itching  and  burning  of  the  vulva 
the  urine  should  be  examined  for  the  presence  of  sugar. 
The  exhibition  of  appropriate  treatment  for  this  disease 
will  permanently  relieve  the  local  symptoms.  Local  ap- 
plications, similar  to  those  recommended  above,  may  be 
necessary  for  immediate  relief. 

The  two  parasites  that  most  commouly  infest  these 
regions  are  the  pediculus  pubis  and  the  trichophyton  ton- 
surans or  ringworm.  The  former  seeks  its  habitat  among 
the  hairs  of  the  pubes,  gaining  its  sustenance  from  the 
sebaceous  glands  about  the  hair  follicles.  It  hangs  with 
its  head  seemingly  buried  in  the  skin,  aud  is  difticull  to 
remove.  This  insect  is  commonly  known  as  the  crab 
louse.  It  deposils  its  eggs  or  nits  on  the  hair  shafts. 
Two  or  three  applications  of  Unguentum  hydrargyri  (blue 
ointment)  will  destroy  both  the  iu.sect  aud  the  nits.  Kero- 
sene oil  also  acts  efficiently. 

Kraurosis  vulvae  is  characterized  by  a  withered,  parch- 
ment-like appearance  of  the  surfaces  of  the  labia  majora 
and  the  external  surfaces  of  the  nymphfe.  It  may  also 
extend  to  the  mons  veneris  aud  the  tissues  about  the  cli- 
toris. The  folds  are  gradually  obliterated,  and  there  is  a 
general  contraction  of  the  introitus  vagina;.  Intercourse 
is  extremely  painful,  and  an  intolerable  burning  aud  itch- 
ing persist  during  the  early  stages.  These  latter  symp- 
toms may  become  intermittent  as  the  disease  progresses. 
In  the  early  stages  there  may  be  thickened,  hy  pertrophied 
areas  of  skin  which  are  sensitive  to  the  touch;  they  are 
interspersed  throughout  the  areas  of  sclerosed  atrophic 
tissue.  Gradually  the  whole  surface  becomes  atrophic 
aud  takes  ou  the  parchment-like  appearance.  The  dis- 
ease, which  comes  late  in  life,  usually  after  the  meno- 
pause, is  a  progressive  one,  aud  is  relieved  only  by  the 
removal,  by  dissection,  of  all  the  vulva.  It  is  not  neces- 
sary to  i)OStpone  the  operation  luitil  the  disease  has  be- 
come self-limited.  The  amount  of  tissue  removed  is  of 
no  great  importance  except  that  it  should  include  all 
that  ma}'  possibl}'  be  invaded.  The  operation  consists  in 
making  au  incision,  at  the  juuctiou  of  the  skin  and  mu- 
cous membrane,  from  the  clitoris  around  the  entire  cir- 
cumference of  the  introitus.  A  second  incision,  concen- 
tric with  the  first,  is  made  through  the  skin  aroimd  the 
entire  vulva  at  the  outer  margin  of  the  iuvaded  tissue. 
The  tissue  included  between  these  two  incisions  is  next 
dissected  out.  The  edges  are  then  coaptated  by  inter- 
rupted sutures  of  chromicized  catgut  or  silkworm  gut. 
Bleeding  parts  may  be  secured  b}'  ligature,  but  the  gen- 
eral oozing  is  controlled  by  the  sutures.  In  cases  in 
which  the  disease  invades  the  mons  it  is  necessary  to  in- 
clude the  clitoris  in  the  exsected  tissue.  A  strong  liga- 
ture of  catgut,  transfixing  the  clitoris  at  its  base,  will 
control  hemorrhage  from  the  vessels  of  that  organ.  In 
applying  the  stitches  the  parts  should  be  adjusted,  as  the 
necessities  of  the  case  require,  to  give  nice  apposition. 

Ilypcrtroj]ht/  of  the  T'«Zra-.— Hypertrophy  of  the  clitoris 
is  not  uncommon.  It  may  be  congenital  or  acquired.  It 
usually  accompanies  those  malformations  which  go  to 
make  the  pseudohermaphrodite.  Fehling  has  reported 
the  case  of  a  girl,  twenty-one  years  of  age,  with  a  clitoris 
five  inches  long,  an  inch  and  one-half  thick,  terminating 
in  a  glans  one  inch  long.  Hypertrophy  of  the  labia 
minora,  especially  elongation,  is  not  infrequently  met  in 
gynecologic  practice.     Certain  pathologic  processes  may 
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produce  this;  it  may  also  be  congenital  or  it  maj'  be  the 
result  of  manipulation.  As  is  well  known,  the  Hottentot 
apron  is  simply  the  cuormousl.v  elongated  nympha  pro- 
duced by  manipulation  practised  upon  the  female  cliildren 
from  infancy.  Elephantiasis  vulvre  is  a  pale  or  grayish- 
white  tumor  arising  from  any  or  all  of  the  pudendal 
structures.  It  ma.y  attain  a  large  size,  reaching  to  the 
knee.  It  is  composed  of  libro\is  and  subcutaneous  con- 
nective tissue  and  enlarged  and  numerous  lymph  vessels. 
The  surface  maj'  be  smooth  or  warty,  and  when  the  lym- 
phatic tissue  predominates  the  tumor  may  present  the 
appearance  of  a  bunch  of  grapes.  Various  venereal  af- 
fections may  accompany  this  condition.  The  treatment 
is  surgical  and  consists  of  radical  removal  of  all  the  liy- 
pertrophied  tissue. 

Condylomata,  or  venereal  warts  of  the  vulva,  present 
the  appearance  of  wart}'  growths  springing  from  the 
mucous  membrane  or  from  the  skin  of  the  vulva.  They 
are  auto-iuoeulable,  and  may  spread  on  to  the  mous  and 
down  over  the  perineum  and  anus,  and  even  on  to  the 
thighs.  They  may  be  due  to  .simple  tilth  infection  of  the 
papilla?  of  the  skin  or  they  ma}'  spring  from  the  inflam- 
matory base  of  a  gonorrhoeic  or  syphilitic  infection.  In 
rare  instances  these  excrescences  become  confluent  and  . 
form  large  cauliflower-like  masses  resembling  carcinoma. 
The  clinical  symptoms  and  the  microscopic  examination 
will  give  a  well-marked  differential  diagnosis.  The  treat- 
mentTconsi.sts  in  their  removal  either  by  cau,stics,  by  the 
gal\'ano-  or  tbermo-cautery.  or  by  the  scissors.  They 
are  apt  to  bleed  profusely  when  curetted  or  cut  away, 
and  it  becomes  necessary  to  touch  the  base  with  caustics, 
with  perehloride  of  iron,  or  with  a  strong  solution  of 
salicylic  acid  (  3  i.  ad  3  i.).  In  some  instances  it  may  be 
necessary  to  put  in  catgut  sutures  to  control  the  hemor- 
rhage. 

There  are  tumors  of  the  vidva  which  cannot  properly 
be  classified  as  neoplasms,  but  which  nevertheless  de- 
mand attention  here  for  the  purpose  of  presenting  the 
factors  involved  in  a  differential  diagnosis.  These  are 
intestinal  hernia,  omental  hernia,  hernia  of  the  ovary, 
and  cyst  of  the  vulvo-vaginal  gland.  Intestinal  (ingui- 
nal) hernia  may  appear  sudtlcnly  during  a  supreme  effort 
at  lifting,  or  as  a  result  of  a  sudden  and  unexpected 
strain,  or  it  may  come  on  gradually.  It  is  usually  pyri- 
form  with  the  larger  base  below,  and  on  percussion  it 
gives  the  tympanitic  note.  It  may  or  may  not  be  reduci- 
ble. Hernia  of  the  omentum  gives  the  same  clinical  feat- 
ures with  the  exception  of  the  tympanitic  note.  Hernia 
of  the  ovary  is  apt  to  be  congenital,  but  not  always. 
The  tumor  is  small,  sensitive,  generally  irreducible,  and 
it  increases  in  size  and  becomes  painful  at  the  menstrual 
period.  Ovarian  hernia  occurs  also  in  women  whose  ab- 
dominal walls  have  been  relaxed  by  frequent  and  repeated 
gestation.  In  these  cases  the  Fallopian  tube  may  be  pres- 
ent with  the  ovary,  a  coil  of  intestines  and  the  omentum. 
The  presence  of  the  ovary  is  manifested  by  the  character- 
istic dull,  sickening  pain,  aggravated  at  menstruation  to 
a  degree  of  acute  suii'ering,  and  by  nausea  and  exquisite 
tenderness  on  pressure.  In  these  latter  cases  the  hernia 
may  be  reducible,  but  in  congenital  cases  the  ovary  is 
usually  fixed. 

The  treatment  of  ovarian  hernia  is  surgical,  but  in  all 
instances,  in  which  this  is  possible,  the  ovary  should  be 
returned  to  the  pelvic  cavity  and  the  hernial  opening 
permanently  closed.  In  exceptional  instances,  however, 
extirpation  of  the  ovary  is  the  only  resource  available, 
but  this  must  not  be  undertaken  without  a  recognition 
of  the  possibility  that  it  may  be  the  only  ovary  that  the 
patient  possesses,  and  that  the  operation  is  not  by  any 
means  devoid  of  risk. 

Cyst  of  the  vulvo-vaginal  gland  is  an  affection  of  so 
great  frequency  and  importance  as  to  demand  a  separate 
and  independent  article  (see  article  on  Bartholin's  Gland, 
Vol.  I.,  p.  734). 

Varicose  tumors  of  the  vulva  occur  frequently  during 
pregnancy.  In  some  cases  they  cause  great  pain ;  in 
others  they  burst  and  occasion  serious  hemorrhage. 
Gentle  massage  and  pressure  are  sometimes  efficient  in 


emptying  the  veins,  but  the  condition  may  become  so  ex- 
treme, even  during  pregnancy,  as  to  demand  operative 
procedure.  A  ligature  en  masm  or  a  mattress  ligature 
may  be  applied,  and  the  tumor  cut  away ;  or  the  skin 
may  be  incised  at  the  base  and  a  catgut  ligature  applied, 
after  which  the  skin  may  be  sutured  over  the  stump. 
Complete  asepsis  must  be  observed. 

Cancer  of  the  Vulva. — Primary  malignant  disease  of 
the  vulva  is  comparatively  rare.  Histologically,  it  may 
be  epithelioma  or  sarcoma.  Topographically,  it  may 
originate  in  the  clitoris,  the  peri-urethral  tissue,  the 
labia,  or  the  perineum.  It  occurs  late  in  life,  with  the 
greatest  frequency  between  forty  and  sixty  years  of  age. 
The  neoplasms  are  characterized  by  a  rapid  and  exten- 
sive new  formation  of  tissue  and  a  tendency  to  early 
ulceration.  The  lymph  glands,  especially  those  in  the 
inguinal  region,  are  usually  involved.  The  secretion 
consists  of  a  serous  or  bloody  fluid  with  a  fetid  odor. 
AVbeu  the  peri-urethral  tissue  is  involved  the  urethra, 
by  vaginal  touch,  is  felt  as  a  round,  hard  cylinder.  The 
tendency  of  the  disease  is  to  spread  internally,  the  va- 
gina, the  rectum,  and  the  bladder  being  successively  in- 
volved. The  earliest  symptom  may  be  a  pruritus,  but, 
as  the  disease  advances,  the  pain  becomes  increasingly 
severe.  The  progress  of  the  disease,  if  it  has  not  already 
advanced  too  fai',  may  be  arrested  by  complete  extirpa- 
tion either  with  the  thermo-cautery  or  with  the  knife  and 
scissors.  The  .I'-ray  gives  promise  of  a  permanent  cure 
in  many  of  these  cases.  In  those  in  which  ablation  is  not 
practicable  or  the  .c-ray  fails  to  cure,  palliative  measures 
consist  in  thorough  and  frequent  cleansing  by  douches 
and  antiseptic  washes  and  in  the  employment  of  iodoform 
gauze  dressing.  The  best  deodorizers  and  disinfectants 
are  bichloride  solutions,  ichthyol,  carbolic  acid,  and  for- 
maldehyde. Anodynes  are  required,  both  locally  and 
hypoderraically,  and  as  frequently  and  in  as  full  doses 
as  may  be  necessary  to  relieve  the  suffering. 

V.  V.\GiNiTis. — Definition. — Vaginitis  is  an  inflamma- 
tion of  the  mucous  membrane  which  lines  the  vaginal 
canal.  It  appears  in  all  grades  of  severity,  from  a  sim- 
ple blush  of  color,  with  slight  heat  and  dryness,  to  the 
most  virulent  inflammatory  action  with  its  attendant  con- 
stitutional symptoms- 

No  period  of  life  is  exempt  from  it.  It  is  met  with  in 
young  girls,  in  women  during  the  child-bearing  period, 
and  in  women  who  have  passed  the  climacteric. 

It  is  most  important  to  distinguish  the  two  varieties — 
simple  or  non-specific,  and  specific  or  gonorrha'al.  They 
differ  primarily  in  their  cause  or  etiology,  and  in  their 
remote  effects;  the  one  when  uncomplicated  being  at- 
tended with  only  a  certain  amount  of  personal  discom- 
fort and  a  limited  impairment  of  general  health,  while 
the  other  may  involve,  in  its  later  manifestations,  seri- 
ous inflammatory  action  within  the  peritoneal  cavity — 
an  inflammation  which  may  result  in  chronic  invalidism 
or  even  in  death. 

For  convenience  of  description  the  subject  will  be  con- 
sidered under  two  beads:  Simple  or  non-specific,  and 
specific  or  gonorrha-al.  Simple  vaginitis  demands  con- 
sideration under  three  heads,  as  it  appears:  I.  In  girls- 
prior  to  puberty ;  II.  In  unmarried  women ;  III.  In  mar- 
ried women. 

V.A.GINITIS  IN  Children. — Vaginitis  in  young  girls  be- 
tween the  ages  of  three  and  seven,  and  even  later,  is  a 
very  common  affection.  It  usually  shows  itself  in  the 
form  of  a  chronic  catarrh.  But  it  may  vary  in  severity 
from  this  mild  subacute  inflammation  to  one  attended 
with  copious  discharge  and  pain,  with  swelling  and  ex- 
coriation of  the  labia.  The  vulva  and  vagina,  as  far  as 
can  be  seen,  are  sensitive  and  red,  and  even  the  buttocks 
and  inner  surface  of  the  thighs  may  be  inflamed  and  irri- 
tated. As  a  complication  in  children,  it  must  not  be  for- 
gotten that  gonorrheal  peritonitis  is  not  uncommon,  the 
infection  reaching  the  abdominal  cavity  through  the 
Fallopian  tubes.  Forty  cases  of  this  character  have  been 
collected  from  the  literature.  A  mistaken  diagnosis  is 
apt  to  be  made,  owing  to  the  fact  that  the  appendix  is 
naturally  involved  in   the  general  inflammation.     The 


163 


Vai 
Vas 


Ilia. 
:iua. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


conclilion  sliouUi  be  suspected  in  every  case  of  geueral 
peritonitis  oecurring  in  youug  girls  between  the  ages  of 
four  and  seven,  and  examination  of  tlie  vaginal  secre- 
tions slioidd  be  made  in  every  case.  The  prognosis  is 
favorable  if  the  abdomen  is  promptly  opened  and  the 
intestines  are  waslied  with  deeinormal  saline  solution  and 
argyrol  (two  to  live  per  cent.). 

On/.w'.v. — It  most  frequenlly  occurs  in  weak  or  stru- 
mous subjects,  and  results  from  lacU  of  cleanliness.  It 
may  arise'  from  ■■  taking  cold."  In  the  light  of  otu-  pres- 
ent" knowledsje.  however,  we  must  understand  by  this 
sinqily  a  lowering  of  vitality  which  affords  opportunity 
for  some  infectious  germs 'already  present  to  secure  a 
footliold.  Seat -worms  are  a  frc(|uent  cause,  owing  to 
the  intense  itching  they  e.xcite,  which  induces  the  patient 
to  rub  and  .scratch  the  parts,  usually  with  dirty  hands 
and  linger  nails.  Or  these  parasites  may  find  their  way 
into  the  vagina  and  iuHame  the  parts  by  their  presence. 
Self-abuse  must  al.so  be  reckoned  among  the  causes  of 
this  disorder  and  should  be  ever  present  in  the  mind  of 
the  physician  when  he  is  consulted  for  this  trouble,  espe- 
cially if  the  case  is  an  aggravated  one  or  persistently 
does' not  yield  to  treatment. 

Gonorr'hieal  poison  is  also  the  occasional  cause.  Dr. 
J.  Lewis  Smith  records  the  case  of  a  3-oung  man  who 
was  under  treatment  for  gonorrhcea,  when  his  two 
nieces,  four  and  si.\  years  of  age,  respectively,  both 
became  infectetl  with  "sijccilic  vaginitis,  probably  from 
the  towels. 

Purulent  ophthalmia,  which  is  usually  considered  the 
accidental  accompaniment  of  specific  vaginitis,  may  it- 
self be  the  origin  of  the  vaginal  alfection.  They  are  rc- 
ciprocall}'  deiiendent. 

The  e.vanthemata  are  frequently  accompanied  and  fol- 
lowed by  a  vaginal  catarrh,  due  either  to  the  tlirect  action 
of  the  disease  ujion  the  membrane,  as  occurs  in  otorrhoea, 
or  to  the  reduced  condition  of  the  vital  powers. 

Treatment.— "Xhc  parts  should  be  bathed  frequently  in 
warm  water  and  all  excoriated  surfaces  smeared  with  a 
protective  ointment.  Astringent  injections  thoroughly 
administered  with  a  glass  or  hard-rubber  syringe  are 
usually  necessary,  and  in  some  instances  must  be  con- 
tinued for  days  and  weeks.  Tannin  or  alinn  solution 
(five  percent.),  sulphate  of  zinc  (two  percent.),  nitrate 
of  silver  (one  per  cent.),  are  all  efficient  injections  and 
should  be  administered  twice  each  day.  I  have  found  a 
combination  of  iron  and  potash  in  the  usual  proportions 
for  a  gargle  very  satisfactory:  Tinct.  ferri  chlorid., 
3ij.;    potass,   chlorat.,     3  i. ;   glycerinoe,  3  ss. ;  aq.   ad 

Wlien  ascarides  are  present  a  dose  of  castor  oil  should 
be  given,  to  be  followed  for  several  davs  by  daily  injec- 
tions of  salt  water,  lime  water,  or  infusion  of  quassia,  in 
both  rectum  and  vagina.  In  the  mean  time  the  general 
hygiene  and  nourishment  of  the  child,  together  with  ap- 
propriate tonics,  must  not  be  neglected.  Caution  must 
also  be  given  regarding  the  danger  of  jjurulent  conjunc- 
tivitis and  oiilithalmia  from  the  infectious  discharge. 
AVhen  masturbation  is  present,  of  course  the  child  must 
be  put  under  proper  surveillance  and  restraint, 

V.\GiNiTis  IN-  LTNM.\RiiiED  WoMEX. — Simple  vaginitis 
is  rarely  a  primarj'  affection,  being  secondary  to  some 
inflammatory  condition  in  neighboring  organs  of  the  pel- 
vis. Asa  rule,  it  begins  and  continues  in  a  subacute  form, 
but  this  may  at  any  time  take  on  the  character  of  a  violent 
acute  infianuuation.  On  the  other  hand,  the  acute  form 
may  be  excited  primarily  by  some  special  cause  and  may 
gratlually  iiass  into  tlie  chronic.  It  is  important  to  de- 
termine early  in  the  treatment  of  the  case  whether  the 
infianunation  lie  primarily  in  the  vaginal  mucous  mem- 
brane or  whether  it  be  induced  there  by  the  irritating 
qualities  of  a  discharge  coming  from  some  source  bevond 
the  vagina:  viz.,  the  cervix,  the  uterus,  the  Fallopian 
tubes,  (ir  even  a  pelvic  abscess.  Thomas  mentions  the 
fact  that  he  has  seen  two  cases  of  profuse  and  ob.stinate 
vaginal  discharge,  reganled  as  the  result  of  vaginitis, 
which  were  in  reality  produced  by  pelvic  abscesses  which 
emptied  their  contents  into  the  upper  part  of  the  vaginal 


canal.  He  says:  "An  element  in  such  cases  calculated 
to  mislead  the  superficial  examiner  is  the  fact  that  vagi- 
nitis does  really  exist  to  a  limited  extent  as  the  result  of 
the  purulent  flow  from  the  abscess." 

Etiolofiii. — AVheu  the  disease  is  primary,  in  unmarried 
women,  the  most  frecjuent  cause  is  "taking  cold."  It 
may  arise  from  undue  retention  of  the  menstrual  dis- 
charge behind  a  too  constricting  hymen,  where,  through 
contact  with  the  air,  it  undergoes  decomposition  and  so 
becomes  a  source  of  Irritation.  Self-abuse  is  an  occa- 
sional catise. 

Ana'mic  young  women,  with  a  nervous  erotic  tempera- 
menl,  will  often  have  a  constant  leucorrhiea  with  an  irri- 
tated condition  of  the  vulva  and  vaginal  walls.  In  these 
patients  the  affection  is  due  simply  to  the  vitiated  con- 
dition of  their  general  health.  In  our  large  cities  the 
shop-girls  or  clerks  are  the  class  of  patients  in  which  this 
condition  is  most  often  found.  The  custom  of  compel- 
ling these  girls  to  stand  constantly,  long  hours  in  succes- 
sion, in  the  cramped  and  narrow  spaces  behind  the  coun- 
ter in  crowded  stores  in  which  the  air  is  vitiated,  produces 
most  disastrous  results.  Finally,  tight  lacing,  by  crowd- 
ing tlie  viscera  down  toward  tlie  pelvis  and  by  keeping 
tliem  in  a  constant  state  of  passive  congestion,  greatly 
favors  the  perpetuation  of  the  disease  which  we  are  now 
considering. 

Diabetes  is  an  occasional  cau,se  of  vulvitis  and  vagini- 
tis. Accompanying  this  disease  is  usually  an  intolerable 
itching  of  the  vulva  and  mons  veneris.  Through 
scratching  for  its  relief  and  the  re])eated  bathing  of  the 
laliia  with  urine  there  is  set  up  an  inflammation  of  the 
vulva  that  extends  sometimes  well  into  the  vagina.  It  is 
very  intractable,  on  account  of  the  ever-present  irritant. 

V.\oiNiTis  IN  Married  Women. — In  married  women, 
especially  those  who  have  borne  children,  simple  vagini- 
tis is  not  uncommon.  In  addition  to  the  causes  common 
to  all  women,  as  chilling  of  the  body,  want  of  cleanli- 
ness, pediculi.  ascarides,  diabetes,  etc.,  they  are  much 
more  frequentlj'  subject  to  uterine  affections  than  are  the 
unmarried.  Among  such  affections  may  be  mentioned 
lacerations  of  the  cervix  and  the  diseased  conditions  re- 
sulting therefrom,  the  disorders  dependent  upon  rough 
or  excessive  intercourse,  upon  the  use  of  pessaries,  which 
abrade  the  mucous  membrane  or  simplj'  act  as  initants, 
and  upon  the  accidental  contact  of  irritating  substances 
used  for  application  to  the  uterus,  e.rj..  chromic  acid. 
Boroglyceride.  which  is  universally  employed  for  satu- 
rating vaginal  tampons,  may,  if  used  in  too  great  strength, 
not  only  set  up  a  general  vaginitis  but  cause  deep  abra- 
sions. The  author  in  consultation  recently  has  had 
occasion  to  point  out  to  a  colleague  the  fact  that  his 
boroglyceride  tampons  (fifty  per  cent,  boroglyceride) 
were  the  cause  of  deep  and  extensive  abrasions  in  the 
posterior  vaginal  fornix. 

The  most  frequent  cause  of  a  vaginitis  is  an  iiTitating 
discharge  from  the  cervix  or  uterus.  In  these  cases  the 
irritation  usuallv  commences  at  the  vulva,  where  the 
secretions  come  in  contact  with  the  air,  and  undergo  de- 
composition, which  renders  them  still  more  irritating. 
From  this  ))oint  the  inflammation  gradually  travels  back 
throughout  the  entire  extent  of  the  vagina. 

Symptoms  and  Trentmcnt. — The  subjective  manifesta- 
tions vary  with  the  Intensity  of  the  inflammation.  In 
very  mild  cases  the  patient  Is  conscious  simply  of  a  leu- 
coriiuva  with  slight  itching  or  burning. 

A  careful  examination  both  by  touch  and  by  sight 
with  a  Sims  speculum  is  most  important.  The  vagina 
shoidd  be  carefully  swabbed  out  and  dried  with  absorb- 
ent cotton.  By  this  means  the  amotmt  and  extent  of  the 
inflammation  can  be  learned,  its  primary  or  secondary 
nature  ascertained,  and  the  cause  usually  determined. 
Treatment  can  then  be  directed  with  intelligence  and 
some  degree  of  scientific  accuracy.  As  the  affection  in 
this  mild  form  is  usually  secondary,  it  demands  only 
palliative  treatment,  the  main  cft'orts  being  directed  to 
the  original  cause.  Cleanliness  and  the  soothing  and 
astringent  effect  of  heat,  both  of  which  are  obtained 
by  the  hot- water  douche,  are  usually  sufficient  to  relieve 
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the  symptoms.  Recovery  is  hastened  by  brushing  the 
inflamed  tract  tlioroughly  with  a  solution  of  nitrate  of 
silver,  twentj-  or  thirty  grains  to  the  oiuice.  A  vagini- 
tis, it  must  be  remembered,  is  frequent!}'  aggravated 
and,  indeed,  sometimes  induced,  by  the  poor  quality  of 
the  glycerin  used  on  vaginal  tampons.  This  is  frequently 
a  source  of  great  annoyance,  as  it  is  not  generally  under- 
stood. 

In  an  acute  attack  the  clinical  features  differ  very  lit- 
tle, and  in  some  cases  not  at  all,  from  tlie  specific  form 
of  the  disease.  The  description  of  both  is  therefore  em- 
braced in  the  one  account  given  under  the  head  of  Spe- 
cific Vaginitis.  The  treatment  is  also  the  same  fo''  both 
affections. 

Specific  V.vginitis. — Synonyms:  Gononiura  in  the 
female,  Gouorrhije,  Vagiuitc,  Blenuorrhagie,  Blennor- 
rha>a,  Elytritis. 

Definition. — Gonorrhoea  in  the  female  is  an  inflamma- 
tion of  file  genital  and  urinar_y  passages,  characterized 
by  a  purulent  discharge  which  has  been  produced  by 
contact  with  an  infecting  substance,  as  the  result  usually 
of  se.xual  intercourse.  It  may  run  a  very  acute  course 
and  then  become  chronic.  It  may  be  subacute  in  its  in- 
ception, and  may  slumber  in  this  relatively  inactive  state 
for  years  or  until  aroused  to  an  acute  manifestation  by 
some  disturbing  element.  In  an  acute  case,  when  first 
seen,  the  inflammation  is  usually  coextensive  with  the 
entire  visible  mucous  membrane  of  the  genital  tract,  but 
it  may  be  limited  in  extent  and  confined  to  the  vulva, 
the  urethra,  the  vagina,  or  the  cervi.x  uteri. 

Hardy,  Hemj',  and,  more  recently,  Biimm,  have  pointed 
out  the  fact  that  the  membrane  lining  the  canal  of  the 
cervix  uteri  may  be  the  original  scat  of  the  disease,  the 
virus  being  absorbed  by  the  cervi.x  dlrcetlv  fi-om  the 
penis  during  the  co]iulative  act.  Indeed,  the  last  author 
maintains  that  the  cervix  is,  as  a  rule,  the  primary  seat 
of  all  gonorrhiea!  inflammation.  He  says:  "  Gonorrhira 
never  occurs  primarily  in  the  vagina,  but  usually  spreads 
thence  from  the  cervix,  or,  more  rarely,  from  the  urethra. 
The  stratified  pavement  epithelium  forms  so  good  a  pi'o- 
tecting  tissue  that  the  gonococci  cannot  effect  an  entrance 
unless  changes  which  render  the  more  delicate  layers 
accessible  have  occurred.  Surfaces  covered  with  cylin- 
drical epithelium,  viz.,  the  interior  of  the  cervix,  are  not 
so  resisting." 

The  frequency  with  which  the  cervix  is  involved  and 
the  persistence  of  the  affection  in  this  locality  mark  it  as 
a  most  favorable  ground  for  the  inception  of  the  disease. 
The  anatomical  structure  of  the  mucous  membrane,  as 
poiuled  out  by  Bumm,  makes  his  a  priori  argument  seem 
reasonabli'.  This  view  is  now  accepted  by  the  best  ob- 
servers. 

The  tendency  of  the  disease,  whatever  locality  it  may 
invade  first,  is  to  extend  throughout  the  entire  tract  of 
mucous  membrane,  from  the  vulva  through  the  vagina, 
passing  through  the  uterus,  into  and  through  the  Fallo- 
pian tubes  to  the  ovary,  and  invading  the  ducts  of  all  the 
glands  opening  on  all  these  surfaces. 

Sources  of  Contagion. — There  is  no  doubt  regarding  the 
identity  of  the  disease  in  the  two  sexes.  The  gonorrhoeal 
discharge  from  an  individual  of  one  sex,  when  applied  to 
the  genital  mucous  membrane  of  the  ojiposite  sex,  pro- 
duces a  similar  discharge,  with  the  same  intense  and  ]5ro- 
tracteil  symptoms.  But  cases  occur  in  men  after  inter- 
course with  women  who,  upon  subsequent  examination, 
present  no  sign  of  the  disease.  Furthermore.  Ricord  (and 
all  his  host  of  admirers  and  followers  have  insisted  on  the 
truth  of  his  .statement)  declared  that  a  man  could  acquire 
gonorrhoea  by  intercourse  with  a  woman  who  did  not 
have  the  disease.  At  the  present  time  no  such  belief  can 
be  maintained.  It  seems  far  more  reasonable,  in  the  liglit 
of  our  present  knowledge,  to  believe  that,  in  these  obscure 
cases,  the  woman,  although  apparently  free  fixjm  the  dis- 
ease, is  in  reality  afflicted  with  a  latent  gonorrhoi-a. 

"  True  gonorrba>a  requires  no  idiosyncras}',  no  ale  or 
champagne,  no  excess,  no  weakened  condition  of  the 
urethra  for  its  development,  but  simply  intercourse  with 
a  female  [or  male]  having  a  gouorrhceal  discharge.     No 


abrasion  of  the  membrane  is  necessary.  Simply  contact 
of  the  virus  with  the  membrane  is  sufficient  to  establish 
the  disease"  (Van  Buren  and  Keyes). 

Latent  GonorrJw:a. — The  serious  nature  of  gonorrbcea 
in  women  and  the  importance  of  early  recognizing  its 
presence,  except  for  the  purpose  of  avoiding  contagion, 
are  matters  which  have  been  sadly  neglected.  Theidea 
of  gonorrhrea  has  been  so  intimately  associated  with 
urethral  trouble  that  unless  that  particular  part  of  the 
.body  was  affected  no  anxiety  was  experienced.  As  the 
acute  symptoms  rarely  continue  longer  than  ten  days 
or  two  weeks,  and  then  subside  without  leaving  a  ure- 
thral stricture  in  tlieir  train,  this  atl'ection  in  women  has 
been  thought  a  comparativeh'  simple  and  harmless  affair. 
But  since  Dr.  Noeggerath.  in  his  now  classic  paper, 
pointed  out  the  latent  propensities  of  this  vicious  disease, 
attention  has  been  more  carefully  centred  ujion  it.  and  it 
is  now  receiving  some  of  the  consideration  which  its  im- 
portance demands.  The  fact  is  recognized  that,  after  a 
partial  advance  toward  recovery,  the  disease  may  linger 
for  years,  and,  by  gradually  extending  itself,  be  the 
cause  of  cervical  catarrh,  endometritis,  salpingitis,  ovari- 
tis, sterility,  and  the  oft-repeated  attacks  of  peri-uterine 
inflammation  with  which  its  victiius  are  afllicted.  But 
thes<'  unfortunate  sequelae  not  only  follow  an  acute  at- 
tack in  which  due  warning  of  their  impending  arrival 
has  been  given,  but  tliev  may  be  the  first  indication  of 
trouble,  so  insidious  is  the  disease  in  its  latent  form. 

Dr.  Noeggerath's  views  regarding  the  frequency  of 
gouorrhtt'a  in  women  were  so  extreme,  and  he  insisted  so 
strenuously  on  sterility  as  its  inevitable  consequence, 
that  his  pai)er  met  with  almost  universal  dissent.  This 
was  in  1S73.  But  the  pendulum  has  now  recovered  its 
equililiriiun.  and  the  careful  observer  is  daily  recogniz- 
ing in  his  practice  cases  which  illustrate  the  correctness 
of  the  picture  which  Noeggerath  so  faithfully  drew. 

The  tenets  of  Noeggerath's  creed  are  that  gonorrhoea, 
though  apparently  cured,  may  exist,  in  a  latent  form,  in 
both  the  male  and  the  female,  throughout  an  entire  life- 
time; that  this  latent  form  may  be  transmitted  to  the 
female,  to  continue  there  in  a  ciuiescent  state  for  an  in- 
definite period,  or,  travelling  along  throughout  the  mu- 
cous tract,  excite  serious  uterine,  peri-uterine,  or  perito- 
neal inflammation,  or  at  any  moment  burst  forth  into 
acute  gonorrlnea.  He  undertakes  to  show  that  the  wife 
of  every  husband  who  at  any  time  of  his  life  before  mar- 
riage has  contracted  a  gonorrhoea  is.  with  very  few  ex- 
ceptions, afflicted  with  a  latent  gonorrhoea,  which  sooner 
or  later  brings  its  existence  into  view  through  some  form 
of  disease  of  the  uterus  or  its  appendages. 

While  we  may  not  give  assent  to  the  universality 
which  Dr.  Noeggerath  claimed  foi-  this  form  of  the 
affection,  it  embraces  such  a  large  class  of  cases  that  it  is 
most  important  to  recognize  it,  and  I  cannot  do  better 
than  place  before  the  reader  Dr.  Noeggerath's  graphic 
description  of  a  t3'pical  case. 

"Mr.   M ,  a  merchant  of  New  York,  formerly  a 

commecrial  traveller,  like  almost  every  one  of  his  tribe, 
acquires  a  gouorrha'a.  The  treatment  recommended  by 
a  renowned  specialist  is  earefull.y  followed,  and  the 
affection  cured  in  two  months.  Two  years  later  this 
gentleman  marries  a  healthy,  robust  young  girl.  Three 
months  later  the  woman  begins  to  complain  of  backache 
and  general  malaise;  it  becomes  difficult  for  her  to  attend 
to  the  common  household  affairs ;  the  usual  promenade, 
instead  of  being  a  pleasure,  becomes  fatiguing.  Jlen- 
struation,  which  appeared  hitherto  without  any  premoni- 
tory symptoms,  is  now  connected  with  backache,  more 
profuse  than  usual,  and  followed  by  a  white  discharge. 
By  and  by  the  desire  to  urinate  becomes  more  freciueut, 
and  is  occasionally  accompanied  by  biu'ning  at  the  mea- 
tus. The  white  discharge  graduallj'  extends  from  one 
jieriod  to  the  next.  About  eight  weeks  later  a  pain  is 
felt  in  the  left  side  of  the  abdomen,  which  suddenly  in- 
creases, upon  an  unusually  severe  exertion,  to  such  an 
extent  that  the  patient  has  to  take  to  her  bed.  At  the 
same  time  the  dysuria  is  increased,  the  discharge  be- 
comes profuse  and  of  a  greenish-yellow  color,  like  mat- 
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ter.  The  iihysioiau  attending  her  recognizes  an  acute 
attack  of  iicrimctritis. 

"A  yi'iii-  al'tfi-  tiiis  slie  consults  nie  for  sterility.  I  find 
her  siirt'cring  from  general  weakness,  backache,  pain  in 
the  left  sider increased  before  the  now  scanty  menstrua- 
tion, and  a  inuco-inirnlent  discharge. 

"On  c.\aininatinn  the  uterus  is  found  in  right  latero- 
version  and  anU-tieclcd;  the  left  vaginal  roof,  or  parts 
above,  liardencd  and  contracted ;  the  uterus,  soft,  succu- 
lent, very  lender  on  being  gently  pushed  into  its  normal 
position."  great  teiiderness  of  posterior  cul-de-sac,  cervix 
of  a  high  color,  surrounded  by  a  thin  rim  of  eroded  tis- 
sue, discharging  a  tenacious  yellow  mucus;  both  outlets 
of  Cowper's" gland  eroded  to  some  distance  and  painful 
to  the  touch. 

"In  the  iiistory  of  this  patient  we  find  no  trace  of  the 
existence  of  acuic-  gouorrhn;a  either  before  or  after  mar- 
riage l)ut  a  condition  very  like  it,  it  not  truly  gonorrha?a, 
is  being  developed  during  the  acute  attack  of  perimetri- 
tis. The  jiatient  has  never  been  infected,  in  the  accepted 
meaning  of  the  word,  but  she  graduall}'  develops  a  con- 
dition which  we  usually  observe  as  the  result  of  an  at- 
tack of  acute  gonorrhoea. " 

Thesecases  of  latent  gonorrhoea  are  distinguished  from 
simple  Icucorrhcea  in  the  following  manner;  If  the  upper 
part  of  the  vagina  be  filled  with  a  copious,  glairy,  green- 
ish-yellow glue  which  adheres  to  the  cervix  tenaciously 
when  the  attempt  is  made  to  remove  it,  gonorrhcea  is 
present.  And  even  when  the  discharge  is  scantj',  pel- 
lucid, white,  or  of  a  pale-straw  color,  it  is  gonorrhaa,  if 
the  five  following  conditions  also  exist:  (1)  If  there  is 
also  a  red.  ei'oded,  narrow  rim  about  the  os;  (3)  if  there 
are  signs  of  present  or  past  peri-uterine  inflammation ; 
(3)  it  there  is  catai'rh  of  the  vulvo-vaginal  or  peri-urethral 
glands  attended  with  condylomata  in  the  fourchette  or 
around  the  urethral  orifice;  (4)  if  the  discharge  is  very 
difficult  to  relieve;  (o)  if  it  has  developed,  soon  after 
marriage,  in  an  otherwise  healthy  woman,  without  other 
morbific  cause. 

These  clinical  features  are  quite  sufficient  for  a  di- 
agnosis; but  if,  in  addition  to  them,  the  gouococcus 
be  present,  the  cause  of  the  trouble  is  at  once  made 
clear. 

Thus,  latent  gouorrha>a  accounts  not  only  for  a  large 
percentage  of  the  manifold  troubles  embraced  under  the 
terms  ])eri-uterinc  and  pelvic  inflammation,  but  there  is 
no  doubt  that  some  of  the  cases  of  puerperal  fever  sup- 
posed to  be  due  to  septic  poison  are  really  caused  by  a 
latent  gonorrha-a ;  especially  those  cases  in  which  the  in- 
flammation is  circumscribed  and  the  general  septic  con- 
dition is  absent. 

Si/)iiptoius. — The  patient's  attention  is  early  attracted, 
usually  from  three  to  five  da.vs  after  the  impure  inter- 
course, by  a  sense  of  heat  and  b>irning  in  the  vagina. 
This  is  followed  bj'  aching  and  weight  in  the  perineum, 
a  throbbing  pain  through  the  pelvis,  a  profuse  purulent 
and  offensive  discharge,  frequent  desire  to  micturate, 
and  swelling  of  the  "labia.  A  severe  attack  will  be 
ushered  in  by  a  chill  and  sharp  rise  of  temperature— 103' 
to  104  F., — anorexia,  nausea,  and  general  nervous  exci- 
tation. The  mucous  surfaces  about  the  vulva  become 
excoriated,  and  the  inflamed  parts  so  sensitive  that  mo- 
tion is  very  painful.  If  the  nynipha;  are  large  they  may 
swell  to  such  an  extent  as  to  protrude  beyond  the  labia 
and  become  constricted,  a  condition  analogous  to  para- 
phimosis. 

Accompanying  the  discharge  an  almost  intolerable  itch- 
ing about  the  vulva  sets  in.  This  is  usually  worse  just 
when  the  jiatient  gets  warm  in  bed  and  wishes  to  settle 
down  for  the  night,  and  it  loads  her  to  scratch  and  tear 
lier  person  for  relief. 

As  a  rule  the  poi.son  finds  its  way  into  one  or  both  of 
the  ducts  of  the  vulvovaginal  glands,  which  open  just 
in  front  of  the  lateral  caruncula'  niyrtiformes.  Thence  it 
may  invade  the  gland  and  set  up  an  abscess.  This  is  ex- 
tremely painful  when  once  the  capsule  is  put  upon  the 
stretch,  and  continues  so  until  relief  is  alTorded  hy  the 
bursting  of  the  abscess  or  by  artificial  evacuation. 


All  cases  are  not  so  severe.  Instances  occur  in  which 
the  redness,  swelling,  and  sensibility  are  but  slight,  and 
the  discharge  is  scant. 

Pliysical  Signs. — When  the  parts  are  exposed  to  view, 
the  labia  are  seen  to  be  swollen  and  tense,  the  mucous 
surfaces  smooth  and  red,  or  abraded  and  livid  in  color; 
at  the  same  time  they  are  sore  and  sensitive  to  the  touch. 
As  the  labia  are  separated  purulent  matter  of  a  creamy 
or  greenish  color,  sometimes  streaked  with  blood,  is  seen 
exuding  from  the  vagina.  In  the  cases  which  come  under 
observation  at  the  public  clinic  this  discharge  may  bathe 
all  the  external  parts,  excoriate  the  perineum  back  to 
and  around  the  anus,  irritate  the  integiunent  on  the  in- 
terior aspect  of  the  thighs,  and  become  mingled  with  the 
hair  of  the  mons  veneris,  where  it  dries  in  yellowish 
crusts.  The  clothes  are  also  soiled  and  stained  with  this 
yellowish  discharge.  To  the  touch,  when  digital  ex- 
amination is  possible,  the  vaginal  canal  is  found  to  be 
hot,  the  papillffi  and  rugre  rough  and  prominent.  The 
introduction  of  the  specuhun  is  always  painful,  some- 
times intolerable,  and  should  be  managed  with  great  care. 
When  exposed  to  view  through  a  speculum  (and  Sims' 
speculum  should  always  be  used  in  these  cases)  the  vagi- 
nal membrane  presents  a  swollen,  roughened  appearance, 
the  color  varying  in  different  cases,  and  in  successive 
stages  of  the  disease,  fi'om  a  bright  red  to  a  deep  livid  or 
leathery  color,  with  patches  here  and  there  in  which  the 
mucous  membrane  is  denuded  of  its  epithelium.  The.se 
superficial  abrasions  are  found  throughout  the  entire 
canal,  including  the  vaginal  surface  of  tlie  cervix.  About 
the  external  os  is  a  ring  of  inflamed  and  granulating  tis- 
sue, and  hanging  in  the  os  is  a  mass  of  muco-pus.  If  a 
jjessary  has  been  worn,  the  imprint  of  it,  wheu  removed, 
still  remains  in  the  mucous  membrane,  and  may  be 
marked  by  abrasion. 

The  urethra  mav  or  ma.y  not  be  involved,  the  scalding 
which  attends  micturition  being  frequently  due  to  con- 
tact of  the  urine  with  the  excoriated  vulva.  When, 
however,  the  lips  of  the  meatus  are  swollen  and  irritated, 
and  pressure  by  the  finger  along  the  canal  of  the  urethra 
from  behind  forward  causes  )3us  to  appear  in  the  meatus 
after  the  parts  have  been  carefully  cleansed,  there  can 
no  longer  be  any  doubt  about  the  disease  having  involved 
the  urethra.  Formerly  the  involvement  of  the  urethra 
was  regarded  as  a  diagnostic  sign,  but  this  is  not  now- 
considered  reliable. 

Diagnosis. — The  differentiation  of  the  gonorrhoea!  form 
of  inflammation  from  simple  acute  vaginitis  is  extremely 
difficult,  and  in  some  cases  impossible,  at  least  by  a  stud}' 
of  its  clinical  features  alone.  If  a  history  of  recent  sus- 
picious sexual  contact  or  intercourse  can  be  obtained, 
in  conjunction  with  the  well-known  clinical  manifesta- 
tions, the  question,  for  all  inuuediate  practical  purposes, 
is  settled.  But  final  judgment  rests  absolutely  upon  the 
discovery  of  the  gouococcus  in  the  discharges.  Micro- 
scopic examination  must,  therefore,  never  be  omitted. 
In  making  a  diagnosis,  and  to  the  same  degree  in  apply- 
ing treatment,  the  fact  must  not  be  lost  sight  of  that 
gonorrhoea  in  woman  does  not  always  mean  a  vaginitis. 
The  two  sites  of  infection  that  are  far  more  frequent  than 
the  vagina  are  the  urethra  and  the  cervix  uteri.  It  is  in 
the  secretions  from  these  two  sources  that  the  gonococcus 
nuist  be  sought.  The  secretions  of  the  urethra  may  be 
milked  out  by  drawing  the  finger,  with  graduated  press- 
ure, along  (he  urethra  from  the  neck  of  the  bladder  to 
the  meatus.  Discharges  from  the  cervix  may  be  obtained 
by  a  pipette  or  on  a  cotton  swab  rotated  within  the  cer- 
vical canal. 

Prognosis. — Can  an  acute  case  of  gonorrhoea  be  abso- 
lutel.y  cured?  There  is  abundant  evidence  to  prove  that 
cases  are  so  cured,  and  the  physician  is  justified  in  assur- 
ing a  patient  that,  with  proper  treatment,  tlie  probabili 
ties  are  tliat  such  will  be  the  residt  in  her  individual 
case.  But  the  virus  has  the  property  of  penetrating  so 
deeply  into  tissues,  and  the  abundant  crypts  and  follicles 
and  ducts  and  glands  afford  so  secure  a  lodging-place  for 
the  infectious  organism  that  the  question  of  its  total 
eradication  is  beyond  all  ken.     The  more  recent  the  at;- 
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tack  and  the  more  limited  the  area  of  infection  the  more 
favorable  the  jiroguosis. 

Tm/^/'C«^—Tlie  importance  of  stamping  out  the  dis- 
ease promptly  cannot  be  over-estimated.  Whatever  line 
of  treatment  is  pursued  must  be  followed  up  with  the 
greatest  thoroughness,  persistence,  and  attention  to  detail. 

If  it  be  granted  that  the  gonococcus  is  the  causative 
agent,  the  use  of  the  most  efficient  germicide  is  the  in- 
dication par  excellence. 

Oppcnheimer  has  made  successive  experiments  to  de- 
termine which  parasiticide  is  most  efhcient  against  the 
gonococcus.  His  method  of  experimentation  was  to  cul- 
tivate the  gonococcus  in  sterihzed  blood  serum,  the  mi- 
crococci developing  on  bits  of  thread  suspended  or  laid 
in  it.  Different  substances  were  then  applied  to  the  so- 
lution and  their  effects  noted.  Alum,  bismuth,  and  ace- 
tate of  lead  were  absolutely  inert,  as  were  also  balsam 
of  copaiba  and  extract  of  culiebs.  Solutions  of  bichlo- 
ride of  mercury,  1  in  20,000;  carbolic  acid.  1  in  20;  per- 
manganate of  potassium,  1  in  25 ;  weak  solutions  of  nitrate 
of  silver,  and  a  strong  solution  of  either  iodine,  bromine, 
or  chlorine  destroyed  the  gonococci  promptly.  Regard- 
ing copaiba  and  cubebs,  it  is  important  to  state  that,  by 
an  ingenious  experiment,  he  seeuis  to  prove  that  these 
substances  undergo  a  chemical  change  in  the  system,  tho 
products  of  wliich  change  are  destructive  to  the  gono- 
coccus. This  accounts  for  the  efficiency  of  these  drugs 
in  internal  medication. 

Conclusions  reached  by  such  purely  experimental 
methods  must  be  tested  by  clinical  experience.  Nitrate 
of  silver  not  only  acts  etliciently  in  destroying  the  gono- 
coccus in  culture  fluids,  but  is  found  most  satisfactory 
also  in  stopping  the  discharge,  relieving  the  congestion, 
and  restoring  a  healthy  tone  to  the  tissues.  Efficient  as 
nitrate  of  silver  lias  proved  as  a  germicide,  it  has,  when 
applied  to  living  tissues,  the  unfortunate  property  of 
coagulating  the  albumin  and  forming  a  coating  over 
the'epithelial  cells.  This  retards  its  penetration  into  the 
deeper  structures  and  confines  its  influence  to  the  super- 
ficial tissues.  Quite  recently  the  pharmacologists  have 
evolved  vaiious  proteid  silver  salts.  These  salts,  which 
contain  varying  amounts  of  silver,  are  known  under  the 
following  names;  argonin,  protargol  (8  per  cent.);  al- 
bargiu  (1.")  per  cent.);  nargol,  argeutanin,  argyrol  (30  per 
cent.),  and  many  otliers.  Of  these,  argyrol  contains  the 
greatest  proportion  of  silver  and  is  coming  into  general 
use.  It  is  iiighly  soluble  in  cold  or  warm  water  and, 
when  applied  to  inflamed  tissues,  either  in  weak  or  in 
strong  solution,  causes  no  pain  or  irritation.  It  does  not 
coagulate  albumin  or  precipitate  the  chlorides,  and  there- 
fore is  free  from  any  caustic  action.  Its  iunocuousness 
is  certified  to  by  ophthalmologists,  who  assert  that  it  can 
be  dropped  with  impunity  into  the  eye  in  strengths  of 
from  fi\-e  to  twenty  per  cent.,  and  that  it  produces  most 
beneficial  results.  Moreover,  these  proteid  salts  have 
great  peuelrating  action  on  vital  tissues.  A  strand  of 
catgut  immersed  over  night  in  a  one-per-cent.  solution 
of  argyrol  was  found  to  be  impregnated  through  and 
through  with  the  silver.  Fresh  stains  on  linen  may  be 
readily  removed  by  hot  water,  and  dry  stains  ma}'  be 
eradicated  by  a  saturated  solution  of  potassium  iodide, 
followed  by  hot  water. 

In  all  acute  cases  of  gonorrhoeal  vaginitis  it  is  advis- 
able, if  there  lie  no  decided  contraindications  (such  as 
weakness),  to  administer  a  purgative  dose  of  calomel, 
gr.  viij.-x.,  with  an  equal  quantity  of  bicarbonate  of 
soda,  to  be  followed  from  time  to  time  by  saline  cathar- 
tics. If  the  external  parts  are  much  inflamed  a  hot  sitz- 
bath  will  afford  great  relief  and  will  produce  a  tranquil- 
lizing effect  upon  the  system. 

If  the  case  is  seen  within  forty-eight  liours  after  an  ex- 
posure, effort  should  be  made  to  abort  the  disease.  When- 
ever possible,  the  patient  should  be  confined  to  her  bed 
and  one  of  the  silver  salts — argyrol,  for  example — should 
be  u.sed  freely  and  persistently,  As  soon  as  the  parts  will 
tolerate  a  speculum  (and  in  mild  cases  this  can  be  done 
immediately),  the  vagina  sho\dd  be  thoroughly  exposed 
by  means  of  Sims'  speculum,   all   discharge   carefully 


wiped  away,  and  the  mucous  membrane  dried  with  ab- 
sorbent cotton.  Any  excoriated  points  are  to  be  touched 
with  the  stick  of  nitrate  of  silver  and  the  entire  membrane 
thoroughly  swabbed  with  a  twenty-per-ceut.  solution  of 
argyroT.  It  is  also  well  to  swab  the  cervical  canal  with 
the"same  solution.  Should  the  lu-ethra  be  involved,  an 
applicator  moistened  with  the  same  solution  should  be 
passed  into  it,  or  half  a  drachm  of  the  solution,  of  the 
same  strength,  may  be  slowly  injected  into  the  urethra 
and  lield  there  for  from  five  to  ten  minutes.  These 
applications  may  be  repeated  every  second  day  by  the 
physician,  the  patient  on  alternate  days  taking  vaginal 
douches  of  argyrol,  1  in  300.  At  the  expiration  of  from 
five  to  seven  days  the  argyrol  may  be  discontinued,  and 
vaginal  douches  of  sulphate  of  zinc,  four  to  six  grains  to 
the  ounce,  three  times  a  day,  may  be  substituted.  At  the 
same  time  capsules  of  santal  oil  and  balsam  of  copaiba, 
aii.  gr.  v.,  should  be  administered  by  mouth.  At  the  end 
of  ten  days  the  secretions  should  be  carefully  examined. 
If  no  diplococci  are  present,  the  patient  may  discontinue 
treatiuent  and  be  pronounced  cured. 

If  leucorrhcea  occurs  later,  or  if  bladder  symptoms 
arise  and  gonococci  appear,  the  disease  must  be  considered 
chronic  and  a  regular  siege  begun.  If  the  cervical 
glands  are  involved,  the  entire  cVrvix  may  be  reamed 
out  or  amputation  performed.  Before  resorting  to  so 
radical  a  measure,  it  may  be  wise  thoroughly  to  dilate 
the  cervix  with  the  steel  dilator  from  time  to  time, 
and  then  to  apply  argyrol.  The  dilatation  expres.scs  the 
secretions  from  the  ducts,  crypts,  and  glands,  and  i)er- 
mits  of  a  more  efficient  diffusion  and  penetration  of  the 
medicament.  If  the  infection  travels  into  the  body  of 
the  uterus  it  must  be  followed  by  thorough  swabbing  of 
the  endometrimn  with  argyrol.  The  wisdom  of  employ- 
ing curettage  under  these  circumstances  is  ciuestionable. 
The  ducts  and  glands  of  the  endometrium  are  more  shal- 
low and  simple  than  those  of  the  cervix  and  heice  more 
amenable  to  the  effect  of  the  application,  while  curettage 
may  open  lymph  spaces  to  the  infection  and  thus  permit 
it  to  advance  beyond  the  reach  of  the  germicide.  If  the 
infection  reaches  the  uterine  appendages,  it  may  be  lim- 
ited in  its  extension  and  severity  by  making  an  open- 
ing at  once  into  the  cul-de-sac  of  Douglas  and  inserting 
an  iodoform  drain.  Unless  general  peritonitis  threaten, 
no  radical  operation  should  be  instituted  till  the  pus  has 
become  circumscribed  and  the  acute  symptoms  have  sulj- 
sidcd.  The  pus  becomes  sterile  in  the  course  of  a  few 
months,  and  then  ablation  can  be  performed  with  com- 
parative immunity ;  or,  in  the  course  of  a  few  years,  con- 
servative work  niay  be  done  successfully  upon  the  ap- 
pendages. 

Argyrol  is  also  the  best  remedy  to  apply  to  the  bladder 
wherT  a  cystitis  develops  as  a  complication.  It  maybe 
used  daily  in  the  strength  of  from  five  to  twenty  per 
cent.  Th'e  urine  should  first  be  drawn  and  then  the  blad- 
der slowly  distended  with  the  injection,  to  the  fullest 
degree  of  toleration  (fifteen  to  twenty  oimces).  A  long- 
standing urethritis  may  result  in  a  urethro- vesical  fissure, 
causing  frequent  and  painful  micturition  and  tenesmus. 
Dilate  the  sohincter  vesicie  with  the  steel  dilator,  apply 
argyrol,  and  afterward  administer  urotropin,  gr.  x., 
nigiit  and  morning.  In  persistent  cases  it  may  be  nec- 
essary to  resort  to  an  artificial  vesico- vaginal  fistula,  for 
the  purpose  of  affording  rest  to  the  parts  and  thus  per- 
mitting them  to  heal. 

The  patient  and  attendants  must  be  cautioned  about 
the  contagious  nature  of  the  discharge,  especially  the 
danger  to  the  eyes.  All  cloths  and  napkins  used  about 
the  patient  shoiild  be  burned  or  at  once  soaked  in  strong 
bichloride  solution.  In  the  mean  time  the  patient  must 
be  kept  in  bed.  if  possible;  the  diet  should  be  light, 
simple,  and  nourishing;  she  should  drink  plenty  of  milk 
and  avoid  all  spirituous  or  malted  liauors. 

When  an  anodyne  is  necessary,  cldoral  may  be  tried, 
or,  better  still,  opium  may  be  atlministered  in  the  form 
of  a  Dover's  powder  or  in  that  of  a  suppository  contain- 
ing cither  opium  or  morphine. 

The  pruritus  is  at  times  the  most  difficult  symptom  to 
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relieve.  The  most  efficient  upplicatiou  is  carbolic  acid, 
whicli  can  be  used  in  tlie  streiigtli  of  a  five-percent,  solu- 
tion, althougli  it  is  well  to  commence  with  a  weaker 
solution  and  increase  the  strength  if  necessary.  The 
parts  thus  aJlVeted  maybe  brnshed  with  a  solution  of 
cocaine  or  of  the  iiitrate'of  silver;  both  are  efficient. 

Should  one  of  tlie  vulvo-vaginal  glands  become  in- 
volved it  will  be  necessary  to  open  it  as  far  within  the 
vaginal  outlet  as  possible.  This  condition  may  be  mis- 
taken for  a  prolapsed  ovary  or  an  inguinal  hernia.  The 
former  is  excluded  by  the  previous  history  and  the  latter 
by  its  percussion  note  and,  possibly,  by  reduction.  The 
opening  of  the  abscess  will  afford  temporary  relief;  but 
when  once  this  gland  has  been  invaded,  it  becomes  a 
source  of  frequent  annoyance,  and  a  permanent  relief  is 
obtained  only  bv  its  complete  eradication. 

Buboes  are  iii")t  apt  to  occur.  When  they  are  present, 
an  elTort  should  be  made  by  purgatives  and  coimter- 
irritants  to  dispel  them.  A  grateful  application  consists 
of  an  ointment  composed  of  equal  parts  of  Uugt.  hy- 
drarg.,  Ungt.  belladonna;,  ichthyol,  and  lanolin.  Apply 
with  pressure.  H  suppuration  is  inevitable  dissection 
alone  affords  the  desired  relief. 

Granular  vaginitis  and  adhesive  vaginitis  are  described 
by  some  authoi^s  as  distinct  forms  of  intlammation.  They 
also  occur  as  phases  of  simple  or  gonorrho?al  vaginitis, 
and  hardly  demand  special  consideration.  The  former, 
however,  sometimes  declares  itself  as  a  distinct  form  of 
vaginitis  in  connection  with  pregnancy. 

VI.  Vesico-V.m;ix.\t.  Fistul.e. — A  fistula  is  an  abnor- 
mal communication  through  the  tissues  between  two 
organs  or  passages,  or  between  an  organ  or  passage  and 
the  exterior  of  the  body.  The  course  of  the  communica- 
tion may  be  either  direct  or  tortuous.  A  vesico- vaginal 
fistula  is  such  a  communication  between  the  bladder  and 
vagina;  by  means  of  it  the  urine  constantly  or  spasiuodi- 
callj'  makes  its  escape. 

These  urinary  fistula;  are  classified  according  to  their 
location  as  follows:  I.  Vesico-vagiual  fistula  (proper). 
This  is  .situated  in  the  vesico-vaginal  wall  and  involves 
only  that  tissue.  II.  Vesico-utero-vaginal  fistula.  This 
comprises  cases  in  which  the  tear  reaches  up  to,  or  dis- 
sects off  the  vesico-vaginal  tissue  from,  the  uterus,  and 
nece.ssitates,  when  an  attempt  is  made  by  surgical  means 
to  repair  the  defect,  the  passage  of  the  suture  through 
uterine  tissue.  III.  Vesico-uterine  fistula.  In  these 
cases  the  vaginal  wall  is  intact,  the  bladder  communicat- 
ing with  the  uterus  and  the  urine  thus  finding  its  way 
through  tlie  os  into  the  vagina.  IV.  Urethro-vagiual 
fistula.  This  term  is  applied  to  cases  in  which  an  open- 
ing exists  in  the  base  of  the  urethra,  through  which 
lu'ine  escapes  into  the  vagina.  But  this  can  occur  only 
during  the  act  of  micturition.  V.  Uretero-vaginal  fis- 
tula. This  is  the  rarest  form  of  fistula.  It  is  the  result 
of  an  extensive  tear  or  loss  of  tissue  involving  the 
ureter.  Dr.  Emmet  claims  that  this  lesion  is  more  com- 
monly the  result  of  a  pelvic  abscess.  During  the  infiani- 
matory  jjroeess  the  ureter  becomes  occluded  by  press- 
ure, perforation  eusvtes,  and  the  urine  finds  its  wa}'  into 
the  vagina.  A  uretero-vaginal  fistula  may  be  congenital. 
and  cases  are  on  leeord  in  which  one  ureter  opened  into 
the  vagina  and  the  other  took  the  normal  course  and  dis- 
charged the  urine  from  one  kidney  into  the  bladder. 
Under  these  circumstances  a  diagnosis  becomes  obscure 
and  (lilliciilt.  During  infancy  and  childhood  simple  in- 
continence suggests  itself  as  an  efficient  explanation  of 
the  apparent  phenomena,  and  repeated  physical  castiga- 
tion  is  apt  to  be  the  lot  of  tlio  unfortunate  sufferer.  It 
is  only  when  the  child  has  come  to  mature  years  that  a 
sulficiently  thorough  investigation  is  instituted  and  the 
exact  condition  discovered.  Congenital  ureteral  flstuUc 
usually  open  at  a  point  below  the  neck  of  the  bladder, 
rretero-vaginal  fistula"  occur  not  uncommonly  from  ac- 
cidental wounds  of  the  ureter  in  hysterectomy  for  cancer 
or  for  fibroid  tumor  of  the  uterus. 

The  most  common  location  of  a  vesicovaginal  fistula 
is  in  the  median  line  and  directly  behind  the  symphysis 
pubis.     The  usual  form  of  a  section  of  the  fistula  is  oval, 


linear,  angular,  or  round.  The  most  conunon  is  the 
oval,  due,"as  Dr.  Agnew  explains,  to  the  superior  con- 
tractile power  of  the"  longitudinal  over  the  circular  mus- 
cular tissue  of  the  vagina.  These  fistuhe  vary  in  .size 
from  an  opening  so  small  that  it  is  found  with  great 
difficulty  and  admits  only  the  smallest  probe,  to  those 
that  involve  the  whole  of  the  anterior  vaginal  wall, 
together  with  the  entire  base  of  the  bladder  and  the  ure- 
thra. One  illustration  of  the  latter  has  come  under  my 
own  observation  and  care.  In  this  case  there  was  no 
trace  of  urethral  tissue  whatever.  The  entire  base  of 
the  bladder  was  wanting,  and,  stretching  across  tlie  com- 
mon cavity,  behind  the  symphysis,  and  .springing  from 
and  continuous  with  the  tissue  of  the  recto-vaginal 
septum,  was  a  strong  cicatricial  baud  w'hich  reached 
from  side  to  side  of  the  pelvis,  leaving  only  sufficient 
room  for  two  fingers  to  pass  with  ditticulty  between  it 
and  the  symphj'sis.  Through  this  small  opening  the  in- 
flamed and  sensitive  fundus  of  the  bladder  frequently 
lirolapsed.  Such  cicatricial  bands,  of  greater  or  less 
density  and  resistance,  and  reaching  across  the  vagina  in 
the  most  diversified  directions,  are  a  common  complica- 
tion in  cases  of  fistula. 

Ktiohigy. — The  most  common  cause  of  urinary  fistula 
is  injury  due  to  parturition.  If  the  delivery  be  prema- 
ture and  rapid,  especially  when  attended  with  undue 
rigidity  of  the  soft  parts,  laceration  of  the  cervix  uteri 
is  apt  to  occur.  Especially  is  this  the  case  in  priniiparse 
of  advanced  age,  and  in  cases  in  which  morbid  changes 
have  occurred  in  this  tissue.  When  sufficiently  exten- 
sive this  laceration  results  in  a  permanent  fistula.  The 
vesico-utero-vaginal  and  the  vesico-uterine  are  the  varie- 
ties most  often  produced  in  this  way.  The  tear,  begin- 
ning in  a  rigid  os,  extends  out  upon  "the  vagina  or  up  the 
cervix  to  the  vesicocervical  junction.  In  the  process  of 
repair  this  ma}' all  heal  with  the  exception  of  an  opening 
at  the  junction  of  the  vagina  with  the  cervix.  Or  all 
the  tissues  below  may  heal,  leaving  an  opening  at  the 
upper  angle  of  the  tear — a  vesico-uterine  fistula. 

It  is  universally  accepted  now,  however,  that  the  ma- 
jority of  fistulte  are  caused  by  the  sloughing  away  of  tis- 
sue dlie  to  severe  and  prolonged  pressure  of  the  present- 
ing part  of  the  child  during  parturition.  So  long  as  the 
pressure  is  intermittent,  and  not  too  long  sustained  at 
any  one  time,  no  harm  is  done;  but  when  inipac-tion 
occurs  and  the  pressure  becomes  continuous,  circulation 
is  obstructed  and  the  vitality  of  the  soft  tissue  thus  com- 
pressed is  destroyed.  Necrosis  occurs,  the  slough  sepa- 
rates, and  tlie  urine  makes  its  escape.  According  to  Ag- 
new, over  ninety  per  cent,  of  vesico-vaginal  fistula;  are 
thus  produced,  while  in  Emmet's  experience  ninety-five 
per  cent,  of  his  cases  were  the  result  of  prolonged  and 
difficult  labor. 

When  the  fistula  is  produced  by  laceration  the  urine 
makes  its  escape  at  once  and  the  condition  is  immediately 
suspected.  But  in  cases  of  protracted  lalxu-  time  is  re- 
quired ftu-  the  slough  to  separate  and  the  urine  may  not 
escape  for  several  days.  The  average  time  is  ten  days, 
but  it  may  occur  in  four  or  five,  and  again  it  may  be  de- 
laj'cd  for'a  month.  One  case  under  m.v  care  gave  a  his- 
tory of  retention  of  urine,  following  conflnement,  that 
persisted  up  to  the  ninth  day.  when  suddenly  her  bladder 
burst  and  a  flood  of  urine  was  discharged  through  the 
vagina.  It  was  evident  in  this  ca.se,  however,  from  the 
presence  of  cicatricial  bands,  that  there  had  been  some 
sloughing  as  a  result  of  the  pressure,  and  that  the  separa- 
tion of  the  necrotic  tissue  had  led  to  what  she  described 
as  the  "  bursting  of  her  bladder." 

Ill-adjusted,  displaced,  and  neglected  pessaries  have 
been  known  to  ulcerate  through  the  vaginal  wall  and 
produce  fistula;  vesical  calculi  likewise  may  ulcerate 
through  into  the  vagina,  leaving  a  fistulous  opening. 
Urinary  fistuUT  ai'c  sometimes  produced  by  gunshot 
wounds,  by  rough  manipulation  of  a  sound  or  catheter 
in  the  bladder,  by  accidental  puncture  during  operations 
on  surrounding  tissue,  as  in  the  operation  for  atresia 
vagina"  or  in  amputation  of  the  cervix  uteri  in  malignant 
disease,  etc.     Contrary  to  former  teaching,  malignant  dis- 
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ease  of  the  uterus  in  itself  almost  never  produces  a  vesi- 
cal tistula.  The  essential  tissue  of  the  bladder  is  so  highly 
organized,  so  well  uoiirislied.  tliat  it  is  enabled  to  resist 
the  encroacluneuts  of  such  morbid  action.  As  has  been 
said,  iiowever,  fistukc  are  not  infrequently  produced  in 
the  course  of  operations  for  tlie  relief  of  such  troubles. 

Occasionally  cases  of  congenital  ti.stula  present  them- 
selves, but  they  are  rare.  Tlie  same  methods  of  relief 
apply  to  them  as  to  other  cases;  but  at  an  early  age  the 
parts  are  usuall_v  too  small  to  permit  of  successful  opera- 
tion. 

Frequency  of  Fistula. — No  statistics  can  be  given  show- 
ing the  frequency  of  this  accident.  I  have  no  hesitancy, 
however,  in  saying  that  it  is  a  rare  condition,  and,  if 
the  experience  of  New  York  gj-noecologists  is  an  index 
of  the  experience  of  practitioners  throughout  tlie  country 
and  the  world,  it  is  becoming  more  and  more  infrequent. 
The  Woman's  Hospital,  in  New  York  City,  was  estab- 
lished primarily  for  the  express  purpose  of  relieving 
fistula\  and  its  eaily  history  hears  record  of  few  cases  of 
a  dilferent  nature.  During  the  first  five  or  six  years  of 
its  existence  it  was  customarj-  to  have  two  or  three  ope- 
rations each  week  for  the  relief  of  fistulae.  At  the  present 
time  scarcely  that  number  can  be  seen  there  in  a  year.    • 

This  change  is  due  to  two  causes:  First,  the  operation 
has  become  so  populaiizeil  that  when  such  an  accident 
does  occur,  the  local  physician  repairs  the  injurj';  sec- 
ond, the  prompt  application  of  forceps  in  eases  of  ditll- 
cult  labor  prevents  tlie  damage  to  the  tissues  which 
otherwise  would  be  likely  to  occur.  Whatever  abuses 
and  injuries  may  attend  the  too  frequent  and  too  early 
use  of  forceps  in  parturition,  all  authorities  are  now 
agreed  that  their  timely  use  is  most  efficient  in  prevent- 
ing tistiihe.  "  Authors  are  disposed  to  attribute  the  acci- 
dent of  vesico-vaginal  fistula  in  many  cases  to  the  awk- 
ward use  of  obstetric  forcejis :  but  from  a  careful  analysis 
of  these  cases,  and  my  own  ex]ierience.  1  am  well  .satisfied 
that  for  one  case  thus  produced  their  judicious  applica- 
tion has  prevented  it  fifty  times"  (Sims).  "I  do  not 
hesitate  to  state  that  I  have  never  met  with  a  case  of 
vesico-vaginal  fistula  which,  without  doubt,  could  be 
shown  to  have  resulted  from  instrumental  delivery " 
(Emmet). 

Si/mptoms. — In  cases  in  which  the  bladder  is  punctured 
by  an  incised  wound,  the  fact  is  at  once  made  known  by 
an  immediale  and  involuntary  escape  of  uriuc  through 
the  puncture.  The  same  phenomenon  indicates  tlie  ]jres- 
euce  of  a  fistula  caused  by  laceration,  due  to  too  rapid  de- 
livery, or  by  ulceration  due  to  the  pressure  of  a  pessary, 
calculus,  or  any  foreign  body  in  the  vagina.  Tliis  escape 
of  urine  may  be  continuous  from  the  date  of  its  first  ap- 
pearance, or  may  be  interrupted.  But  as  the  vast  ma- 
jority of  fistulaj  are  due  to  prolonged  and  difticull  labor, 
the  usual  symptoms  are  those  that  follow  such  an  expe- 
rience. The  presence  of  bruised  and  sloughing  tissues 
furnislies  a  warning  of  the  more  serious  condition  to  fol- 
low. But  the  actual  extent  of  the  injury  cannot  be  known 
until  the  slough  separates  and  the  urine  escapes  by  the 
fistulous  opening  thus  established.  This  may  occur  on 
the  third  day.  and  may  be  delayed  until  the  third  week. 
From  this  time  on,  the  urine  may  flow  constantly,  or  may 
be  n'taiiicil  for  several  Iiouis,  according  to  the  position 
of  the  pati<-nt  and  the  nature  and  seat  of  the  fistula.  If 
the  lesion  is  high  up  in  the  septum,  the  bladder  will  have 
retentive  power  until  it  becomes  filled  up  to  that  point; 
and  when  the  patient  is  in  an  erect  posture  there  will  be 
no  involuntary  escape  of  urine  if  the  bladder  is  evacuated 
frequently  enough  to  prevent  the  overflow.  Sometimes 
a  fold  of  the  vagina,  the  pressure  of  the  uterus,  or  the 
approximation  of  the  edges  of  the  fistula,  especially  in 
fissure-like  openings,  may  afford  retention  for  hours.  In 
uretero-vaginal  fistula,  when  only  one  ureter  is  involved, 
there  may  exist  the  unusual  condition  of  an  almost  con- 
stant dribbling  of  urine  from  tlie  vagina  with  occasional 
normal  micturition.  Unless  the  woman  devotes  almost 
her  entire  time  and  eiforts  to  personal  cleanliness,  the 
mucous  and  cutaneous  surfaces  over  which  the  urine 
flows  soon  become  inflamed  and  excoriated.     The  vulva. 


the  thighs,  and  the  nates,  being  kept  constantly  wet 
with  this  irritating  excretion,  become  red,  swollen,  and 
abraded.  Frequently  they  are  the  seat  of  vesicles'  and 
pustules,  and  even  occasionally  of  deep  ulcerations  and 
abscesses.  Such  abrasions  within  the  vagina  soon  be- 
come coated  with  a  calcareous  or  phosphatic  deposit  that 
causes  the  greatest  suffering.  When  there  has  been  an 
extensive  loss  of  the  tfssue  of  the  vaginal  wall  the  base 
of  the  bladder  may  become  inverted  through  the  open- 
ing. Under  these  circumstances  it  is  just  as  likely,  as  in 
the  condition  just  described,  to  undergo  abiasion,'and  to 
become  coated  with  a  deposit,  both  of  which  alterations 
render  it  exquisitely  sensitive.  Otherwise  the  size  of  the 
fistula  makes  little  difference  with  tlie  discomfort  of  the 
patient.  A  woman  may  be  as  constantly  wet  when  the 
opening  is  not  larger  than  a  pin's  head  as  when  it  is  large 
enough  to  admit  one  or  two  fingers,  the  small  opening, 
as  Dr.  Emmet  explains,  acting  like  the  spigot  in  a  barrel. 
A  disagreeable  urinous  odor  is  constantly  emitted  from 
her  person,  a  circumstance  which  excludes  her  from  so- 
ciety and  forbids  her  participation  in  the  ordinary  pleas- 
ures and  duties  of  life.  Dieffenbach  gives  a  sad'picture 
of  many  of  these  unfortunate  women  of  his  time,  shunned 
by  their  friends,  disgusted  with  themselves,  and  dragging 
out  a  most  pitiable  and  miserable  existence. 

Diiir/iioms. — When  the  symptoms  above  described  exist, 
the  probabilities  are  that  a  urinary  fistula  will  be  discov- 
ered. Sometimes,  however,  a  chronic  cystitis  will  re- 
sult in  paralysis  of  the  bladder  and  constant  dribbling  of 
urine  from  the  urethra,  producing  all  the  disagreeable 
symptoms  of  a  fistula.  If  the  fistula  is  largiT,  a  digital 
examination  will  readily  detect  the  lesionwithout"  the 
u.se  of  speculum  and  probe,  but  pinhole  openings  are 
sometimes  most  ditticult  to  discover.  In  long-standing 
eases  of  extensive  lesions,  with  abrasions  and  cicatricial 
bauds,  tile  true  relations  of  the  parts  are  discovered  only 
by  careful  and  painstaking  investigation.  When  the 
opening  is  very  minute,  the  whole  field  of  the  vagina 
must  be  gone  over  carefully  with  tenaculum  and  probe. 
The  folds  of  the  vagina  are  smoothed  out  and  the  probe 
is  gently  insinuated  into  every  suspicious  lead  or  fissure. 
Should  this  fail  to  reveal  the  fistula,  resort  can  be  had 
to  injecting  milk,  or  water  stained  with  indigo  or  cochi- 
neal, into  the  bladder.  A  simjile  method  consists  in  admin- 
istering by  stomach  methylene  blue,  gr.  iss. ,  night  and 
nioniing.  This  will  give  the  urine  an  indigo-blue  color 
and  will  promptly  reveal  the  point  of  escape  through  the 
vaginal  wall.  In  carrying  out  this  method  it  is  necessary 
that  the  bla<lder  be  allowed  to  become  slightlj-  distended 
with  the  chosen  fluid,  while  the  septum  is  carefully 
watched  for  its  appearance  upon  the  vaginal  wall.  Boze- 
man  has  devised  an  ingenious  test  for  cases  in  which  the 
111-evions  methods  are  contraindicated  by  reason  of  the 
irritability  of  the  bladder.  The  test  is  based  tipon  the  fact 
that  urine  instantly  pas.ses  through  linen,  while  secretions 
of  the  va,gina  do  not.  Tlie  suspected  location  of  the 
fistula  is  carefully  dried  with  absorbent  cotton,  a  piece 
of  thin  linen  is  spread  smoothly  upon  it,  and  carefully 
watchctl  for  the  point  of  moisture  to  appear. 

Prof/nosis. — In  artificial  fistula,  made  for  the  relief  of 
calculus,  or  an  obstinate  cystitis,  it  is  a  well-known  fact 
that  it  is  with  difiiculty  that  the  fistula  can  be  kept  open 
long  enough  to  elTcct  a  cure.  Not  until  Dr.  Emmet  de- 
vised his  method  of  "working  the  buttonhole,"  was  this 
dilHculty  obviated.  In  these  cases  the  fistula  is  a  simple 
slit  or  fissure,  the  edges  of  which  fall  naturally  together 
when  the  speculum  is  removed.  We  may.  therefore, 
infer  that  where  the  lesion  consists  of  a  laceration  in  the 
vesico-vaginal  septum,  due  to  rapid  labor  or  accidental 
]iuncture,  unless  it  be  so  situated  that  the  natural  strain 
of  the  jiarts  tends  to  keep  the  lips  of  the  wound  apart, 
under  proper  attention  to  cleanliness  and  frequent  empty- 
ing of  tlH.'  bladder,  spontaneous  recover_v  may  be  hoped 
for.  Even  when  a  slough  has  occurred,  spontaneous  re- 
covery has  taken  place  in  a  limited  number  of  cases.  In 
the  majority  of  instances,  however,  the  lesion  becomes  per- 
manent and  requires  surgical  interference  for  its  relief. 

"Prior  to  the  application  of  the  metallic  suture  bj'  J. 
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Marion  Sims,  and  a  proper  mode  of  exploration  furnished 
by  his  specuhim,  any  attempt  for  tlie  relief  of  the  in- 
juries under  consideVatiou  was  uncertain  in  result,  and 
the  operation  regarded  as  an  opprobrium  by  the  profes- 
sion." To  appreciate  fully  the  significance  of  these 
words  of  Dr.  Emmet,  and  the  credit  due  to  Sims,  it  may 
be  interesting  and  prolitabie  in  this  connection  to  look 
into  the  history  of  the  treatment  of  the  lesion  under 
consideration. 

Histori/  of  the  Different  Operations  for  Vesica-  Yarjinal 
Fistula.'— 'SXW.h  Henri  de  Roonhuysen— a  Dutch  obstet- 
rician of  Amsterdam  (1663)— rests  the  honor  of  being  the 
first  to  devise,  cmplo\-,  and  describe  an  operation  for  the 
relief  of  vesico-vaginal  fistula.  The  description  which  he 
gives  is  so  unique  and  interesting,  and  so  rarely  to  be 
found,  that  I  give  it  in  full.  This  is  from  a  French  trans- 
lation of  the  original  by  Herrgott,  of  Strasburg.  The 
operation  is  doue"in  the  following  manner :  The  patient  is 
placed  upon  her  back  on  a  table,  in  a  good  light;  the 
upper  part  of  the  body  is  covered,  the  lower  part  fixed 
with  liands  as  in  the  operation  for  cystotomy.  This 
done,  the  vagina  is  dilated  by  a  speculum  as  large  as  the 
circumstances  will  permit.  The  vaginal  mucous  mem- 
brane along  the  border  of  the  tear,  where  it  is  in  contact 
with  the  vesical  membrane,  must  be  denuded,  but  the 
bladder  itself  must  be  touched  as  little  as  possible,  for 
by  the  kindly  act  of  nature  the  vagina  is  united  by  in- 
flammation to  the  borders  of  the  tear  in  the  bladder  in 
such  a  way  that,  when  only  as  little  a  portion  as  neces- 
sarj'  has  been  denuded,  it  is  wont  to  heal  perfectlj'.  This 
freshening  (of  the  edges)  can  be  done  by  means  of  a  lit- 
tle sharp  pinch  of  the  scissors  or  bistoury,  or  any  other 
instrument  the  surgeon  is  in  the  habit  of  using.  1  find  that 
it  is  accomplished  quite  well  by  a  slight,  sharj)  pinch  of 
the  scissors,  but  they  ought  to  be  as  sharp  as  possible  in 
order  that  they  may  not  produce  contusion,  but  freshen 
a  little  the  edges  of  the  tear  to  make  them  red  or  bleed- 
ing, so  that  the_y  may  imiteinmiediately  and  contract  ad- 
hesions to  each  other.  The  retention  need  not  always 
be  accomplished  with  gold  or  silver  pins,  as  is  done  in 
harelip,  but  with  pins  made  from  the  strong  quills  of  the 
swan,  sharpened  and  pointed.  These  are  preferable, 
not  only  by  reason  of  their  flexibility,  but  on  account 
of  the  fact  that  they  do  not  cause  contusion  of  the  sur- 
rounding parts  if  one  takes  the  precaution  to  guard 
them  with  wa.vcd  silk.  For  when  the  pins  are  applied 
they  adapt  themselves  by  virtue  of  their  elasticity. 
The  parts  must  then  be  anointed  with  a  cicatricial 
salve  (of  which  he  gives  the  formula),  and  upon  the 
wound  should  be  placed  two  or  three  flat  pledgets  satu- 
rated with  oil  or  warm  balsam,  and  the  vagina  filled  with 
pieces  of  sponge  saturated  with  oil,  for  the  purpose  of 
making  a  little  pressure  upon  the  wound  and  of  sustaining 
the  dressing.  All  this  should  be  steadied  with  .some  com- 
presses and  supported  by  a  T-bandage,  which  should  le- 
main  in  place  three  or  four  days.  The  bandage  and  com- 
presses are  removed  when  the  patient  wants  to  urinate, 
but  she  ought  to  do  it  with  caution.  The  patient  should 
remain  constantly  in  bed,  lying  upon  her  back,  the  hips 
slightlj'  elevated,  until  healing  is  accomplished. 

Roonhuysen  does  not  describe  cases  operated  upon  bj' 
him.self.  nor  does  he  state  how  many  times  he  practised 
the  operation;  but  a  Swiss  .surgeon.  J.  Fatio  (17.52),  re- 
cords two  successes  by  Roonhuysen's  method.  Naegele 
claimed  that  this  procedure  of  Roonhuysen  was  simply 
impossible,  basing  his  objections  upon  the  quill  pin.  Im't 
he  nowhere  claims  to  have  tried  it.  Kilian  made  similar 
objection  to  the  operation.  But  Herrgott  has  experi- 
mented with  quill  s\Uures  in  tissue  similar  to  that  of  the 
vagina,  and  finds  them  entirely  practicable.  Moreover, 
the  minute  and  careful  description  of  all  the  details  of  the 
procedure  bears  evidence  in  itself  of  being  a  genuine  ac- 
count of  what  had  actually  been  done. 

In  this  simple  description  of  Roonhuysen's  we  find  all 
the  principles  and  methods  of  treatment  necessary  for 
dealing  successfully  with  fistula;.  He  used  the  speculum 
thoroughly  to  expose  the  parts,  vivified  the  edges  of  the 
fistula  with  knife  or  scissors,  avoided  the  bladder  mem- 


brane in  denuding,  and  fastened  the  edges  with  a  suture. 
What  have  we  added  to  this  more  than  to  modify  the 
suture  and  adjust  a  self-retaining  catheter? 

The  method,  however,  was  not  established,  either  by 
him  or  by  any  of  his  immediate  followers,  as  a  recognized 
procedure  in  surgical  practice,  and  was  forgotten.  Aside 
from  the  use  of  the  catheter  hy  Vorlten  (1720)  and  the 
introduction  of  silk  interrupted  sutures,  no  progress  in 
dealing  with  fistula  was  made  during  the  eighteenth  cen- 
turj'.  Cauterization  of  tlie  edges  with  the  hot  iron  and 
with  nitrate  of  silver  was  used,  but  with  onh-  limited 
success.  In  the  beginning  of  the  last  century  Naegele 
(1809)  renewed  interest  in  this  lesion  and  its  repair.  He 
devised  and  employed  four  methods  of  operation,  but 
failed  to  olitain  any  success.  Professor  Ehrman  (1820) 
operated  in  two  cases  by  simple  suture  after  freshening 
the  edges,  aud  obtained  complete  success  in  one  of  them 
after  repeated  cauterizations. 

Gosset,  of  London  (183-i),  reported  a  successful  case 
operated  upon  by  him,  in  which  he  used  uninterrupted 
sutures  of  silver  gilt,  or  gilded  silver  wire,  fastened  by 
twisting  Jobert  de  Laniballe,  the  same  year,  in  France, 
introduced  the  method  of  transplanting  tissue  from  the 
labia,  the  buttocks,  or  the  thigh,  and  fastening  it  to  the 
denuded  edges  of  the  fistula.  This  did  not  prove  satisfac- 
tory in  its  results,  and  he  adopted  the  interrupted  suture 
with  the  additional  procedure  of  incising  the  tissues  at 
certain  points  in  the  vagina — cystoplastie  par  glissement 
— to  relieve  tension  upon  the  sutures  and  allow  the  edges 
to  rest  in  contact. 

Then  Dieffenbach  (1845)  gave  his  experience  to  the 
profession.  He  says:  "I  have  operated  upon  one  woman 
eighteen  times  without  success.  I  have  clo.sed  the  entire 
cavities  of  the.se  unfortunate  women  gathered  from  all 
countries.  I  have  lived  in  the  midst  of  them,  and  I  have 
realized  onlv  a  small  number  of  successes."  He  claimed 
to  have  cured  by  the  suture  onlj-  one  fistula  of  any  con- 
siderable size,  but  a  great  number  of  small  ones  by  the 
actual  cautery. 

Wiu'tzen,  of  Bonn,  who  after  Dieffenbach  was  for  a 
long  time  the  only  one  who  operated  upon  fistuloe,  failed 
to  cure  in  one  case  after  thirty-three  operations.  Ac- 
cording to  the  statistics  of  Simon,  Wurtzen,  up  to  1842, 
cured  only  4  women  out  of  18.  Fi'om  1842  to  18.52  he 
cured  7  out  of  17.  or  11  successes  in  35  cases. 

Giistave  Simon  (1854),  published  a  critical  review  of  the 
operation  of  Jobert  in  which  he  presented  his  own 
method  of  operating,  and  reported  six  cases  in  which  he 
had  obtained  perfect  success  in  four,  and  partial  success 
in  the  other  two. 

In  our  own  country,  Hayward,  of  Boston,  was  the  first 
to  report  a  cure.  May  10th,  1839,  achieved  by  him  in  a  case 
of  fistula  of  fifteen  years'  standing,  which  had  resisted 
treatment  by  cauterization  and  the  use  of  the  catheter. 
He  operated  with  the  patient  in  the  lithotomy  position, 
the  vagina  being  opened  by  means  of  retractors,  and  the 
anterior  vaginal  wall  being  pressed  down  b}'  a  bougie  in 
the  bladder.  The  edges  were  denuded,  the  surfaces  coap- 
tated  by  interrupted  silk  sutures,  a  catheter  was  fastened 
into  the  bladder,  and  the  patient  put  to  bed  upon  her 
right  side.  Upon  the  sixth  day  film  adhesion  had  taken 
place  and  the  stitches  were  removed.  He  says;  "I  had 
never  seen  the  operation  done  till  I  did  it  myself,  nor 
could  I  find  an}'  description  of  the  mode  which  others 
had  adopted  that  was  sulliciently  clear  and  explicit  to  be 
of  much  service."  In  1851  he  reported  a  series  of  20 
operations  on  9  different  patients,  with  3  perfect  suc- 
cesses, 4  great  relief,  2  no  benefit.  Of  these,  5  had  1  ope- 
ration, 2  had  3,  1  had  5,  and  1  had  6. 

In  1847  Pancoast.  of  Philadelphia,  reported  two  cures 
by  a  method  called  his  "plastic  suture."  The  pecidiar 
feature  of  this  consisted  in  splitting  one  edge  of  the  fis- 
tula and  paring  the  other  to  a  wedge  shape.  The  latter 
was  then  slipped  into  the  former  and  held  by  sutures. 
The  same  year,  1847,  "Mettauer,  of  Virginia.  I'ejiorted  a 
successful  case  of  fistida  treated  by  him  with  leaden  sut- 
ures after  freshening  the  edges.  He  also  used  the  cathe- 
ter.    So  simple  seemed  the  process  of  cure,  and  so  pro- 
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nounceci  his  success,  that  he  did  not  hesitate  to  declare 
that  all  tistulte  are  susceptible  of  relief. 

From  this  brief  historical  sketch  it  becomes  apparent 
how  perfectly  at  sea  the  profession  was,  even  as  late  as 
the  middle  of  the  last  century,  regarding  any  well-estab- 
lished procedure,  and  how  little 
faith  it  had  in  the  successful 
application  of  auj-  of  the  de- 
vices used.  Here  and  there, 
occasionally,  an  operator  met 
with  success,  and  the  achieve- 
ment was  heralded  as  a  great 
triumph.  But  no  two  adopted 
exactly  the  same  method,  and 
the  success  was  ascribed  more 
to  good  luck  than  to  the  proper 
application  of  any  particular  surgical  method.  It  was 
left  for  the  genius,  the  careful  observation,  the  untiring- 
energy  aud  enthusiasm  of  one  of  our  own  countrymen, 
J.  IMaVion  Sims,  to  grasp  all  the  essential  principles,  to 
work  out  to  complete  success,  and  give  to  the  profession, 
what  is  recognized  the  world  over  as  a  thoroughly  relia- 
ble method  of  dealing  with  urinary  fistuUc  in  women. 
The  more  credit  is  due  him  as  he  worked  independently 
of  others,  and  witliout  any  adequate  knowledge  of  what 
had  been  accomplished  by  them.  Yet,  as  Dr.  Eunnet 
says,  "were  we  assured  that  Dr.  Sims  was  as  familiar 
as  we  are  at  the  present  time  with  what  had  been  ac- 
complished before  his  day,  it  should  not  lessen  the  credit 
due  to  him.  What  had  been  done  fell  ou  barren  soil, 
bore  no  fruit,  was  not  appreciated,  and  was  destined 
to  bo  forgotten.  From  Dr.  Sims'  hands  the  operation 
was  accepted  by  the  profession  ;  it  was  immediatel}'  put 
into  sucoessfid  practice,  aud  to  the  present  day  it  has 
not  been  materially  modified  for  the  better,  either  in  its 
principles  or  in  its  mode  of  execution."  His  first  arti- 
cle was  published  in  the  American  Journal  of  the  Medical 
Sciences.  1853.  The  essential  features  of  the  procedure, 
as  there  set  forth  by  him,  were,  first,  suitable  means 
by  which  the  vagina  could  be  thoroughly'  explored  and 
the  fistula  brought  into  view — viz.,  the  knee-chest  post- 
ure and  the  duck-bill  speculum;  .second,  a  suture  which 
could  be  left  in  place  long  enough  to  secure  healing  with- 
out exciting  intiammation  or  ulceration  —  viz.,  silver 
wire  secured  by  perforated  shot ;  third,  a  metliod  of 
draining  the  bladder  during  convalescence — Sims'  self- 
retaining  catheter.  During  the  next  five  years  he  modi- 
fied somewhat  the  details  of  these  proceedings,  and  set 
them  forth  in  an  address  before  the  New  York  Academy 
of  Jledicine.  in  1857,  on  "Silver  Sutures  in  Surgery." 
In  the  operation  as  then  described,  one  which  be  regarded 
as  perfect  in  all  its  details,  he  substituted  the  simple  in- 
terrupted silver  suture,  secured  by  twisting,  for  the 
clamp  suture,  and,  instead  of  the  knee-chest  position, 
employed  what  is  known  universally  as  the  Sims  post- 
ure. 

AVhile  Sims  was  thus  perfecting  the  details  of  his  ope- 
ration, Gustavo  Simon,  of  Darmstadt,  Germany,  was  also 
employing  his  mechanical  skill  and  ingenuity  in  endeav- 
ors to  relieve  the  same  distressing  affliction.  The  results 
of  his  labors,  and  the  details  of  his  operation,  were  given 
to  the  profession  in  1862,  although  he  had  previously 
published  an  article  on  the  subject  iu  1854.  He  placed 
the  patient  in  an  exaggerated  litholomj'  position;  ex- 
posed the  fistula  by  a  duck-bill  specidum  of  bis  own 
device;  aud,  by  means  of  lateral  retractors,  vivified  the 
edges  with  a  knife,  regardless  of  encroachments  upon 
the  bladder  membrane,  and  used  silk  sutures  iu  uniting 
the  edges.  When  much  strain  was  expected,  he  em- 
plo3-ed  a  row  of  deep  sutures  far  from  the  edge  to  hold 
the  parts,  and  a  row  of  superficial  sutures  to  obtain  nice 
approximation  of  the  edges.  He  allowed  his  patients 
to  sit  up  and  jiass  urine  naturally,  when  possible.  Simon 
also  devised  aud  practised  what  he  called  kolpokleisis, 
in  cases  in  whieli  the  fistula  itself  could  not  be  closed. 
This  consisted  in  completely  occluding  the  vagina  b_v 
denuding  a  surface  on  the  anterior  wall  of  the  vagina 
below  the  fistula,  and  a  similar  one  on  the  posterior  wall. 


and  uniting  them  by  suture.  This  made  a  common  re- 
ceptacle for  the  urine  and  menstrual  blood,  all  of  which 
was  passed  through  the  urethra. 

lutimately  associated  with  the  operation  for  repair  of 
fistula;,  both  in  this  country  and  abroad,  is  the  name  of 
Bozeman.  He  is  a  strong  advocate  of  long  and  complete 
preparatory  treatment  and  of  the  use  of  the  button  suture. 
The  latter  consists  of  a  strip  of  sheet  lead  nicely  cut  and 
moulded  to  fit  the  tissues  in  each  individual  ease.  This 
is  perforated,  along  the  median  line,  with  a  row  of  holes 
(Fig.  4946,  a)  through  which  the  silver  sutures  are  drawn 
and  made  fast  by  perforated  shot  (Fig.  4946,  b).  This, 
it  is  claimed,  acts  like  a  splint,  aud  so  favors  healing 
liy  preventing  motion.  It  has  the  disadvantage,  how- 
ever, of  concealing  the  wounds,  preventing  thfTnice  ad- 
justment of  the  edges,  and  of  tightening  or  loo.sening  each 
individual  stitch,  opportunities  for  doing  all  of  which 
thiugs  are  afforded  by  twisting  the  wire.  He  employs 
a  peculiar  speculum  invented  by  himself  (Fig.  4947),  and 
a  contrivance  for  sustaining  the  patient  iu  the  knee-chest 
posture  when  under  ether. 

His  method  yields  most  favorable  results  in  his  own 
hands,  but  is  too  complicated  for  the  general  practitioner. 

Dr.  Bozeman  is  a  vigorous  opponent  of  the  operation 
of  kolpokleisis  as  practised  by  Simon.  He  claims  that 
in  man_v  cases  in  which  this  was  resorted  to  by  Simon,  a 
sufficiently  long  and  persistent  course  of  jiVeparatory 
treatment  would  have  enabled  the  patients  to  be  relieved, 
with  entire  restoration  of  bladder  aud  marital  functious. 
Kolpokleisis,  even  in  cases  that  resist  all  other  efforts  at 
relief,  is  only  a  delusion.  It  may  keep  the  patient  dry, 
and  thus  alVord  relief  for  a  short  time ;  but  unfortunate 
consequences  always  attend  the  retention  of  urine  in  a 
pouch  thus  formed  when  complete  drainage  is  not  se- 
cvu'ed.  The  urine  decomposes,  calculi  form,  and  a  cys- 
titis may  be  established  that,  sooner  or  later,  leads  to  dis- 
ease of  the  kidnej's,  uraemia,  and  death.  Dr.  Emmet 
insists  tliat  kolpokleisis  should  never  be  resorted  to 
under  any  circumstances. 

The  man  who,  while  claiming  no  originality  in  the 
matter,  has  done  the  most  to  popularize  the  operation 
for  fistula  in  this  country,  is  Dr.  T.  Addis  Emmet. 

Treatment. — Slethods  of  Cure.  Spontaneous  Cure. 
Small  fistulas  will  frequently  close  without  any  interfer- 
ence, through  the  processes  of  granulation  and  healing. 
The  smaller  the  fistula  the  greater  the  probability  of 
such  an  occurrence.  This  process  of  nature  can  be  en- 
couraged and  hastened  by  proper  attention  to  cleanliness. 
The  constant  drainage  of  the  bladder,  too,  by  a  self- 
retaining  catheter,  assists  greatly  this  spontaneous  cure. 
Any  procedure  that  maintains  a  constant  healthy,  gran- 
ulating process  along  the  edge  of  the  fistula  tcuds  to 
the  accomplishment  of  a  cure.  Corradi  cites  a  case  of 
his.  recorded  by  Jenks,  which  for  a  year  had  resisted  all 
methods  of  treatment,  even  Sims'  operation.  He  tliere- 
upon  had  a  gold  button  with  double  facets  made  to  fit 
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Fig.  4947.— The  Bozeman  Speculum. 

the  fistula.  The  button  was  inserted  so  that  one  facet 
was  in  the  bladder,  the  other  in  the  vagina.  Micturition 
was  immediately  established,  and  not  a  single  drop  of 
urine  passed  any  longer  by  way  of  the  vagina.  For  five 
years  the  woman  wore  this  button  without  experiencing 
auy  inconvenience.    Then  by  accident  the  button  dropped 
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out,  and  the  uriue  continued  to  pass  entirely  by  tlie  ure- 
thra. A  few  days  afterward  Corradi  examined  the  pa- 
tient, but  found"  no  listula.  In  this  case  the  stimulus 
of  the  button  had  encouraged  granulation  till  it  had 
readied  up  over  the  head  of  the  facet  that  was  in  the 
bladder,  while  the  button  was  sloughing  out  below. 

Caustics. — For  many  years  caustics  were  the  chief  reli- 
ance in  the  cure  of  fisUihc.  As  late  as  1839.  Dupuytren 
declaied  that  sutures  were  of  no  avail  against  the  injuri- 
ous influence  of  the  urine  on  the  wound,  and  nothing 
but  the  actual  cautery  was  sufficient  to  excite  the  neces- 
sary' degree  of  granulating  activity  in  the  edges  of  the 
fistula.  All  the  caustic  acids,  caustic  potash,  nitrate  of 
silver,  and  tlie  actual  cauterj'  were  employed.  In  cases 
of  extremely  small  flstuUc  the  actual  cautery  will  fre- 
quently effect  a  cure.  Among  the  caustics  of  a  chendcal 
naturenitrate  of  silver  is  the  best.  It  is  used  not  only 
as  an  independent  means  of  causing  a  fistula  to  heal,  bid 
also  for  the  purjiose  of  completing  the  cure  after  suture, 
when  an  opening  has  been  left  in  the  angle,  or  when 
points  along  the  line  of  union  have  failed  to  unite.  In 
such  cases  the  silver  should  be  applied  frequently  and 
its  use  should  be  continued  until  sti'ong,  healthy  granula- 
tions have  been  produced.  After  that,  cauterize  less  fi'e- 
quently  ;  allow  the  granulations  to  accomplish  what  they 
can  before  burning  them  again. 

DETAILS  OF  THE  OPERATIONS. 

Preparatory  Measures. — It  is  important  that  the  gen- 
eral health  of  the  patient  should  be  in  as  good  condition 
as  may  be.  But  one  need  not  wait  too  long  for  this. 
The  local  condition  of  the  parts  is  still  more  important. 
Before  operating,  the  edges  of  the  fistula  and  surround- 
ing parts  must  be  put  into  as  healthy  a  condition  as 
possible.  Sitz-baths,  hot-water  douches,  and  the  most 
scrupulous  methods  of  personal  cleanliness  should  be 
empio_yed.  All  incrustations  of  urinary  salts,  whenever 
found,  are  to  be  gentl_y  removed  by  streams  of  warm 
water  or  by  a  cotton  swab,  or  they  may  be  picked  off 

with  the  dress- 


lug  forceps. 
The  excoriated 
surface  beneath 
is  then  brushed 
over  with  a  so- 
lution of  nitrate 
of  silver.  This 
preliminary 
treatment  must 
be  repeated 
two  or  three 
times  a  week, 
and  in  the  mean 
time  the  parts 
should  be  kept 
thoroughly  pro- 
tected from  the 
urine  by  an  oint- 
ment. The  most 
efficient  oint- 
ment for  this 
purpose  is  that 
given  by  Bar- 
tholow,  u  n  d  e  r 
the  head  of  Bo- 
racic  Ointment, 
"Take  of  bora- 
cic  acid,  finely 
levigated,  1 
part;  white 
wax,  1  part ; 
paraffin,  2  parts; 
almond  oil,  3 
parts.  Melt  the  wax  and  paraffin  by  heating  with  the 
oil,  and  stir  the  mixture  briskly,  along  with  the  bora- 
cic  acid  powder,  in  a  warm  mortar,  until  the  mixture 
thickens."    When  it  is  required  for  use,  a  certain  amount 


Fig.  4948.— Fistula  as  shown  by  Sims'  Speculum. 


of  it  should  be  rubbed  up  with  a  little  vaseline  or 
glycerin.  It  should  be  used  quite  stiff,  so  that  it  may 
form  a  coating  over  the  intiamed  and  delicate  surfaces. 
With  careful  attention 
to  cleanliness  and  the 
con.stant  use  of  this 
ointment,  I  have  kept 
patients  with  artificial 
fistula;  entirely  free 
from  abrasions,  exco- 
riations, or  irritation. 

All  cicatricial  bands 
that  stretch  across  the 
vagina,  obstructing 
the  view  and  narrow- 
ing the  canal,  or  dis- 
torting the  relations  of 
the  parts,  must  be 
thoroughly  obliterat- 
ed. This  is  accom- 
plished by  nicking  or 
cutting  them  here  and 
there  along  their  course 
and  causing  their  ab- 
sorption by  pressure. 
When  these  constrict- 
ing bands  exist  across 
the  posterior  wall, 
reaching  up  on  to  the 
sides    of    the    vagina. 


Fig.    4949.— Needle-holder  and   Differ- 
ent Patterns  of  Needles. 


they  can  be  put  upon  the  stretch 
b_v  placing  one  or  two  fingers  in 
the  rectum  and  the  thumb  in  the 
vagina.  Then,  with  a  pair  of 
blunt  scissors  in  the  right  hand, 
each  band  is  snipped  or  cut  su- 
perficially at  several  places,  and 
the  pressure  of  the  thumb  in- 
creased to  tear  the  tissue  still 
deeper.  Bj'  adopting  this  plan 
one  may  avoid  the  hemorrhage 
that  woidd  be  produced  by  the 
deep  incisions  of  a  knife.  When 
the  bands  cannot  be  reached  in 
this  way,  a  speculum  must  be 
Fig.  4950.-Emmet's  Nee-  inserted  and  pressure  made  here 
die-holder.  and   there    with    a    depressor   to 

bring  the  bands  into  view.  When 
once  they  have  been  revealed,  they  may  be  snipped  by 
the  scissors  in  the  manner  already  described.  To  keep 
these  bands  on  the  stretch  and  stimulate  absorjition  by 
pressure,  a  "Sims  glass  plug,"  or  a  "Bozeman  dilator," 
should  be  inserted  iiumediately  after  they  have  been 
snipped,  and  these  contrivances  should  be  held  in  place 
by  a  layer  of  cotton  and  a  T-bandage.  This  plug  or  the 
dilator  can  be  procured  of  any  size,  and  must  be  adapted 
to  each  individual  case.  It  should  be  large  enough  to 
distend  well  the  parts.  Its  presence  occasions  some  dis- 
tress, which  may  be  relieved  by  anodynes.     During  the 
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healing  process  the  patieut  is  kept  in  bed,  and  the  plug 
kept  as  constantly  in  place  as  the  circumstances  will 
permit.  It  should  l)c  removed  at  stated  intervals  to  per- 
mit the  use  of  carbolized  douches,  and  it  should  be  well 
smeared  with  carbolized  vaseline  before  being  reintro- 
duced. At  the  expiration  of  ten  days  or  two  weeks,  if 
the  parts  are  not  sufficiently  pliable  and  the  vagina  is 
not  roomy  enough  to  permit  tlie  easy  performance  of 
the  operation,  the  process  just  described  is  to  be  re- 
peated. 

If  cicatricial  bands  do  not  exist,  but  the  canal  is  nar- 
rowed through  loss  of  tissue,  and  if  the  edgesof  thelistula 
are  so  drawn  apart  that  they  cannot  be  brought  into  apposi- 
tion, longitudinal  incisions,  three  or  four  in  number,  par- 
allel to  the  long  diameter  of  the  fistula,  shoulil  be  made 
through  tile  mucous  membrane  of  the  vagina  witli  a  knife, 
and  the  dilator  or  plug  then  inserted  as  described  above. 

Sometimes  this  be- 
comes  a  very  painful 
I  ilm  and  tedious  process. 
A  much  more  satisfac- 
tory method  consists 
in  splitting  the  edge 
of  the  fistula  through- 
out its  entire  extent' 
and  dissecting  the 
bladder  wall  free  from 
underlying  tissue 
widely  in  every  direc- 
tion until  the  edges  of 
the  fistula  in  the  blad- 
der wall  can  lie  readily 
approximated.  Then 
the  vagina  should  be 
incised  longitudinally 
on  each  side,  to  re- 
move midue  tension, 
ki  l'(     1  J\  ^'^'^   afterward    the 

^~^  edges  of  the  fistulous 
opening  should  be 
stitched  together — tlie 
edges  of  the  bladder 
wall  first  and  those  of 
the  vaginal  mucous 
membrane  afterward. 
The  wounds  left  by 
the  lateral  incisions 
may  be  allowed  to  heal 
by  granulation. 

Sims'  Openition. — 
The  patient,  properly 
dressed  and  protected 
bj'  covering,  is  placed 
in    Sims'    posture.     It 

*^  Fig  40.52—  ***  '^   ^^'''"   '°    have    two 

FIG.  4951.—       fwisiriig-   FiG.  4953.—   nurses  and  two  assist- 
Sims'Fork.        tongs.  Shield.        ants.     One  nurse  holds 

the  speculum  and  ele- 
vates the  buttock  ;  the  other  attends  to  the  sponges.  One 
as.sistaut  administers  ether;  one  assists  in  the  operation 
and  does  the  sponging.     The  instruments  required  are : 
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silver  wire,  twisting  tongs,  wire  shield,  sponge-holders, 
and  sponges  (see  accomjianyiug  cuts). 

The  steps  in  the  operation  can  be  comprised  under  three 
heads :  First,  denuding  or  vivif j-ing  the  edges  of  the  fis- 
tula: second,  introducing  the  sut- 
ures;   third,   adjusting    the    edges 
and  fastening  the  sutures. 

Denuding. — The  line  of  union 
should  be,  as  nearly'  as  possible,  in 
the  long  axis  of  the  vagina;  but 
more  important  still  is  it  that  the 
margins  be  drawn  together  in  the 
Hue  of  least  traction  or  resistance. 
The  margin  of  the  fistula  is  caught 
with  a  tenacuhuii  at  any  selected 
point,  and  a  strip  of  tissue  is  re- 
moved with  the  scissors  or  knife. 

It  is  a  good  plan  to  make  this 
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FIG.    4955.— Dpmidlng  with 
Scissors. 


Fig.  4956.— Denuding  with  Knife. 


Fig.  49.54.— Sims'  Tampon  Extractor,  with  closed  and  open  screws.    (Alter  Mund^.) 


Sims'  speculum,  long-handled  left  and  right  curved 
scissors  (Emmet's  cervix  scissors  are  usually  sufficient), 
a  .long-handled  knife  with  narrow  blade,  two  or  three 
tenacula,  needles  and  needle-holder,  counter-pressure 
hook  and  fork,  twisted  silk  for  carrying  No.  37  or  28 


strip  of  tissue  encircle  the  entire  fistula  without  cutting 
or  breaking  it.  Then  3'ou  are  sure  of  obtaining  a  per- 
fectly clean  surface.  When  the  vesical  mucous  mem- 
brane is  included  in  this  denudation  there  is  apt  to  be 
troublesome  liemorrhage.  Sims  therefore  advised  that 
this  be  carefully  avoided;  the  incision  taking  the  direc- 
tion of  the  dotted  lines,  as  in  Fig.  4957,  a  being  the  vesi- 
cal mucous  membrane  and  b  the  vaginal.  If  the  removal 
of  one  strip  gives  a  surface  wide  enough  to  afford  firm 
union,  the  wound  is  ready  for  the  sutures.  Ordinarily, 
however,  it  is  necessaiy  to  take  off  a  second  or  third  strip 
outside  this,  on  the  mucous  membrane  of  the  vagina,  in 
order  to  get  as  broad  a  surface  of  union  as  may  be.  At 
each  end  of  the  fistula  the  denudation  must  be  made  to 
terminate  in  an  acute  angle  b_y  extending  the  denuda- 
tion out  to  a  jioint  on  the  vaginal  membrane.  This  pre- 
vents all  puckering  of 
tissues  when  the  sutures 
are  tightened;  it  also 
diminishes  the  likeli- 
hood that  any  little  ori- 
fices will  be  left  at  either 
end  of  the  line  of  union. 
Should  any  troublesome 
hemorrhage  occur,  it 
can  usually  be  con- 
trolled by  adrenalin  or 
b}'  hot  sponges,  torsion, 
jiressure,  or  ligature.  To  exert  pressure.  Dr.  Emmet 
recommends  pushing  the  centre  of  a  handkerchief  of 
aauze  or  cloth  through  the  fistula,  then  packing  cotton 
into  the  sac  thus  formed  in  the  bladder  till  the  mass  is 
too  large  to  be  drawn  through  the  opening.     After  this 
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has  boen  done,  it  will  be  found  that,  by  pulling  on  the 
corners  of  the  liandkerchief,  any  degree  of  pressure  can 
be  made.  Another  of  Dr.  Emmet's  "devices  is  to  pass  a 
suture   from  the  vagina  through  the  septum  into  the 
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Fig.  4957.— Sliowins  Direction  of  Incision  (viz.,  that  of  dotted  lines 
ending  at  e). 

bhidder,  at  some  distance  from  the  margin  of  the  listula, 
and  out  into  tlie  vagina  again,  thus  surrounding  the 
ofieuding  vessel,  and  ligating  it  temporarily  in  the  tis- 
sues. C^re  must  be  taken  in  doing  this  to  avoid  ligat- 
ing a  ureter.  If  the  mouth  of  the  bleeding  vessel  can 
be  caught,  there  is  no  positive  objection  to  ligating 
with  fine  .silk  or  with  catgut ;  but  the  leaving  of  any 
foreign  body  between  the  lips  of  the  wound  is  to  be 
avoided  if  possible. 

Introducing  the  Sutures. — -The  needle  may  be  either 
straight  or  slightly  curved,  and  from  one-half  to  one  inch 
in  length.  It  is  armed  with  a  double  carrying  thread  of 
fine  silk  about  si.\  inches  long,  into  which  the  silver  wire 
of  the  same  length  is  hooked  and  made  fast.  The  wire 
should  be  sharply  bent  over  the  thread  in  order  that, 
when  it  reaches  the  tissues,  it  may  be  forced  through 
them  (by  the  aid  of  the  forceps)  with  the  minimum 
amount  of  difficulty. 

It  is  well  to  begin  suturing  at  the  proximal  angle  of 
the  tistula.  Here  the  tissue  is  caught  up  with  a  tenac- 
ulum and  the  needle  inserted  at  about  one-fourth  of  an 
inch  from  tlie  margin  of  the  denudation,  and  directed 
through  the  tissues  so  that  it  will  come  out  just  at  the 
edge  of^  the  mucous  membrane  of  the  bladder. 

Puncturing  the  vesical  membrane  causes  hemorrhage 
at  the  time,  and  may  result  in  a  permanent  leak  hole. 
As  soon  as  the  point  at  which  the  needle  is  to  emerge  is 
determined,  counter  pressure  is  made  just  beyond  with 
the  blunt  or  counter-pressure  hook.  This  facilitates  the 
passage  of  the  needle  and  prevents  straining  of  the  tis- 
sues. The  needle  is  thus  pushed  through  as  far  as  the 
grip  of  the  needle-holder  will  allow.  Then  it  is  caught 
at  the  point  and  drawn  through  while  the  counter  press- 
ure is  still  applied.  The  needle  is  then  inserted  at  the 
point  corresponding  to  its  e.xit  on  the  edge  of  the  mu- 
cous membrane  of  the  bladder,  on  the  opposite  side  of 
the  fistula,  and  directed  through  the  tissues  till  it  makes 
its  appearance  through  the  vaginal  raucous  membrane 
one-fourth  of  an  inch  from  the  margin  of  the  fistula. 
The  counter  pressure  is  applied  as  before.  The  needle, 
with  carrying  thread  and  silver  wire,  is  now-  drawn 
through  till  the  ends  of  the  wire  can  be  grasped  on 
both   sides.     If   the   tissues    are  delicate  and  there  is 


Fig.   4958.— Showing  Direction   in  which  Needle  is  to   be   Passed. 
a  (I,  Bladder  membrane ;  c  b,  vagina. 

danger  of  tearing  them,  it  is  well  to  support  the  thread, 
as  it  is  drawn  through,  with  a  Sims  fork.  But  the  wire 
must  not  be  drawn  into  the  tissues  till  the  needle  has 
been  passed  through  both  sides,  and  then  it  is  to  be  slid 
through  both  sides  at  the  same  time;  otherwise  it  is 
likely  to  get  badly  kinked.  The  ends  of  the  wire  are 
twisted  together  one  or  two  turns  and  held  out  of  the 
way  by  the  assistant.     In  this  way  the  stitches  are  passed 


one  after  the  other  fiom  one-fourth  to  three-eighths  of 
an  inch  apart,  and  as  evenly  in  all  respects  as  it  is  possi- 
ble to  get  them. 

Securing  the  Stitches. — Commencing  now  at  the  re- 
moter angle  of  the  fistula,  the  surgeon  should  grasp 
firmly  both  ends  of  the  first 
wire,  two  or  three  inches 
from  the  tissues,  with  the 
twisting-tongs,  and  he 
should  make  the  tension 
sufficient  to  draw  the  sut- 
ure taut.  With  slight  pi'css- 
ure  of  the  tenaculum  the 
wire  of  either  side  is  now 
bent,  near  the  tissues,  at  a 
sharp  angle,  till  it    meets 


Fig.  4959.— Twisting  the  Wires.    (Savage.) 

the  wire  of  the  opposite  side  directly  over  the  line  of  un- 
ion that  is  to  be  formed.  The  shield  is  then  slid  down  the 
wire  and  fii-ml_y  pressed  against  the  tissue,  while  sufficient 
strain  is  put  upon  the  wire,  by  pulling,  to  bring  the  edges 
of  the  wound  into  firm  apposition.  Wliile  this  tension 
is  still  maintained,  the  wire  is  bent  over  the  shield  and 
twisted  down  to  the  tissue.  (Fig.  4959.)  The  shield  is 
now  removed  in  order  that  tlie  opera- 
tor ma.v  see  whether  this  sutui'e  holds 
the  edges  in  close  and  e.xact  apposi- 
tion. If  it  does  not  so  hold  them, 
the  shield  is  reapplied  and  one  or  two 
more  twists  are  given  to  the  wire.  Or, 
if  the  twisting  has  been  cari-ied  too  far 
and  strangulation  or  cutting  of  the 
tissues  threatens,  the  tension  can  be 
relaxed  by  giving  the  wire  one  or  two 
turns  in  the  opposite  direction.  And 
in  this  lies  the  advantage  of  securing 
silver  wire  by  twisting  rather  than  by 
clamp,  button,  or  shot. 

The  sutures  are  now  shouldered  by 
catching  the  loop  of  the  stitch  with  a 
tenaculum  at  the  point  of  exit  from 
the  tissue,  and  pulling  at  a  right  angle 
to  tlie  line  of  the  tistula,  first  on  one 
side  and  then  on  the  other,  so  that  the 
wire  shall  be  bent  at  a  right  angle  where  it  comes  out 
of  the  tissue,  and  shall  lie  flat  across  the  face  of  the 
wound. 

The  twisted  end  is  next  bent  at  a  right  angle  over  a 


FIG.   4960.-Ad.iust- 
iug  the  Wire. 
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FIG.  4961.-Stitch  be- 
fore Shouldering. 
(Mund^.) 


tennculuin,  flat  upon  the  vagiual  meiubraue,  and  cut  off 
so  that  it  shall  have  a  length  of  about  half  an  uich.     It 
is  customary  to  turn  the  twisted  ends 
altei'natclj-   to   one   side  and   to    the 
other. 

When  the  sutures  have  all  been  dis- 
posed of  successively  in  this  manner, 
the  wound  should  be  thoroughly  in- 
spected, all  everted  points  should  be 
carefully  tucked  in  with  a  tenaculum, 
and   all   inverted  points  of    nnieous 
membrane    should    be    turned    out. 
This  completes  the   operation.     But 
before   the  patient   is  removed   from 
the  table  the  bladder  should  be  care- 
fully inspected  by  passing  a  catheter. 
If  any  blood  clots  are  discovered  they 
must   be  dissolved  by  noi'mal  saline 
solution  and  washed  out;  if  there  is 
any  active  hemorrhage  it  nuist  be  con- 
trolled by  applications  of  either  hot  water  or  ice-water 
or  by  injections  of  adrenalin. 

The  self-retaining  catheter  is  now  placed  in  position, 
and  the  patient  put  to  bed  with  a  narrow  dish  between 
her    thighs    to    catch    the    urine. 
The  catheter  shoidd  be  removed 
and    thoroughly    cleansed    every 
night  and  morning,  and  a  vaginal 
douche  administered  at  least  once 
a  day.     Tlie  bowels  may  be  kept 
constipated  till  after  thelifth  day, 
or  an  evacuation  maj'  be  obtained 
daily  by    IIun)-adi   water    or   by 
some  other  laxative.     It  was  Dr. 
Sims'  custom  to  keep  the  bowels 
quiet.     The  patient  is  kept  upon 
her  back,  and  pain  is  relieved  by 
opium  or  by  morphine.     The  sut- 
ures   may  be  removed  u])on   the 
eighth,    tenth,    or    twelfth    day, 
according  to  the  relative   vitality 
of  the  patient  and  the  healing  qualities  of  the  tissues. 

Care  must  be  exercised  not  to  pull  the  wound  apart  in 

removing  tlie  sutures.     Catch  the  twisted  end  with  llie 

twisting-tongs,  and  straighten  it  tip  gently  to  a  right 

angle      with      tlie      surface. 

-i7.«uw,v,-n-'-»'.  ...  .. ,;;  .n.     While  this  is  being  done,  the 

f^^^^^^^^^^j^     loop  of  the   suture   will   ro- 
uf^^^  tote  in  the  tissues  and  bring 

■  a    bright    point   of    it    into 

I  view,  when  it  can   be  easily'  snipped    with 

I  wire  scissors.      The   view    is    facilitated   by 

making  slight  pressure  on  the  tissues  with 
the  points  of  the  scissors  at  the  point  of  exit 
of  the  suture.  In  drawing  the  suture  out, 
the  surgeon  should  direct  his  force  in  such  a 
way  that  the  tissues  shall  not  be  constantly 
pressed  toward  the  line  of  union,  nor  dragged 
away  from  it.' 

Some  cases  require  several  operations  before 
a  cure  can  be  effected,  but  slight  points  of  non- 
union, either  at  the  angles  or  along  the  line, 
may  be  made  to  heal  by  touching  them  fre- 
quently with  the  stick  of  nitrate  of  silver  and 
bj'  keeping  the  catheter  in  the  bladder. 

Siiiioii's  Operation. — It  will  not  benecessary 
to  describe  so  minutely  Simon's  operation, 
but  simply  to  speak  of  the  main  points  in 
which  it  differs  from  the  Sims  operation,  and 
to  illustrate  them  by  the  accompanying  cuts. 
Simon  worked  along  the  same  lines  of  pro- 
cedure that  Roonhuysen  described,  and  not 
only  attained  great  success  in  his  operations, 
but  caused  it  to  be  adopted  among  his  German 
confreres  as  the  standard  operation.  The 
characteristic  features  of  Simon's  operation 
^S^'inon^  are  these:  First,  he  employs  an  exagger- 
Retractor.    iited  lithotomy  position,  patient  on  back,  hips 


Fig.  4%:.'.— StiU'h  after 
belnp  Sbouldered. 
(Mumle.) 


Fig.  4964.— Fistula  as  shown  by  the  Gofle 
or  by  Simon's  Speculum. 


elevated.  Second,  instead  of  avoiding  the  vesical  mucous 
membrane,  he  intentionally  incises  it  if  the  edges  contain 
much  cicatricial  tissue.  Third,  he  repudiates  the  superi- 
oritj'  of  silver  wire  and  uses  silk.  Fourth,  he  employs 
no  stationar}'  cath- 
eter, and  allows  the 
patient  to  void  her 
urine  if  possible. 
Fifth,  the  bowels 
are  kept  in  a  re- 
laxed state  to  aToid 
straining,  the  diet 
is  not  restricted  and 
the  patient  is  not 
necessarily  confined 
to  bed. 

Position  of  the 
Patient.  —  The 
breech-back  (Steiss- 
Rilckenlage)  posi- 
tion is  attained  by 
elevating  the  hips 
and  flexing  the  legs 
over  the  belly,  so 
that  the  breech  be- 
comes the  most  pro- 
jecting part.  If  the 
tistula  is  situated 
higli  up  in  the  va- 
gina, the  hips  must 
be  well  elevated, 
and  the  thighs 
flexed  as  much  as 
possible.  The  lower  the  fistula  is  situated  in  the  va- 
gina, the  less  the  degree  of  elevation  and  flexure  neces- 
sary. Whenever  it  is  possible  to  expose  the  fistula  well 
by  traction  upon  the  cervix,  cither  hy  forceps  or  by 
threads  passed  through,  the  speculum  is  dispensed  with, 
and  only  side  retractors  are  used,  with  a  staff  introduced 
into  the  urethra  to  steady  the  parts.  AVhen  this  is  not 
practicable  Simon  uses  specula  devised  by  himself.  These 
consist  of  an  anterior  and  a  posterior  speculum,  and  two 
side  retractors  (Fig.  4963). 

Vivifying  the  Edges. — The  Simon  method  carries  the 
incision  deep  enough  to  extirpate  all  cicatricial  tissue, 
making  a  funnel-shaped  excavation,  and  includes  all  the 
tissues  down  through  the  vesical  mucous  membrane. 
Simon  prefers  the  knife. 

Sutures.  —When  the  fistula  is  small  a  single  line  of  silk 
sutures  is  used.  In  the  larger  fistula;  every  second  or 
third  stitch  is  made  a 
sustaining  suture,  and 
is  passed  at  a  consider- 
able distance  from  the 
edge,  thus  including 
enough  tissue  to  sup- 
port the  line  of  union 
and  take  the  strain  off 
the  more  superficial 
(uniting)  sutures.  Tliis 
Simon  called  his  double 
line  of  sutures.  It  is 
of  very  little  impor- 
tance whether  the  sut- 
ures go  through  the 
vesical  membrane  or 
not,  but  care  must  be 
taken  to  prevent  the 
membrane  being  in- 
verted and  caught  be- 
tween the  edges  of  the 
wound. 

After-  treatment. — 
The  patient  takes  any 
position  in  bed  that 
she  desires.  She  passes 
urine  normally  whenever  she  feels  the  desire,  either 
lying  upon  a  bedjMu,  sitting  up,  or  getting  on  the  hands 


Fig.    4965.  —  Fistula   shown    with    Re- 
tractors and  Staff.    (Simon.) 
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ami  knees.  If  urination  is  impossible  without  too  much 
straining,  the  catheter  is  i)assed  at  proper  intervals.  A 
ilaily  vaginal  douche  is  given,  and  the  bowels  are  kept 

open.  Vesical  tenes- 
mus is  relieved  by  sed- 
atives. Silk  sutures 
cannot  be  left  as  long 
in  place  as  silver  wire ; 
they  should  be  re- 
moved at  some  time 
between  the  si.xth  and 
the  eighth  days. 

General  Remarks. — 
The  principles  and 
methods  established  by 
these  two  great  teach- 
ers, Sims  and  Simon, 
can  be  followed  suc- 
cessfully' in  all  cases. 
Succeeding  operators 
have  mollified  many 
details,  or  have  com- 
bined into  a  successfid 
procedure  some  of  the 
features  of  each.  Each 
operator  follows  his 
own  fancy  in  regard 
to  the  needle  or  the 
FIO.  4!»50.  -Sutures  in  Place.  (Simon.)    needle-holder  which  he 

shall  use,  and  the  ma- 
terial of  which  his  ligatures  shall  be  made.  C'liiuese 
silk,  silver  wire,  iron  wire,  silkworm  gut,  and  chromi- 
cized  catgut  are  used  indifferently  ;  but  in  large  fistuhv, 
and  those  so  situated  that  they  cannot  be  reached  easily 
for  fastening  the  ligatures,  silver  wire  is  preferable. 

There  is  no  department  of  plastic  surgery  which 
gives  so  great  scope  for  the  ingenuity  of  the  operator  as 
that  of  vesieo-vaginal  fistulas.  Each  case  is  a  problem 
yier  se  and  demands  its  own  special  and  individual  treat- 
ment. No  case  should  be  undertaken  without  careful 
.study  of  all  the  factors  that  .sre  involved  in  its  successful 
treatment.  The  modern  methods  of  vaginal  section  have 
led  to  greater  freedom  in  incising  the  vagina  for  the  pur- 
pose of  leaching  for  operative  purposes  the  tissues  be- 
yond, and  they  have  demonstrated  the  feasibility  of  dis- 
secting freely  the  vaginal  sheath  from  the  bladder,  thus 
giving  direct  access  to  the  bladder  wall.  Acting  upon 
this   principle,    the   author   has   devised   the    following 

method  of  dealing  with 
vesieo-vaginal  listuhe, 
whether  large  or  small, 
and  wherever  situated : 

The  Authm-'s  Opera- 
tion. —  Vesico  -  vaginal 
tistula  is  best  treated  by 
separating  distinctly  the 
vaginal  wall  (and  tliat 
includes  the  vaginal 
siieath,  or  fascia,  as  well 
as  the  mucous  mem- 
l)rane)  from  the  wall  of 
the  bladder,  so  that  the 
two  distinct  openings 
can  lie  closed  separately, 
each  in  its  own  way. 
The  operation  consists 
of  three  distinct  steps: 
First,  incising  the  va- 
gina down  to  the  w^all 
of  the  bladder  by  a  lon- 
gitudinal incision  reach- 
ing, in  the  median  line, 
from  the  cervi.x  to  the 
neck  of  the  bladder.  A 
transverse  incision,  reaching  well  across  the  vagina,  is 
next  made  in  front  of  the  cervix;  then  afterward  the 
bladder  is  to  be  separated  from  the  vagina  well  out  be- 
yond the  location  of  the  fistula  on  whichever  side  of  the 


Fig.  4907.— Lines  of  Sutures  to  close 
tlip  Fistula  shown  In  Flps.  496.5  and 
4i<i)(!.     (Simon.) 


median  incision  the  fistula  may  be  located,  or  if  the  fis- 
tula is  in  the  median  line  the  separation  should  extend  on 
both  sitles  sufficiently  far  to  set  the  bladder  wall  free  for 
some  distance  beyond  the  borders  of  the  fistula.  In  ex- 
tensive fistulre  it  may  be  necessary  to  dissect  the  entire 
liladder  quite  free  from  all  its  attachments,  not  only  for 
the  purpo.se  of  bringing  the  fistula  within  the  reach  of 
surgical  procedure,  but  also  to  remove  all  strain  ujion 
the  tissues.  The  third  step  consists  in  denuding  the 
edges  of  the  opening  in  the  bladder  and  closing  it  with 
one  or  two  tiers  of  chromicized  catgut  sutures,  care  be- 
ing taken  not  to  pierce  the  vesical  mucous  membrane. 
After  this  has  been  accomplished  the  orifice  in  the  va- 
gina may  be  denuded  and  closed,  and  the  vaginal  in- 
cisions sutured.  If  the  fistula  involves  the  ureter,  it  can 
be  easily  and  efficiently  dealt  with  after  the  separation  of 
the  vesieo-vaginal  septum. 

In  cases  that  involve  loss  of  tissue  at  the  lower  portion 
of  the  vagina,  extending  to  one  or  both  rami  of  the  pubis, 
there  may  not  be  enough  tissue  between  the  fistula  and  the 
bone  for  the  passage  of  the 
sutures.  In  such  cases  the 
tissue  can  be  dissected  up 
from  the  bone  to  a  sufficient 
extent  to  give  holding  ground 
for  the  sutures,  or  a  flap  may 
be  dissected  off  the  vagina 
above  and  brought  around  to 
cover  the  opening.  Jobert  was 
a  most  skilful  operator  in  the 
use  of  flaps,  which  he  procured 
from  other  ])ortions  of  the  va- 
gina, from  the  labia,  or  even 
from  the  buttocks  and  thighs. 

In  vesico-utero-vaginal  fis- 
tuliB,  where  such  a  course  is 
practicable,  only  the  anterior 
lip  of  the  cervix  uteri  should 
be  utilized  in  closing  the  open- 
ing; but  in  some  cases  it  is 
found  necessary  to  stitch  the 
posterior  lip  to  the  anterior 
border  of  the  fistula,  thus 
turning  the  os  uteri  into  the 
bladder.  Menstruation  then 
occurs  through  the  bladder 
and  conception,  as  a  rule,  be- 
comes impossible. 

In  vesico-uterine  fistulse,  Dr. 
Emmet  boldly  slits  up  the  cer- 
vi.x till  he  reaches  the  fistulous 
opening,  thus,  as  he  claims, 
reproducing  the  original  lesion 
The  fistulous  tract  is  then  de- 
nuded and  the  entire  wound 
closed  by  sutures,  as  in  trache- 
lorrhaphy. Uretero  -  vaginal 
fistula;  are  perhaps  the  most 
difficult  to  deal  with.  Landau 
recommends  excising  an   oval 

piece  from  the  vesical  and  vaginal  wall,  thus  producing 
a  vesieo-vaginal  fistula  into  the  upper  angle  of  which 
the  ureter  opens.  Then  the  fistula  is  to  be  closetl  by 
sutures  which,  at  the  upper  angle,  shall  include  only  the 
vaginal  mucous  membrane.  If  the  urine  is  successful  in 
forcing  its  way  into  the  bladder  in  spite  of  the  partial 
constriction  of  the  ureter  which  may  occur  from  the 
stitches,  it  will  continue  to  do  so.  There  is  no  danger 
of  occlusion  b_v  the  presence  of  granulations,  for  the  flow 
through  the  ureter  is  constant.  Another  device  for 
securing  a  patulous  condition  of  the  ureter  is  to  intro- 
duce an  elastic  catheter  from  the  vagina  into  the  ureter, 
and  then  to  pass  the  lower  end  out  through  the  bladder 
and  urethra.  The  uncovered  portion  of  the  catheter,  as 
now  seen  through  the  vagina,  is  to  be  covered  with  the 
vaginal  mucous  membrane  and  the  lower  ureteral  wall. 

If  a  vaginal  operation  has  failed  or  it  seems  useless  to 
undertake  such  an  operation,  then  resort  must  be  had  tc 


FIG.  49es.-Tbe  Goffe  Specu- 
luui,  made  in  two  sizes. 
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ureteral  cystotomy  through  an  abdomiual  incision.     (See 
also  the  article  ou  Vreters.     (Su7-(/iral.) 

OccasioDally  a  patient  presents  herself  in  whom  there 
has  been  such  extensive  loss  of  tissue  that  all  hope  of 
closing  the  fistula  must  be  abandoned.  The  question  of 
closing  the  vagina  (kolpocleisis)  then  arises.  This  is  to 
be  adopted  with  great  hesitation.  Indeed,  in  this  coun- 
try, the  experience  of  the  best  operators  is  opposed  to  it. 
Continence  of  urine  may  be  obtained,  but,  as  has  been 
previously  stated,  it  is  only  at  the  risk  of  constant  vesical 
tenesmus,  calculus,  and  chronic  cystitis,  with  all  its  train 
of  direful  consequences.  When  the  base  of  the  bladder, 
filled  with  intestines,  becomes  inverted  and  protrudes  at 
the  vulva,  Emmet  recommends  that  enough  of  the  sides 
of  the  vagina  be  united,  as  in  kolpocleisis,  to  give  needed 
support,  but  that  an  opening  be  left  at  the  most  depend- 
ent point  to  allow  of  free  drainage.  By  proper  attention 
to  cleanliness  and  the  use  of  ruljber  urinals  for  females, 
which  can  now  be  procured  at  tlie  instrument-maliers, 
the  patient  can  be  made  very  comfortable. 

VII.  Tamponing  the  Vagina. — Custom  has  estab- 
lished the  use  of  two  words  to  signify  the  placing  of 
cotton,  wool,  or  other  similar  substance  in  the  vagina — 
viz.,  tamponing  and  tamponade.  Tamponing  signifies 
the  complete  packing  of  the  vagina  for  the  purpose  of 
stopping  or  preventing  uterine  hemorrhage ;  tamponade 
is  used  when  a  limited  amount  of  cotton  or  other  similar 
substance  is  employed  for  purposes  of  medication. 

The  Tnnipnn. — The  useot  the  tampon  originated  in  the 
idea  of  placing  something  in  the  vagina  to  facilitate  the 
formation  of  a  clot.  It  was  tirst  practised  l)y  loosely 
stuffing  in  a  handkerchief,  napkin,  roller  bandage,  or  a 
few  wads  of  cut  ton.  Such  tampons  are  more  or  less 
effective  in  stanching  temporarily  the  external  flow  of 
blood.  But  in  a  sliort  time  tlie  tamjjon  becomes  satu- 
rated and  hemorrhage  again  becomes  apparent. 

To  Dr.  Enunct  we  owe  the  thorough  and  efficient 
method  of  tamponing  the  vagina  as  it  is  now  used,  or 
should  be  used.  His  method  is  based  on  the  idea  of 
pressure.  And  wliile  the  stoppage  of  all  hemorrhage 
depends  upon  the  formation  of  a  ciot,  the  pressure  thus 
produced  carries  the  uterus  high  uj)  in  the  pelvis,  com- 
presses all  the  pelvic  vessels,  thereby  diminishing  the 
blood  supply,  and  transfers  tlie  formation  of  the  clot  from 
the  vagina  up  into  the  uterus. 

To  tampon  the  vagina  properly  a  Sims  speculum  is 
indispensable.  As  Munde  ("  Minor  Surgical  Gynecol- 
ogy ")  very  forcibly  remarks :  "  Every  practitioner  who 
takes,  and  is  liable  to  meet  with,  cases  of  uterine  hemor- 
rhage (and  what  practitioner  is  not?)  from  miscarriage. 
po!3'pi,  polypoid  endometritis,  fibroid  uterus,  or  cancer, 
should  not  only  possess  a  Sims'  speculum,  but  should 
know  how  to  use  it  and  how  to  tampon  the  vagina  so  se- 
curely that  not  a  drop  can  escape  so  long  as  the  tampon 
is  retained. " 

When  the  hemorrhage  is  free  it  may  be  necessary  to 
tampon  the  cervical  canai  as  far  as  tlie  tampon  can  be 
forced  into  it.  This  will  prevent  the  escape  of  blood 
from  the  uterus,  and  the  blood,  in  turn,  by  accumulat- 
ing and  forming  a  clot  within  its  cavity,  stimulates  the 
uterus  to  contract  and  so  control  the  hemorrhage.  There 
is  no  danger  of  the  uterus  enlarging  to  accommodate  the 
clot  as  it  increases  in  size,  except  directly  after  delivery, 
and  when  this  is  to  be  feared  other  methods  of  inducing 
contraction  of  the  uterus  must  also  be  re-sorted  to — e.g., 
ergot,  applications  of  cold,  pressure  through  the  abdomi- 
nal wall,  constitutional  stimulants,  etc. 

If  there  is  reason  to  believe  that  the  hemorrhage  is  pro- 
duced bv  something  within  the  uterus, — as,  for  example, 
a  retained  placenta,  or  a  polypus,  which  can  be  removed 
at  the  time, — this  indication,  as  a  matter  of  course,  is  to  be 
acted  upon  first.  But  frequently  these  cases  of  hemor- 
rhage occur  in  the  night,  or  some  other  reason  for  delay 
in  operating  exists,  orthe  patient  maybe  so  reduced  that 
the  first  indication  may  be  to  prevent  further  loss  of 
blood.  Under  these  conditions  resort  must  be  had  to  the 
tampon. 
The  best  material  for  the  tampon  is  plain  sterilized 
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cotton,  non-absorbent,  squeezed  out  of  cjirbolized  water, 
and  flattened  out  into  discs  one-half  tlie  diameter  of  the 
palm  of  the  hand  and  about  one-half  inch  tliick.  Non- 
absorbent  is  better  than  absorbent  cotton,  as  it  retains  its  ■ 
elasticity  and  so,  by  its  expansile  power,  increases  the 
pressure.  It  is  well  to  have,  in  addition,  five  or  six  tam- 
pons that  have  been  squeezed  out  of  alum  water,  of  the 
strengtli  of  an  ounce  to  the  pint.  These  are  the  first  to 
be  used  about  the  cervix  and  fornix  vagina;. 

The  bladder  must  be  emptied  either  naturall.r  or  bj- 
catheter,  and,  if  the  case  is  not  too  urgent  to  permit  time 
for  it,  the  rectum  should  be  unloaded  by  enema.  The 
patient  is  placed  in  the  Sims  position,  the  Sims  speculum 
is  introduced,  and  tlie  cervix  is  brought  well  into  view. 
All  coagula  and  fluid  blood  are  wiped  awa3'  with  absor- 
bent cotton  held  in  dressing  forceps,  and  the  vagina  is 
hastily  swabbed  out  with  bichloride  solution.  1  in  .5,000. 
If  the  OS  is  patulous  and  the  hemorrhage  free,  it  may  be 
well  to  pass  the  applicator,  wrapjicd  with  absorbent  cot- 
ton and  dipped  in  iodine,  as  far  up  as  to  the  fundus  If 
a  decided  impression  on  the  uterus  seems  necessary,  the 
cotton  can  be  slipped  off  and  left  in  the  uterus  as  the  ap- 
plicator is  withdrawn;  but  care  should  be  taken  to  leave 
the  end  of  it  protruding  from  the  os.  The  uterus  will  be 
stimulated  by  tliis  means  to  contract,  and  probably  to 
force  out  the  cotton.  In  some  cases  one  or  two  small 
plugs  can  be  packed  into  the  cervix.  This  will  assist  ma- 
terially in  stanching  the  flow  of  blood. 

One  of  the  disc-shaped  tampon  balls  is  now  placed  over 
the  OS.  another  posteriorly  to  tlie  cervix,  one  on  either  side, 
and  one  in  front.  These  are  not  rolled  up  into  balls,  but 
are  spread  out  and  moulded  to  the  vaginal  fornix  by 
pressing  them  all  about  with  the  dressing  forceps  in  the 
right  hand,  and  a  stiff  probang  stick,  or  another  pair  of 
closed  dressing  forceps,  in  the  left.  This  completes  one 
circle  or  layer  of  tlie  tampons.  Another  layer  is  to  be 
placed  upon  this  in  the  same  wa_y,  the  discs  being  crowded 
well  in  against  the  cervix  until  the  fornix  is  filled  out 
flush  with  the  externa!  os.  Disc  after  disc  is  thus  placed 
around  the  cervix  in  a  circle  and  well  packed  down. 
Each  disc  inserted  is  held  in  place  by  the  rammer  in  the 
left  hand  until  the  next  one  can  be  inserted ;  in  this  man- 
ner the  pressure  is  at  no  time  relaxed.  As  the  walls  of 
the  vagina  stretch,  and  the  diameter  of  the  canal  in- 
creases, a  circle  of  discs  is  placed  around  the  central  one; 
then  another  concentric  circle  is  placed  outside  of  that, 
and  so  on  until  tlie  vaginal  wall  is  reached,  the  pressure 
being  alwaj's  made  at  first  toward  the  centre.  But  as 
the  lower  section  of  the  vagina  is  reached  all  the  pressure 
is  made  toward  tlie  hollow  of  the  sacrum,  the  final  discs 
in  each  layer  being  tucked  in  against  the  anterior  vaginal 
wall.  The  whole  process  is  similar  to  that  employed  bj' 
a  dentist  in  filling  a  dental  cavity  with  gold  leaf.  No 
great  force  is  used  at  any  time  in  the  proceeding ;  but,  by 
firmly  packing  down  each  disc  of  the  elastic  cotton,  the 
vagina  can  be  gradually  distended,  if  necessary,  until  the 
tampon  nearly  fills  the  entire  calibre  of  the  pelvis. 

At  first,  the  point  of  the  speculum  should  be  directed 
well  toward  the  back,  and  then,  as  the  work  of  pack- 
ing advances,  the  end  of  the  instrument  should  IJe  al- 
lowed to  slip  along  the  floor  of  the  pelvis.  Sometimes 
the  space  thus  left  by  the  speculum  can  be  filled  in  with 
two  or  three  extra  discs.  Upon  finally  removing  the 
speculum  great  care  must  be  exercised  not  to  dislodge 
the  tampon. 

When  the  vagina  is  thus  paclie^  there  is  no  possibility 
of  axiy  further  hemorrhage.  TL-„  amount  of  cotton  used 
and  the  thoroughness  with  which  it  is  packed  must  vary 
with  individual  cases.  A'  slight  degree  of  pressure  is 
sufficient  in  some  cases,  and  the  extreme  degree  of 
thoroughness  alone  suffices  in  others.  It  is  necessary 
in  all  cases  to  confine  the  patient  to  bed.  and  when  the 
tampon  is  large  an  anodyne  is  required.  The  pressure  is 
especially  painful  about  the  neck  of  the  bladder,  and,  if 
this  persists  in  spite  of  the  anodyne,  some  of  the  discs  in 
this  region  can  be  removed  at  the  end  of  an  hour  or  two 
witliout  impairing  the  integrity  of  the  tampon.  "When 
such  removal  becomesnecessary  there  is  usually  retention 
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Fig.  4969.— Tampon  Pledget. 


of  uiiueiuul  tho  patient  1ms  to  be  relieved  witli  the  cathe- 
ter. 

The  tampon  should  not  bo  allowed  to  remain  longer 
than  twenty-four  luniis.     At  the  end  of  this  time  it  has 

usually  become  soaked 
along  one  .side,  at  least, 
withthe  bloody  secre- 
tions. It  is  then  more 
or  less  offensive  and 
must  be  removed.  It 
may  be  that  it  has  done 
its  work  and  is  no 
longer  necessary ;  in 
any  event,  it  has  ceased 
to  be  of  use  and  should 
be  replaced  by  a  fresh 
one. 

It  is  most  advisable, 
as  recommended  by 
JIunde,  that  the  sur- 
geon should  keep  on 
hand,  in  a  well-stop- 
pered bottle,  a  supply  of  absorbent  cotton  which  has 
been  soaked  in  some  styptic  solution — «.(■/.,  subsulphate 
of  iron  (one  part  to  three  of  water)  or  alum  (one  ]iart  to 
twelve) — and  allowed  to  dry.  Tliis  can  be  applied  di- 
rectly to  bleeding  surfaces,  as  in  cancer,  before  one  pro- 
ceeds to  the  application  of  the  tampon. 

If  Sims'  speculum  is  essential  to  the  placing  of  the 
tampon,  Sims'  screw  tampon  extractor  is  quite  as  impor- 
tant for  its  removal.  By  means  of  this  instrument  the 
lirst  few-  pieces  of  cotton  are  removed  without  the  use  of 
the  siieculum.  The  external  parts  are  separated  by  the 
left  hand,  and  the  screw,  guided  along  the  finger,  is 
screwed  into  the  discs,  and  they  are  reiuo\'ed  oue  by  one 
till  the  pressure  is  somewhat  removed  from  tiie  peri- 
neum. 'Then  the  speculum  is  introduced  a  short  dis- 
tance, and,  as  fast  as  the  cotton  is  removed,  it  is  slid 
farther  and  farther  in  until,  with  the  final  emptying  of 
the  vagina,  it  will  have  reached  the  farther  end  of  the 
canal.  In  removing  the  tampon  pledgets  great  care 
must  be  exercised  not  to  overlook  one,  especially  about 
the  cervix  or  interior  of  the  uterus.  'When  so  over- 
looked they  are  apt  to  be  the  cause  of  septic  infection, 
occasioning  a  chill,  rigors,  and  a  rise  of  temperature. 

TdmponutU. — The  tamponade  is  not  so  formidable  an 
affair.  It  is  in  constant  every-day  use  for  the  treatment 
of  all  kinds  of  uterine  difficulties.  It  is  employed  for 
various  purposes,  the  most  important  of  which  have  been 
enumerated  by  JIunde  under  eight  different  heads,  as 
follows:  (1)  As  a  carrier  for  the  application  of  medicinal 
agents  to  the  cervix  and  vagina;  (2)  as  a  means  of  retain- 
ing certain  substances  introduced  into  the  uterus  in  their 
proper  position — such  as  pledgets  of  cotton,  tupelo  tents, 
stem  pessaries;  (3)  as  a  means  of  retaining  the  uterus  or 
a  prolapsed  ovary  in  position ;  (4)  as  a  mechanical  support 
and  stimulus  to  the  pelvic  vessels  and  as  an  alterative  to 
the  pelvic  tissues  b}'  means  of  pressure;  (5)  as  a  protec- 
tive to  the  ulcerated,  inflamed,  or  swollen  cervix  or  vag- 
inal walls,  to  prevent  friction  and  an  increase  of  irritation; 

(6)  as  a  means  of  dilating 
or  separating  the  vaginal 
walls — a  substitute  for  a 
hard  or  distensible  dilator 
— in  con.striction  of  the 
vaginal  canal  after  opera- 
tion for  vaginal  atresia  or 
stenosis  in  vaginismus, 
and  in  spasm  of  the  leva- 
tor aid  muscle;  (7)  as  a 
ha-mostatic  (I  have  al- 
ready considered  this  sub- 
ject under  the  head  of 
Tampon,  but  there  is  an- 
other use  of  the  tamponade  or  tampon  that  I  deem 
worthy  of  special  mention,  and  therefore  shall  consider 
it  as  the  7th,  viz.,  to  hasten  expulsion  in  unavoidable 
miscarriage) ;  (8)  as  an  absorbent  of  vaginal  and  uterine 
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discharges,  which  are  thus  prevented  from  touching  the 
external  or  sound  parts,  and  as  a  protection  of  the  sound 
parts  from  caustic  substances  applied  to  the  uterus  or 
cervix. 

This  procedure  has  its  special  indications  in  the  ap- 
plication of  caustics,  such  as  chloride  of  zinc,  to  malig- 
nant disease  of  the  cervix  or  vagina.  One  or  two  tampons 
saturated  with  the  caustic  are  applied  directly  to  the 
diseased  area,  and  are  then  kept  in  place  by  one  or  two 
dry  tampons,  after  which  the  healthy  portions  of  the 
vagina  and  the  external  parts  are  protected  by  tampons 
wrung  out  of  a  satiu'ated  solution  of  sodium  carbonate 
and  packed  in  the  canal  in  such  numbers  as  to  fill  the 
rest  of  the  vagina. 

As  a  carrier  of  medicinal  agents  the  tamponade  has 
come  into  almost  universal  use.  »The  best  material  is  the 
sterilizetl  non-absorbent  cotton  or  wool.  The  absorbent 
cotton,  plain  or  borated,  is  extensively  used.  But  when 
saturated  with  glycerin  or  moistened  with  the  vaginal 
discharge  it  packs  together  too  solidly,  and  has  no 
elasticity.  The  absorbent  cotton  is  used  mainly  as  a 
mop  in  the  dressing  forceps  for  clean.sing  and  drjing 
out  the  vagina,  antl  as  a  vehicle,  when  wound  on  an 
applicator,  for  making  intra-uterine  applications  or  for 
painting  the  vaginal  vault. 

Oth(  r  nviterials  besides  cotton  are  used  at  times  by  the 
meilical  practitioner.  Chief  among  them  are  tow,  marine 
lint,  wool,  oakum,  sponges.  Of  these  the  sponge  is  the 
least  desirable.  On  the  other  hand,  the  cotton  fulfils 
every  purpose,  is  easily 
procured,  is  cheap,  and, 
in  fact,  is  the  most  gen- 
erally used. 

If  soiue  disinfectant,  as 
carbolic  acid,  boroglycer- 
ide.  or  iodoform,  is  always 
used  in  the  material  with 
which  the  pledgets  are 
loaded  before  being  ap- 
plied, the  cotton  needs  no 
further  jireparation  than 
to  be  made  up  into  tam- 
pon balls  ready  for  use. 
These  tampon  balls  should 
not  be  made  with  too 
great  nicety  as  regards 
looks.  They  pack  to- 
gether better  and  so  re- 
tain their  place  in  the 
vagina  better  if  tliey  are 
.somewhat     irregular     in 

outline.  The  best  way  is  to  pull  or  tear  off  the  cotton 
from  the  end  of  the  roll,  without  unrolling  it  or  remov- 
ing it  from  its  wrapper,  in  little  masses  of  varying  size, 
about  two  inches  long  and  an  inch  thick,  and  without 
folding  in  the  edges  any  more  than  enough  to  secure  it 
all  with  the  string.  When  this  string  has  been  made  fast 
to  it  the  tampon  will  be  ready  for  use.  (Fig.  4969.) 
The  purpose  of  the  string  is  to  enable  the  patient  to  re- 
move the  tamponade  herself.  It  should  be  long  enough 
to  project  well  out  of  the  vagina,  and  strong  enough  not 
to  break  when  traction  is  made  upon  it.  For  this  pur- 
pose the  neatest  and  simplest  material  to  use  is  Clark's 
white  cotton  thread,  No.  13  or  No.  14.  When  used  double 
it  is  sufficiently  strong  to  withstand  any  strain  that 
may  be  required.  A  convenient  way  is  to  cut  off  the 
thread  about  fourteen  inches  long;  then  catching  it 
by  the  middle  point,  pass  the  two  strands  around  the 
pledget,  .slipping  them  through  the  loop  and  drawing  it 
up  tight  enough  to  hold  the  cotton  securely.  It  is  time- 
saving  to  make  up  a  supply  of  these  at  convenient  mo- 
luents  or  to  have  the  nur.se  do  if.  A  number  of  these 
pledgets  are  saturated  with  the  medicament  from  day  to 
day,  according  to  the  number  to  be  used,  and  kept 
securely  covered  to  avoid  evaporation. 

The  old-fashioned  kite-tail  tampon  was  made  by  tying 
a  number  of  pledgets  one  after  the  other  on  a  string. 
This  was  easy  of  removal,  and  in  that  respect  was  a  suc- 


Fin.  4971.— Proper  Application  ol 
Cotlitn  Pledgets.  Ordinarily  only 
two  are  necessary,  viz.,  tbe  one 
posterior  to  the  cervix  and  the 
one  next  to  it.     (After  Mundi5.) 
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cess;  but  it  was  apt  to  get  badly  tangled  and  was  awk- 
ward to  handle. 

Foster's  lamp-wick  tampon  was  a  great  improvement 
on  this,  and  is  an  excellent  device.  The  ordinary  old- 
fashioned  lanip-wick,  as  it  comes  wound  in  balls,  is  the 
material  used.  It  is  cheap,  elastic,  and  absorbent;  is 
readil}-  introduced  and  has  the  merit  of  being  as  easily 
removed  by  the  patient.  Usually  a  single  strand  of  the 
wicking  is  tucked  into  the  vagina  through  a  speculum ; 
but  wlien  the  ostium  vagina:  is  capacious  several  coils  of 
the  wicking  may  be  gathered  into  wads  and  inserted  one 
after  the  other  without  breaking  the  strand.  When 
enough  has  been  introduced  the  wick  is  cut  off  at  the 
vulva,  leaving  the  end  thus  protruding.  To  remove  it 
the  patient  pulls  on  the  projecting  end  and  thus  unwinds 
the  mass  within  the  vagina,  drawing  it  through  the  vulva 
in  a  single  .'strand. 

Jledicinal  Agents. — Glycerin  is  the  medicament  most 
generally  used  on  the  tamponade,  and  with  it  are  com- 
bined alum,  ichthyol,  fluid  extract  of  eucalyptus,  boro- 
glyceride,  carliolic  acid,  boracic  acid,  according  to  the  in- 
dications. The  tampon  pledget  may  be  dusted  with  a 
dry  powder,  bismuth,  alum,  tannin,  or  iodoform,  or  it  may 
be"  smeared  with  an  ointment.  One  or  two  medicated 
J  pledgets  are  to  be  inserted,  and  these  are  held  in  placq 
by  one  or  more  dry  ones. 

It  isimportant  to  bear  in  mind,  in  using  the  tamponade, 
that  the  patient  must  be  informed  that  she  has  aspecilied 
number  of  pledgets  of  cotton  in  her  vagina,  and  in- 
structed how  to  remove  them.  The  custom  is  to  remove 
the  tamponade  at  the  expiration  of  twenty-four,  thirty- 
six,  or  at  the  most  forty-eight  hours.  No  sudden  traction 
should  be  made  upon  the  thread  lest  it  break.  It  nuist 
be  drawn  steadily  downward  toward  the  ]ierineinii,  and 
when  any  astringent  has  been  used  on  the  pledget  it  is 
well  to  instruct  the  patient  or  nurse  to  pass  licr  linger 
into  the  vagina  alongside  of  the  cotton  and  allow  a  little 
air  to  enter  as  the  pledget  is  withdrawn.  Otherwise  the 
cotton  acts  like  a  piston  in  a  pump,  and  ma\'  drag  down 
the  tissues  above,  even  to  the  extent  of  retro  verting  tlie 
uterus.  Passing  in  the  syringe  tube  alongside  of  the 
cotton  and  injecting  a  little  water  will  also  prevent  this 
unpleasant  occurrence. 

When  several  pledgets  have  been  introduced  it  is  a 
good  plan  to  tie  a  knot  in  the  string  of  the  one  to  be 
withdrawn  first,  two  knots  in  the  second,  and  so  on. 
Unless  some  distinction  of  this  kind  has  been  made  the 
patient  cannot  know  which  string  to  draw  first,  and  is  as 
apt  to  make  traction  on  the  uppermost  pledget  as  on  the 
lowest. 

In  the  vast  majority  of  cases  of  peri-uterine  trouble 
and  inflammation  of  tlie  appendages  the  nearest  point  of 
approach  to  it  in  the  vagina  is  the  part  posterior  to  the 
cervix.  Tlie  nearer  tlie  medication  can  be  ajiplied  to  the 
seat  of  the  disease  the  more  efficacious  it  ■svill  be.  The 
logical  deduction  of  these  premises  is  that  the  medicated 
tamponade  in  the  vast  majority  of  cases  should  be  placed 
behind  the  cervix,  as  shown  in  Fig.  4971. 

In  spasmodic  and  inflammatory  conditions  of  tlie  blad- 
der, in  acute  ovaritis,  or  in  tenderness  of  the  uterine  liga- 
ments, the  tamponade  frequently  affords  relief  by  sup- 
porting and  steadying  the  uterus,  even  when  it  is  in 
normal  posture.  The  most  common  application  of  the 
tamponade  as  a  pessary  is  that  made  to  retain  the  uterus 
in  a  normal  position  when  lirst  reduced  from  a  retrodis- 
placement.  The  uterus,  under  these  circumstances,  is 
apt  to  be  tender,  and  the  surrounding  tissues  are  too 
sensitive  to  tolerate  a  hard  pessarj*.  Indeed,  where  the 
circumstances  will  permit,  a  cure  can  be  attained  much 
more  readily  by  persevering  with  the  tamponade  than  by 
resorting  to  a  pessary. 

When  the  retroverted  uterus  is  bound  down  by  adhe- 
sions, the  frequent  applications  of  the  glycerin  tampon- 
ade, by  its  pressure  and  alterative  action,  will  produce  a 
stretching  and  absorption  of  the  adhesions,  and  gradually 
allow  leplaeement  of  the  organ. 

In  partial  or  complete  prolapse  of  the  uterus  a  large 
astringent  tamponade  will  often  give  more  relief  than 


any  other  support.  If  the  vaginal  and  uterine  supports 
are  much  relaxed,  it  may  be  necessary  to  retain  the  tam- 
ponade by  a  T-bandage.  In  rectocele  and  cystocele  the 
tamponade  is  most  serviceable.  The  astringent  i)ucker.s' 
up  the  vaginal  walls,  and  ultimately  restores  their  tone 
to  a  greater  or  less  extent. 

In  1878  Taliaferro,  of  Georgia,  described  a  method  of 
using  the  tamponade  for  the  relief  of  subinvolution,  areo- 
lar hyperplasia,  descensus,  and  other  dislocations  of  the 
uterus,  with  adhesions,  chronic  pelvic  peritonitis,  and 
cellulitis.  His  method  simply  introduced  the  element  of 
pressure  into  the  treatment  already  in  use,  thus  stimu- 
lating circulation  and  hastening  absorption  in  the  same 
way  that  a  snug  roller  bandage  hastens  the  absorption  of 
an  exudation  in  the  tissues  of  the  leg.  He  places  the 
patient  in  the  knee-chest  posture,  and  elevates  the  peri- 
neum with  Sims'  speculum.  A  few  medicated  pledgets 
are  then  packed  into  the  fornix  ^■agina3  with  long  dress- 
ing forceps,  and  upon  them  a  solid  column  of  tightly 
packed  loose  balls  of  wool  or  cotton  is  built,  down  to  the 
floor  of  the  pelvis.  This  column  is  flat  antcro-posterior- 
ly,  but  reaclies  from  side  to  side  the  full  width  of  the 
vagina;  or  it  inaj'  be  varied  in  shape  to  make  pressure 
where  most  desired. 

Various  methods  have  been  devised  by  which  the  pa- 
tient might  be  enabled  to  apply  the  tamponade  herself. 
These  methoils  are  all  to  a  greater  or  less  degree  deficient. 
Few  women  have  sufficient  dexterity  and  knowledge  of 
the  parts  to  enable  them  to  apply  a  tamponade,  in  their 
own  vagina',  with  any  degree  of  etticiency,  either  through 
a  special  contrivance  or  a  bivalve  speculum.  The  idea 
is  a  delusion.  If  the  tampon  is  to  accomplish  any  bene- 
ficial results  it  must  be  applied  carefully  and  intelli- 
gently, and  with  an  eye  single  to  the  object  to  be  ac- 
complished in  each  individual  case. 

VIII.  V.\uiNisMus. — Vaginismus  is  a  painful,  involun- 
tary, spasmodic  contraction  of  the  constrictor  muscles  of 
the  vagina,  firml}'  closing  its  canal  and  ostium.  It  may 
be  due  to  structural  chauges  in  the  hymen  or  the  carun- 
cula3  niyrtiformcs,  contact  with  wliich,  or  even  the  fear 
of  contact,  causing  such  violent  contraction  that  coitus 
is  precluded  and  even  a  digital  examination  lieeomes 
impossible  unless  the  patient  is  ana'sthetized.  In  such 
cases  it  is  dillicult  to  locate  the  source  of  the  spasm.  It 
is  common  in  young,  nervous,  or  hysterical  women  and 
is  wont  to  declare  itself  at  the  first  consummation  of  the 
marital  rights;  or  it  may  develop  during  one  of  the  fol- 
lowing attempts  at  intercourse,  being  then  due,  in  all 
probability,  to  the  inflamed  and  sensitive  state  of  the 
remnants  of  the  hymen.  It  is  produced  sometimes  by  an 
irritable  spot  in  the  fossa  navieularis,  by  urethral  carun- 
cles, by  a  vaginal  or  anal  fissure,  by  the  presence  of  aa 
ulcer  in  the  vagina,  or  by  uterine  or  ovarian  disease. 
Change  of  position  in  bed  or  washing  of  the  genitals 
may  cause  an  attack  of  vaginismus;  it  may  also  result 
from  a  lascivious  dream,  the  patient  awaking  in  pain 
from  the  spasm.  In  extreme  cases  convulsions  and  syn- 
cope may  follow  persistent  attempts  at  coitus;  and,  on 
the  other  hand,  nervous  irritation  with  slight  spasm  may 
be  induced  by  association  with  an  imijotent  or  partly  im- 
potent man. 

In  most  cases  the  subjects  of  the  disease  are  women 
who  have  been  recentl}'  married,  or  women  in  whom, 
although  perhaps  married  for  several  years,  sexual  inter- 
course has  never  been  accomplished.  In  some  instances, 
however,  vaginismus  first  occurs  after  coitus  has  been 
enjoyed  freety  for  months  or  eveu  years,  the  symptom 
suddenly  developing  in  consequence  of  an  infection  with 
gonorrluea. 

Sterility  is  almost  the  invariable  result  of  vaginismus, 
and  .yet  a"  few  cases  have  been  reported  in  which  impreg- 
nation occurred  without  intromission. 

In  vaginismus  superior — so  called  by  Hildebrandt — the 
contraction  occurs  at  some  distance  above  the  vaginal 
entrance,  a  sort  of  hour-glass  contraction.  In  a  few  in- 
stances the  contraction  is  voluntary :  that  is,  the  woman 
at  will  can  prevent  complete  introduction  of  the  penis, 
or,  after  it  has  entered,  she  can  grasp  and  retain  the  or- 
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gaii.  HiUlebiandt  narrates  the  case  of  a  woman  in  whom 
this  power  was  developed  lo  sueh  a  degree  tliat  she  was 
able  voluntarily  to  grasp  the  penis  below  the  glans  so 
firnil_v  as  to  make  its  withilruwal  impossible.  The  leva- 
tor ani  wa^i  the  coni^tricting  inusele. 

The  diagniisisnf  vaginismus  is  not  ditlieulr.     The  labia 
majora  and  minora  may  be  gently  drawn  apart,  but  the 


Fui.  4ii7X'.— Sims  Glass  Vaginal  Dilator  or  Plug. 

moment  an  effort  is  made  to  pass  the  finger  into  the  va- 
gina tlie  pain,  the  spasm,  and  the  wriggling  of  the  pa- 
tient may  forbid  any  further  e.\amination  without  an 
ansesthetic.  If  the  finger  should  overcome  the  resistance 
and  find  entrance,  it  may  be  so  tightly  gi'asped  by  the 
contracting  muscles  as  to  be  benumbed.  Frequent!}'  the 
patient  is  so  hysterical  that  it  is  useless  to  make  any  at- 
tempt at  an  examination  without  the  aid  of  an  anesthe- 
tic. As  a  rule,  the  anssthesia  nmst  be  very  profound  to 
permit  of  a  thorough  examination.  In  such  cases  it  is 
best  not  to  midertake  the  examination  until  arrange- 
ments have  been  made  for  operative  interference,  if  such 
should  prove  to  be  necessary. 

The  treatment  of  vaginismus  consists  in  absolute  rest 
of  the  genital  organs,  all  attempts  at  coitus  being  strictly 
forbidflen.  The  hypera.'sthesia  of  the  parts  may  in  some 
cases  be  relieved  by  hot  sitz-baths  or  by  applications  of 
nitrate  of  silver  (ten  grains  to  the  ounce),  of  a  solution  of 
chloral  (four  per  cent.),  or  of  carbolic  acid  (1  in  40).  A 
four-percent,  solution  of  cocaine  is  generally  effective, 
but  it  must  be  used  with  caution.  Ointments  of  bella- 
donna or  ichthyol  sometimes  atford  relief.  In  fissure  of 
the  vagina  or  anus  the  base  must  be  divided  or  touched 
with  the  thermo-cautery.  Ulcers  should  receive  appro- 
priate attention,  urethral  caruncles  removed,  and  irritable 
caruucula?  myrtiformes  sni])ped  off.  It  may  be  necessary 
in  some  instances  to  exci.se  the  entire  hymen  and  adja- 
cent tissue.  The  edges  of  the  wound  thus  made  are  then 
stitched  with  chromicized  gut  to  secure  primary  union. 
As  a  matter  of  course  an  antesthetic  is  necessar}'.  In  fis- 
sure of  the  neck  of  the  bladder  the  urethra  should  be 
dilated  to  an  extreme  degree,  the  base  of  the  fissure 
touched  with  a  pencil  of  nitrate  of  silver  or  with  the 
actual  cautery,  and  a  self-retaining  catheter  applied  and 
left  open  for  continuous  drainage.  In  cases  of  obstinate 
spasm  it  becomes  necessary  to  dilate  the  ostium  vagina; 
and  its  canal  beyond  the  constrictor  muscle.  Such  dila- 
tation may  be  forcible  and  abrupt  or  gradual.  The 
former  is  accomplished  by  introducing  the  thumbs  into 
the  vagina,  the  patient  being  ana-sthetized,  and  sepa- 
rating the  vaginal  walls  until  the  resistance  is  overcome 
by  the  rupture  of  some  of  the  underlying  structures,  of 
which  the  most  important  is  the  sphincter  vagina;. 
Another  method  is  to  use  a  bivalve  or  trivalve  or 
(luadrivalvc  speculum  as  a  dilator.  The  instrument 
is  introduced 
closed  into 
t  h  e  vagina 
and  then,  af- 
ter the  blades 
h  a  V  e  bee  n 
opened,  it  is 
forcibly 
withdrawn. 

G  rad  u  a  1 
dilatation 
witliout  an- 
.Tsthesia  may 
be  accom- 


plished in  many  eases  by  means  of  the  Sims  glass  plug 
or  dilator  (Fig.  4972).  The  parts  are  benumbed  by  the 
application  of  cocaine  and  the  dilator  is  introduced.  "  It  is 
retained  for  an  hour  night  and  morning.  The  pain  caused 
by  its  introduction  soon  ceases  and  may  be  mitigated 
by  anointing  the  plug  before  introduction  with  a  medi- 
cated ointment.  The  presence  of  the  plug  heljjs  to  ob- 
lund  the  sensibility.  Day  by  day  an  instrument  of  larger 
size  may  be  substituted  ruitil  the  vagina  is  overstretched. 
When  the  dilator  cannot  be  borne  by  the  patient,  an 
operation  is  the  only  recourse.  With  the  patient  anses- 
thetized  the  surgeon  introduses  two  fingers  of  the  left 
hand  into  the  vagina  and  then  firmly  stretches  the  parts. 
With  the  scalpel  he  next  makes  an  oblique  incision  about 
two  inches  long  tlirough  the  vaginal  tissue  on  each  side, 
extending  from  half  an  inch  hiside  the  ostiimi  to  the 
raphe  of  the  perineum.  More  pressure  is  then  made  to 
distend  further  the  vagina.  Finally,  the  vagina  is  firmly 
packed  with  sterile  gauze  and  a  T-binder  applied. 
Should  there  be  little  or  no  hemorrhage,  the  glass  plug 
may  be  inserted  at  once;  otherwise  the  gauze  is  left  in 
place  uutil  the  following  day  when  it  is  removed  and  the 
glass  dilator  substituted.  This  instrument  is  then  to  be 
worn  for  a  short  time  every  day  for  several  weeks,  i.e., 
during  the  healing  of  the  wounds.  The  constitutional 
treatment,  which  should  always  accompany  the  local 
measures,  consists  in  tonics  of  arsenic,  strychnine,  and 
glycero-phosphates,  in  outdoor  exercise,  and  in  change  of 
scene.     Complete  sexual  rest  should  be  enjoined. 

J.  Riddle  Goffe. 
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VALERIAN.— (Fa?mV«M,  U.  S.  P.; 
di.r,  13.  1'. ;  /,'</(/«>   Valeriana!,  P.  G.) 

zome 


497:;.— V.ileriau  Rhizome  and  Roots,  about  two-thirds  natural  size. 


Valeriante  lia- 
The  dried  rhi- 
and  roots  of 
Valeria  no,  officinalis 
L.  (fam.  Valeriana- 
cem). 

This  perennial 
herb,  native  of  the 
temperate  parts  of 
Europe  and  Asia,  is 
a  familiar  object  in 
our  gardens,  where  it 
is  grown  partly  as  an 
ornament,  jiartly  for 
medicinal  jiurposcs. 
It  is  largely  grown  as 
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Valerian. 
Vanilla. 


Fig.  4974. — Cross  Section  of  Valerian 
Boot.     (Baillon.) 


a  drug  in  England,  Holland,  and  other  parts  of  Europe, 
though  the  product  of  wild  plants  is  said  to  be  superior. 
It  should  be  collected  and  dried  iu  the  autumn.  The 
rhizome  is  from  3  to  4  cm.  (about  1  to  1..5  in.)  long,  and 
1  to  3  cm.  (about  0.5  to  nearly  1  in.)  thick,  upright,  sub- 
globular  or  obconical,  truncate  at  both  ends,  light-brown 
or  yellowish-brown,  internall}'  whitish  or  pale-brownish, 
with  a  narrow  circle  of  white  wood  under  the  thiu  bark ; 
roots  numerous,   rather  coarse,  brittle,   brown,   with   a 

thick  bark  and  slender, 
ligneous  cord ;  odor  pe- 
culiar, becoming  strong- 
er and  unpleasant  on 
keeping;  taste camphor- 
aceous  and  somewhat 
bitter. 

Small,  stunted  rhi- 
zomes, grown  upon  dry, 
stony  soil,  are  commonly 
superior  to  those  of  finer 
appearance. 

The  important  constit- 
uents of  valerian  are: 
from  one-half  to  two  per 
cent,  of  volatile  oil,  and  , 
variable  amounts  of  va- 
lerianic acid,  of  a  cam- 
phor-like body  very  sim- 
ilar to  borneol,  and  of 
resin.  Both  the  volatile 
oil  and  the  resin  are  mix- 
tures, containing  the 
camphor  and  valerianic 
acid.  The  oil  consists 
cliiefly  of  the  terpene 
valcrin.  The  propor- 
tion of  these  different 
substances  varies  great- 
ly, according  to  the  age  of  the  drug  after  collection, 
the  percentage  of  the  oil  thus  usuallj-  decreasing,  that 
of  valerianic  acid  increasing. 

Oil  of  valerian  suitable  for  medical  use  is  described  in 
the  Pharmacopceia  as  follows :  "  A  greenish,  or  yellowish, 
thiu  liquid,  becoming  darker  and  thicker  by  age  and  ex- 
posure to  air,  having  the  characteristic  odor  of  valerian, 
an  aromatic,  somewhat  camphoraceous  taste,  and  a 
slightly  acid  reaction.  Specific  gravity  about  O.OoO.  It 
is  readily  soluble  in  alcohol."  Valerianic  acid  is  also 
liquid,  but  thicker  than  the  oil,  colorless,  of  a  strong 
valerian- like,  but  also  sour  and  cheesy,  odor,  and  a 
sour,  burning  taste.  It  is  an  active  acid,  forming  salts 
with  the  metals  and  alkaloids,  several  of  which  are  in 
use. 

The  intoxicating  action  of  valerian  on  cats,  which  seem 
to  have  an  irresistible  craving  for  it,  is  well  known.  In 
very  large  doses,  several  drachms  several  times  a  daj',  it 
may  jjroduce,  in  man,  dizziness,  disturbance  of  vision, 
hallucinations,  or  active  delirium.  Nausea  and  vomiting 
are  also  likely  to  occur  from  such  closes.  It  appears 
to  be  eliminated  by  the  kidneys,  which  it  stimulates 
slightly. 

Its  medicinal  action  is  that  of  an  antispasmodic,  like 
musk,  asafoetida,  chamomile,  laveuder,  etc.,  as  well  as 
ether  and  the  bromides.  Like  most  essential  oils,  it  is 
also  a  general  and  digestive  stimulaut  in  moderate  doses. 
Valerian  is  frequently  given  to  patients  suffering  from 
emotional  unbalance,  hysterical  and  "  nervous "  (in  the 
popular  sense)  disturbances,  headaches,  and  other  pains 
due  to  the  same  causes,  as  well  as  wakefulness,  with  con- 
siderable Ijcnefit.  It  is  also  given  in  some  more  serious 
and  obstinate  diseases,  as  chorea  or  epilepsy,  especially 
petit  mal,  with  occasional  benefit. 

The  most  advantageous  way  of  employing  valerian  is 
to  give  either  one  of  the  galenical  preparations  of  the 
drug,  or  the  oil. 

The  do.se  of  the  root  is  1-3  gm.  (gr.  xv.-xxx.),  of  the 
official  fluid  extract  an  equal  number  of  cubic  centime- 
tres or  of  minims.     There  is  also  an  official  tincture, 


strength  one-fifth,  and  an  aramoniated  tincture,  of  the 
same  strength  in  aromatic  spirit  of  ammonia. 

Henri/  II.  Rushy. 

VALERIANIC  OR  VALERIC  ACID  (HC^HsO^).— Vale- 
rianic acid  is  the  active  constituent  of  valerian,  whence  it 
was  first  obtained  for  study.  It  is  also  the  chief  active 
constituent  of  eypri])edium,  and  is  found  in  various  other 
aromatic  drugs,  such  as  angelica.  Besides  these  natural 
sources,  it  is  readily  obtained  by  the  chemical  change  of 
many  organic  substances,  and  is  very  largely  manufac- 
tured by  the  oxidation  of  amylic  alcohol  with  bichromate 
of  potassium.  Thus  we  have  in  the  market  a  natural  and 
an  artificial  acid.  The  natural  acid  is  obtained  h\  the 
distillation  of  valerian  with  water.  The  distillate  is  a 
mixture  of  volatile  oil  of  valerian  and  valerianic  acid, 
and  a  portion  of  the  oil  can  be  converted  into  the  acid. 
This  acid  is  divisible  into  the  normal  valeric  and  the  iso- 
valeric acids.  The  artificial  acid  produced  from  amylic 
alcohol  is  combined  with  sodium,  from  which  it  is  then 
freed  by  sulphuric  acid.  This  form  is  therefore  more 
prone  to  impurit}'.  If  strictly  pure,  it  is  the  practical 
equivalent  of  the  natural  acid.  V'alerianic  acid  occurs  as 
a  colorless,  transparent,  thin,  oily,  volatile,  combustible 
liquid,  with  a  strong  odor,  mucli  like  that  of  valerian, 
and  an  acrid,  burning  taste.  It  is  soluble  in  both  alcohol 
and  water,  the  artificial  pure  iso-acid  being  much  less  sol- 
uble iu  water.  The  specific  gravity  of  the  pure  natural 
acid  is  0.940.    Acetic  acid  has  been  used  as  an  adulterant. 

Valerianic  acid  shares  the  antispasmodic  properties  of 
oil  of  valerian,  but  is  usually  distinctly  inferior  to  it.  Its 
stimulating  effect  is  spurious,  it  being  distinctly  weaken- 
ing. It  is  callable  of  poisoning  by  cardiac  and  respiratory 
paral3'sis,  the  latter  indicated  by  convulsions.  It  is  used 
in  hysteria  and  mania,  in  doses  of  three  to  ten  minims. 
It  is  largeh'  used  for  the  administration  of  certain  bases 
in  the  form  of  valerianates,  and  the  valerianates  of  am- 
monium, quinine,  iron,  and  zinc  are  official. 

Ilcai-y  H.  Rusby. 

VALERIDIN. — A  synonym  for  sedatin  (q.  ».). 

VALIDOL,  menthol  valerianate,  a  menthol  ester  of  vale- 
rianic acid,  is  a  clear  oily  liquid  of  mild  aromatic  odor 
and  a  not  unpleasant  cooling  taste.  It  contains  about 
thirty  per  cent,  of  menthol. 

Neustatter  gave  the  remedy  in  five  cases  of  scintillating 
scotoma,  with  prompt  disappearance  of  the  flashing  and 
the  accompanying  headache.  Cipriani  has  employed  it 
as  an  expectorant  in  bronchitis,  as  an  anti-emetic  in  the 
vomiting  of  tuberculosis,  and  in  pharyngeal  or  uasal  ca- 
tarrh as  a  spray  or  local  application. 

Goldmann  recommends  it  in  the  treatment  of  nervous 
headache,  migraine,  neuralgia,  and  neurasthenia,  and  as 
a  stimulating  stomachic.  Applied  externally  iu  heraicra- 
nia  and  such  conditions,  it  exerts  a  sedative  and  analgesic 
action.     Dose  ten  to  thirty  drops  on  sugar  or  in  capsule. 

W.  A.  Bustedo. 

VANILLA.— U.  S.  P.  (Fnicius  Vanillai,  P.  G.)  The 
fruit  of  ViinilUi  planifulia  Andrews  (fam.  Orcliidaccce) 
peculiarly  cured  and  dried. 

The  vanilla  plant  is  an  epiphytic  climber,  with  fleshy 
stems  and  foliage,  native  of  the  forest  regions  of  eastern 
Mexico.  It  is  very  extensively  cultivated  there,  as  well 
as  in  many  parts  of  the  Old-World  tropics.  As  grown 
iu  these  different  regions  it  exhibits  distinct  varieties, 
and  the  products  differ  consideratjly  in  quality  aud  in 
commercial  value.  The  Mexican  variety  is  still  generally 
preferred  in  the  United  States,  but  the  Bourbon  article, 
as  improved  during  recent  years,  is  fast  overtaking  it  in 
popular  estimation. 

Natural  pollination  of  the  flowers  is  so  scanty  that 
artificial  pollination  by  hand  labor  is  an  imjaortant  in- 
dustry. Green  vanilla  fruits  are  very  similar  in  appear- 
ance to  green  bananas,  but  relatively  only  about  one-third 
as  stout.  They  are  gathered  just  when  they  begin  to 
turn  yellow.     If  left  longer,  they  are  apt  to  split  at  th& 
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ends  in  drying,  whicli  renders  tbem 
less  salable;  though  some  good  judges 
believe  that  these  "splits,"  as  they 
are  commercially  termed,  are  not 
inferior.  The  details  of  the  curing 
process  vary  greatly  in  different  coun- 
tries, and  even  among  different  opera- 
tors, but  its  essential  features  depend 
U].)on  the  fact  that  the  odorous  princi- 
2ile,  vanillin,  does  not  exist  in  the  nat- 
ural fruit  anil  must  be  developed  in 
the  curing  process.  This  usually  con- 
sists of  a  sweating  or  steaming  opera- 
tion in  a  closed  space,  followed  by 
alternating  exposures  in  closed  con- 
tainers, or  between  woollen  blankets. 
The  "beans"  thus  treated  gradually 
.slu'ink  in  thickness  and  become  darker 
until  they  assume  the  characteristic 
appearance  described  below.  They 
are  assorted  into  lengths,  the  more 
long  and  slender  ones  being  ijreferred 
and  selling  higher.  They  are  tied 
tightly  into  bundles,  wrapped  in  par- 
affin  paper,  and  packed  in  tight  tin 
cans.  Because  of  the  loss  in  weight 
from  over-drying,  there  is  a  tempta- 
tion to  tmderdry  them,  and  many 
bundles,  owing  to  this  mistake,  are 
found  mouldy  within,  on  being 
opened.  The  finest  product  is  thus 
described:  Beau-shaped  fruits,  from 
20  to  2.5  cm.  (8  to  10  in.)  long  and  5  to  8  ram.  (i  to  i-  in.) 
thick,  straight,  except  for  the  short-hooked  base,  flexi- 
ble, longitudinally  wrinkled,  dark  chocolate-brown,  shin- 


FiG.  497.5.  —  Fruit  of 
"split"  Vanilla, 
one-fourtli  natural 
size. 


Flo.  4971;.— ^1,  Transverse  section  of  Vanilla  Pod,  enlarged ;  E,  seed, 
natural  size:  F.  the  same,  masnilied;  G,  section  of  same;  D. 
the  napillary  ^'land  liairs  lining  the  cavity  of  the  pod.    (Berg.) 


iug  or  covered  with  white  crystals  of  vanillin,  giving 
them  a  frosted  appearance;  one-celled,  witli  three  ficshy 
placenta;  and  innumei'able  minute  seeds ;  having  a  strong, 
pleasant,  and  characteristic  fragrance,  and  a  sweetish, 
aromatic,  and  slightlj'  fruity  taste. 

Constituents. — The  important  constituent  of  vanilla, 
and  that  which  represents  its  odor  and  taste,  is  from  1.5 
to  2.5  per  cent,  of  tunilliii,  iriMllic  ahk/ipde,  or  inHhyl- 
pivtoeatechriic  nldehyck,  (CjHeOs),  which  occurs  in  color- 
less prisms  having 
the  characteristic 
odor  and  taste  of  va- 
nilla in  intense  de- 
gree; they  melt  at 
80°'to  81'  C.,  and  are 
soluble  in  alcohol, 
ether,  and  chloro- 
form, and  less  so  in 
w  a  t  e  r.  With  the 
vanillin,  occur  a  lit- 
tle volatile  and  about 
ten  per  cent,  of  fixed 
oil,  sugar,  and  other 
unimportant  constit- 
uents. 

Substitutes  and 
Adulterants.  —  On 
account  of  the  high 
price  of  vanilla  and 
vanillin,  both  have 
lieen  enormously 
substituted  and  adul- 
terated. The  use  of- 
inferior  fruits  of 
other  species  of  va- 
nilla, short,  broad, 
tlat,  and  of  a  strong 
fruity  odor,  must  be 
classed  as  substitu- 
tion. Tliese  usually 
cost  onlj'  from  one- 
tenth  to  oue-twi'lfth 
as  much  as  the  best. 
The  use  of  tonka 
beans  and  other  sub- 
stances containing 
cumariu  is  even  more 
extensive.  Finally, 
various  compounds 
of  jirunes,  I'aisins, 
and  other  substances 
are    sold    as    vanilla 

sub.stitutcs.  Cumaiin  is  itself  substituted  for  vanillin. 
Artificial  vanillin  is  largely  prepared  fi-om  conifcrin  and 
eugenol,  and,  although  apparently  identical  cheniicidly 
with  the  natural,  it  has  not  been  founil  equal  to  it  in 
useful  properties. 

Uses. — Vanilla  has  no  active  properties  as  a  medicine, 
though  the  ofticial  ten-per-cent.  tincture  is  sometimes 
used  as  an  antispasmodic  in  fluidrachm  doses.  As  an  ad- 
juvant for  perfuming  and  flavoring,  it  has  many  uses  in 
the  pharmacy,  as  well  as  in  confectionery  and  pastry. 

Ihnry  II.  Riifby. 

VANILLIN    PARAPHENETIDIN,  CsHs.OH.OCHj.CH. 

N.CnH4.0C2H,i  is  formed  by  heating  vanillin  with  para- 
phenetidin.  It  occurs  in  the  form  of  ciystals  which  are 
soluble  in  watei',  and  in  dose  of  1  to  2  gm.  (gr.  xv.-xxx.) 
it  has  a  hypnotic  and  antiueuralgic  action. 

W.  A.  Bastedo. 

VARIATION. — In  its  modern  biological  sense,  satiation 
is  used  to  signify  a  difference  or  the  presence  of  differ- 
ences from  some  type  taken  as  the  standard  of  compari- 
son. With  a  some^vhat  more  limited  meaning,  the  word 
deviation  also  is  used  as  the  name  for  a  dift'erence  from  the 
type  of  any  organ  or  character.  By  varinhility  is  meant 
the  extent  of  tlie  deviations,  together  with  the  relative 


Fig.  4977.— Section  of  Vanilla  through  the 
Commissure  where  the  Fruit  sphts. 
(Berg.) 
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number  of  iuclividuals  possessing  each  degrees  of  varia- 
tion. 

What  Variation  is  Not. — Much  confusion  in  regard  to 
variation  has  arisen  from  the  .vortl  having  been  employed 
,  loosely  with  meanings  not  in  accord  with  the  pi'csent 
usage.  Therefore  it  may  be  well  at  the  outset  to  call  at- 
tention to  the  more  important  variations  in  the  use  of  the 
word. 

In  the  first  place,  it  is  nece'jsary  to  distinguish  between 
variation  and  modification.  Following  the  suggestion  of 
C.  L.  Morgan  (1897),  which  has  been  adopted  largely  by 
biologists,  wc  may  employ  the  word  modification  as  a 
technical  term,  to  signifj'  a  change  in  any  characteristic 
of  an  individual  organism  in  response  to  some  condition 
of  its  environment  or  the  process  by  which  such  a 
change  is  brought  about.  Modifications  were  spoken  of 
formerly  as  acquired chxiracters,  but  the  term  acquired  h.a.% 
frequently  led  to  confusion  in  the  minds  of  persons  not 
perfect!}'  familiar  with  the  facts.  It  seems  best,  there- 
fore, to  abandon  that  term.  A  modification  is  a  change 
produced  in  an  individual.  A  variation  is  any  difference 
in  the  individual  from  a  certain  ideal  condition  taken  as 
the  type.  Thus  a  modification  may  produce  or  modify 
a  variation,  but  modification  and  variation  are  two  en- 
tirel}'  distinct  and  independent  concepts.  An  electric 
discharge  may  produce  sound,  but  sound  and  electricity 
are  not  the  same  tiling,  and  sound  may  be  jiroduced  by 
other  causes.  Likewise,  modification  may  jirodiu'e  va- 
riation, hut  tliey  are  not  the  same  thing  and  variation 
may  be  due  to  other  causes. 

Theoretically  we  may  follow  Weismann  in  making  a 
distinction  between  blastogenic  and  somatogenic  varia- 
tions; blastogenic  variations  being  tliose  due  to  differ- 
ences in  the  constitution  of  the  germs  from  whicli  the 
group  of  individuals  under  consideration  have  developed, 
while  mmatogenic  variations  are  differences  which  have 
arisen  in  the  bodies  {xnnidta)  of  the  individuals  as  the  re- 
sult of  modification  following  exposure  to  dillerent  envi- 
ronmental conditions.  But  as  has  been  pointed  out  by 
Vernon  (1903),  in  the  practical  studj-  of  variation  by  sta- 
tistical methods,  it  is  generally  impossible  to  make  this 
distinction.  This  is  due,  in  the  first  place,  to  the  fact 
that  blastogenic  and  somatogenic  variations  may  be  of 
the  same  kind  and  degree.  Thus  deafness  may  result 
from  a  pathological  lesion,  as  in  scarlet  fever,  or  it  may 
be  due  to  a  congenital  malforniation,  wliich,  owing  to 
observed  parental  correlations,  we  must  su])iiose  to  be  of 
blastogenic  origin.  But  even  in  such  an  extreme  varia- 
tion as  this  Fay  (1898)  found  it  impossible  to  determine 
in  many  cases  to  which  class  a  given  individual  should 
be  assigned.  In  the  second  place,  every  individual  and 
even  parts  of  individuals,  are  subject  to  constantly  fluc- 
tuating environmental  conditions  from  the  moment  of 
conception  until  death.  These  changes  of  surrounding 
conditions  are  met  by  corresponding  responses,  functional 
or  structural,  or  both,  on  the  part  of  the  organism,  but 
these  reactions  are  themselves  ]irobabl}'  subject  to  varia- 
tions independent  of  the  exciting  stimuli,  and  who  can 
tell,  therefore,  how  much  of  the  similarities  and  differ- 
ences in  any  grou])  of  organisms  is  due  to  similarities 
and  differences  in  the  structure  of  their  germs,  and  how 
much  to  the  various  conditions  of  the  environment  to 
which  they  have  been  subjected?  The  importance  of 
modifications  in  the  normal  development  of  organisms 
has  been  discussed  in  another  article  (see  i)iyf;'e«^7«f/<)/i). 

The  clearest  examples  of  pvirely  blastogenic  varia- 
tion are  to  be  found  in  such  mammalia  as  give  birth 
to  a  considerable  luniiljer  of  offspring  at  one  time.  For 
example,  in  a  litter  of  puppies  or  kittens,  all  sired  by 
the  same  male,  all  developed  at  the  same  time  in  the 
same  uterus,  we  have  a  group  of  organisms  where  the 
conditions  of  parentage  and  environment  are  as  uniform 
as  possible,  and  }'ct  variations  in  color,  form,  and  men- 
tal traits  will  be  readily  apparent.  These  differences 
appear  to  be  clearly  blastogenic  in  origin,  but  the  very 
general  presence  of  a  "  runt "  in  such  a  litter  indicates 
that  the  conditions  of  nutrition  at  least  have  not  been 
quite  uniform.     Variation,  then,  as  we  understand  tlie 


term  at  present,  is  not  a  broader  term  than  modification, 
as  Vernon  (1903)  woiikl  have  it,  but  is  an  entirely  dis- 
tinct concept.  Jlodification,  on  the  other  hand,  may  stand 
toward  variation  in  the  relation  of  cause  to  effect.  Vari- 
ations so  effected  are  classed  as  somatogenic,  as  distin- 
guished from  blastogenic  variations  of  purely  germinal 
origin. 

Moreover,  our  idea  of  variation  does  not  include  any 
change  in  the  individual  taking  place  during  the  course 
of  its  life,  no  matter  whether  tliat  change  be  of  Ijlasto- 
genic  or  somatogenic  origin.  Thus  the  changes  which 
an  individual  insect  undergoes  in  the  course  of  its  meta- 
morphosis would  not  come  within  our  definition  of  varia- 
tion. But  a  group  of  insects,  say  the  potato  beetles  in 
a  certain  field,  would  exhibit  in  each  stage  of  their  de- 
velopment variations  from  the  type  of  that  stage,  and  the 
degree  of  variability  might  differ  in  the  successive  stages. 

Finally,  the  idea  of  variation  does  not  necessarily  in- 
clude the  parental  relation.  It  is  true  that  we  may  select 
one  or  the  other  parent,or  both  parents  combined  in  an  im- 
aginary mid-pai'cnt  (.see  Eeredity)  as  the  type,  when  deal- 
ing with  the  charactei's  of  offspring  of  identical  or  like 
parents.  This  is  done  in  the  study  of  heredity.  But  in 
the  ordinary  study  of  variation  tlie  investigator  is  usu- 
ally ignorant  of  the  parentage  of  his  material.  So  a  va- 
riation is  not  a  difference  from  the  parental  type  neces- 
sarily, but  is  a  difference  from  any  type  that  may  be 
selected. 

In  fact,  variation  is  a  phenomenon  by  no  means  con- 
fined to  organisms.  It  is  shown  as  well  by  lifeless  ob- 
jects and  events.  Thus  we  may,  if  we  choose,  study  the 
variability  of  the  stones  on  the  beach,  of  snow  crystals, 
of  I  he  forms  of  clouds,  of  rainfall,  of  the  height  of  the 
barometer,  or  of  the  price  of  wheat. 

Aim  and  Method  of  Study. — Having  now  clearly  in 
mind  what  is  meant  by  variation,  let  us  consider  what  it 
is  that  we  may  expect  to  gain  by  the  study  of  this  sub- 
ject and  the  method  to  be  pursued  in  such  an  investiga- 
tion. 

Everj'  one  who  is  at  all  familiar  with  modern  theories 
of  organic  evolution  knows  that  variation  is  of  very 
great  and  very  fundamental  importance  from  the  theo- 
retical points  of  view.  Variation  is  at  the  basis  of  every 
theorj-  of  evolution.  Therefore,  in  order  to  imderstand 
evolution,  we  must  know  the  facts  of  variation.  (See 
Evolution.) 

Variation  is  an  important  factor  In  the  classification  of 
animals  and  plants.  Formerly  the  systematist  simply 
took  as  the  type«f  a  species  the  individual  that  was  first 
described.  The  modern  methods  enable  him,  when  pro- 
vided with  sufficient  material,  to  define  the  limits  of  a 
species  with  much  greater  accuracy  and  to  select  as  the 
type  a  forhr  that  is  truly  representative. 

To  the  physician  the  study  of  variation  is  of  great  im- 
portance. Every  practitioner  knows  that  the  same  disease 
may  be  manifested  in  diverse  forms,  and  that  patients 
vary  in  their  reactions  to  treatment.  A  study  of  the 
types  and  variability  of  diseases  and  of  the  effects  of 
treatment  may  be  expected  to  add  much  toward  a  true 
appreciation  of  these  subjects. 

For  the  surgeon,  variation  is  still  more  Important.  He 
must  know  what  anomalies  are  likely  to  be  met  with 
and  their  relative  frequency. 

Variation  has  been  studied  extensively  b_v  teachers  of 
gymnastics  and  the  results  have  had  practical  applica- 
tion in  the  determination  of  the  relative  rank  of  the 
pupils  and  their  degrees  of  improvement. 

The  method  employed  in  the  modern  study  of  varia- 
tion is  statistical.  This,  as  Pearson  (1902c,  p.  330)  has 
well  said,  is  "because  the  whole  problem  of  evolution  is 
a  problem  in  vital  statistics — a  problem  of  longevity,  of 
fertility,  of  health,  and  of  disease,  and  it  is  as  impossi- 
ble for  the  evolutionist  to  proceed  without  statistics  as 
it  would  be  for  the  registrar-general  to  discuss  the  na- 
tional mortality  without  an  enumeration  of  the  popula- 
tion, a  classification  of  deaths,  and  a  knowledge  of  sta- 
tistical theory."  This  is  true,  not  only  for  the  problem 
of  evolution,  but  also  for  all  problems  for  which  a  solu- 
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tiou  may  be  sought  in  the  pheuomena  of  organic  varia- 
tion. 

In  order  that  tliis  metlio<]  may  he  employed,  the  data 
must  be  expressed  in  quantitative  terms.  We  may  no 
longer  speak  of  things  as  being  longer  or  shorter,  heavier 
or  hghter,  but  we  must  give  tlie  results  of  observations 
in  exaet  units  of  length,  weiglit,  and  the  like.  Or,  it 
this  be  inip<issible,  the  observations  must  be  divided  into 
groups,  so  that  each  group  shall  be  us  nearly  as  niay  be 
equally  divergent  from  the  one  on  either  side  o"  .„,  in  or- 
der that  to  each  one  may  be  assigned  a  serial  number 
that  can  be  used  as  a  quantitative  expression. 

The  statistical  method  for  the  study  of  variation  was 
founded  by  Qiietelet  (1846),  wlio  showed  that  certain 
human  characteristics  follow  in  their  relative  frequency 
the  mathematical  law  of  the  probability  of  error,  which 
had  been  apidied  previously  to  astronomical  and  other 
physical  observations.  Darwin  (1868)  gathered  a  great 
many  cases  of  variation,  especially  among  domestic  ani- 
mals and  plants,  but  he  seems  to  have  overlooked  Quete- 
let,  or,  at  any  rate,  he  did  not  employ  his  method.  The 
first  attempt  to  study  the  variations  of  wild  animals  by 
exact  quautitatix'e  measurements  appears  to  have  been 
made  by  J.  A.  Allen.  But  we  are  especially  indebted  to 
Galton  (1889)  for  calling  the  attention  of  both  socialogists 
and  naturalists  to  the  importance  of  the  statistical  method 
for  the  study  of  variation  and  heredity.  He  made  con- 
siderable advances  beyond  Quetelet's  use  of  the  theory 
of  probability,  and  his  methods  were  quickly  appreci- 
ated and  used  by  persons  interested  in  anthropometry. 
Weldou  (1890)  was  the  first  to  apply  these  methods  in 
the  studv  of  variations  of  animals,  and  de  Vries  (189i) 
applied  them  in  botany.  He  was  quickly  followed  by 
Ludwig  (1895),  who  had  made  previously  extensive  sta- 
tistical investigations  on  plants  (1883  et  sef/.). 

While  others  had  paved  the  way,  naturalists  are  espe- 
cially indebted  to  Pearson  for  his  mathematical  investi- 
gations beginning  in  1893,  which,  it  is  safe  to  say,  will 
be  the  foundation  for  all  futtu'c  work  in  statistical  bi- 
ology. Unfortunately,  however,  much  of  his  writing  is 
unavailable  to  any  but  tho^e  versed  in  the  language  of 
the  higher  mathematics.  Dunker  (1899)  has  done  good 
service  in  giving  an  excellent  elementary  treatment  of 
the  subject  as  it  stood  at  the  end  of  the  year  1898,  and 
Davenport  (1899)  has  furnished  a  useful  manual  of  for- 
muUe  and  tables.  But  both  of  these  works  are  now 
(1903),  in  part  at  least,  out  of  date,  and  a  text-book  that 
will  enable  the  average  naturalist  or  physician  to  under- 
stand and  ajii^iy  the  principles  laid  dawn  by  Pearson  is 
still  very  much  to  be  desired. 

ClasHifimtion  of  Vanidiotis. — Before  proceeding  with 
the  details  of  the  statistical  method  it  may  be  well  to 
pause  to  consider  the  nature  of  the  material  to  be  studied. 

In  the  first  place  it  shoidd  be  noted  that  every  individ- 
ual has  many  characteristics,  and  one  of  the  limitations 
of  the  method  is  that  it  deals  primarily,  not  with  individ- 
uals as  entire  objects,  but  with  single  characters  only. 
Part  of  this  difficulty  may  be  overcome  in  some  cases  by 
combining  two  or  more  characters  in  a  ratio,  usually 
called  an  iitdej;  as  the  ceplmlic  index,  the  ratio  of  breadth 
to  length  of  head,  or  the  strength-weiglit  inde-v,  which 
is  the  ratio  of  the  sum  of  the  strength  tests  to  the  weight. 
Sucli  a  ratio  may  then  be  treated  like  a  single  character. 

Another  difficulty  that  would  be  met  with  in  an  at- 
tempt to  appreciate  the  variability  of  entire  organisms 
arises  from  the  fact  that  single  characters  in  one  individ- 
ual differ  greatly  among  tliemselves  in  the  amount  of 
their  deviations  from  the  values  typical  for  the  popula- 
tion as  a  whole.  For  example,  it  is  very  seldom  that  we 
meet  with  a  man  who  has  more  or  less  than  one  nose, 
two  eyes,  a  mouth,  and  the  like;  while,  on  the  other 
hand,  we  find  within  certain  limits  all  degrees  of  variabil- 
ity in  stature,  proportions  of  the  face,  color  of  the  hair 
and  eyes,  and  in  various  mental  traits.  So  at  tliC  outset 
we  may  divide  the  characteristics  of  organisms  into  (1) 
those  that  are  ni»-iiiiiHy  stidile  and  (2)  those  tliat  are  nor- 
mally mriahle.  When  a  variation  is  observed  in  a  char- 
acter that  is  normally  stable,  it  is  so  unusual  an  occur- 


rence as  to  attract  at  once  the  attention  of  an  observer 
familiar  with  the  normal  form.  Gardeners  call  such 
variations  "sports."  Nectarines,  our  seedless  fruits, 
double  flowers,  and  many  new  varieties  of  flowers  and 
fruits  have  arisen  in  the  first  i)lace  as  sports.  In  animals 
polydactvlism,  albinism,  and  otlier  monstrosities  come 
within  this  class  of  miusual  variations,  which  we  may 
designate  as  anvinalitx  in  contradistinction  to  the  nonndl 
•miriations  of  normally  variable  characters.  Perhaps  the 
normally  variable  characters  may  sometimes  show  va- 
riations that  are  so  extraordinary  as  to  be  classed  as 
anomalies,  bnt  it  is  hard  to  draw  a  line  between  these 
and  the  extremes  of  normal  variation. 

Bateson  (1894)  has  divided  variations  into  substantive, 
meristic,  and  homa'otic.  Snbstuntire  variations  are  dif- 
ferences in  the  substance  of  the  organism,  such  as  va- 
riations in  size,  weight,  color,  chemical  composition,  and 
the  like.  Meristic  variations  are  diflierences  in  the  num- 
ber, division,  and  geometrical  position  of  parts.  Ilomm- 
osis,  or  the  occurrence  of  a  homocotic  variation,  may  be 
seen  in  a  meristic  series  when  a  member  of  one  series  ap- 
pears in  the  form  characteristic  of  another  series,  as 
when  in  a  flower  one  in  the  series  of  stamens  appears  in 
the  foim  of  a  petal,  or  as  when  in  a  spinal  column  a  ver- 
tebra of  the  lumbar  series  develops  with  the  structure  of 
a  thoracic  vertebra.  In  a  case  like  the  spinal  column, 
however,  where  several  series  of  structures  are  closely 
connected,  it  is  not  always  possible  to  distinguish  be- 
tween homojosis  and  ordinary  meristic  variation. 

It  will  be  .seen  from  this  classification  that  variation 
opens  a  wide  field  for  study.  It  would  be  useless  to  at- 
tempt to  give  illustrations  of  these  classes  in  the  present 
article,  for  every  one  will  call  to  mind  cases  within  his 
own  experience,  and  to  summarize  the  literature  on  the 
subject  would  require  volumes.  One  wishing  infor- 
mation in  detail  should  consult  Darwin's  "Variation  of 
Animals  and  Plants  under  Domestication  "  (1868),  Bate- 
son's  "Materials  for  the  Study  of  Variation"  (1894),  and 
especially  Vernon's  "Variation  of  Animals  and  Plants" 
(1903),  which  is  an  excellent  summary  of  the  results  of 
recent  investigations. 

From  another  point  of  view  variations  may  be  classified 
according  to  their  mode  of  occurrence  into  (1)  variations 
between  parts  of  an  individual,  (2)  variations  between 
individuals,  and  (3)  variations  between  races  or  other 
groups  of  individuals. 

In  both  animals  and  plants  there  may  be  produced  in 
one  individual  a  number  of  similar  parts  which  show 
among  themselves  no  differentiation  connected  in  any 
marked  degree  with  either  their  time  of  development, 
their  relative  position,  or  their  relation  to  the  environ- 
ment (Pearson,  1902,  p.  335).  Such  "undillerentiated- 
like  organs"  Pearson  calls  Iivmoti/pes,  and  we  maj'  speak 
of  the  variation  of  such  parts  within  a  single  individual 
as  homottfpic  nirintion.  Examjjles  are  variations  in  the 
number  of  veins  in  the  leaves  of  a  beech  tree,  the  number 
of  seeds  in  the  pods  of  a  pea  vine,  and  the  like. 

If,  instead  of  comparing  similar  characters  of  the  same 
individual,  we  take  like  characters  of  different  individ- 
uals, we  may  find  what  is  aiUed  tndindiial  VKrintion* 
For  example,  we  might  count  the  number  of  ray  flowers 
on  the  highest  head  of  each  one  of  a  thousand  plants  in  a 
field  of  daisies,  or  we  might  measure  the  stature  of  each 
man  in  a  regiment  of  soldiers.  Such  observations  would 
give  us  the  data  for  the  study  of  individual  variations  in 
the.se  groups. 

Finally,  if  a  studv  of  the  data  of  individual  variation 
shows  tliat  tlie  observations  tend  to  group  themselves, 
not  about  a  single  type,  but  around  two  or  more  types 
(as  determined  by  appropriate  methods  to  be  mentioned 
later),  then  each  type  may  be  taken  as  representation  of 
a  race  or  of  a  species,  and  we  are  confronted  by  the  jihe- 
nomena  of  niriiil  rariation.  Under  this  heading  would 
be  included  differences  of  type  in  the  same  locality  as 

*  Pearson  uses  the  term  "individual  variation  ''  for  wimt  we  bave 
called  homotypic  variation  aud  his  racial  variation  is  our  iudividual 
variation.  But  our  use  of  the  latter  term  is  more  In  accord  with 
current  American  usage. 
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well  as  differences  in  different  localities.  In  the  first 
case  the  material  would  be  said  to  be  heterogeneous  ;  in 
the  second  case,  while  it  might  be  hmnogeiieons,  that  is, 
variable  about  a  single  type,  in  each  separate  locality,  it 
would  likewise  be  heterogeneous  as  a  whole.  The  hetero- 
geneity of  mixed  material  in  the  same  localit}-  is  difiicult 
to  detennine,  but  the  presence  of  racial  variability  asso- 
ciated with  difference  of  dweUing-place  is  a  familiar  phe- 
nomenon, especially  to  American  ornithologists.  Witness 
the  races  of  Bob  Whites,  song  sparrows,  flichcrs.  Western 
blue  jays,  etc.  It  is  important  to  note  the  distinction 
between  what  we  have  called  individual  and  racial  va- 
riation, because  a  failure  to  do  this  leads  to  confused 
ideas  as  to  the  method  of  evolution. 

Vanation  and  Chance. — All  human  knowledge  is  an 
estimate  of  probabilities.  But  in  the  statistical  study  of 
variation  the  mathematical  theory  of  probability,  or  doc- 
trine of  chance,  is  of  especial  importance,  for  it  forms  the 
foundation  upon  which  the  method  is  erected. 

Most  persons  think  of  chance  as  something  quite  inde- 
pendent of  law.  They  imagine  an  event  occurring  by 
chance  as  one  quite  impossible  of  prediction,  and  the 
Darwinian  theory  has  been  criticised  because  it  supposes 
race  progress  to  depend  upon  tlie  survival  of  "mere 
chance  variations."  On  the  contrary,  while  it  is  perfect- 
ly true  that  we  are  frequently  unable  to  predict  single 
events,  it  may  be  shown,  nevertheless,  that  chance  fol- 
lows very  definite  laws,  which  may  be  expressed  by  ex- 
act mathematical  formula'. 

In  order  that  the  discussion  of  statistical  methods  may  be 
clear,  it  is  necessary  to  call  to  mind  at  this  point  those  prin- 
ciples of  probability  that  especially  concern  our  subject. 

In  the  first  place,  "the  theory  of  cliance  consists  in 
reducing  all  the  events  of  the  same  kind  to  a  certain 
number  of  cases  equally /w.wfWi;,  that  is  to  say,  to  such 
as  we  may  be  equally  undecided  about  in  regard  to  their 
existence,  and  in  determining  the  number  of  cases/rtivc- 
able  to  the  event  whose  pvnlialiility  is  sought.  The  ratio 
of  this  number  to  that  of  all  the  cases  possible  is  the 
measure  of  tliis  probability,  which  is  thus  simply  a  frac- 
tion whose  numerator  is  the  munber  of  favorable  cases, 
and  who.se  denominator  is  the  number  of  all  the  cases 
possible  "  (Laplace,  1903,  p.  6). 

This  definition  of  probability,  which  is  the  first  prin- 
ciple of  Laplace  (loc.  cit.,  p.  11),  may  be  illustrated  by 
the  tossing  of  a  coin.  Suppose  I  drop  a  silver  quarter 
upon  the  table :  it  may  come  to  rest  either  with  the  god- 
dess of  liberty  or  with  the  eagle  on  the  upper  side,  "  heads 
or  tails."  We  have,  then,  two  equally  possible  events 
resulting  from  the  tossing  of  the  coin.  Suppose  A  bets 
that  the  throw  will  be  heads,  and  B  takes  him  up. 
There  are  two  possible  events,  of  wliich  one  is  favorable 
to  A,  so  the  probability  of  his  winning  is  expressed  by 
the  ratio  one-half,  but  the  other  one  of  the  two  possible 
events  is  favorable  to  B,  and  the  probability  of  his  win- 
ning is  also  expressed  by  the  ratio  one-half.  The  proba- 
bilities for  and  against  heads  being  the  same,  the  bets  on 
the  game  should  be  even.  All  the  equally  possible 
events  that  may  produce  or  prevent  a  result  are  called 
the  chances  of  that  result  (Quetelet,  p.  10).  The  chances 
may  be  favorable  or  unfavorable ;  if  all  favorable,  the 
result  is  a  certaint}'.  It  will  be  noticed  that  the  proba- 
bilities for  and  against  the  event  added  together  equal 
unity,  which  is  the  mathematical  expression  for  certainty. 
Thus  in  mathematics  the  various  degrees  of  probability 
are  expressed  by  fractions  which  may  have  any  value 
between  Oand  1.  It  should  be  noted  also  that  the  proba- 
bility of  a  given  result  remains  the  same  no  matter  how 
many  possible  events  may  affect  it,  provided  that  the 
ratio  of  favorable  events  to  total  events  remains  the  same. 
Suppose,  for  example,  that  A  and  B  play  with  dice  instead 
of  a  coin.  A  cube  has  six  faces,  any  one  of  which  may 
rest  uppermost.  Let  Abet  that  the  upper  face  will  show 
more  than  three  spots,  he  wins  it  it  shows  four,  five,  or 
six ;  that  is,  there  are  three  favorable  out  of  six  possible 
chances,  and  the  probability  of  his  winning  is  f  =  I,  as 
before.  But  suppose  that  he  wagers  on  the  throw  being 
an  ace,  then  he  will  lose  if  any  one  of  the  other  five  sides 


turns  up.  His  probability  of  success  is  then  |,  and  the 
probability  of  the  stakes  going  to  B  is  |.  In  making  the 
bets,  therefore,  B  should  give  odds  to  A  of  five  to  ope. 
What  this  means  is.  that,  while  we  cannot  predict  the  re- 
sult of  a  single  throw  of  coin  or  dice  (for  if  we  could  the 
probability  would  be  certainty),  this  calculatiou  enables 
us  to  foresee  that  in  the  game  of  heads  and  tails  or  in 
throwing  dice  for  more  than  three  spots,  the  number  of 
.successes  will  in  the  long  run  equal  the  failures,  or  in  the 
throwing  of  aces  will  be  in  the  proportion  of  one  to  five, 
provided  always  that  the  coin  or  dice  are  perfectly  sym- 
metrical in  form  and  weight. 

The  closeness  of  observation  to  theory  is  illustrated  by 
an  experiment  made  by  Quetelet  {he.  cit.,  p.  9S).  He 
placed  in  an  urn  40  white  and  40  black  balls,  and  then 
drew  one  ball  at  a  time,  which  was  replaced  after  its 
color  had  been  recorded.  He  made  in  all  4,09(5  drawings, 
and  according  to  the  theory  of  probability  the  result 
should  have  lieeu  2,048  white  balls  and  the  same  number 
of  black.  The  actual  results  were  2,066  white  and  3,030 
black  balls,  an  error  of  onlj-  -ywfi!- 

The  theory  of  probabilitV  teaches  us  how  to  judge  of 
future  events  b.y  past  experience;  it  is  thus  common 
sense  reduced  to  mathematical  expression.  Suppose,  as 
does  Quetelet  {I.e.,  p.  14),  that  we  wish  to  determine  the 
probability  of  drawing  a  white  ball  from  an  urn.  We 
upset  the  urn  and  cotmt  the  balls.  If  we  find  two  w-hite 
balls,  three  red,  and  four  black,  we  answer  that  the  prob- 
ability of  drawing  a  white  ball  at  the  first  draw,  the  balls 
having  been  replaced,  will  be  |. 

But  let  it  be  impossible  to  upset  or  to  see  into  the  urn, 
and  let  only  one  hall  be  drawn  at  a  time,  which  must  be 
replaced  before  drawing  another.  Having  no  previous 
knowledge  of  the  contents  of  the  urn,  we  may  suppose  it 
to  contain  any  number  of  balls  of  any  color  mixed  in  any 
proportion.  The  probability  of  drawing  a  white  ball  at 
the  first  draw  may  have  any  value  from  1  to  0.  We  may 
suppose  this  value  to  be  i.  We  draw  a  ball  wliich  is 
white,  and  it  is  then  replaced.  Now  we  know  that  the 
urn  contains  one  white  ball,  and  we  may  guess  as  before 
that  the  rest  of  the  balls  are  iu  eijual  proportions  of 
white  and  colored.  There  would  then  be  on  this  hypoth- 
esis two  chances  of  drawing  a  white  ball  to  a  total  of 

111  2 
three  chances,  and  the  probability  would  be     7",-^  =  .^• 

A  second  draw  is  made  with  the  same  result.  Now  we 
know  that  the  urn  contains  two  white  balls,  and  the 
probability  tliat  tlie  third  ball  will  be  white  becomes 
3  +  1       3 

2". 

dra;vn  in  succession,  the  probability  that  the  next  ball 

10-1-1       11 
10 -i- 2-  13' 

98-1-1       99 
repetitions  of  this  result  it  i...  increased  to    ^     =  ^-^ 

(Quetelet,  I.e.,  p.  367).  This  is  but  a  rough  illustration  of 
a  principle  that  mathematicians  arrive  at  by  a  somewhat 
different  line  of  reasoning  involving  the  processes  of  the 
integral  calculus.  The  rule  is:  "That  an  event  having 
occurred  successively  any  number  of  times,  the  proba- 
bility that  it  will  happen  again  the  next  time  is  equal  to 
this  number  increased  by  tniity  and  divided  by  the  same 
number  increased  by  two  units"  (Laplace,  p.  19). 

Thus  from  the  analogy  of  the  urn  we  see  how  we  may 
judge  of  the  probability  of  future  events  in  nature.  If, 
for  example,  I  examine  one  hundred  specimens  of  a  cer- 
tain kind  of  animal  and  find  that  each  one  has  six  legs, 
the  probability  that  the  next  one  examined  will  have  six 
legs  is  \Pj.  a  value  so  near  unity  that  I  may  .safely  infer 
that  the  number  of  legs  in  this  species  is  a  normally 
stable  character.  Putting  the  extent  of  historical  time 
at  5,000  years,  or  1,826,213  days,  during  which  time  the 
sun  is  known  to  have  risen  regularlj'  during  every 
twenty-four  hours,  the  probability,  aside  from  all  other 

.    1,820,214 

considerations,  that  it  will  rise  to-morrow  is     „.„  ^' 


=  -J  ■    Similarly  after 


will  be  white   is 


ten  white  balls  have  been 


and  after  ninety-eight 
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or  the  chanoes  that  it  will  not  rise  are  about  one  in  two 
million.  Thus  we  see  liow  the  factor  of  doubt  in  regard 
to  any  deduction  decreases  witli  the  increase  in  the  num- 
ber of  observations  upon  which  the  deduction  is  based. 
Whatever  may  be  the  true  value  of  this  unknown  factor 
wc  may  reduce  its  relative  value  to  any  extent  we  please 
by  continuing  the  observations  to  any  desired  limit.  An 
explorer  who  upon  entering  an  unknown  island  should 
meet  two  men.  both  black,  would  still  have  considerable 
doubt  as  to  the  color  of  the  rest  of  the  inliabitants.  But 
after  he  had  seen  a  thousand  of  tlie  natives  and  found 
them  all  black,  lie  would  be  justified  in  thinking  that  to 
be  the  color  of  the  whole  population. 

Another  principle  similar  to  the  preceding  may  be  illus- 
trated by  returning  again  to  the  urn.  Suppose  that  the  re- 
sult of  tlie  first  nine  consecutive  drawings  was  five  white 
and  four  black  balls,  the  probability  of  drawing  a  white 

ball  next  time  would  be  expressed  by 


,  =  — ■ ;  and 


5  +  4  +  3-11' 
if  the  result  of  ninety-nine  drawings  was  fifty-five  white 
and  forty-four  black  balls  the  probability  that  the  hun- 


dredth ball  will  be  white  is  ^^ 


55+1 


■g,5  +  44  +  3-Tui-  '^^"■'' '° 
such  cases  in  which  observations  show  two  possible  i'e- 
sults,  the  probability  that  one  of  these  results  will  occur 
again  is  expressed  by  a  fraction  whose  numerator  is  the 
number  of  times  that  result  has  been  observed  plus  one, 
and  whoso  denominator  is  the  total  number  of  observa- 
tions plus  two  (Quetelet,  p.  27).  Here,  again,  we  see 
the  factor  of  doubt  decreasing  in  relative  value  with  the 
increase  of  the  number  of  observations,  so  that,  if  after  a 
large  number  of  drawings  we  still  get  the  same  relative 
numbers,  we  may  conclude  that  the  urn  contains  only 
black  and  white  balls,  and  that  the  proportion  of  white 
to  black  is  five  to  four.  Hence  with  a  suificient  tiumber 
of  observations  the  factor  of  doubt  practically  vanishes 
and  we  may  consider  the  chances  favorable  to  each  of  the 
results  to  be  in  tlie  same  projiortion  to  the  total  nmnber 
of  chances  that  the  number  of  times  each  result  has  been 
observed  is  to  the  total  number  of  observations  (Quete- 
let, p.  29).  When  there  are  several  Jjossible  results  the 
calculation  is  rather  complicated,  but  this  rule  practi- 
cally holds  good. 

Tliis  principle  is  applied  in  calculating  the  proportion 
of  the  sexes.  Thus  Quetelet,  taking  the  data  from  all 
the  rural  districts  of  Belgium  during  the  year  1841,  found 
that  there  had  been  born  .53,437  male  children  and  49,788 
females,  giving  a  proportion  of  1,073  males  to  1,000  fe- 
males. But  taking  the  data  for  nine  years,  1834  to  1842, 
he  found  the  proportion  to  be  1.063  to  1,000,  which  is  he 
same  as  the  result  obtained  later  by  Oesterlen  from  the 
records  of  59,350,000  births  gathered  from  several  coun- 
tries of  Europe.     (See  article  Sex.) 

One  of  the  most  important  of  the  principles  of  proba- 
bility is  tliat,  "If  the  events  are  independent  of  one  an- 
other, tlie  probability  of  their  combined  existence  is  the 
product  of  their  respective  probabilities."  (Third  prin- 
ciple of  Laplace,  I.e.,  p.  13.)  For  example,  if  A  toss 
a  coin,  the  probability  of  heads  is  one-half;  likewise  the 
probability  of  B's  coin  giving  heads  is  one-half.  If  A 
and  B  toss  their  coins  at  the  same  time,  there  are  four 
possible  combinations,  but  in  only  one  of  these  do  both 
get  heads,  thus: 

(1) 
A — heads 
B — heads 

So  the  probability  that  botli  A  and  B  will  throw  heads 
(1)  at  the  same  time  is^,  which  is  equal  to  the  product  of 
the  probabilities  that  A  and  B  will  throw  heads,  respec- 
tively, multiiilied  together,  +  X  I  =i.  For  the  same 
reason  the  probability  that  both  will  throw  tails  (4)  at 
one  time  is  i,  and  i  is  likewise  the  probabilitv  that  A 
will  throw  heads  at  the  same  time  that  B  throws  tails 
(3),  and  that  B  throws  tails  when  A  throws  heads  (3). 
But  combinations  (2)  and  (3)  give  like  results,  namely, 
heads  and  tails.     So  there  are  two  chances  of  heads  aiid 


(2) 

(3) 

(4) 

heads 

tails 

tails 

tails 

heads 

tails 

tails  against  two  that  the  throws  will  be  either  both 
heads  or  both  tails,  and  the  probability  is  i.  Thus  heads 
and  tails  thrown  with  two  coins  is  a  complex  combina- 
tion, and  its  probability  is  the  sum  of  the  probabilities 
of  the  two  .simple  combinations  of  which  it  is  composed, 
J  +  i=i.  It  may  be  noticed  that  these  values,  },  i,  i, 
are  the  terms  of  the  expanded  binomial  (A  +  if. 

If  C  comes  into  the  game  the  number  of  possible  com- 
binations is  increased  as  follows; 


(1) 

(3) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
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The  number  of  possible  combinations  is  now  8  =(3)', 
and  of  these  only  one  favors  the  throwing  of  heads  by 
all  three  players,  the  probability  of  that  result  being, 
therefore,  -|  =(i)'*.  But  there  are  three  combinations, 
giving  two  heads  to  one  tail.  The  probability  of  each 
of  these  is  i  and  the  sum  of  the  probabilities  is  f  =  3  X  i 
X  (i)-.  The  probability  of  two  tails  and  one  head  is  also 
f ,  and  of  ell  tails  is  -i.  Again  we  have  a  series,  i,  |,  |,  ^, 
which  forms  the  terms  of  an  expanded  binomial,  (■i  +  -J)^ 

Now  putting  these  figures  into  more  general  terms,  we 
may  represent  the  probabilitj^  that  a  single  throw  will  be 
heads  by  p,  and  that  it  will  be  tails  by  ^,  Let  n  equal 
the  number  of  coins  used  and  N  the  number  of  throws  of 
the  n  coins  together.  Then  Wk  frequency  of  each  com- 
bination of  heads  and  tails  will  be  represented  by  the 
terms  of  the  binomial  N  (p-\-'iY  when  expanded.  But 
in  order  that  all  the  terms  may  be  whole  numbers,  N 
must  at  least  be  equal  to  2"  (greater  when  p  and  q  are 
not  equal),  and  the  number  of  terms  will  be  n-\- 1. 

With  the  view  of  illustrating  the  trutli  of  this  formula 
Weldon  (1898)  made  four  series  of  4,096  throws  of  13 
dice  (4.096  =  3  '=),  and  counted  the  number  in  each  throw 
of  dice  that  showed  more  than  3  spots.  The  results  are 
as  follows; 


Nuiiilier  of  dice 

Terms  of 
4096  (H  +  }^)'^ 

OBSERVED  FREQUENCIES. 

than  three  spots. 

1. 

if. 

iii.           iv. 

12 

11 

1 

13 

66 

220 

49.3 

T93 

934 

792 

495 

220 

66 

12 

1 

0 
11 

71 
357 
53B 
847 
948 

r.i\ 

4.30 
198 

en 
il 

1 

13 

86 
246 
54(1 
836 
913 
7.50 
448 
198 
,55 
12 
0 

0 

8 

61 

241 

513 

858 

948 

802 

430 

183 

51 

13 

1 

1 

10 

66 

9 

s 

586 

0 

866 

4 

474 

3 

304 

1 

0 

0 

The  closeness  of  observation  to  theory  is  more  clearly 
apparent  in  the  diagram  (Fig.  4978).  The  solid  line  is  a 
polygon  of  thirteen  points,  the  abscissa  and  ordinate  of 
each  point  being  proportional,  respectively,  to  a  number 
from  the  first  column  and  the  corresponding  number  on 
the  same  line  in  the  second  column  of  the  table.  The 
other  polygons  are  formed  in  the  same  way,  but  with 
ordinates  taken  from  the  columns  of  observed  frequen- 
cies. The  first  polygon  is  a  graphic  representation  of  the 
result  expected  on  the  theory  of  probability,  supposing 
the  dice  to  be  perfectly  symmetrical. 

It  will  be  noticed  that  the  observed  polygons  lean 
slightly  toward  the  side  of  the  greater  number  of  spots. 
This  is  readily  explained  when  it  is  noticed  that  the  dice 
are  slightly  excavated  at  each  spot,  and  the  side  with  six 
spots  is  opposite  the  ace.  There  is  therefore  a  slight  ex- 
centricity  of  the  centre  of  gravitj',  which  tends  to  cause 
the  greater  number  of  spots  to  turn  upward.  These 
facts  serve  as  a  simple  illustration  of  the  way  in  which 
the  study  of  probabilities  may  lead  to  the  discovery  of 
previously  unknown  causes  of  observed  facts.  Thus  we 
see  that  in  this  case,  in  order  to  make  our  formula  exact- 
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ly  represent  the  facts,  p  shoukl  be  mmle  slightly  greater 
than  rj. 

Thi.s  is  illvistrated  further  in  another  series  of  4,090 
tiirows  of  1'2  dice,  iu  whicli  Wcldou  counted  the  number 


When  the  chances  for  and  against  the  event  to  be  ob- 
served are  even,  when  p  =  q,  the  curve  will  be  sym- 
metrical about  the  middle  point,  which  is  the  highest. 
^Vhen   the   chances  are  uneven,  when  p  is   greater  or 


3  4  .'.  r>  7 

.Nunibi-r  of  Dice  showing  More  Than  Three  Points. 

Fig.  4978.— Binominal  Curve  of  Probaliilltv,  terms  of  4,tl06  (]4  +  H)  '^,  compared  with  the  frequencies  of  the  numbers  of  dice  showing  more 
than  three  points,  in  each  of  four  series  of  trials  with  t~welve  dice,  the  number  of  throws  in  each  series  being  2"  =  4,096.  Binominal 
curve ;  ,  observations  series  1 ,11  —  .  —  .  — ,  III  —  .  .  —  .  .  — ,  IV . . . . . 


of  si.xes.  Each  die  having  si.x  faces,  the  probability 
that  one  of  them  will  turn  up  is  J,  and  that  it  will  not  is 
|.  So  in  this  case  ?)  =  J  and  ?  =  f .  Thus  our  formula 
becomes  4,096  (l  +  f)'". 

The  calcidated  and  observed  results  are  as  follows: 


Number  of 
sixes. 

Terms  of 
4096  (J  +  J)'^. 

Observed 
frecjuencies. 

8 

0.58 

4.66 

27.18 

116.43 

363.84 

808.53 

1,211.44 

1.102.56 

459.53 

1 

7 

6 

24 

5 

4 

115 

380 

3 

2 

796 
1,181 

1  . 

1,145 

II 

447 

Tlie  graphic  representation  of  these  results  in  Fig.  4979 
is  strikingly  dillerent  from  the  curves  in  Fig.  4978.  The 
latter  were  symmeti'ical  or  nearly  so,  while  iu  the  former 
both  curves  are  distinctly  asymmetrical,  or  «Acw.  Thus 
we  have  two  types  of  curves,  or  polygons,  of  frequency. 


less  than  g.  the  curve  will  be  skew,  and  the  sketcness 
will  be  greater  the  greater  the  difference  between  p 
and  q. 

When  we  abandon  games  of  chance  and  seek  to  apply 
these  formula  to  the  stud}'  of  physical  and  biological 
phenomena,  the  problem  is  reversed.  The  measurements 
made  and  their  "observed  frequencies,"  whose  sum  =  iV, 
are  our  facts,  and  p,  g,  and  n  become  unknown  quanti- 
ties. For  example,  a  man's  stature  depends  upon  n  fac- 
tors, such  as  food,  climate,  gncestrj',  etc.,  and  p  and  q 
are  the  probabilities  for  or  against  an  increase  or  diminu- 
tion of  stature  as  the  result  of  each  of  them.  The  prob- 
lem of  finding  a  mathematical  curve  that  will  fit  the  facts 
now  becomes  too  complex  to  be  solved  by  the  binomial 
theorem  and  reqiu'res  formula'  dei'ived  b_y  means  of  the 
calculus,  but  which  may  be  used,  nevertheless,  with  the 
aid  of  proper  tables,  by  persons  not  familiar  witli  that 
important  branch  of  mathematics.  When  variations  are 
distributed  .symmeti-ically  on  both  sides  of  the  type,  the 
curve  ma}'  be  found  by  "the  "method  of  least  squares," 
which  was  employed  originally  to  determine  the  range  of 
error  iu  astronomical  observations.  But  when  the  dis- 
tribution is  skew,  Pearson  (1903)  has  shown  that  it  is 
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better  to  use  the  "  method  of  moments, "  borrowed  from 
the  science  of  mechanics. 

Collection  and  Tahiihitioii  of  the  Data.— The  object  of 
the  statistical  method  for  the  study  of  variation  is  to  rep- 


been  affected  by  the  erosive  action  of  cliemical  substances 
or  of  parasitic  algoe. 

Finally,  the  daUi  may  not  give  true  results  if  the  obser- 
vations arc  not  sutlicicntlv  numerous.     We  must  have 
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Number  of  Dice  showing  Six  Points, 

Fig.  4979.— Binominal  Curve  of  Probability,  terms  of  4,096(J-f  J)'^,  compared  with  the  frequencies  of  the  numbers  of  sixes  thrown  in  a  series 
of  trials  with  twelve  dice,  the  number  of  throws  being  3^2  =  4,096.    Binominal ,  dice . 


resent  in  intelligible  form  the  facts  as  they  occur  in  na- 
ttirc.  It  is  of  the  greatest  importance,  therefore,  that  the 
facts  should  not  be  obscured  by  any  personal  bias  in  the 
eolU'clion  of  the  data.  The  data  must  be  collected 
metliodicall}'  at  random. 

Sometimes,  liowever,  the  forces  of  nature  themselves 
may  tend  to  falsify  the  results  and  must  be  guarded 
against.  For  example,  if  we  wish  to  determine  the  va- 
riability of  shells  due  to  the  factors  affecting  growth,  we 
must  be  sure  that  the  proportions  of  the  shell  have  not 


a  fair  sample  of  the  population.  It  has  been  seen  in  the 
case  of  the  dice,  that  with  13  independent  factors  we 
cannot  e.\pect  to  get  all  the  possible  combinations  in  less 
than  4,096  observations.  In  practice  it  is  found  that 
usuall}'  1,000  observations  give  sufficiently  close  results; 
3,000  would  be  better,  but  sometimes  500  will  do. 

For  statistical  purposes  we  may  divide  normal  va- 
riations into  two  classes :  (1)  discrete  Viiriations,  in  which 
the  differences  between  individuals  are  sharply  defined ; 
and  (3)  conjacent  (L.  conjacere,  to  lie  together)  variations. 
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in  which  the  sraallness  of  the  differences  that  may  be 
observed  is  limited  only  by  the  precision  of  our  instru- 
ments. 

Discrete  variations  are  usually  observed  by  counting, 
as  the  number  of  ribs  on  a  shell,  the  number  of  ray  flow- 
i-rs  on  a  daisy,  or  of  veins  in  a  leaf.  Most  meristic 
variations  would  be  in  this  class. 

Observations  of  conjaceut  variations  are  usually  ob- 
tained by  measuring  or  weighing — as  stature  (Fig.  4980), 
strength  of  pull,  and  the  like.  In  this  class  would 
come  the  indexes  obtained  by  taking  the  ratios  of 
two  or  more  measurements.  It  would  include  also 
qualities  not  quantitatively  measurable,  like  the 
color  of  the  eye  or  ability  in  mathematics.  The 
method  of  assigning  quantitative  values  to  such 
qualities  has  been  alluded  to  in  a  previous  para- 
graph. Thus  most  of  the  substantive  variations 
would  fall  within  this  class. 

The  measurements  having  been  made  and  re- 
corded, the  next  step  is  to  arrange  the  data  in  a 
table  so  as  to  show  the  number  of  times  each  value 
has  been  observed.  An  example  will  make  this 
clear.  Davenport  (1900)  counted  the  number  of 
grooves  on  the  inside  of  1,046  scallop  shells  (Peclen 
irmdinns  Lamarck,  right-hand  valve).  His  residts 
may  be  tabulated  as  follows: 


Variations  in  Lengths  of  Beans  of  Phaseolcs  vulgaris. 

Classes 1.2.    3.      4.      S.      6.7.8.9 

Mid-values,  mm 8.9.10.    11.    13.    13  .  14  .  l.i  .  16 

Frequencies 1  .  2  .  23  .  108  .  167  .  106  .  33  .    7  .    1 

In  this  case  all  specimens  shorter  than  8.. 5  mm.  would 
go  in  class  1,  those  between  8.5  mm.  and  9.5  mm.  go  in 
class  2,  those  between  9,5  mm.  and  10.5  mm.  in  class  3, 
etc.  These  values,  8.5,  9.5,  10.5,  .  .  .  etc.,  mm.  may  be 
called  the  dam  limits. 
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Variation  in  the  Number  of  Grooves  on  the  Shells  of 
Pecten  irradians. 
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That  is,  there  were  3  shells  with  14  grooves,  15 
had  15   grooves,  108  had  16,  and  so  on  up  to   21 
grooves,  w'hich  were  found  in  only  1  shell.     Each 
group  of  shells  having  a  certain  number  of  grooves 
forms  a  ckm.  the  number  of  grooves  possessed  by 
individuals  of  each  class  is  its  Talue,  or  magnitude, 
and  the  number  of  in- 
dividuals in  each  class 
is  its  frequency.     The 
classes    may   be  num- 
bered   consecutively, 
and    in    some    of    the 
calculations  to   follow 
the  arithmetic  may  be 
simplified      by     using 
these    serial     numbers 
in  place  of  the  values. 
AVhen   dealing  with 
conjacent     variations 
the  best  way  to  tabu- 
late the  data  is  to  lay  off  a 
scale  of  values  upon  a  sheet 
of  plotting  paper,  and  then 
to  make  a  mark   for  each 
observation     opposite     the 
point    on    the   scale  corre- 
sponding to  its  value,  as  in 
Fig,  4980.     Then  the  marks 
may   be   divided    into   any 
convenient    number    of 
classes  by  a  series  of  verti- 
cal lines  drawn  from  points 
equal    distances 
apart  upon   the 
scale.   The  num- 
ber of  marks  be- 
tween each  pair 
of  lines  v.-ill  be 
the  frequency  of 
the  class.      For 
e  X  a m  p  1  e,   Do 
Tries   gives  the 
results  of  measuring  the  length  of  four  hundred  and 
forty-eight  common  red   spotted  beans  (Pliaseobis  vvl- 
garii),  which  may  be  tabulated  in  the  following  manner: 


AAE  BELOW  THIS  Lim 


13 


17  IS  19 

Number  of  Grooves. 


Z 


Fir,.  1980.— .\n  Example  ot  Conjacent  Varia- 
tion. A  supposeil  rei-ord  of  the  statures  of  a 
lar.<!e  number  of  men.     (From  Gallon.) 


Fig.    4981.— Polygon  of  Frequency :    Grooves  on  Inside  of   scallop 
shells.    (Data  from  Davenport.) 


The  results  of  these  tabulations  may  be  represented  to 
the  eye  by  polj-gons  of  frequency  similar  to  those  used 
to  illustrate  the  results  of  throwing  dice.  U.sing  plotting 
paper  ruled  in  squares,  we  lay  off  a  horizontal  scale  of 
values  and  a  vertical  scale  of  frequencies.  Then  the 
method  of  procedure  differs  according  to  whether  we  are 
dealing  with  discrete  or  with  conjacent  variations.  In 
the  case  of  discrete  variations,  the  value  of  each  class  is 
taken  as  an  abscissa  from  an  imaginary  zero  point  on  the 
left  and  the  corresponding  ordinate  is  raised  from  zero 
at  the  base  line  to  a  point  on  the  vertical  scale  corre- 
sponding to  its  frequency.  Then  connecting  the  tops  of 
the  ordiuates  by  straight  lines  gives  the  polygon  of  fre- 
quency (Fig.  4981). 

In  the  case  of  conjacent  variations  where  there  are 
many  classes,  the  polygon  may  be  constructed  in  a  simi- 
lar manner  by  taking  the  mid-values  as  abscissae  for  the 
ordinates.  But  a  more  exact  method,  especially  when 
there  are  few  classes,  is  to  construct  the  jjolygon  of  a 
series  of  rectangles,  as  in  Fig.  4982.  wliere  the  sides  of 
the  rectangles  have  for  abscissse  the  limiting  values  of 
the  classes,  and  their  heights  are  proportional  to  the  cor- 
responding frequencies. 

A  comparison  of  Figs.  4981  and  4982  with  Figs.  4978 
and  4979  show  striking'resemblances  and  suggests  at  once 
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tliat  these  variations  in  shells  and  beans  follow  the  same 
general  laws  of  chance  that  are  found  in  the  throwing  of 
(lice.  This  inference  is  coutirmed  by  the  results  of  a  large 
number  of  studies  of  organic  variation. 

In  a  case  of  discrete  variation  the  division  of  the  data 
into  classes  presents  no  difficulties,  but  with  coujacent 
variations  the  division  is  purely  arbitrary,  and  here  the 
theory  of  probability  comes  in  "as  an  aid  to  one's  judg- 
ment." The  following  table,  extracted  from  one  given 
by  Quetelet  (1846.  p.'tlO)  shows  how  many  observations 
are  required  in  order  that  the  data  may  be  expected  to 
fall  synnuetrically  into  certain  numbers  of  classes.  It  is 
based"  upon  the  properties  of  the  binomial  J^"(,p-{-g)" 
when  p  =  g. 


Number 
of  observations. 

Number 
of  classes. 

Number 
of  observatioas. 

Number 
of  classes. 

i                     .   . 

3 
4 
5 
H 

8 

256 

9 

8 

512 

lu 

16 

1,024 

11 

32 

2,048 

12 

64 

4,096 

13 

128 

8,192 

14 

It  will  be  noticed  that  for  each  additional  class  the  num- 
ber of  observations  needs  to  be  doubled. 

Discovery  of  the  Tijpi:. — The  data  having  been  arranged 
as  indicated  in  the  preceding  section,  we  are  prepared  to 
determine  the  type,  or  typical  value,  from  which  the 
variability  of  the  character  in  question  is  to  be  measured. 
Referring  to  Figs.  4981  and  4983,  we  see  in  each  case  that 
there  is  a  class  which  has  a  greater  frequency  than  the 
others,  and  from  its  midordinate  the  polygon  slopes  away 
at  first  rapidly  and  then  more  gradually  to  zero  on  each 
side.  The  most  obvious  type  would  be  the  value  of  this 
class  of  maxinuim  frequency.  But  experience  and  theory 
show  that  this  would  not  be  a  very  exact  standard,  un- 
less our  sample  comprised  a  very  large  proportion  of  the 
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Fig.  4982.— Polygon  of  Frequency:  Lengths  of  red-spotted  beans. 
The  serial  numbers  of  the  classes  are  placed  above  the  correspond- 
ing rectangles.     (Data  from  de  Vries.) 


total  population.  This  is  especially  true  of  conjacent 
variations  on  account  of  the  artificial  character  of  the 
class  boundaries.  For  example,  in  our  case  of  the  beans 
the  class  of  maximum  frequency  has  a  medium  length  of 
\'i  mm.     But  suppose  the  class"es  had  been  arranged  so 


that  the  midordinates  would  fall  at  8.5,  9.5,  10.5,  etc., 
mm.  ;  then  the  maximum  frequency  might  have  been 
found  at  cither  11.5  or  13.5  mm.  There  is,  however,  a 
corresponding  type  called  the  mode,  which  is  measured 
by  the  position  of  the  ordinate  of  maximum  frequency 
of  the  thearetical  curve  corresponding  to  the  observed 
polygon  of  frequency  (Pearson,  1896,  p.  345).  But  the 
exact  calculation  of  the  mode,  which  is  of  considerable 
theoretical  importance,  involves  a  rather  extended  mathe- 
matical operation.  A  less  exact,  but  very  easy  method 
will  be  described  later. 

The  type  usually  employed  is  the  average,  or  arith- 
metical mean,  commonly  called  the  mean.  This  may  be 
discovered  by  adding  all  the  observations  together  and 
dividing  the  sum  by  their  number.  But  in  order  to 
avoid  this  long  addition,  the  usual  method  is  to  multiply 
the  value  of  each  class  by  its  frequency,  add  the  prod- 
ucts, and  divide  the  sum  by  the  number  of  observations. 

This  operation  is  represented  by  the  formula  M=  — \ij-— 

where  M  =  mean,  F=  values,  s  =  frequency,  N  =  num- 
ber of  obSt:rvat)ons,  and  S  is  the  sign  for  summation. 
The  same  result  may  be  obtained  by  taking  the  serial 
numbers  of  the  classes  for  the  values  of  I',  and,  having 
obtained  the  value  of  Mm  these  units,  it  is  easy  to  .sub- 
stitute the  corresponding  value  in  terms  of  the  units  of 
measurement  .^raploj-ed  in  making  the  observations. 

A  third  type,  of  considerable  importance  in  certain 
ca.ses,  is  called  tlie  median.  This  is  the  middle  value,  the 
value  above  which  and  below  which  fifty  per  cent,  of 
the  cases  fall.  It  is  easily  found  by  simplj-  counting  off 
half  of  the  ob.sei'vations  arranged  in  order  of  magnitude. 
For  example,  if  we  have  measured  four  hundred  and 
fifty-one  beans  and  arranged  them  in  the  order  of  their 
lengths,  then  the  median  will  be  the  length  of  the  two 
hundred  and  twenty-sixth  bean,  counting  from  either 
end  of  the  series.  If  there  are  four  luindred  and  fifty 
beans,  an  even  number,  the  median  will  be  intermediate 
between  the  length  of  the  two  hundred  and  twenty-fifth 
and  the  two  hundred  and  twenty-sixth  bean. 

The  same  result  may  be  obtained  by  a  simple 
geometrical  construction.  Having  for  convenience 
reduced  the  frequencies  to  percentages  of  the  total 
number  of  observations,  the  frequency  of  class  3 
is  added  to  tliat  of  class  1,  to  the  sum  of  these 
class  3  is  added,  to  this  sum  add  class  4,  and  so 
on  for  all  the  classes,  as  in  the  following  table. 
Thus  we  get  a  series  of  "sums  from  the  begin- 
ning," which  may  be  plotted  as  in  Fig,  4983,  using 
the  method  employed  in  the  construction  of  Fig. 
4983.  Comparing  the  two  figures,  both  made 
from  De  Vries's  measurements  of  beans,  we  see 
that  the  first  rectangle  in  the  two  is  the  same, 
the  second  in  Fig,  4983  is  composed  of  1  and  3 
in  Fig.  4983,  the  thiid,  of  1,  3,  and  3,  and  so  on 
until  the  niuth  column  in  Fig.  4983  has  the  .same 
area  as  the  sum  of  all  the  nine  rectangles  in  Fig. 
4983.  Now,  drawing  a  diagonal  from  the  lower 
left-hand  to  the  upper  right-hand  corner  of.  the 
upper  rectangle  in  each  one  of  the  columns  of 
Fig.  4983,  we  obtain  what  is  called  a  polygon  of 
distribution.  It  shows  the  distribution  of  the  va- 
riations in  our  sample  of  the  population.  Turn- 
ing the  diagram  around  so  that  the  scale  of  fre- 
quencies is  horizontal,  we  see  that  the  outline  of 
this  polygon  is  of  the  same  general  form  as  a  line 
that  might  be  drawn  so  as  to  touch  the  tops  of  the 
beans  if  they  were  stood  iq)  side  by  side  in  the 
order  of  their  lengths.  First  there  would  be 
two  or  three  very  short  beans,  then  a  little  row  of 
beans  9.5-10.5  mm.  high,  then  a  much  longer  row, 
10.5-11.5  mm.  high,  etc.  Now,  with  the  diagram 
in  its  first  position,  draw  a  horizontal  Hue  from 
the  fifty-percent,  point  on  the  scale  of  frequencies  to 
the  middle  rectangle,  cutting  the  side  eic  at  d  and  the 
diagonal,  cb  at  m.  Then  draw  a  vertical  line  from  m, 
and  at  its  point  of  intersection  with  the  scale  of  measure- 
ments read  off  the  value  of  the  media''      To  insure  ac- 
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Data  Used  in  Construction  of  Polygon  of  Distribution 
(Fig.  4983). 


Class  numbers. 

Mid-values 
nuu. 

Frequency. 

Per  cent. 

Sums  from 
beginning 
per  cent. 

I    

s 

9 

10 
11 
12 
13 
14 
15 
16 

1 

33 

1U8 
167 
106 
33 

7 
1 

0.2 

0.4 

5.2 

24.1 

37.2 

23.7 

7.4 

l.(i 

0.3 

0.3 

•> 

0.6 

3 

.i.g 

4 

29.9 

67.1 

B 

90.8 

98.2 

8 

99.8 

9 

100.0 

448 

100.0 

a  so 


i    40 


curacy,  the  diagram  should  be  made  on  a  large  scale 
and  be  drawn  with  great  care.  A  better  way  is  to  cal- 
culate the  result  numerically.  Turning  to  the  diagram, 
it  is  evident  that  the  triangles  neb  and  dcm  are  similar. 

Hence  dm  :  ab  : :  cd  :  ca  and  therefore  dm  =  ab  X— ■ 

ca 

Let  y  be  the  total  number  of  observations.  Then  \yc 
have  the  rule:  Multiply  the  range  of  the  middle  , 
class  (ah)  by  \JSi  miuus  the  sum  of  the  frequencies 
of  all  the  lower  classes  (= «/),  divide  by  the  fre- 
quency of  the  class  (ca)  and  add  the  magnitude  of 
the  lower  limit  of  its  range.  The  result  will  be  the 
median  magnitude.  In  our  example  of  the  beans, 
cd  =  50  —  29.9  =  20.1  per  cent. ;    ab  =  1  mm. ;  and      ti 

20  1  ~ 

ca  =  37.2  per  cent.  Hence  dm  =  1  X  k=^  =  0-54  mm.      g 

The  lower  limit  of  cla.ss  0  is  at  11.5  mm.  Therefore  ^ 
themedian  isll.5-|- 0.54  =  12.04  mm.  This  metliod  £ 
assumes,  of  course,  that  the  values  in  the  middle  ^ 
class  are  evenly  distributed.  g 

In  the  same  niauner  may  be  determined  the  value  ^ 
of  the  measurement  corresponding  to  any  other 
point  on  the  scale  of  frequencies,  as  at  ten  per  cent., 
twenty  per  cent.,  etc.  These  values  are  called  ;)<■;■- 
centile  grades  (Galton,  1889),  and  they  have  been 
used  extensively  for  the  study  of  variations  of  an-  fe 
thrometric  measurements ;  especially  by  teachers  of  ^ 
gymnastics,  who  use  these  grades  as  a  means  of  g 
determining  the  standing  of  their  pupils  before  and  i 
after  training.  a; 

We  may  derive,  then,  from  each  collection  of  data      ^ 
three  values,  the  mean,  the  mode,  and  the  median, 
each  one  of  which  may  serve  as  a  type  from  which 
to  measure  variability.     When  the  "deviations  from 
the  mean  are  distributed    symmetrically   on  both 
sides  of  it,  all  three  of  these  values  are  the  same. 
But  they  differ  when  the  distribution  is  skew,  as  in 
throwing  sixes  with   dice   and   in   mo.st  variations 
found  in  nature.     In  such  cases  the  median  always 
lies  between  the  mean  and  the  mode,  and  the  devi- 
ation of  the  median  from  the  mean  is  one-third  the 
deviation  of  the  mode.     This  rule  provides  an  easy  way 
of  calculating   the  mode,  which,  according  to   Pearson 
(1902,  p.  261),"is  quite  good  enough  for  practical  purposes 
in  most  cases,  and  avoids  the  tedious  mathematics  of  the 
more  e.xact  method.     (Compare  a,e,  and  b  in  curves  of 
Type  III,  Fig.  4986.) 

T/ie  Measure  of  Variability. — Taking  the  mean  as  the 
type  of  any  given  character  or  organ,  the  problem  is  now 
to  find  a  quantitative  expression  for  the  variability  of 
that  character  in  the  group  of  organisms  under  observa- 
tion. The  first  step  is  to  calculate  the  deviation  (.r)  of 
each  class  from  the  mean  (.U)  by  subtracting  the  values 
(T)of  the  classes  from  the  mean.  In  the  case  of  the 
beans,  the  mean  is  12.05  mm.  Omitting  the  small  frac- 
tion for  the  sake  of  simplicity,  the  deviations  of  the  sev- 
eral classes  are  given  in  the  fourth  column  of  the  follow- 
ing table. 

Now  if  the  deviation  of  each  class  be  multiplied  by  its 
fretiuency  (j).  the  results  added  without  regard  to  signs, 
and  the  sum  divided  by  the  number  of  observations,  we 


Calcul.\tion   of  the   Variability   in   Length   of   44S  Beans, 
PHASEOLus  Vulgaris  iData  from  de  vries). 


Classes. 
1 

o 

3 
4 
5 
6 
7 
8 
9 


V. 
8 
9 
10 
11 
12 
13 
14 
15 
16 


1 

2 
23 
108 
167 
106 
33 


iV  =  448 
M  =  12  mm. 


AU  = 


X. 

xz. 

x'-'z. 

-4 

-4 

16 

-3 

-6 

IH 

-46 

93 

-1 

-108 

108 

0 

0 

0 

1 

106 

106 

2 

66 

133 

3 

21 

63 

4 

4 

IB 

2 

<xz) 

=  361 

su-= 

z) 

=  551 

0.8033  mm. 

S(X2) 

JV     ' 
- 1.1065  mm. 


obtain  the  average  deviaiioii.     This  is  represented  by  the 


formula  A  D  = 


iV 


and  is  one  measure  of  variability. 


But  it  is  rarely  used. 

The  measure  of  variability  most  frequently  employed 
at  present  is  what  is  called  the  slimdiird  denation.  This 
is  the  square  root  of  the  average  of  the  squares  of  the 


100 


8 


60 


30 


— 

— 

a   t 

( 

3 

/ 

7 

^ 

~" 

— 





s 

/ 

/ 

-- 

A 

A 

/ 

/ 

e 
«. 

5 

1 

1 

— 

■ 

L        i 

> 

^-^ 

J_ 

10         11         13        13         14         15         16        17 
Lengtn  in  Millimetres. 
Polygon  of  Distribution  :    Length  of  red-spotted  beans. 


FIG.  4983, 

Serial  numbers  as  in  Fig.  4983. 


(Data  from  De  Vries.) 


deviations,  and  is  represented  by  the  symbol  a,  as  in  the 

/  2  (.rs  2  ) 
formula :  c  —  \/  -^ — 

The  definition  and  formula  indicate  the  process  by 
which  this  quantity  is  found.  Take  the  square  of  the 
deviation  of  each  class,  multiply  it  by  its  frequency,  add 
the  results,  divide  the  sum  by  A',  and  extract  the  square 
root ;  all  of  which  is  performed  easily  by  the  aid.  of  a 
table  of  logarithms.  An  example  is  given  in  the  sixth 
column  of  the  preceding  table. 

A  third  measure  of  variability,  formerly  much  used,  is 
the  probable  deviation.  It  might  be  called  the  median 
deviation,  because  the  deviations  that  are  greater  and 
those  that  are  less  than  it  are  equal  in  number.  Galton 
(1889)  has  pointed  out  a  method  by  which  it  may  be  ob- 
tained graphically  from  a  polygon  of  distribution,  as  in 
Fig.  4983.  Using  the  method  employed  in  finding  the 
median,  find  the  values  of  the  percentile  grades  at 
twenty-five  and  seventy-five  per  cent.,  and  take  half 
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their  iliflerence.  This  will  be  the  probable  deviation. 
It  is  found  as  easily  and  perhaps  more  exactly  b.y  multi- 
plying; tin-  standard  deviation  by  0,6745.     PE  =  0.6745  a. 

TliL'  probable,  or  median  deviation,  corresponds  to  the 
so-called  "probable  error"  of  the  matlieniaticians,  and 
the  standard  deviations  to  the  "error  of  mean  squares." 
If  we  imagine  a  polygon  of  frequency  to  be  a  horizontal 
bar  loadeii  with  weights  proportional  to  the  ordinates 
and  swinging  about  the  mean,  wliicli  will  be  the  centre 
of  gravity,  then  tlie  standard  deviation  corresponds  to 
what  pliysicists  call  the  "radius  of  gyration,"  or  "swing 
radius." 

It  is  found  by  the  theory  of  probability  that  when 
CT  =  1,  AD  =  0.7979,  and  PE  =  0.6745.  Thiis  we  see  that 
of  the  three  mea^ires  of  variability,  the  standard  devia- 
tion is  tlie  largest.  It  has  also  tlie  advantage  of  being 
the  one  most  frequently  used  in  mathematical  investiga- 
tions. 

It  has  in  common  with  the  other  two,  however,  the 
disadvantage  of  being  e.xpressed  in  units  of  measurement 
— inches,  pounds,  etc. ;  so  we  cannot  compare,  for  in- 
stance, the  variability  of  weight  with  that  of  stature 
while  using  this  measure.  A  similar  difficulty  arises 
witli  organs  of  different  size.  In  a  thousand  men  from 
New  Yorlv  Cit_v.  for  example,  we  sliould  find  the  stand- 
ard deviation  of  their  stature  to  be  several  inches,  while 
that  of  the  length  of  the  nose  would  be  only  a  fraction 
of  an  incli.  But  it  would  not  bo  fair  on  tliat  account  to 
regard  tlie  noses  as  so  much  less  variable  than  the  stat- 
ures. 

So  it  has  been  proposed  to  use  an  abstract  quantity 
called  tlie  eoejlicient  of  miriahility.  This  is  obtained  by 
dividing  the  standard  deviation  by  the  mean  and  multi- 


plying by  one  hundred,  as  in  tlie  formula:  CV  : 


:100j. 


In  other  words,  il  is  the  standard  deviation  e.xpressed  as 
a  percentage  of  the  mean.  It  is  frequently  useful  as  a 
means  of  comparing  variabilities;  but,  unfortunately,  it 
is  not  universally  applicable,  as  it  gives  fallacious  results 
when  the  data  are  in  the  form  of  ratios  or  in  degrees  of 
an  angle,  and  probabl.y  in  other  cases. 

Theoretical  Ciimx. — Having  obtained  the  mean  and  the 
standard  deviation,  we  know  the  type  and  amount  of 
variability  of  the  material  at  hand.  Tlie  plotted  poly- 
gon of  frequency  gives  a  visual  idea  of  the  distribution 
of  frequencies  on  either  side  of  the  mean,  and  with  the 
aid  of  the  median  we  are  able  to  detci'mine  roughly 
whether  tlie  distribution  is  symmetrical  or  slvcw.  Tak- 
ing these  results  of  observation  as  premises,  the  next  step 


Fig.  49S4.— Tlie  Normal  Cunp  of  Frequency.  TO,  ordinate  of  tbe 
mean  :  OP,  "  pmbalile  "  ilcviation ;  OD.  average  deviation ;  Oil, 
standard  deviation.     ( From  Bartlett.) 

is  to  construct  a  theory  as  to  tlie  most  probable  distribu- 
tion of  the  variations  in  tlie  whole  population,  of  which 
otir  material  is  a  sample. 

In  a  previous  section,  we  have  seen  how  close  the  va- 
riations in  iiuniber  of  spots  in  throws  of  dice  correspond 
to  the  theoretical  probability  as  expressed  by  the  formu- 
la iV(p-j-5)"  when  tliis  binomial  is  expanded,  and  com- 
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parison  of  the  polygons  (Figs.  4978,  4979,  4981,  and  4982) 
seem  to  indicate  that  the  same  method  is  applicable  with 
organic  variations.  It  may  be  used  with  discrete  va- 
riations wliere  there  are  few  classes:  but  in  nature  iV, 
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skew  curve  of  Type  IV .    (From  Macdonell.) 

p,  g,  and  n  are  all  unknown  quantities,  and  witli  con- 
jacent  variations  the  division  into  classes  is  purely 
arbitrary.  So  it  is  better  to  employ  a  method  tliat  will 
give  a  continuous  theoretical  curve,  such  as  would  be 
olitained  if,  in  the  formula  (p -\-q)",n  were  infinitely 
large. 

Now  it  was  shown  long  ago  by  Quetelet,  Gallon,  and 
others  that  variations  in  human  stature  and  in  other 
characters  follow  closely  the  law  expressed  by  the  "nor- 
mal curve  of  error"  of  the  mathematicians,  or  what  we 
ishould  call  the  normal  ciirre  of  frequency  (although  other 
curves  more  often  fit  the  polygons  of  organic  variation). 
This  is  a  (lowing  curve  (Fig.  4984),  symmetrical  about 
the  mean,  and  tlicoretically  witlioiit  limit  at  tlie  ends. 
Tlie  standard  deviation  marks  the  point  of  inflection  on 

the  sides.    The  formula  for  the  curve  is  y  =  yo  — m — ;■  '"i 

which  y  is  any  ordinate,  x  is  the  corresponding  abscissa, 
or  deviation,  measured  from  the  ordinate  of  the  mean, 
or  "centroid  verticle,"  !/„  is  tlie  licight  of  this  ordinate,  a 
is  the  standard  deviation,   and  e  is  the  basis  of  the 

Napierian  system  of  logarithms,  in  which  «  =  1  -|-  -  -f- 

r^+n^3  +  -  •  •  etc.  =2.7182818,  The  mean- 
ing  of  the  formula  is,  of  course,  that  for  any  value  of  .v 
the  corresponding  value  of  ;/  will  satisfy  this  equation. 

If  in  our  material  we  find  tlie  distribution  of  variations 
to  be  very  nearly  svmmctrical,  as  in  the  beans,  wliere  the 
difference  betw'cen  mean  and  median  is  onlj'  0,01  mm., 
we  may  assume  that  the  normal  curve  will  give  the  cor- 
rect tlieoretical  vahies,  and  may  proceed  at  once  to  test 
this  by  fitting  a  normal  curve  to  the  observed  polygon  in 
the  following  manner;  The  mean  (J/)  and  tlie  standard 
deviation  {a)  have  been  found,  and  in  doing  this  we  have 
found  also  x,,  x^,  x,,  etc.,  which  are  the  deviations  from 
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the  mean  of  classes  1.  2,  3,  etc.     Next  find  the  height  of 
the  maximum  ordinate.     This  operation  is  indicated  b}' 

the  formula  y,  =  — -ikz,  in  which  jV—  total  number  of 

observations  and  n-  =  3. 14159.   Now  turning  to  Davenport 
(1899,  p.  54)  we  find  a  table  of  the  ordinates  of  the  nor- 

argument     i.s  —  and  the  corre- 


mal  curve  in  which  the 


V  X 

spending  tabular  entrj'  is  —  •    So  we  must  find  — ,  that 

is,  divide  the  deviation  of  each  class  by  the  standard  de- 
viation. Then  in  the  table  find  the  tabular  entry  corre- 
sponding to  each  value  of  ^-,  interpolating,  if  necessarj', 

and  multiply  the  value  thus  found  by  y„.  The  result 
will  be  the  height  of  the  ordinate  of  the  theoretical  curve 
upon  the  scale  of  frequency  used  in  constructing  the 
polygon.  When  these  ordinates  are  plotted  and  their 
tops  connected  by  a  flowing  curve,  we  have  the  theoreti- 
cal curve  (as  in  Fig.  4985),  that  is,  a  graphic  representa- 
tion of  the  distribution  of  the  frequencies  of  the  variations 
in  nature,  based  upon  the  sample  observed  and  the  as- 
sumption that  the  variations  follow  the  law  of  probabil- 
ity with  p  =  q,  and  n  =  oo . 

This  is  the  simplest  of  all  the  methods  for  fitting  a 
theoretical  curve  to  an  observed  polygon.  It  is  espe- 
cially ajiplicable  for  discrete  variations  when  the  dis- 
triljutiou  of  frequencies  is  symmetrical.  It  may  be  used 
also,  but  with  less  accuracy,  for  similar  polygons  of  con- 
jacent  variations  b\'  taking  the  mid-value  of  each  class  as 
the  position  of  its  ordinate. 

For  greater  accuracy  with  conjaccnt  variation  and  in 
all  cases  of  skew  variation  it  is  necessary  to  employ  a 
more  complicated  procedure,  the  foundations  of  which 
have  been  laid  by  Pearson  (1896,  1901,  1902).  This  is 
the  meHiod  of  vwmcntK.  We  return  to  the  analogy  be- 
tween the  polvgon  of  frequency  and  a  light  rod  loaded 
with  balls  suspended  from  it  at  regular  intervals.  The 
tendency  of  a  ball  to  bend  the  rod  will  depend  upon  the 
weight  of  the  ball  and  its  distance  from  the  point  of  sup- 
port. The  product  of  this  distance  multiplied  by  the 
weight  is  the  moment,  or  first  moment,  of  the  ball  about 
the  point  of  support.  The  square  of  the  distance  multi- 
plied b,v  the  weight  gives  the  second  moment,  the  cube, 
the  third  moment,  and  so  on.  Applying  this  principle 
to  the  i)olygon  of  frequency,  we  ])roceeil  at  once  to  cal- 
culate the  first,  second,  third,  and  fourth  "rough  mo- 
ments" of  the  polygon  as  a  whole  about  any  convenient 
ordinate.  From  these  rough  moments  it  is  easy  to  calcu- 
late the  mean  and  the  moments  about  the  mean.  These 
give  us  the  standard  deviation,  and  by  their  combination 
we  are  able  to  calculate  the  skewness  and  determine  the 
general  form  of  the  curve.     The  actual  calculation  of  the 


ordinates  necessary  to  plot  the  curve  is  quite  a  diflferent 
matter. 

In  practice  it  is  best  to  use  the  .serial  numbers  of  the 
classes  as  their  vahies,  then  taking  the  value  of  a  class 
near  the  middle  as  Vm  we  find  the  deviations  —  x^,  —Xi, 
—  .i's,  and -|-:ci, +;?■.;,+. ('3.  etc.  Then  multiplying  by 
their  frequencies  (z)  and  adding,  being  careful  to  regard 
the  signs,  we  get  a  sum  which  divided  by  the  total  uum- 

ber  of  observations  gives  v,  =  —    .'    ,  which  is  the  first 

rough  moment  of  the  curve  about  V,„  with  the  frequen- 
cies of  the  classes  grouped  about  their  midordinates.  In 
the  same  way  we  find  the  second,  third,  and  fourth  mo- 
men  ts : 


2  (2  tS) 


and 


iV     '    '  -      N     ' *  -       V 

Now  in  the  theoretical  curve  the  classes  are  not  repre- 
sented by  rectangles  but  by  trapezia,  whose  centres  of 
gravity  are  not  on  the  midordinates  (Goodman,  1899, 
p.  60),  This  is  allowed  for  and  we  find  the  corrected  mo- 
ments about  1",„  bv  use  of  the  formulae  (Pearson,  19034, 
pp.  287-389) : 


Ml 

— 

>'l 

h-' 

^2 

~ 

>'■!    — 

13 

^2 

"3    — 

ft 

= 

I'l    — 

-Q    ''^ 

+ 

340 

¥. 

In  these  formuUe  h  is  the  distances  a])art  of  the  ordi- 
nates and,  if  we  use  the  serial  numbers,  h  =  1. 

Now  we  can  find  the  mean  from  T',„  by  adding  or  sub- 
tracting fi',,  after  substituting  the  true  values  for  those 
derived  from  the  serial  numbers,  i.e.,  M=  Vm  —f'l. 

Now  the  moments  of  the  curve  about  J/ will  be  found 
as  follows  (loc.  eit.,  p.  383): 


/',  =  0. 

/H  =  Ih'  —  'A  fix   lUj'  -|-  2  /;,'•■' 
Hi  =  /!,'  —  4|Ui'  lis'  -\-  6pi'-  /!■, 


■3//,' 


The  square  root  of  the  second  moment  is  the  standard 
deviation,  a  =  ,J~[[^, 

Now  that  we  know  the  mean,  or  centroid,  the  standard 
deviation,  or  swing  radiu.s,  and  the  moments  of  the  curve 
about  the  centroid,  we  are  prepaied  to  determine  the 
form  of  the  curve. 

If  /;3  =  o  and  /i  4  =  3  /^2^  the  curve  is  normal.  If  these 
equations  are  not  true,  the  curve  is  skew  and  we  may 
proceed  to  discover  whether  it  will  have  a  range  limited  at 
both  ends,  limited  at  one  end  only,  or  an  unlimited  range 


Types  op   Frequency  Cuuves. 


Typo. 

Description. 

Formula. 

Criterion  «,. 

Criterion  <,. 

References. 
Pearson. 

Normal.. 

S.Tmmetrical.    Range  unlimited. 
(Figs.  4984  and  4985.) 

,1     „         1 

»,  =  0 

3,  =  0,  82  =  3 

<,  =  0 

"         ""  ej2/S  <,  3 

I 

Skew.    Range  limited  both  ends. 

"="»('+ir('- 

«i  <U 
3i>0 

•<3<0 

'96,  p.  367. 
'Ul  (b),p.  444. 

II 

Symmetrical.  Range  limited  both 
ends. 

«,  <0 

S,  =  0,  Sj  not  =  3 

«,  =  0 

■96,  p.  372. 

Ill 

Skew.   Range  limited  at  one  end. 
Transition  form.    ( Fig.  4986. ) 

/,    ,      X  \Va    -yr 

»,  =0 

8,  >  0.  (3,  >  3 

"3=   =^ 

■9ii,  p.  373. 

Skew.     Range  unlimited.    (Fig. 
4985.) 

Wo                  (.- 

*•  tan  — 

■C) 

S,>U,  8a  >  3 

«2  >  U  i  <  1 

'96,  p.  376. 

"-\^A^yr 

V 

Skew.   Range  limited  at  one  end. 
Transition  form. 

y  =  y,X-''e-^^- 

«,  =  ! 

'01  (b),p.  446. 

VI 

Skew.  Range  limited  at  one  end. 

(x-a)  ">, 

«o>14<:o 

■01  (b),  p.  448. 
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by  calculating  the  value  of  2n■,^S^l^'  —  Hi)  -\-  Sij,'.  If 
this  quantity  is  greater  than  zero  tlic  range  is  limited  at 
both  ends;  if  equal  to  zero,  it  is  limited  at  one  end  only; 
and  if  less  than  zero,  it  is  inilimited. 

Pearson  has  distinguished  seven  types  of  curves  of 
frequency,  the  descri'ptions  and  formula'  of  which  are 
given  in  the  preceding  table.  In  order  to  determine  to 
which  type  our  curve  belongs  we  must  find  the  values  of 
the  following  quantities: 

/3.  =  tl    13,  =  ill,,  «,  =  2  i3,  -  3  ,3.  -  6, 

and  Kj  =    ,    ,.  , —  .J ,  , • 
4Ki(4i3j  —  3/3,) 

We  may  call  ici  and  a,  the  first  and  second  criteria. 
Looking  up  these  values  in  the  table  we  find  there  the 
formula  for  the  curve,  from  which  the  ordinatcs  may  be 
calculated.  The  second  criterion  serves  to  diltercntiate 
all  of  the  curves  except  the  normal  and  Type  II. .  in  both 
of  which  K-j  =  0,  but  Type  II.  differs  from  the  normal 
in  that  ji,  is  not  equal  to"  3.  The  ordinates  of  the  normal 
curve  may  bo  calculated  by  the  aid  of  the  improved 
tables  given  by  Sheppard  (1903).  but  for  the  other  curves 
there  are  no  such  tables.  It  would  unduly  expand  this 
article  if  we  should  attempt  to  explain  fully  the  formulae 
for  Types  I.  to  VI.  and  give  directions  for  calculating  the 
values  of  y,  and  must,  therefore,  refer  the  reader  for 
further  details  to  Pear.son's  original  articles  (18%,  1901, 
and  1902).  It  should  be  noted,  however,  that  our  curve 
may  be  regarded  as  normal,  even  if  it  does  not  quite 
satisfy  the  conditions  given  in  the  table.  According  to 
Dunkcr  (1899,  p.  134),  if  the  product  of  k,  multiplied  by 
by  /Jj'  is  within  the  limits  of  ±1,  and  the  value  of 
3  r,-  -  2  V,   (4-  ^)  .^  j,gj.5^gg^   Q  8  and   1.35,  unity  be- 

being  the  value  with  a  strictly  normal  curve,  we  may 
still  regard  our  ciu've  as  of  the  normal  tj'pe. 

Skeirness  is  measured  by  the  deviation  {d)  of  the  mean 
from  the  mode  expressed  in  terms  of  the  standard  de- 
viation.   Thus  Sk  =  —  •    When  the  value  of  the  mean  is 
a 

greater  than  the  mode,  the  skewness  is  said  to  be  posi- 
tive; when  less,  negative.  The  skewness  is  calculated  by 
a  different  formula  for  each  type  of  curve.  But  it  is  not 
difficult  to  estimate  it  bj'  the  rule  given  previously  for 
estimating  the  mode,  if  we  know  the  mean,  median,  and 
standard  deviation. 


In  fact,  there  is  considerable  doubt  as  to  how  far  mathe- 
matical analysis  of  the  statistics  of  variation  can  be  car- 
ried witli  profit.  The  types  of  curves  grade  into  one  an- 
other in  such  a  way  that  it  may  liappen  that  in  some 
cases  cither  one  of  two  or  more  curves  will  fit  the  poly- 
gon e(iually  well  for  practical  purposes.  Thus  Miss 
Hefferan  (1900)  found  a  case  in  which  dropping  out  one 
extreme  individual  in  a  series  of  four  luindred  changed 
the  curve  fnun  Type  IV.  to  Type  I.,  and  the  two  curves 
when  plotted  are  practically  identical.  Pearson  (1901, 
p.  4.53)  gives  a  casein  which  two  curves  of  Types  V.  and 
VI.  plotted  from  the  same  data  are  so  close  as  to  be  hard- 
ly distinguishable  to  tlie  ej'e. 

Carrelatiiin  of  Vnrintioits. — So  far  we  have  dealt  with 
variations  of  single  characters  onlv.  But  every  organism 
possesses  many  characters  and  organs,  and  these  are  re- 
lated in  many  ways,  both  as  to  structure  and  function. 
Now  there  may  or  may  not  be  some  definite  relation  on 
the  average  between  the  variations  of  any  given  pair  of 
associated  characters. 

In  the  language  of  Gallon  (1889):  "Two  variable  or- 
gans arc  said  to  be  correlated  when  the  variation  of  the 
one  is  accompanied  on  the  average  by  more  or  less  va- 
riation of  the  other,  and  in  the  same  direction. "  This  is 
positire  correlation.  When  the  variation  of  the  second 
organ  is  in  the  opposite  direction  from  that  of  the  first, 
wo  have  negative  correlation.  Many  correlations  are  mat- 
ters of  every-day  observation.  Thus  the  right  leg  is 
generally  of  very  nearlv  the  same  length  as  the  left  leg. 
There  is  a  similar  but  less  close  correlation  between  the 
lengths  of  arms  and  legs,  a  man  with  light  hair  usually 
has  blue  eyes,  and  so  on. 

We  may  find  correlations  also  between  similar  charac- 
ters in  associated  individuals,  as  fathers  and  sons  (see 
Heredity),  or  husbands  and  wives;  also  between  charac- 
ters of  organisms  and  factors  in  their  environment  or 
their  previous  treatment  or  condition,  as  between  color  of 
plumage  and  latitude  of  habitat,  susceptibility  to  disease 
and  age,  immunity  against  smallpox  and  vaccination. 

Such  correlations  are  clearly  of  great  theoretical  impor- 
tance for  the  stud}'  of  evolution  and  heredity,  and  they 
have  very  practical  bearings  upon  medical  and  social 
questions. 

Therefore  it  is  important  that  we  should  have  some 
means  of  expressing  the  amount  of  correlation  in  qimn- 
titative  terras.  This  means  has  been  furnished  by  Galton 
(1889)  who  shoM'cd  how  to  find  the  coefficient  of  correla- 
tion, or  what  is  often  called  Galton's  function. 
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Fig.  4986.— The  Various  Sub-Types  of  Tninsitlonal  Slfew  Freciuency  Curve  of  Type  III.    an.  Maximum  ordinate  ;  hb,  ordinate  of  the  mean : 

cc,  ordinate  of  the  median.    (From  Pearson.) 


194 


REFERENCE   HANDBOOK   OF  THE  JVUIDICAL  SCIENCES. 


Varialioii. 
A'ariatiou, 


Suppose  we  liave  measurements  of  the  length  and 
breadth  of  the  heads  of  one  tliousand  men.  The  data 
thay  be  arranged  in  a  correhition  tnhli'.  like  the  one  given 
below.  This  is  constructed  in  the  following  manner:  At 
the  top  is  a  horizontal  scale  of  length,  and  we  will  call 
this  the  selected  character,  or  "subject."  Likewise  at 
the  left  is  a  vertical  scale  of  breadth,  whicli  is  the  asso- 
ciated character,  or  "relative."  The  entries  in  tiie  body 
of  the  table  are  the  frequencies  of  individuals  iu  which 
this  pair  of  characters  have  the  values  given  in  the  corre- 
sponding positions  in  the  horizontal  and  vertical  scales, 
respectivel}-.  For  example,  there  were  21  men  whose 
head  length  was  7.1  inches.  Of  these  1  had  a  width  of 
5.7  inches,  4  were  5.8,  4  were  5.9,  6  were  6  inches  broad, 
and  so  on.  The  columns  and  rows  of  frequencies  are 
added  up  at  the  bottom  and  at  the  right.  Each  cohnnn 
forms  an  army,  which  shows  the  variations  of  breadth 
associated  with  the  value  of  the  length  given  at  the  head 
of  the  column.  In  the  same  waj'  breadth  may  be  taken 
as  the  subject,  and  then  the  rows  of  frequencies  arc  the 
arrays,  giving  the  variations  of  the  associated  length. 


the  axis  of  x ;  and  the  position  of  the  mean  of  all  the  head 
breadths  is  similarly  represented  b\'  the  intersecting  hori- 
zontal line,  the  axis  of  y.  Now  the  horizontal  distance 
of  a  circle  from  the  axis  of  x  will  give  the  deviation  (.c) 
of  the  selected  character,  ami  the  vertical  distance  of  the 
same  circle  from  the  axis  of  ,;/  will  give  the  mean  de- 
viation ((/)  of  the  associated  array  from  the  mean  of  all 
the  arrays.     Now  if  x  and  y  are  expressed  in  equivalent 


units,  the  ratio  -^  will  give 
X  ° 


I  measure  of  the  correlation 

of  the  two  characters  iu  this  particular  array.     If  the 

ratio  -2-  were  the  same  in  all  tlie  arrays,  the  zigzag  line 

in  Fig.  4987  would  become  a  straight  line.  As  it  is,  we 
see  that  it  has  a  general  trend  which  is  represented  b_y  a 
straight  line  that  may  be  drawn  so  that  the  sum  of  the 
distances  of  the  small  circles  from  it  shall  be  as  small  as 
possible.  This  line  will  meet  the  axes  of  x  and  y  at 
their  point  of  intersection.  Now  the  slope  of  this  line 
may  be  measured  in  the  same  way  that  the  grade  of  a 
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Head  Le.noth  i.v  Inches. 

Totals. 

0.8 

B.9 

7 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

7.8 

7.9 
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8.1 

8.2 
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8.4 

8.5 

8.6 

5  5 
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•> 

3 

5.H 
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43 
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80 
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131 
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185 
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142 
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6.8 
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To 

tals. 

1 

3 

6 

21 

4.3 

58 

100 

145 

175 

180 

98 

75 

61 

22 

9 

3 

•• 

1 

1.000 

The  means  and  standard  deviations  of  the  subject  and 
relative  ma}'  be  calculated  from  the  total  frequencies 
given  at  the  bottom  and  right  side  of  the  table,  respec- 
tively, by  the  methods  previously  described.  In  the 
same  way  the  mean  may  be  determined  for  each  array. 
Now  transferring  our  horizontal  and  vertical  scales  to 
plotting  iiaper,  the  positions  of  tlie  means  of  the  arrays 
may  be  jilotted  as  in  Fig.  4987,  which  is  made  from  a 
correlation  table  of  head  breadth  and  stature  iu  three 
thousand  criminals.  In  this  diagram  the  position  of  the 
mean  of  an  array,  is  indicated  by  a  small  circle,  and  tlie 
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Fig.  4987. — Diagram  of  Correlation  Table.  Stature,  subject;  head 
breadth,  relative.  Three  thou.sand  criminals,  mean  height  =  65.5 
inches,  mean  head  breadth  =  150.4  mm.  Coefficient  of  regression  = 
0.3612.     (From  Macdonell.) 

circles  are  connected  by  a  zigzag  line.  The  position  of 
the  mean  of  all  the  statures  is  represented  by  a  vertical 
line  drawn  through  the  middle  of  the  diagram:  call  this 


railway  track  is  measured,  by  the  rise  or  fall  in  a  certain 
unit  of  horizontal  distance,  as  ten  feet  in  a  mile,  or  in 
our  case  by  the  height  )/„  of  any  point  a  at  the  distance 
Xa  from  m  i  (Fig.   4988).     The  slope  of  the  line  may  be 

Subject  Deviations. 


- 

3 

-2 

- 

I 

0 

■h 

1 

+  2 

+  3 

\ 

c 

7 

K, 

1 

\ 

1 

N 

\ 

\ 

N 
\ 

i 

> 

-x^- 

— > 

1 

yo. 
1 

X 

^5 

«a. 

* 

H^ 

^ 

\ 

s. 

\ 

\ 

-1- 

\ 

\ 

.b 

0) 

\ 

\ 
s 

\ 

\ 

\ 

d 

+ 

n 

«, 

\ 

Fig.  4988.— Diasrram  of  a  Correlation  Table  with  Deviations  Plotted 
in  Terms  of  Standard  Deviation,  mi.  Position  of  mean  of  subject; 
nja,  mean  of  relative ;  a  h^  repression  line. 
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measured  also  by  the  angle  «■  which  it  makes  with  the 
line  nu.  and  the  ratio  ^  is  what  mathematicians  call  the 

tangent  of  that  angle,  ^  =  tan  ^.  It  may  be  shown  by 
the  principle  of  least  squares  that,  taking  all  the  observa- 
tions into  consideration,  the  most  probable  value  of  tan  f 

will  be  tan  <p  =  ^^^7!^.  ■'^'''ere  ■>■  and  y  are  the  devia- 
tions of  each  pair  of  observations  from  the  means  of  the 
subject  and  relative,  respectively,  z  is  the  number  of 
paire,  or  frequency  of  each  class  in  the  arrays  and  2  is 
the  sign  for  summation.      But  in  a  diagram  like  i<ig. 

4987  the  ratio  -^77!^*  ''"'"  ""'  "'''*'  ^  constant  meas- 
ure of  the  correlation  between  the  two  characters,  be- 
cause, in  the  tirst  place,  .!■  is  expressed  in  inches  while  v 
is  in  millimetres.  If  we  changed  these  units,  we  would 
cliau>i-e  the  ratio.  Moreover,  stature  and  head  breadth 
liave^diflferent  standard  deviations,  so  tliat  the  diagram 
is  lono-er  in  one  direction  than  in  the  other,  and  the  slope 
of  the  diagonal  would  differ  according  as  to  whether 
head  breadth  or  height  were  taken  as  the  subject. 

Galtou  overcame  tliis  difficulty  by  expressing  all  the 
deviations  of  each  character  in  terms  of  its  probable 
deviation.  Then  his  correlation  table  took  the  form  rep- 
resented in  Fig.  4988,  when  ^  gives  the  coefficient  of 

correlation  no  matter  which  character  is  taken  as  subject. 
If  there  is  perfect  correlation  the  line  ab  will  coincide  with 

cd  and  —  =  1.     But  if  there  is  no  correlation  ab  coin- 

Xa 

cides  with  m,  and  ^  =  0.     So  the  coefficient  of  correla- 

tion  is  a  fraction  which  may  have  any  value  between  0 
and  1  in  Fis.  4988  its  value  is  f,  and,  if  A  be  the  selected 
character  and  B  the  relative,  then  this  coefficient  expresses 
the  probable  proportion  of  the  mean  deviation  of  B  to 
the  corresponding  selected  deviation  of  A.  In  general 
the  deviations  of  B  will  be  found  to  be  less  than  the  cor- 
respondins  deviations  of  A.  Oalton  first  noticed  this 
phenomenon  in  his  early  studies  of  lieredity  and  he  called 
it  regression.  t    •    « 

But  regression  is  not  peculiar  to  heredity.  It  is  found 
in  all  statistics  concerned  with  two  associated  variable 
quantities  whicli  are  not  perfectly  correlated.  What  we 
mean  by  regression,  then,  is  "  that  in  associated  or  corre- 
lated pairs,''if  we  select  one  member  with  a  given  value 
for  its  character,  the  second  has  on  the  average  a  less 
value,  regressing  somewhat  to  the  mean  of  the  general 
population  "  (Pearson,  1900,  p.  394).  Regression  is  thus 
the  reverse  of  correlation. 

In  a  diagram  like  Fig.  4987,  in  whicli  the  positions  of 
the  means  of  the  arrays  are  plotted  in  tlie  units  of  actual 
measurement,  the  zigzag  line  drawn  through  the  means 
is  called  the  juAyyoit  of  regression,  and  the  straight  line 
that  be.st  fits  this  polygon  is  called  the  Une  of  regression. 
For  want  of  a  better  name,  the  slope  of  the  line  of  re- 
gression has  been  called  the  coefficient  of  regression,  al- 
though it  does  not  measure  regression  directly,  but 
inversely.  It  is  a  jjeculiarly  unfortunate  choice  of  name, 
because  it  has  led  to  much  confusion  and  misunderstand- 
ing through  the  natural  tendency  of  recent  writers  to 
speak  of  it  siniplv  as  "the  regression." 
AVe  have  seen"that  the  slope  of  the  regression  line  is 


given  by  the  ratio 


;  {.r  y  z) 


But  S  (.(-s  2)  =  JVoi^  and  we 


2  (J--'  z) 

may  make  2(j^2)  =  JV>ti,(T2,  where  JV  is  the  total  number 
of  pairs,  ct,  tlie  standard  deviation  of  the  subject,  a.^  the 
standard  deviation  of  tlie  relative  and  r  is  an  unknown 
2  (.r  y  z)  _  Nr  a^  a,  _  a^ 
~      a. 


They  both  measure  the  same  phenomenon.  The  former 
gives  the  probable  ratio  of  the  deviations  as  they  are 
actually  observed.  The  latter  gives  a  corrected  value  of 
this  quantity  after  due  allowance  lias  been  made  for  dif- 
ferences in  units  of  measurement  and  in  standard  devia- 

tion.     In  cases  in  which  ff,  =  Oo,  then  tan  ^  =  r  —  =  r. 

"I 

There  is  one  more  property  of  the  correlation  surface, 
as  it  is  called,  that  should 'be  noted.  If  .r  and  y  are 
plotted  in  terms  of  tr,  and  (Tj,  as  in  Fig.  4988,  and  the 
distribution  of  frequencies  is  normal,  then  when  i-  =  0,  a 
series  of  contour  lines  drawn  through  the  classes  of  equal 
frequency  will  be  perfect  circles.  When  the  regression 
line,  06,  "moves  from  nu.  toward  c<l  the  contour  lines 
become  ellipses  with  cd  as  their  major  axis.  As  ab  ap- 
proaches cd  the  ellipses  become  more  and  more  narrow 
until  when  ab  coincides  with  cd.  that  is,  with  perfect 
correlation,  the  frequency  of  each  array  would  be  con- 
centrated along  the  lineW.  Now  the  range  of  each  ar- 
ray is  measured  bv  its  standard  deviation,  which  with 
perfectly  normal  distribution  would  be  given  by  the 
formula  c^  —  a  fj\  —  r-.  It  is  evident  that  as  ;•  ap- 
proaches the  value  of  1,  1  —  ;•'  will  become  smaller  and 
smaller  until  finally  ^3  =  0,  that  is,  until  the  distribution 
of  frequencies  of  the  arrays  is  concentrated  along  the 
major  axis  of  the  ellipses.  This  shows  that  the  accuracy 
with  which  one  can  use  the  value  of  a  character  to  pre- 
dict the  value  of  its  associated  character  will  depend  to  a 
great  extent  upon  the  amount  of  correlation  existing  be- 
tween them. 

There  are  two  methods  at  present  in  use  for  calculating 
the  coefficient  of  correlation.     The  first  method  depends 

on  the  formula  r  =     .,  ^     ,  which  has  been  shown  by 

Pearson  to  give  the  best  value  for  r.  The  formula  indi- 
cates the  method  of  procedure,  which  is  simple  but  labor- 
ious. Having  constructed  a  correlation  table  and  found 
the  means  and  standard  deviations  of  subject  and  rela- 
tive, the  deviations  i  and  y  for  each  array  class  are 
found,  and  then  multiplied  together  and  by  the  frequency 
of  the  class.  All  these  products  are  added  and  the  sum 
is  divided  by  the  product  of  the  whole  number  of  pairs 
multiplied  bv  the  standard  deviations  of  subject  and. 
relative.     The  result  is  the  coefficient  of  correlation. 

Dunker  (1899,  p.  134)  has  devised  a  modification  of  this 
method,  which  is  intended  to  lessen  the  labor,  and  is  fully 
described  by  Davenport  (1899,  p.  33). 

The  second  method  is  more  complex  in  theory,  but  is 
shorter  in  practice.  Theoretically  it  is  not  so  good  as  the 
first,  but  it  has  the  advantage  of  saving  a  great  deal  of 
time  and  labor,  and  it  is  the  only  method  that  can  he  used 
with  characters  that  are  not  quantitatively  measurable. 
It  was  for  this  purpose  that  the  method  was  invented  by 
Pearson  (1901).  Macdonell  (1903)  has  made  a  careful 
comparison  of  the  two  methods,  and  concludes  that  the 
new  method  gives  a  value  of  r  with  an  accuracy  fairly 
comparable  to  that  obtained  from  an  ordinary  frequency 
table  containing  about  one-third  the  number  of  frequen- 
cies. The  results  obtained  in  three  cases  by  the  two 
methods  are  compared  in  the  following  table : 

COMPARISON'    OF  THE   TWO    METHODS. 


quantity.     Then 


Thus  the 


2(j-'  z)  A^,* 

formula  for  the  coefficient  of  regression  becomes  r  — ,  and 
then  it  may  he  shown  that  r  =  the  coefficient  of  correlation. 


Head  length  and  bead  breadth 

Head  breadth  and  .stature 

Left  middle  finger  and  stature 


COEFFICIENT  OF  CORRELATION. 


First  method.    Second  method. 


.4016  ±  .0103 
.18.31  ±  .0110 
.15608  ±  .0069 


.397T  ±  .0176 
.1811  ±  .0210 
.6633  ±  .0142 


The  theory  of  this  second  method  is  explained  in  un- 
technical  language  by  Pearson  in  the  "Grammar  of 
Science"  (1900.  pp.  432-436).  We  will  proceed  at  once 
with  a  description  of  the  manner  in  which  the  theory  is 
applied  in  the  calculation  of  r. 
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The  material  is  arranged  in  a  fourfold  correlation  table 
like  tlie  following: 

COKRELATIO.N    OF    STATURE    AND   BREADTFI   OF    HEAD.     3,11(10  CRIMI- 
NALS.   (Macdonell.) 


Head  breadth 
(centimetres). 


14.8  and  under . 
Over  14.8 


Totals. . 


Stature  in  Feet  and  Inches. 


5'  4^'  and  under. 


4.T.i 


1,034 


Over  5'  4/5-. 


6?2 
l,;e4 


1,946 


1,(177 


3,0ti0 


CORRELATIO.N  OF  PREVIOUS  TREAT.VEXT  AND  RE.SrLT  OF  SMALLPOX. 
HOMERTON      AND      FULHAM      HOSPITALS      (DOlBTFrL     CASES     E.X- 

CLIDED).     (Macdonell.) 

Recoveries. 

Deaths. 

Totals. 

Vaccinated 

8,207 
1,434 

693 

1   1111! 

8,899 

Totals 

9,(Sil 

1,710 

11,43(1  . 

Let  the  correlation  table  be  represented  by  the  follow- 
ing diagrams ; 

Table  of  Frequencies. 


a 

b 

a  +  b 

c 

d 

c  +  d 

a  -\-  c 

b  +  d 

N 

a^  '■ 


Fig.  4989.-  Diagram  Showing  the  Theoretical  Relation  ot  the  Table 
of  Frequencies  to  a  Normal  Correlation  Surface.  The  shaded  rect- 
angles a.  h.  c.  d  represent  the  divisions  of  the  table  of  freciuencies. 
h'  and /f'  the  deviations  of  the  lines  of  division  from  the  means 
of  subject  and  relative  represented  by  the  axes  of  y  and  .r.  (From 
Pearson.) 

Calculate  the  values  of  n,  and  a„  by  the  formuloe 
_  (a  +  r)  -  (A  +  d) 

'- A' • 

(a  +  i)  -  (c  +  f/) 

y 

Now  we  need  a  table  of  the  "  probability  integral," 
which  gives  the  "sums  from  the  beginning"  of  the  nor- 
mal curve  of  frequency.  In  "Biometrika,"  vol.  ii., 
pp.  182-190,  is  a  series  of  tallies  of  this  kind  prepared 
especially  for  our  purpose.  Turning  to  Tables  III.  and 
IV'.,  pp.  18ij-190,  we  find  in  the  a  column  our  value  of  o, 
and  in  the  .r  column  read  ott'  the  corresponding  tabular 
entry,  interpolating  if  necessary,  and  the  value'thiis  ob- 
tained is  called  k.  Continuing  to  tlie  z  column  we  find 
the  tabular  entry  and  call  tliat  //.  In  the  same  way  for 
"2  we  find  the  corresponding  entries  under  .k  and  z  and 
call  them  k  and  K. 


Then  find  f  by  the  formula 


lid  —  lie 
y  IIK' 


and 


the 


coetticient  of  correlation,  may  be  found  from  the  equation, 

'  =  '•  +  Y  ''''+  -Q  (''■'-!)  (^'-1)  +  y4  ''  (''"■  -  3)A(A<-3) 

+  ...etc. 
(Pearson,  lOOIi/,  p.  6). 

Or,  if  we  wisli  to  be  a  little  uKire  exact,  we  may  find  i- 
by  the  following  equati(.)us: 

£  =  e-\-ihke-i  _(/ti  -f  A-'  -  h-k')-^ 

+  hk  I  /(.*A:-^  -  3(/,-  -f  A:-)  +5    I  ,^  +  etc. 

)■  =  sin  fi  (Fig.  4990).     (Pearson,  he.  cit.,  p.  8.) 

The  equations  for  finding  ;•  and  "  may  be  solved  by 
Newton's  method  of  appro.xiniation,  or  better  by  Hor- 
ner's method  (see  Wells, 
"College  Algebra,"  p.  520); 
or  Burnside  and  Pantou,  1892, 
p.  212).  In  the  second  equa- 
tion the  value  of  the  angle  " 
is  given  in  radians,  ratio  of 
arc  to  radius.  As  ^tt  =  90', 
the  value  of  t)  in  seconds 
is  given  by  the  equation 
.4  =  206,265  6  (De  Morgan. 
1902,  p.  276).  Reducing 
.4  to  degrees,  minutes,  and 
seconds,  r  =  sin  H  is  found 
easily  in  any  table  of  natural 
.sines  (e.g.,  Jones,  "Logarith- 
mic Tables,"  pp.  60  it  seq.). 
A  still  easier  method  of  find- 
ing )•  from  d  is  to  take  a 
table  like  Jones's  Table  II. 
{loc.  cit..  pp.  15-19)  where  the  angles  are  given  both  in 
degrees  and  in  radians,  and  log  )•  =  log  sin  U  can  be  read 
off  directly,  and  ;•,  found  from  a  table  of  logarithms. 

Pearson  has  given  (1902  l>,  pp.  13-14)  a  graphical 
method  for  fitting  a  straight  line  to  a  set  of  observations 
that  seems  applicable  in  the  plotting  of  regression  lines 
and  the  calculation  of  coefficients  of  correlation.  But  it 
is  doubtful  if  this  method  would  have  any  advantage 
over  the  one  just  described. 

It  will  be  interesting  to  note  at  this  point  some  of  the 
restiUs  that  have  been  obtained  by  the  study  of  correla- 
tion. The  following  coefficients  of  correlation  were  ob- 
tained by  Macdonell  from  three  tliousand  criminals: 


FIG.  4990.  —  Illustrating  the 
Meaning  of  r  =  sin  6.  If  the 
angle  I'UX  =  9  is  measured 
by  tlie  arc  PX.  then  )■  =  sin  9 
=  PM,  OP  being  taken  as 
unity.     (From  Pearson.) 


Correlations 


Coefficient. 


stature  and  head  length 0.33993 

Stutiire  a  till  head  breadth 18.308 

staiure  ami  f((ce  breadth 34.127 

SUiOire  aud  linger 66084 

Stature  and  cubit 79986 

Stature  and  foot 73636 

From  the  results  of  which  these  form  a  jiart  lie  has 
arrived  at  important  conclusions  concerning  the  identi- 
fication of  criminals. 

Some  correlations  of  esjieeial  interest  to  physicians  are : 

Diphtheria.  Pearson  (ICOD— Correlation  of  antito.\in 
treatment  and  recovery r  =  0.24.51  ±  0.0205 

smallpox,  Macdonell  (1903)— Effectivenessof  vaccination  and 
strength  to  resist  the  disease. 

For  sLk  towns r  =  0.6561  ±  0.0092 


For  Sbeffleld .7694  ± 

For  Leicester .6112  ± 

For  G  loucester ..5897  ± 

For  Honierton  and  Fulhani  .  .5760  ± 

For  Homerton  and  Fulhaai.  .6615  ± 

For  tilasgow .7783  ± 

For  London,  1901 .3779  ± 

For  London,  1892-93 3934  ± 


.0124  I        Doubtful 
.0728  '■  (^ases  included 
.0198 


.0083 
.0365 
.0311 

.0272 


in  the 
vaccinated. 


Doubtful 

cases 
excluded. 


Precision  of  the  Constants. — The  constants  of  our  curves 
of  variation  and  correlation — mean,  median,  standard 
deviation,  coefficient  of  correlation,  and   the  like — are 
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the  predictions  made  from  observations  as  to  the  prob- 
able (Dudition  of  tlie  given  cliaracter  in  tlie  whole 
poimlatioii.  Our  data  are  like  the  balls  drawn  from  the 
uru  which  we  cannot  see  into  nor  upset.  We  can  only 
guess  at  what  is  in  the  urn  by  what  has  been  drawn  out 
of  it.  We  liave  seen  that  the  probability  of  our  guess 
being  right  depends  upon  the  number  of  observations. 
Tliis'is  expressed  by  the,  so-called,  probable  errors  of  the 
constants,  which,  preceded  by  the  ±  sign,  are  written 
alter  the  constants,  as  in  the  examples  given  in  previous 
sections.  We  will  now  give  the  formula;  for  calculat- 
ing the  probable  errors  (P.E.)  of  some  of  the  most  im- 
portiuil  constants.     When  distribution  is  normal: 

P.  E.  ofuiean  =  .C745 


^/JT 


P.  E.  of  median  =  .84.54 — ;:=z- 


Wlien  r  = 


P.  E.  of  a  =  .6745 

(xyz) 


Aoida 


V2A- 
P.  E.  of  r 


.6745—=- 


When  ;•  is  calculated  by  the  second  method,  its  P.  E. 
has  a  very  complex  formula  (Pearson,  1901,  p.  14).  But, 
according  to  Macdouell,  it  will  be  about  the  same  as  if  r 
were  calculated  by  the  tirst  method  with  one-third  the 
number  of  pairs.  Yule  gives  a  table  (1897,  p.  854)  of  the 
P.E.  of  ;•  by  the  first  method  for  vaiious  values  of  N. 

Biologists  are  indebted  to  Elderton  for  a  useful  table 
("Biometrika,"  vol.  i..  part  ii.),  bj-  which  it  is  possible 
to  determine  wliether  the  differences  between  a  polj'gon 
of  frequency  and  the  corresponding  theoretical  curve  are 
greater  or  less  than  the  probability  of  random  sampling 
should  lead  one  to  expect.  If  they  are  not  greater,  the 
cm've  chosen  may  be  regarded  as  a  satisfactorj'  represen- 
tation of  the  relative  frequencies  of  the  variations  in 
nature. 

We  will  now  bring  to  a  close  this  description  of  the 
methods  emploj'cd  in  statistical  biology,  which  we  be- 
lieve to  be  the  first  one  that  is  both  fairly  complete  and 
in  a  language  that  can  be  understood  by  the  ordinary 
Amerieau  biologist  or  physician ;  and  we  venture  to  ex- 
press the  hope  that  it  may  lead  to  a  wider  investigation 
in  the  fields  that  these  new  methods  make  available  for 
study.  Hubert  Payne  Bifjelmo. 
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VARICELLA.     See  Chickenpox. 

VARICOCELE.     See  Seimd  Organs,  Male,  Diseases  of . 

VARICOSE  VEINS.— Etiology.— Dilated  and  tortu- 
ous veins  aie  spoken  of  as  varices,  or  varicose  veins. 
This  abnormal  condition  is  dependent  in  some  way  upon 
an  interference  with  the  flow  of  blood  in  the  veins.  Thus 
gravity  plays  its  part,  since  the  trouble  is  most  common  in 
the  veins  of  the  legs,  and  since  it  is  more  often  seen  in  tall 
jieople  than  in  short  ones.  Age  and  disease  of  the  heart, 
))roducing  imperfect  valvular  action,  are  also  potent  fac- 
tors. As  instances  of  local  venous  obstruction  may  be 
mentioned  abdominal  tumors,  pregnancy,  and  the  wear- 
ing of  coustricting  clothing,  such  as  circular  garters.  The 
left  .spermatic  vein  empties  into  the  left  renal  vein  at  a 
right  angle,  being  crossed  by  the  sigmoid  flexure.  The 
pressure  exerted  upon  it  by  an  accumulation  of  fa'ces  is 
thought  to  be  one  rea- 
son why  varicocele  is 
common  on  the  left 
side. 

However,  the  reasons 
just  stated  are  not  of 
themselves  sufficient  to 
explaiu  the  occurrence 
of  varicose  veins.  Thus 
the  veins  begin  to  di- 
late iu  the  earl}'  months 
of  pregnancy  before 
the  uterus  is  suiBcient- 
ly  enlarged  to  exert 
any  pressure  upon  the 
iliac  veins,  while  vari- 
cose veins  are  wanting 
iu  many  patients  with 
large  abdominal  tu- 
mors. Nor  is  the  change 
due  to  the  atrophy  of 
old  age,  as  it  is  usual- 
ly noticed  before  the 
fortieth  year,  and  in  a 
great  many  instances 
before  the  twenty-fifth 
year.  It  is  equally  dif- 
ficult to  explain,  why 
the  veins  of  one  leg 
should  be  much  dilated 
and  tortuous,  while 
those  of  the  other  are 
scarcely  affected ;  or 
why  in  certain  persons 
the  huge  veins  are 
chieH\'  alTected,  and  in 
others  the  smaller  radi- 
cles in  the  skin.  As 
muscular  contraction 
and  muscular  relaxa- 
tion constitute  the 
chief   aids  to    venous 

flow,  it  is  not  surprising  that  persons  who  are  obliged  to 
stand  for  hours  at  a  time  (washerwomen,  car  motormen, 
etc. )  sutler  more  from  this  trouble  than  those  who  are 
conslantl}-  changing  their  position. 


Fig.  4991.— Varicose  Veins  of  the  Lower 
Lirabs  and  Genital  Organs  in  the  I'ase 
of  a  Woman  soon  to  be  Delivered  of 
her  Tenth  Child.  (Duplay  et  Reclus : 
"Traite  de  Chirurgie.") 
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While  any  of  the  veins  of  the  lower  extremity  mn}-  be 
affected,  the  trouble  is  most  often  found  in  some  of  the 
radicles  of  the  intei'nal  saphenous  vein.  The  tortuous 
and  dilated  vessels  are  easily  recognized  on  inspection, 
and  if  they  lie  near  the  surface  their  bluish  color  is  visi- 
ble through  the  skin.  If  they  are  not  or  have  not  been 
inflamed,  they  collapse  uuder  moderate  pressure  and  dis- 
appear almost  entirely  when  the  foot  is  elevated.  In 
some  places  their  channels  through  the  skin  feel  like  a 
break  iu  its  continuity  :  while  here  and  there  they  lie  so 
near  the  surface  that  "they  seem  to  be  covered  with  little 
more  than  epithelium.  The  deep  veins  of  the  leg  may 
be  affected  as  well  as  the  superlieial  ones.  If  the  dilata- 
tion goes  on  to  a  still  greater  degree  a  distinct  thin-walled 
sac  filled  with  fluid  blood  is  formed.  Such  a  large  varix 
is  shown  in  Fig.  4992. 

As  a  residt  of  the  dilatation  many  of  the  valves  become 
insutlicient.  This  can  be  tested  in  the  following  man- 
ner: After  the  veins  of  the  Inwer  extremities  have  been 
emptied  by  elevation  of  the  foot  and  stroking  of  the  limb 
toward  the  body,  the  thumb  is  placed  upon  the  main 
saphenous  trunk  and  the  patient  is  directed  to  stand. 
The  varicose  veins  will  till  slowly  and  only  to  a  moderate 
degree.  The  moment  the  thumb  is  removed  the  column 
of  venous  blood  falling  into  them  from  above  instantly 
distends  them  to  their  fullest  capacity  if  the  valves  are 
incompetent.  Such  are  the  conditions  of  simple  vari- 
cosity. Sooner  or  later  one  or  more  complications  are 
likely  to  arise,  such  as  thrombosis,  rupture,  periphlebitis, 
oedema,  eczema,  and  ulcer. 

Complications. — Thrombosis  may  occur  in  diUited 
veins  of  the  leg  exactly  as  it  may  occur  in  the  dilated 
vein  of  an  external  hemorrhoid.  It  is  accompanied  by  a 
good  deal  of  jiaiu  and  tenderness,  by  slight  redness  and 
by  ftdema  plainly  limited  to  the  immediate  vicinity  of 
the  vein  involved.  Thus  if  a  not  very  tortuous  vein  be 
affected  for  a  distance  of  five  or  six  inches  its  course  can 
be  accuratelj'  mapped  out  as  an  indurated  strip  about 
three-fourths  of  an  inch  wide.  If  the  vein  is  tortuous, 
the  indurated  area  will  have  an  irregular  outline. 

The  nutrition  of  the  parts  drained  by  varicose  veins  is 
often  seriously  affected,  so  that  a  wound  may  become  in- 
fected. The  result  may  be  erysipelas,  cellulitis,  abscess, 
or  suppurative  thronibophlebilis.  althoiigh  the  last-men- 
tioned condition  is  by  no  means  common. 

When  the  vein  lies  near  the  surface  it  is  easily  rup- 
tured by  a  blow  from  a  sharp  object,  and  as  there  is  little 
elastic  tissue  about  the  opening,  the  hemorrhage  is  pro- 
fuse and  ma)'  be  serious  if  it  is  not  stopped  by  pressure 
or  ligation. 

A  fourth  complication,  more  often  seen  in  older  individ- 
uals, is  an  extensive  cedema.  At  first  this  is  of  the  usual 
type,  revealing  itself  by  iiitting  on  pressure;  but  after  it 
has  existed  for  many  months  the  production  of  fibrous 
tissue  may  be  sufficient  to  prevent  much  indentation  on 
pressiu'c.  This  condition  ma^-  be  due  to  other  causes 
than  varicosity  of  the  veins,  and  it  greatlv  interferes  with 
the  nutrition  of  the  parts,  and  especially  with  the  repair 
of  a  chronic  ulcer,  whether  varicose  or  not. 

Eczema  is  another  complication  due  to  an  imperfect 
nutrition  which  is  apt  to  lead  to  ulcers  starting  in  the 
small  scratches  made  by  the  jiatient  in  the  vain  attempt 
to  relieve  himself  from  the  intolerable  itching. 

Not  every  ulcer  occurring  in  a  patient  whose  veins  are 
varicose  is  "to  be  attributed  to  such  varicosity.  A  long- 
standing ulcer  of  the  leg  of  a  non-malignant,  non-syph- 
ilitic, non-tuberculous  character  is  better  spoken  of  as  a 
chronic  ulcer.  It  may  be  the  direct  or  indirect  result  of 
varicose  veins,  but  it  may  also  be  due  to  traumatism  or 
eczema,  or  cedema,  or  aniemia.  It  is  misleading  to  call 
all  such  ulcers  varicose  ulcers.  Thej-  are  all  due  to  poor 
local  nutrition,  of  which  varicosity  of  the  veins  is  sim- 
jily  one  cause. 

When  varicose  veins  have  existed  for  a  considerable 
time  there  will  often  be  noted  a  brown  pigmentation  of 
the  skin,  occurring  more  or  less  in  patches,  and  due  either 
to  small  subcutaneous  ruptures  of  the  venous  radicles  or 
to  transudation  of  red  blood  cells  through  the  dilated 


venous  walls.  In  either  case  the  blood  pigment  becomes 
permanently  fixed  in  the  fibrous  tissue  of  the  skin,  giving 
it  a  characteristic  yellow-brown  color. 

Sy.mptoms. — Varicose  veins  often  give  rise  tonosyriip- 
toms  whatever.     Such  is  apt  to  be  the  case  in  young  and 


Fkj.  41192.— Varicose  Veins  of  Both  Lefjs  with  a  Large  Varicose  Vein 
below  the  Left  Knee  and  a  Varicose  Ulcer  just  above  the  Right 
Ankle.     (Von  Bmns.) 

healthy  persons,  and  also  when  the  veins  are  dilated 
throughout  a  small  area — for  example,  over  one-half  of 
the  vulva,  or  around  the  Siiphenous  opening. 

The  symptoms  in  uncomplicated  cases  are:  A  sense  of 
weight  and  more  or  less  dull  aching  relieved  by  elevation 
of  the  affected  extremity. 

The  symptoms  of  thrombosis  are:  Marked  tenderness 
on  pressure,  acute  local  pain,  which  is  considerably  but 
uot  wholly  relieved  by  a  recumbent  position,  and  a  rise 
of  temperature  of  one,  two,  or  three  degrees. 

The  symptoms  of  the  inflammatory  complications  men-  . 
tioned  above   are   such   as  accompany  these   processes 
wherever  they  occur  in  the  body. 

The  DIAGNOSIS  of  varicose  veins  and  of  the  different 
complications  above  enumerated  is  easy  for  any  one  who 
is  able  to  recognize  the  diS'erent  forms  of  inflammation 
and  ulceration.  The  inflamed  strip  of  a  varicose  vein  is 
broader  than  that  of  infection  in  a  lymph  vessel,  and  the 
overlying  skin  is  not  so  red.  A  sharply  localized  varix 
can  hardly  be  mistaken  for  any  sort  of  a  cystic  growth, 
as  it  is  collapsible  on  pressure,  refills  slowly,  and  has  less 
tension  than  most  cysts.  It  does  not  pulsate  like  an 
aneurism. 

Treatment. — Palliative  treatment  of  uncomplicated 
varicose  veins  consists  in  attention  to  the  general  health; 
in  the  avoidance  of  such  occupations  and  such  clothing 
as  tend  to  interfere  with  the  venous  flow ;  in  the  eleva- 
tion of  the  feet  as  much  as  possible  when  the  patjent  is 
sitting  down,  and  in  the  wearing,  during  the  daytime,  of 
an  elastic  bandage  or  stocking  extending  from  the  toes  to 
the  knee.  Even  though  the  varicose  veins  extend  well 
into  the  thigh,  firm  compression  of  the  leg  will  usually 
relieve  the  symptoms,  and  it  is  difficult  to  apply  a  stock- 
ing or  bandage  with  comfort  above  the  knee-joint. 

A  woven  elastic,  cotton  or  silk-web  stocking  costs 
from  S2.50  to  S8.  Its  advantages  are  the  ease  -with  which 
it  may  be  applied  and  the  firm  pressure  which  it  exerts 
when  new.    A  thin  white  lisle  thread  stocking  should  be 
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worn  next  the  skin  to  protect  the  elastic  stocliing  from 
perspinitiou.  With  the  best  of  care  an  elastic  stocking 
loses  its  tone  in  a  few  mouths,  so  that  the  expense  is  no 
inconsiderable  item  to  a  poor  person.  Various  kinds  of 
elastic  bandages  have  been  devised,  such  as  pure  rubber, 
rubber  webbing,  cloth  webbing,  stockinette,  etc.,  but 
nothing  is  more  satisfactory  than  i)ure  coarse  white  flan- 
nel cut  on  the  bias  in  strips  about  three  inches  wide,  a 
sufficient  niuuber  of  which  are  sewed  together  to  make 
a  bandage  six  or  eight  yards  long.  Such  bandages  can 
be  washed  and  ironed  as  often  as  they  become  soiled,  and 
they  will  last  a  long  time.  They  shoidd  be  applied  before 
thepatient  gets  up'in  the  morning.  In  the  beginning  this 
is  a  considerable  trouble,  as  it  is  by  no  means  easy  to 
bandage  one's  own  leg.  But  most  patients  soon  learn  to 
apply  them  in  five  or  ten  minutes,  and  many  put  them 
on  as  neatly  as  a  professional  could  hope  to  do.  No  one 
who  has  once  become  accustomed  to  apply  such  bandages 
would  willingly  exchange  them  for  an  elastic  stocking, 
since  he  can  always  regulate  the  pressure  according  to 
liis  own  comfort,  aside  from  the  fact  that  they  are  cleaner 
and  cheaper. 

The  radical  treatment  of  varicose  veins  may  be  (1) 
their  multiple  ligation,  either  subcutaneously  or  through 
short  iucisions,  (2)  the  excision  of  portions  or  of  the  whole 
of  the  dilated  veins,  or  (3)  the  double  ligaticui  of  the 
saphenous  vein  at  its  entrance  into  the  femoral.  The 
injection  of  substances  to  produce  clots  in  the  veins  is  no 
longer  in  vogue. 

The  subcutaneous  ligation  of  the  vein  consists  in  the 
passage  of  a  needle  threaded  with  catgut  first  beneath 
the  vein  and  then  between  the  vein  and  the  skin  (Fig. 
4993). 

The  ligation  of  the  main  trunk  of  a  saphenous  vein 
was  reconunended  by  Trenilelenburg  in  an  article  pub- 
lished in  1891.  The  good  results  then  reported  and  those 
which  have  since  been  obtained  by  others,  have  given  this 
operation  a  considerable  renown.  It  is  worth  remember- 
ing, however,  that  a  thrombus  may  form  in  the  proximal 
portion  of  the  vein  and  that  it  may  reach  u])  into  the  femo- 
ral and  cause  embolism.  For  this  reason  a  patient  ought 
to  remain  in  bed  for  at  least  ten  days  after  the  operation. 
The  vein  can  be  exposed  under  the  inttueuce  of  cocaine 
at  its  termination  in  the  femoral  vein,  or,  in  case  its 
higher  branches  are  not  varicose,  it  may  be  exposed  just 
below  the  centre  of  the  thigh.  It  .should  be  ligated  in 
two  places  and  divided  between  the  ligatures. 

The  excision  of  a  considerable  length  of  a  varicose  vein 
is  an  operation  which  usually  requires  some  little  time 


Fig.  4993.— Snlicutanpons  Lipration  of  a  Vein  (Trendelenburp's 
Metliod).  (I,  Sliovvs  liow  the  llcatiire  is  to  be  .ipplied  :  h.  shows  ttie 
condition  ot  the  parts  after  tlic  licature  lias  bet-n  drawn  taut  and 
tied. 

and  which  can  best  be  iierformcd  under  a  general  anres- 
thetic.  The  limb  should  !)(■  allowed  to  liang  over  the 
edge  of  the  operating  table  for  a  minute  or  two  for  the 
purpose  of  distending  the  veins,  and  then  a  constricting 


band  or  rubber  tube  is  placed  around  the  thigh,  not  tight 
enough,  however,  to  obstruct  the  arterial  How.  The  dis- 
section of  the  veins  should  be  made  from  above  down- 
ward, since  in  this  manner  they  will  remain  full  of  blood 
and  will  thus  be  easily  found.  As  long  as  the  vein  is  not 
cut  into  it  is  clearly  visible  and  the  dissection  is  easily 
performed;  but  often,  in  spite  of  his  resolve  not  to  do 
so,  the  operator  will  cut  a  hidden  branch  which  extends 
from  the  .superficial  vein  to  some  deeper  one,  and  the 
wound  will  then  become  filled  with  a  flow  of  blood  which 
is  sometimes  stopped  with  diliiculty.  When  the  tissues 
are  once  stained  with  blood  the  veins  are  less  easily  recog- 
nized. When  the  affected  veins  have  been  removed  the 
wounds  in  the  skin  are  sutured,  and  if  they  heal  pri- 
marily the  patient  should  be  able  to  go  about  in  ten  days 
or  two  weeks.  The  ultimate  recovery  is  not  hastened 
by  getting  the  patient  out  of  bed  before  there  is  firm 
union  of  the  skin. 

These  operations  are  of  service  not  only  in  relieving 
the  patient  of  his  troublesome  varicose  veins,  but  in  tend- 
ing to  cure  such  complications  as  eczema  and  ulcer. 

Excision  may  also  be  applied  to  a  thrombosed  vein. 
The  time  of  recovery  will  not  be  tnueh  greater  than  that 
requii'ed  for  excision  of  an  uncomplicated  varicose  vein, 
while  the  non-operative  method  of  treatment  of  throm- 
bosis ofteii  requires  four  or  five  weeks  for  effecting  a 
cure.  The  risk  is  said  to  be  no  greater  than  that  follow- 
ing excision  of  simple  varicose  veins. 

The  non-operative  treatment  of  a  thrombosed  varicose 
vein  consists  in  rest  in  bed  and  the  application  of  moist 
wet  dressings  or  an  ice-bag  to  relieve  the  pain.  In  from 
two  to  four  weeks  the  acute  symptoms  will  have  sub- 
sided, and  the  patient  may  again  go  about.  It  is  better 
to  apply,  for  a  time  at  least,  a  firm  bandage  from  the 
toes  upwai'd,  so  as  to  relieve  the  veins  from  the  strain  of 
a  column  of  blood  to  which  they  have  grown  tmaccus- 
tomed  during  the  rest  in  bed.  An  annoying  featui'e  of 
thrombosis  is  its  tendency  to  spread  in  spite  of  treatment. 
An  extension  upward  along  the  vein  may  occur,  at  any 
time,  and  the  course  of  the  trouble  in  the  new  situation 
will  be  exactly  like  that  of  the  original  thrombosis.  Ex- 
cision has  been  lately  advised  as  a  method  of  curing 
thrombosed  veins,  as  stated  above. 

In  regard  to  complications  which  may  occur  in  connec- 
tion with  varicose  veins,  see  articles  on  Blood-  Vessels, 
Pfitluilogicnl  Anatomy  of.  Erysipelas,  Plilegmon,  and  Ul- 
cer and  Ulceration.  Edward  Milton  Foote. 

VARIX.     See  Veins,  Diseases  of. 

VAS  DEFERENS.    See  Genital  Organs,  Male. 

VASO-MOTOR  NERVES,    ^ea  Circulation  of  the  Blood. 

VEINS.  ANOMALIES  OF.— The  anomalies  of  veins, 
though  of  gi'eat  morphological  interest,  are,  with  a  few 
exceptions,  of  no  great  surgical  importance.  The  most 
im])ortant  variations  of  the  venous  system  are  found  in 
the  great  veins  entering  the  heai't,  and  in  their  large 
tributary  branches  in  the  thorax  aud  abdomen. 

Although  variations  of  veins  are  moi'e  frequent  than 
those  of  ai'teries,  they  have  been  much  less  studied,  one 
reason  being  that  veins  are  rarely  injected  with  paint  for 
purposesof  dissection.  Their  variations  also  arcof  much 
less  surgical  importance  than  those  of  arteries.  When 
arteries  are  anomalous,  so  are  their  accompanying  veins ; 
an  exception  to  this  rule  is  seen  in  the  obturator  vein 
which  empties  into  the  internal  iliac  vein,  even  when  the 
artery  is  abiuirmal. 

Abnormal  communications  by  aberrant  vessels  are 
much  more  conunou  in  the  venous  than  in  the  arterial  sys- 
tem. JIany  veins  which  are  normal  in  the  lower  animals 
occur  as  anomalies  in  man.  ^[any  varieties  which  occur 
in  man  are  reall}'  persistent  ftctal  conditions,  and  these 
are  permanent  conditions  in  animals  lower  in  the  scale. 
An  example  of  this  is  seen  in  the  occurrence  of  a  double 
vena  cava,  the  supernumerary  vessel  (the  left  cava) 
being  merely  a  persistent  left  duct  of  Cuvier. 

The  following  account  of  the  anomalies  of  veins  is  nee- 
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essarily  iucomplete :  the  reader  wbo  is  interested  in  the 
subject  is  referred  forfurther  information  to  W.  Krause's 
"Varietiiten  der  Korpervenen"  in  vol.  iii.  of  Henle's  "Ana- 
tomie  des  Jlensciieo,"  the  various  articles  in  the  Journal 


Fig.  4094.— PiaCT^m  Illustrating  the  Development  of  the  Great  Veins. 
f.^fiHr  KiWliker.)  ^-1,  Plan  of  the  principal  veins  of  the  ffplusof 
about  fniir  weeks  or  over,  after  tiie  tli^t  formation  of  the  vessels  of 
the  liver  ami  tlie  vena  caxa  inferior:  B,  veins  of  the  liver  at  a 
somewhat  earner  peril  "I;  ('.  principal  veins  of  the  lietusat  the  time 
of  the  first  estatilishmcnt  of  the  placental  circulation:  D,  veins  of 
the  liver  at  the  same  period ;  etc,  the  right  and  left  ducts  of  Cuvier; 
ca^  the  right  and  left  cardinal  veins;  .y.  jugular  veins;  s,  sub- 
clavian; «^,  azygos  ;  (/,  umbilical :  o,  omphalo-raesenteric  vein ;  i>, 
portal  vein;  ;>';»'.  \'en;e  advehentes:  ?,  ductus  venosus  ;  ?i,  hypo- 
gastric or  internal  iliac  veins  in  Ilie  line  of  continuation  of  the 
primitive  cuidtnal  veins;  ii,  Irans\erse  innominate. 

of  Anatomy  and  P/iysiolor/!/^  nud  R.  Quaiu's  "Commen- 
taries on  the  Arteries,"  1844;  and,  for  an  excellent  account 
of  the  development  of  the  veins,  to  vol.  i..  Part  I.,  of 
Quain's  "Anatomy,"  1890. 

Cakdi.vc  Veins. — Coronary  Sinus.  — The  coronar}'  sinus 
and  the  small  oblique. vein  connected  with  it  must  be  re- 
garded as  the  persistence  of  a  ftetal  coudition-vvhich  will 
be  described  in  connection  with  the  superior  cava;  it  is 
really  the  termination  of  the  left  duct  of  Cuvier,  or  left 
superior  cava.  The  vena  azygos  minor  has  been  seen 
emptying  into  the  coronary  sinus;  in  this  case  the  left 
superior  cava  was  persistent  as  a  small  branch. 

It  is  not  uncommon  for  one  or  more  of  the  cardiac 
veins  to  be  absent.  When  the  left  superior  cava  persists, 
it  may  receive  veins  which  normally  enter  the  coronary 
sinus.  The  great  coronary  rein  may  end  in  the  auricle 
itself,  as  may  also  the  middle  cardiac  vein  ;  this  is  the 
normal  condition  in  the  horse,  camel,  etc. 

Pulmonary  Veins. — The  pulmonary  veins  occasion- 
all}'  comniuuicate  with  other  veins,  as  the  innominate 
(Hyrtl);  the  riglit  upper  pulmonary  has  been  seen  to 
empty  into  the  superior  cava,  and  the  left  upper  into  the 
innominate.     The  two  pulmonary  veins  of  one  side  may 


unite  into  a  single  trunk  (more  commonly  on  the  left 
side)  before  emptying  into  the  left  auricle. 

There  may  be  three  pulmonary  veins  on  the  right  side, 
the  third  coming  from  the  mitldie  lobe  of  the  right  lung. 
Hepburn'  records  a  case  of  double  vena  cava  in  which 
there  were  three  right  pulmonary  veins,  the  upper  open- 
ing into  tlie  superior  cava  of  the  right  side,  and  tlie  two 
lower  into  the  right  auricle;  there  was  also  a  separate 
foramen  (quite  distinct  from  the  foramen  ovale)  between 
the  right  and  left  auricles.  Peacock  ■  records  a  similar 
case  in  a  child  six  years  of  age. 

I  have  on  two  occasions  seen  the  upper  pulmonary 
vein  of  the  right  side  emptying  into  the  superior  vena 
cava.  The  left  vein  may  open  into  the  innominate. 
Shepherd  ^  reports  a  case  of  a  single  right  pulmonary 
vein  opening  into  the  vena  azygos  major. 

Development  op  the  Great  Veins. — In  order  to 
understand  more  thoroughly  the  variations  of  the  great 
veins  which  return  the  blood  to  the  heart,  the  following 
description,  abridged  from  Quain's  "Anatomy,"  9th  edi- 
tion, vol.  ii.,  will  be  of  service: 

"At  the  time  of  the  commencement  of  the  placental 
circulation  two  short  transverse  venous  trunks,  ducts  of 
Cuvier,  one  on  each  side,  open  into  the  auricle  of  tlie 
heart;  each  is  formed  by  tlie  union  of  a  superior  and  an 
inferior  vein  named  the  primitirejugularand  the  cardinal 
rein.  The  prinutirejuyular  receives  the  blood  from  the 
cranial  cavity  by  channels  in  fnmt  of  the  ear.  which  are 
subseciuently  obliterated;  m  the  greater  part  of  its  ex- 
tent it  becomes  the  external  jugular  vein,  and  near  its 
lower  end  it  receives  small  branches  which  grow  to  be  the 
internal  jugular  and  subclavian  veins." 

The  cardinal  Tcins  are  primitive  vessels  which  return 
the  blood  from  the  Woltlian  bodies,  the  verteliral  column, 
and  the  parietes  of  the  trunk.  The  inferior  cava  is  a 
vessel  of  later  development,  which  opens  into  the  trunk 
of  the  umbilical  and  omphalo-mesenteric  veins  above  the 
rcnm  hepaticm  rerehentes  (Fig.  4994). 

The  iliac  veins,  which  unite  to  form  the  inferior  cava, 
communicate  with  the  cardinal  veins.  The  inferior  ex- 
tremities of  the  cardinal  veins  are  persistent  as  the  inter- 
nal iliac  veins;  above  the  iliac  veins  the  cardinal  veins 
are  obliterated  in 
a  considerable 
part  of  their 
course;  their  up- 
per portions  then 
become  continu- 
ous with  two  new 
vessels,  iht  poster- 
ior rertebral  veins 
of  Rathke,  which 
receive  the  lumbar 
a  n  (1  intercostal 
twigs, 

Asdevelopment 
proceeds,  the  di- 
rection of  the 
ducts  of  Cuvier  is 
altered  by  the  de- 
scent of  the  heart 
to  the  thoracic  re- 
gion, and  then  it 
becomes  continu- 
ous with  that  of 
the  primitive  jug- 
u  1  a  r  V  e  i  n  s .  A 
coinmuuicating 
branch  makes  its 
appearance  be- 
tween the  two 
jugulars,  directed 

obliquely  downward  from  left  to  riglit;  further  down  in 
the  dorsal  region,  between  the  posterioi'  veitebral  veins, 
another  communicating  branch  is  developed. 

The  communicating  branch  between  the  jugulars  is 
converted  into  the  left  innominate  vein  (see  Fig.  4996). 
The  jjortiou  of  the  primitive  jugular  below  the  commu- 


Fifi.  499.5. — Double  Vena  Cava  seen  from  the 
Front,  with  Small  Transverse  Innominate 
Veins.    CR.  Quain.) 
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nicating  vein,  together  with  the  right  duct  of  Cuvier, 
forms  the  superior  vena  cava,  while  the  cardinal  vein 
opening  into  it  («;,  Fig.  4994')  is  the  extremity  of  tlie 
great  azygos  vein.  On  the  left  side,  the  portion  of  the 
primitive  jugular  placed  heloiv  the  commimicatiug 
branch,  and  the  cardinal  and  posterior  vertebral  veins, 
together  with  the  cross  branch  between  the  two  posterior 
vertebral  veins,  are  converted  into  the  left  superior  in- 
tercostal and  left  siiperior  and  inferior  azygos  veins. 
The  left  duct  of  Cuvier  is  obliterated,  except  at  its  lower 
end,  which  always  remains  pervious  as  the  coronary 
sinus.  Traces  oftliis  vein  are  recognized  in  the  adult  as 
a  fibrous  band  or  a  small  vein  (see  Fig.  4996,  ^1).  The 
variability  in  the  adult  arrangement  of  these  vessels  de- 
pends on  "the  various  extent  to  which  the  originally  con- 
tinuous vessels  are  developed  or  atrophied  at  one  point 
or  another. 

Varieties  op  the  Superior  Cava  and  Innominate 
Veins. — Double  Vena  Ctint. — This  anomaly  is  rather  a 
rare  one,  and  is  due  to  the  persistence  of  the  left  duct  of 
Cuvier.  When  the  left  duct  of  Cuvier  persists,  the  trans- 
verse innominate  vein  is  absent  or  of  a  very  small  size, 
and  the  vein  formed  by  the  junction  of  the  left  internal 
jugular  and  subclavian  is  continued  down  in  front  of 
the  arch  of  the  aorta  and  root  of  the  left  lung  to  the  heart 
(see  Fig.  4995),  where  it  receives  the  great  cardiac  vein, 
and  then  passes  outward  to  become  continuous  with  the 
coronary  sinus,  and  thus  ojiens  into  the  right  auricle  (see 
Fig.  4996,  B). 

The  explanation  of  this  anomaly  is  simple,  if  the  de- 
scription of  the  development  of  the  great  veins,  given 
above,  be  referred  to.  It  is  merely  a  jjersistence  of  the 
f(Ptal  condition.  The  left  duct  of  Cuvier  is  not  oblit- 
erated, and  inconsequence  the  transverse  branch  between 
the  two  primitive  jugulars  has  been  developed  but 
slightly  or  not  at  all.  The  persistent  left  cava  has  been 
seen  in  a  few  cases  to  open  into  the  left  auricle  (Hj'rtl. 
Gruber,  and  others). 

In  birds  and  some  mammals,  as  the  rabbit,  etc.,  the 
left  duct  of  Cuvier  persists  normally  as  well  as  the  right. 

14.  Howden^  reports  a  case  of  double  vena  cava  in 
which  the  left  vein  was  joined  by  a  large  left  azygos 
vein;  the  right  azygos  was  broken  up  into  several  veins: 
the  most  inferior  one  joined  the  left  azygos,  and  the  su- 
perior the  vena  cava.  This  is  a  reversal  of  the  usual  con- 
dition, and  the  left  azygos  in  this  case  must  be  looked 
upon  as  a  persistence  of  the  left  cardinal  vein. 

The  writer  has  met  with  no  less  than  six  cases  of 
persistence  of  the  left  duct  of  Cuvier.  They  all  occurred 
in  adults  (four  males  and  two  females),  and  were  of  the 


Fig.  4996.-^,  Diagram  sbowing  Vestige  of  the  Lett  Superior  Cava 
witli  Braeliiocephalir,  Superior  Intercostal.  Azygos,  and  Cardiac 
Veins.  B.  Dlafrram  showing  persistence  of  left  superior  cava  and 
Its  communication  with  the  coronary  sinus.    (After  Marshall.) 

usual  form;  in  four  the  transverse  innominate  was  of 
considerable  size.  In  the  third  and  fourth  cases  it  was 
very  small,  and  formed  chiefly  by  the  inferior  thyroid 
veins.     Instances  have  been  recorded  in  which  theVitfht 


superior  cava  was  absent  and  the  left  persisted ;  in  such 
cases  there  was  a  right  transverse  innominate  vein.  'I'his 
vai'iatiou  occuiTed  without  transposition  of  the  arch  of 
the  aorta  or  any  of  the  vi.scera.  In  cases  of  transposition 
of  tlie  viscera  this  is  the  normal  arrangement. 

In  some  cases  the  transverse  innominate  vein  is  of  nor- 
mal size,  and  yet  there  is  a  persistence  of  the  left  duct 
of  Cuvier  in  its  whole  length,  either  as  a  good-sized  canal 
or  as  a  very  small,  but  patent,  vein. 

In  some  cases  in  which  two  superior  cava?  are  present, 
the  left  has  been  seen  to  enter  the  left  auricle  instead  of 
the  coronaiy  sinus. 

Gruber  reports  a  case  in  which  the  principal  veins  of 
the  heart  terminated  in  a  trunk  which  opened  into  the 
left  innominate  vein,  the  opening  of  the  coronary  sinus 
into  the  right  auricle  being  occluded  (  Virchow's  Archiv, 
xcix.). 

Viiniiection  hetireen  the  Vena  Caca  and  Pulmonary 
Veins. — Cases  are  on  record  of  the  upper  right  pulmo- 
nary vein  emptying  into  the  superior  cava  (Meckel, 
Gegenbauer);  of  the  left  pulmonar_y  vein  joining  the  in- 
nominate (Bachhammer)  ;  and  also  of  the  right  pulmonary 
vein  opening  into  the  vena  azygos  major  (Shepherd). 
Hyrtl  leports  a  case  in  which  theie  was  a  communication 
betweei'  a  rudimentary  left  cava  and  the  left  infeiior 
pulmonary  vein. 

Transverse  Innominate. — This  vein  may  be  placed 
higher  up  than  usual — .so  high,  in  fact,  that  in  children 
with  shoi-t  necks  it  might  be  accidentally  wounded  in 
the  low  operation  for  tracheotomy. 

Cooper  ^  reports  it  as  passing  through  the  thymus. 
Gruber  examined  many  embryos  of  children,  and  "found 
that  in  certain  cases  the  vein  passed  behind  the  left  and 
in  front  of  the  right  lobe  of  the  gland,  and  in  others  in 
fi'ont  of  the  left  and  behind  the  right  lobe  (quoted  by 
Krause). 

Coronal;!/  Sinus. — This  has  been  seen  to  open  into  the 
left  auricle.  Gruber  reports  a  case  in  which  the  opening 
into  the  right  auricle  was  occluded,  and  the  principal 
veins  of  the  heart  ended  in  a  trunk  which  passed  up  to 
join  the  left  innominate  vein. 

Vtrtehral. — This  vein  not  infrequently  passes  behind 
the  subclavian  to  reach  the  innominate,  or  it  may  em- 
brace the  subclavian  by  dividing  above  and  reuniting 
below.  It  occasionally  passes  through  the  transverse 
process  of  the  seventh  cervical  vertebra,  or  sends  a 
branch  through  the  foramen  to  join  the  deep  cervical 
vein. 

Internal  Mammary. — This  may  be  double,  and  may 
anastomo.se  with  the  upper  intercostal.  The  writer  has 
seen  it  empty  into  the  superior  cava.  It  maj-  empty  into 
the  azv'gos  major  on  the  right  side  (Portal). 

Scperficiai,  Veins  op  the  Head  and  Neck.  — The 
aiTangement  of  the  superficial  veins  of  the  neck  often 
varies  greatly  from  that  described  in  text-hooks  of 
anatomy. 

The  two  divisions  of  the  temporo-7na.rilk(ry  vein  are 
frequently  veiy  unequal  in  size;  the  branch  joining  the 
facial  may  be  of  large  size,  and  that  going  to  the  exter- 
nal jugular  very  much  diminished,  or  rice  versa.  In 
some  cases  the  branch  joining  the  facial  returns  all  the 
blood  into  the  internal  jugular,  and  in  other  cases  the 
internal  jugular  receives  no  branch  from  the  temporo- 
maxillary.  When  the  latter  arrangement  exists  all  the 
blood  empties  into  the  external  jugular. 

The  fariitl  irin  sometimes  passes  back  over  the  ster- 
nomastoid  muscle  to  join  the  external  jugular.  It  may 
pass  aci'oss  the  sternomastoid  to  its  posterior  border,  and 
then  join  the  internal  jugular  beneath  that  muscle.  It 
sometimes  joins  the  internal  jugular  behind  the  posterior 
belly  of  the  digastric  and  stylohyoid  muscle,  or  it  may 
be  continued  downward  to  the  anterior  jugular  (see  Fig. 
4998). 

E-riernal  Jugular. — This  vein  may  be  double.  In  those 
cases  in  whicli  the  posterior  division  of  the  temporo- 
maxillary  trunk  is  wanting,  and  all  the  blood  goes  to 
tlie  internal  jugular,  the  external  jugular  is  very  small, 
being  formed  altogether  by  the  posterior  auricular. 
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Wlien  the  posterior  auricular  joins  the  temporo-maxil- 
lary  trunk,  the  external  jugular  is  -n-autiug  altogether 
in  the  upper  part  of  the  neck.  Gruber  describes  a  case 
in  which  a  loop  was  formed  in  this  vein  through  which 
passed  the  transverse  cervical  nerve.     The  lower  end  of 


Fig.  4997.— External  Jugular  passing  over  the  Clavicle  and  going  up 
between  that  Bone  and  the  Subclavius  Muscle  to  join  the  Subclavian. 
(Richard  Quain.) 

the  external  jugular  may  divide  into  two  branches,  one 
of  which  joins  the  subclavian  vein  or  transversus  colli, 
and  the  other  the  anterior  jugular,  subclavian,  or  intei-- 
nal  jugular. 

Occasionally  the  vein  may  jiass  over  the  clavicle  and 
join  the  cephalic  vein,  or  the  cephalic  mav  join  the  ex- 
ternal jugular  beneath  the  clavicle,  and  communicate 
with  it  at  the  same  time  bv  a  loop  line  above  the  clavicle 
(Xubn).     (See  Fig.  4999.)" 

The  writer  has  seen  several  cases  in  which  the  external 
jugular  passed  over  the  clavicle  and  then  turned  up  be- 
tween that  bone  and  the  subclavius  muscle  to  join  the 
subclavian  (see  Fig.  4997).  A  know-ledge  of  these  anom- 
alies is  important  in  ojierations  on  the  clavicle  and  sub- 
clavian artery. 

According  to  Hallett,  the  external  jugular  is  absent 
once  in  ninety-three  subjects. 

Anterior  Jugular  ^'e^llS. — These  veins  are  not  constant. 
One  may  be  much  larger  than  tlie  other.  Occasionally 
the  two  join  to  form  a  single  median  trunk.  The  two 
veins  may  be  united  by  a  large  trunk  over  the  trachea, 
which  may  give  rise  to  troublesome  hemorrhage  if 
wounded  in  the  operation  of  tracheotomy. 

Pilcher  says  that  when  one  of  the  veins  is  absent  it  is 
compensated  for  by  a  large  obliquely  transverse  branch 
which  comes  from  the  external  jugular  and  crosses  the 
neck  at  its  lower  third  to  join  the  anterior  jugular  which 
persists.' 

Pilcher  also  describes  a  deep  anterior  jugular  of  large 
size  which  is  occasionally  seen.  It  has  its  origin  in  the 
subhyoid  region,  passes  down  directly  in  the  median  line, 
deeply  seated  beneath  the  muscles:  it  passes  over  the 
crieothyroid  space,  and,  going  down  the  middle  of  the 
neck  over  the  trachea,  receives  the  superior  and  inferior 
thyroid  veins,  and  finally  empties  into  the  transverse  iu- 
niiininate  vein. 

The  anterior  jugular  may  in  rare  cases  pass  outward 
over  the  sternomastoid  muscle. 

Trininverse  cervical  and  suprascapular  veins  not  infre- 


quently empty  into  the  subclavian  vein  independently. 
Occasionally  tliey  join  the  internal  jugular  (R.  Quain). 

Internal  Jugular. — This  vein  fre(iuently  covers  the 
common  carotid  artery  to  such  an  extent  that  the  artery 
cannot  be  seen  until  the  vein  is  di'aw*  aside  (see  Fig. 
4998).  According  to  R.  Quain'  this  occurs  most  fre- 
quently in  the  left  side.  The  left  vein  is  occasionally  of 
very  small  size,  its  place  being  taken  by  the  external 
jugular  (W.  Krause).  This  is  a  persistence  of  an  early 
fetal  condition,  for  in  earlj-  fcetal  life  the  primitive  or 
external  jugular  returns  all  the  blood  from  the  heart. 
This  is  the  normal  adult  condition  in  many  mammals, 
as  rabbits,  squirrels,  etc.  The  internal  jugular  is  alto- 
gether absent  in  fishes,  many  anipliibia,  birds,  and  some 
mannnals,  as  the  horse  and  ruminants. 

A  case  is  reported  by  J.  W.  Williams**  in  which  the 
right  omohyoid  muscle,  instead  of  passing  over  the  vein, 
"  played  by  means  of  its  intermediary  tendon  through  a 
slit  iu  the  vessel." 

In  some  cases  the  temporo-facial  trunk  fails  to  empty 
into  the  internal  jugular,  the  external  receiving  all  its 
blood. 

R.  Quain  reports  a  case  in  wliich  a  very  large  anterior 
jugular  vein  communicated  with  the  internal  jugular 
over  the  carotid  artery  (see  Fig.  4998). 

The  internal  jugular  may  receive  the  vertebral,  the 
transverse  cervical,  and  the  supi'ascapular  veins.  A  su- 
perior intercostal  has  been  seen  to  empty  into  it  (Lauth); 


Fig.  4998.— Facial  Vein,  continuous  with  the  Anterior  Jugiilar,  which 
is  Joined  to  the  Imernal  Jugular  by  a  large  Communicating  Branch 
over  the  CaroUd.  The  internal  jugular  is  seen  covering  the  upper 
part  of  the  carotid  artery.     (R.  Quain.) 

or  a  large  bronchial  vein  (Weber).  The  external  jugular 
has  been  seen  to  empty  into  the  internal  about  the  mid- 
dle of  the  neck  (Fiihrer). 

V.AiiiETiES  OF  Cerebral  Sinuses.* — The  sinuses 
about  the  toreular  Herophili  are  subject  to  considerable 
variation.  A  true  confluence  of  the  sinuses  is  not  always 
found  at  this  point.  The  toreular  may  be  placed  to  one 
side  or  other  of  the  median  line.     The  connecting  branch 


*  J.  F.  Knott  has  given  an  excellent  account  of  the  variations  of  the 
sinuses  in  the  Journal  of  Anatomy  and  Physiology,  vol.  xvi. 
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between  the  torc\ilar  and  straight  sinus  may  be  of  large 
size  au',1  convey  the  blood  from  the  s\iperior  longitudinal 
sinus. 

Superior  Lunyitudinal  Sinus. — This  sinus  may  be  com- 
pletely absent  portal).  Knott '  describes  it  as  being  oc- 
casionally so  small  as  hardly  to  rejiresent  a  normal  sinus. 
It  may  join  the  straight  sinus;  it  may  bifurcate  poste- 
riorly a  little  behind  the  coronal  sulure,"an(l  reimite about 
an  inch  posteriorly  (Knott  and  Vieq  d'Azyr).  JIala- 
carne  reports  a  case  of  bifurcation  of  the  sinus  near  the 
apex  of  the  occipital  bone,  each  branch  following  the 
lainlidoiilal  suture  of  its  own  side  and  joining  the  lateral 
sinus. 

Lateral  Sinus. — The  right  is  often  very  diminutive. 
Lieutaud  lias  recorded  a  case  of  complete  absence  of  the 
left  lateral  sinus.  Both  lateral  sinuses  may  be  of  small 
size;  in  such  eases  the  occipital  sinuses  are  much  en- 
larged, and  empty  their  blood  into  the  internal  jugular. 

Sometimes  one  or  both  sinuses  are  divided  into  two  by 
a  septum  (Hallett).  Verga  describes  an  aberrant  vein 
going  from  the  cavernous  sinus  or  ophthalmic  vein  to  the 
left  lateral  sinus.  One  sinus  may  be  of  large  size  and  the 
other  small.  The  left  is  usually  the  larger.  A  case  is- 
reported  '"  in  which  both  lateral  sinuses  were  small,  espe 
cially  the  right,  which  became  quite  minute  after  the 
e.xit  of  a  large  vein  through  the  mastoid  foramen.  In 
this  case  three  large  emissary  veins  were  present  at  the 
anterior  extremity  of  the  superior  longitudinal  sinus, 
also  three  others  opening  into  the  torcular,  one  into  the 
commencement  of  the  right  lateral  sinus,  and  one  into 
the  posterior  extremity  of  the  superior  longitudinal. 

Jnferior  LongitucUnal. — Knott  "  reports  a  case  in  which 
this  sinus,  instead  of  joining  the  straight,  turned  up  be- 
tween the  layers  of  the  fal,\  and  ended  in  the  superior 
longitudinal  sinus,  one-quarter  of  an  inch  above  the  in- 
ternal occipital  protuberance. 

Straight  Sinus. — Sometimes  absent.  In  a  case  reported 
by  Knott  the  vein  of  Galen  and  the  inferior  longitudinal 
sinus  met  at  the  anterior  eiige  of  the  tentorium,  formed 
a  trunk  three-quarters  of  an  inch  long,  and  then  divided 
into  three  veins,  one  of  which  passed  up  between  the 
layers  of  the  falx  to  join  the  superior  longitudinal,  and 
the  other  two  passed  between  the  layers  of  the  tentorium 
to  the  left  side  to  join  the  lateral  sinus. 

Cavernous  Sinus. — Complete  absence  of  this  sinus  is 
reported  by  Santorini.     Theie  is  sometimes  a  vein  from 


Fig.  4999.— Cephalic  Vein  passinp  up  under  the  Clavicle  to  Join  the 
Subclavian.  The  cephalic  is  connected  with  the  external  jugular 
by  a  loop  line  which  pa.sses  over  the  clavicle.    (Nuhn.) 

it  going  through  the  foramen  rotundura  with  the  supe- 
rior maxillary  division  of  the  fifth  cranial  nerve  (Nuhn). 

Superior  Petrosal. — Sometimes  alisent;  may  coramuui- 
cate  with  the  ophthalmic  vein  (Verga). 

Inferior  Petrosal. — Sometimes  terminates  within  the 
skull  above  the  margin  of  the  jugular  foramen. 

Circular  Sinus. — May  receive  tlie  ophthalmic  vein. 


Occipital  Sim/ses. — Sometimes  wanting,  occasionally  of 
large  size;  in  such  cases  the  lateral  sinuses  are  sniall ; 
Ihey  may  be  very  small.  The  sinus  is  often  much  larger 
than  its  fellow,  and  may  groove  the  occipital  bone  as  it 
passes  forward  to  join  the  lateral  sinus. 

PetrosfjuantoHs  Sinus  (Luschka,  W.  Krause), — This 
additional  sinus  is  sometimes  present,  lying  in  a  small 
groove  along  the  junction  of  the  petrous  and  squamous 
portions  of  the  temporal  bone,  and  opening  behind  into 
Ihe  lateral  sinus.  In  rare  cases  it  is  found  passing 
through  an  aperture  (foramen  jugubim  spinosum)  in  the 
squamous  poition  of  the  teiuporal  bone,  between  the  ori- 
fice of  the  external  auditory  meatus  and  the  glenoid  cav- 
ity, and  joins  the  temporal  vein.  In  the  dog  and  many 
other  animals  a  similar  vessel  forms  the  principal  outlet 
for  the  intracranial  blood.  In  the  human  subject  also,  at 
an  early  period  of  foetal  life,  the  lateral  sinus  is  continued 
forward  in  this  course,  and  opens  into  the  primitive 
(afterward  the  external)  jugular  vein  ;  the  occurrence  of 
the  petrosqiuunous  sinus  is  due  to  the  persistence  of  this 
channel,  which  usually  becomes  obliterated  after  the  de- 
velopment of  the  internal  jugular.'' 

Veins  op  the  Upper  Li.m'b. — The  superficial  veins  of 
the  forearm  are  subject  to  considerable  variation,  both  as 
to  arraigenient  and  as  to  size.  At  the  bend  of  the  elbow 
the  arrangement  varies  greatly. 

The  radial  vein  may  be  very  small  or  absent,  and  in 
such  cases  the  cephalic  vein  is  wanting,  the  outer 
branches  from  the  radial  side  being  collected  into  the 
median  vein,  which  goes  directly  to  form  the  median, 
basilic.     This  latter  is  occasionally  double. 

The  cephalic  vein  may  be  absent  (Hallett  found  it  ah- 
sent  in  two  out  of  ninety-three  cases).  It  may  be  double. 
It  sometimes  empties  near  the  insertion  of  the  deltoid 
into  the  brachial  vein.  Sometimes  it  anastomoses  with 
the  Ijracfaial  vein  by  an  aberrant  branch.  It  ma}'  pass  up 
over  the  clavicle  to  join  the  external  jugular,  or  it  may 
be  connected  with  it  by  a  hranch  calted  the  jugulo- 
cephalic  (see  Fig.  4999).  In  two  cases  this  branch  has 
been  seen  to  perforate  the  clavicle  (Allen  Thompson). 
This  vein  may  pass  up  between  the  clavicle  and  subcla- 
vius  mu.sc!e  to  join  the  subclavian  vein;  the  writer  has 
seen  several  examples  of  this  anomaly  (see  Fig.  4999). 

The  median,  cephalic  vein  is  not  infrequently  absent. 

■Basilic  Vein. — -May  be  double  in  its  whole  course. 
May  anastomose  with  the  ulnar  vein.  May  be  separated 
from  the  brachial  artery  by  only  a  very  thin  fascia;  this 
fact  should  lie  kept  in  mind  in  bleeding  from  this  vessel. 
The  basilic  may  anastomose  by  a  large  branch  with  the 
cephalic  vein  (Theile). 

A.rillary  Vein. — This  vein  may  be  double,  from  a  fail- 
ure of  the.venie  comites  to  unite  with  the  basilic.  R. 
Quain  has  repeatedly  seen  the  axillary  vein  perforated 
by  a  branch  of  the  internal  cutaneous  nerve. 

Subclaeian  Vein. — This  vein  may  be  placed  at  a  higher 
level  than  usual,  overlapping  the  artery  at  the  outer 
edge  of  the  scalenus  anticus.  In  rare  cases  the  vein 
passes  behind  the  scalenusanticus  muscle  with  the  artery, 
or,  in  eases  in  which  the  artery  passes  in  front  of  the  mus- 
cle, the  vein  may  pass  behind.  Luschka  has  several 
times  seen  the  subclavian  vein  passing  between  the  clav- 
icle and  the  subclavius  muscle.  The  same  anatomist  also 
reports  having  seen,  the  vein  divide  and  embrace  the 
scalenus  anticus  muscle,  and  reunite  and  follow  its 
usual  course.  The  two  vena;  comites  have  been  seen 
to  empty  into  the  subclavian  ;  also  a  left  bronchial  vein 
(Weber.) 

Double  Subclarian. — !Morgagni  (quoted  by  R.  Quain. 
p.  182)  in  one  instance  found  on  both  sides  of  the  same 
body  two  venous  trunks  placed  side  by  side,  instead  of 
the  usual  single  subclavian  vein.  On  the  right  side  the 
two  veins  were  of  equal  size,  abotit  five  inches  long,  and 
reached  to  a  point  where  Ihe  internal  jugular  ends,  (hi 
the  left  side  one  of  the  veins  was  of  very  sniall  size. 

The  anterior  juffular,  supra.ii-apular,  or  transverse  cerri- 
ceil  may  empty  into  the  subclavian  separately.  W'-'lJ'-''' 
reports  the  .subclavian  receiving  a  large  bronchial  vein. 
The  cephalic  vein  may  empty  into  the  subclavian  above 
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or  below  the  clavicle.  Au  aberrant  vein  may  unite  the 
upper  end  nf  the  cephalic  vein  with  the  subclavian  b_y 
passing  behind  the  clavicular  portion  of  the  pectoralis 
major  (W.  Krause). 

Azy(/'is  TV(».«, — The  variations  of  the  azygos  veins  are 
considerable,  the  veins  on  the  left  side  being  especially 
liable  to  variation.  Two  or  three  of  the  middle  inter- 
costal veins  of  the  left  side  not  uncommonly  unite  into  a 
single  trunk  which  passes  directly  into  the  azygos  major. 
The  left  superior  (hemi-)  azygos  Vein  may  be  absent,  the 
intercostal  veins  emptying  separately  into  the  main  trunk. 
The  hemiazygos  may  empty  into  the  suliclavian  (Wris- 
berg)  or  into"  the  left  innominate,  joining  with  the  supe- 
rior intercostal.  A  case  has  been  reported  (Cerutti)  in 
which  the  hemiazygos  joined  the  internal  jugular  vein, 
AH  the  intercostal'veins  on  the  left  side  may  be  collected 
into  a  single  trunk  which  empties  into  the  left  innominate, 
a  distril)ution  somewhat  similar  to  that  on  the  right  side. 
The  writer  has  reported  an  example  of  this  arrange- 
ment,''' By  referring  to  the  short 
account  given  above  of  the  develop- 
ment of  the  great  veins  it  will  be 
seen  that  this  anomaly  is  due  to  a 
persistence  of  the  left  cardinal  vein. 
A  case  is  recorded  by  Gruber  in 
which  the  left  azygos  opened  into 
the  coronary  sinus,  and  was  met  by 
a  small  vein  descending  from  the 
vmion  of  the  subclavian  and  jugu- 
lar. In  this  case  the  jugular  vein 
had  been  developed  in  the  usual 
way,  while  the  left  vena  azygos 
continued  to  pour  its  blood  into  the 
left  duct  of  Cuvier  (Quain). 

The  azygos  veins  may  be  trans- 
posed, the  larger  vessel  being  placed 
on   the  left  side  and  being  joined 
by   the    right    azygos;    the   triuik 
/^/    \    r    N^      formed  by  these  veins  then  arches 
^  I        ^      over  the  root  of  the  right  lung  and 

opens  into  the  left  coronary  sinus 
(Gruber),  This  is  the  normal  ar- 
rangement in  the  sheep  and  some 
other  animals, 

R,   Howden  '■*  reports  a   case    of 
double  vena  cava  in  which  a  single 
large  left  azygos,  after  being  joined 
riG.  5000. -The  Inferior   ^W    S"'"'^    of    the   right   intercostal 
Cava  continued  into    vems,   emptied   mto    the    left   cava 
the    Thorax    as^  the    near  the  coronary  sinus.     The  up- 
jier    right    intercostals    formed    a 
trunk  which  emptied  into  the  right 
cava. 

There  may  be  a  single  azygos 
vein  ascending  in  front  of  the  spi- 
usual  situation  ot  the  ual  column  and  receiving  the  inter- 
guliij  ''''''"''  '^'  costal  veins  of  both  sides  (Wagner). 
The  azygos  major  may  eiupty  into 
the  right  innominate  (Meckel)  or 
higher  up  than  usual  into  the  superior  cava.  Wrisberg 
has  described  a  case  in  which  the  azygos  major  passed 
through  a  canal  by  grooving  the  upper  lobe  of  the  right 
lung.  Most  of  the  varieties  mentioned  above  may  Ijc 
easily  explained  by  studying  the  development  of  the 
veins,  for  they  are  all  persistent  foetal  conditions.  The 
vena  cava  infei'ior  lias  been  seen  continuous  with  the 
azygos  major.  (See  Fig.  5000.  This  will  be  more  full}' 
described  with  the  vena  cava  inferior.) 

The  right  spermatic  has  been  noted  as  emptying  into 
the  azygos  vein,  al.so  the  left  renal  and  suprarenal  veins 
(Quain). 

An  aberrant  branch  has  been  seen  going  from  the  angle 
of  junction  of  the  left  renal  and  inferior  vena  cava  to  the 
right  azygos  (W.  Krause).  The  right  pulmonaiy  vein 
has  been  seen  to  join  the  vena  azj'gos  major  (Shepherd, 
\\\  Journal  of  Anittumy,  vol,  xxiv,"). 

Inferior  Vena  Cam. — R,  Quain'"  divides  the  peculiari- 
ties of  this  vein  into  two  classes :  ('/)  Where  the  vein  has 


Vena  Azygos,  and  the 
Blood  from  it  Eutei'- 
in^tht'  Ht-arl  through 
the Siiin'TiorCnvu,  In 
this  case  the  tiepatic 
veins  opened  into  the 
right   auricle   in    the 


Fig.  5001.— Case  ol  Double  Inferior  Vena 
Cava,  the  Two  CoDimon  Iliacs  being 
Joined  by  a  Transverse  Branch.  -4,  Oc- 
cluded vena  cava;  c,  right  renal:  f,  right 
spermatic:  <(,  large  branch,  iirobably 
joining  the  splenic,  through  which  circula- 
tion was  caiTied  on.  View  taken  from 
behind.     (\V.  Osier.) 


the  usual  mode  of  termination  in  the  heart;  (4)  where  it 

terminates  in  the  superior  vena  cava. 
The  common  iliac  veins  may   not  join  at  the  usual 

place;    the  left  common  iliac,  after  sending  a   branch 

across   to  join    the 

right,  may  pass  up 

on  the  left  side  of 

the  aorta  and   join 

the  left  renal,    this 

is  not  a  very  un- 
common   anomaly, 

and  has  been  seen 

several     times     bj' 

the   writer.      It    is 

sometimes    called 

an     example     of 

double   vena    cava 

inferior.     A  case  is 

reported  by  Wil- 
liam Osier"  of  oc- 
clusion of  the  vena 

cava  as   it  entered 

the     liver.      There 

was  in  this  case  a 

d  o  u  b  1  e  cava  ar- 
ranged   as     above 

described  (see  Fig. 

.'5001);  the  circula- 
tion was  carried  on 

by  a    large  branch 

from  the  left  renal, 

w  h  1 0  h     probably 

joined  the  splenic. 
In    some    cases 

there  is  no  trans- 
verse branch  below 

between     the     two 

common   iliacs  (see 

Fig.  5002).     These  cases  are  examples  of  the  persistence 

of  the  lower  part  of  the  cardinal  veins. 

Another  somewhat  similar  anomaly  is  that  in  which  the 

two  common  iliac  veins  join   to   form  a  common  vein 

which  passes  up  on  the  left  side  of  the  aorta,  but,  after 

receiving  I  h  e 
left  renal,  cross- 
es over  (rarely 
under)  the  aorta 
and  from  there 
on  takes  its  usu- 
al position. 

The  explana- 
tion of  this  an- 
omaly is  that  the 
right  cardinal 
vein  has  been 
obliterated 
while  the  left 
])  c  r  s  i  s  t  s.  In 
cases  of  trans- 
position of  the 
viscera  the  vena 
cava  Inferior 
passes  up  the 
whole  distance 
on  the  left  side 
of  the  aorta, 
grooves  the 
transposed  liver, 
and  joins  the 
right  auricle  of 

Fig.  .5002.— Example  of  Double  Inferior  Vena  the  heart  in  its 
Cava.  The  left  cava  is  ,ioined  by  the  left  H-nnsDOsed  Dosi- 
renal  and  then  crosses  the  aorta  to  join  its  .  t  ""  .  ,  'p. 
fellow,  and  below,  the  interior  cava  proper,  tion  on  tlie  lett 
Each  cava  is  really  a  continuation  upward  of  side.  A  case  of 
the  common  iliac  vein  of  that  side.  (R.Quain.)    transposition   of 

the  viscera  is  re- 
corded (Hernholdt)  in  whicli  the  inferior  cava  passed 
up  on  the  right   of  the  aorta,  pierced  the  diaphragm, 


205 


VeiilK. 
Veins. 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


and  then  crossed  over  to  join  the  transposed  superior 
cava. 

In  some  rare  cases  the  inferior  cava  passes  <ip  uornially 
to  tlie  diapliragni  witliout  receiving  the  liepalic  veins, 

it  then  pierces  the  ilia- 
pln'agni,  and  goes  over  tlie 
root  (if  the  right  lung  to 
join  tlie  superior  cava, 
thus  taking  the  place  of 
the  vena  azj'gos  major; 
the  hepatic  veins  in  these 
cases  form  a  trunk,  which 
opens  into  the  right  auri- 
cle at  the  usual  place  of 
termination  of  the  interior 
cava  (Fig.  5000).  Again, 
the  inferior  cava  may  pass 
up  on  the  left  side  of  the 
aorta  and,  after  piercing 
the  diaphi-agm  on  that 
side,  go  behind  the  aorta 
and  thoracic  duct  to  join 
the  superior  vena  cava, 
tlius  following  the  course 
of  the  left  azygos  vein. 
The  hepatic  veins,  as  in 
the  former  ease,  open  into 
the  right  auricle  (see  Fig. 
5003).  These  cases  are 
explained  on  the  supposi- 
tion that  the  normal  in- 
ferior cava  has  never  been 
developed,  and  that  the 
blood  is  returned  from  the 
lower  part  of  the  body  by 
Vena  Cava  to  Left  Side  a  persistent  cardinal  vein. 
W.  Gruber"  reports  a 
case  in  which  the  inferior 
cava  was  foi'med  by  the 
junction  of  three  trunks 
— right  and  left  external 
iliacsand  a  common  iliac  formed  by  the  junction  of  the  two 
internal  iliacs;  this  arrangement  is  .seen  in  some  of  the 
lower  animals,  as  the  bear,  etc.  The  vena  cava  inferior 
is  occasionally  foi'med  by  a  common  iliac  vein  and  the 

veins    of    the 
j\         ;S  other    side,    not 

opening  by  a 
common  trunk, 
but  separately. 
Renal  VeiriK. 
—The  left  renal 
vein,  in  order  to 
reach  the  in- 
ferior cava,  may 
pass  liehind  in- 
stead of  in  front 
of  the  aorta. 
Supernumerary 
renal  veins  are 
not  so  common 
as  supernumer- 
ary renal  arter- 
ies, but  they  not 
infiequently  oc- 
c  u  r.  One  of 
these  supernu- 
merary vessels 
of  the  left  side 
may  open  into 
the  azygos  of 
tliat  side. 

Walsham'"  rc- 
jiorts   a  case  of 
double  left  renal 
vein  embracing  the  aorta,  one  passing  in  front  and  the 
other  behind.     The  posterior  branch  received  the  sper- 
matic and  also  the  third  lumbar  vein.     The  writer  has 


Fig.  5003. 
of  Aorta;  below,  but  crossing 
behind  ttiat  vessel  above,  and, 
passing  up  the  thorax  on  the  ripht 
side:  it  empties  its  l»!ood  into  the 
superior  cava.    (R.  yuaiu.) 


FIG..5004.— Anomalous  Renal  Vessels.  A,  Aorta; 
I',  vena  cava:  />,  communic;ition  between 
the  left  renal  and  the  left  common  iliac;  S, 
vein  fnim  left  nnial  Koing  to  join  the  splenic ; 
c,  supernumerary  renal  veins.     (Shepherd.) 


seen  a  somewhat  similar  case,  refeiTed  to  below.     When 

the  kidney  is  placed  lower  tlian  normal,  a  vein  from  it 
usually  empties  into  the  common  iliac. 

In  the  museum  of  MeGill  University  is  a  beautiful 
specimen  of  abnormal  renal  veins  obtained  by  tlie  writer. 
Both  kidneys  were  placed  lower  down  than  normal,  reach- 
ing to  the  intervertebral  sutistance  between  the  fourth 
and  fifth  lumbar  vertebra",  and  each  received  a  super- 
numerary artery  from  the  common  iliac  artery.  On  the 
right  there  were  two  renal  veins,  on  the  left  one  large 
vein  proceeded  from  the  hilus  of  the  kidney  in  front  of  the 
aorta,  and  a  smaller  one  passed  behind  the  aorta  to  join 
the  inferior  cava  lower  down.  This  commiuiicatcd  be- 
low, by  a  large 
branch  which 
passed  beneath 
the  left  common 
iliac  artery,  with 
the  left  common 
iliac  vein,  and 
above,  by  another 
large  branch,  with 
the  splenic  vein  (stt 
Fig.  5004).  This 
case  is  probably  out 
of  persistence  of 
the  left  cardiml 
vein  in  its  louei 
part. 

Spermatic  a  n  d 
Suprarenal  Veiitt 
— Tliese  may  einpt> 
by  a  common  trunk 
into  the  azygos 
The  right  spermatic 
may  empty  into  the 
right  renal  and  tin 
left  spermatic  into 
the  inferior  ca\<i 
The  spermatK 
vein  may  empt\ 
into  the  suprareinl 
It  may  be  doubh 
in  the  upper  paits 
of  its  course  oi 
may  be  altogether 
absent. 

Coinmon  Iliac 
Yeinn. — A  perfora- 
tion is  occasionall)- 
seen  through  wliicii 
passes  a  small  art- 
ery. Sometimes  the 
vein  divides  and  re- 
unites farther  on, 
thus  making  it 
double  in  part  of 
its  course  (R. 
Quain).  The  left 
common  iliac  vein 
has  been  seen  pass- 
ing in  front  of  the 
right  common  iliac 

artery  (Zaaijer).  Absence  of  the  common  iliac  vein  of 
one  or  both  sides  has  been  met  with  by  Gruber;  the 
left  external  and  internal  iliac  veins  in  one  instance  be- 
ing continued  upward  to  enter  the  coinmencement  of  the 
inferior  cava,  and  in  another  the  two  internal  iliac  veins 
were  joined  into  a  common  trunk  which  united  witli  the 
right  and  left  external  iliac  veins  to  form  the  vena 
cava." 

Obturator  I'ein. — Often  double,  one  accompanying  the 
artery  and  the  other  coursing  around  th(;  inner  side  of 
the  femoral  ring.  It  may  open  by  two  mouths  into  tlie 
external  iliac. 

Internal  iliac  vein  of  the  right  side  has  been  seen  to 
empty  into  the  left  common  iliac  vein.  Tlie  internal  iliac 
may  be  double  (Quain). 


Fifi.  .500.').  F..\airipl*'  ()f  Popliteal  passing 
up  the  Thiffti  to  Join  the  Profunda.  In 
this  case  the  lower  end  of  the  femoral 
artery  is  accompanied  by  a  very  small 
vein.    (R.  Quain.) 
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Veiks  of  the  Lowek  LniB;  SrPEHFiciAi,  Veins. — 
ExIeviKil  SapheiiDHx. — This  vein  may  empty  into  the  long 
papheuous  or  femoral  instead  of  the  popliteal.  It  may 
communicate  with  the  gluteal  veins  beneath  the  gluteus 
maximus  muscle. 

A  case  is  reported  ■'"  in  wliich  the  external  saphenous, 
after  piercing  the  deep  fascia  in  the  popliteal  space,  ran 


Fig.  5!X)6.  -Case  of  Uuublt-  Popliteal  Vein.    (I!.  Qiialn.) 

up  on  the  posterior  surface  of  the  adductor  magnus,  per- 
forating it  near  the  second  perforating  artery,  and  then 
joined  the  profunda  vein.  In  the  same  paper  another  case 
is  mentioned  in  which  the  veme  comites  of  the  posterior 
tibial,  instead  of  uniting  to  form  the  popliteal,  continued 
up  as  two  veins,  being  joined  by  the  external  saphenous, 
and  going  up  on  the  adductor  magnus  to  open  into  the 
profunda  vein  near  the  first  perforating  artery.  The 
writer  has  seen  the  external  saphenous  empty  about  the 
middle  of  the  thigh  into  an  abnormal  popliteal  vein 
which  passed  up  the  back  of  the  thigh  to  join  the  pro- 
funda. The  external  saphenous  may  empty  into  mus- 
cular branches  in  the  adductor  magnus.  Branches  of 
connnunication  have  been  seen  between  the  perforating 
and  ischiatic  veins  and  the  external  saphenous. 

Internal  Saphenous  Vein. — This  vein  may  pierce  the 
fascia  lata  higher  or  lower  than  usual.  It  may  be 
doubled,  or  may  form  an  island.  It  may  receive  the  super- 
ficial epigastric,  circumflex  iliac,  an  accessory  saphenous, 
or  the  external  saphenous.  It  is  in  some  cases  very 
large,  and  in  others  of  no  great  size.  There  is  frequently 
an  accessory  internal  saphenous. 

Deep  Veins  of  the  Lower  Limb. — Popliteal  Vein. — 
The  veins  which  form  the  popliteal  occasionally  unite 
farther  up  tlian  usual,  so  that  the  lower  part  of  the  artery 
is  accompanied  by  two  veins.  In  some  rare  cases  tlie 
vein  is  double  in  its  entire  length.  It  may  be  double  as 
high  up  as  the  profunda  vein.  Sometimes  the  popliteal 
vein  passes  up  the  thigh  and  joins  the  profunda;  in  such 
cases  the  external  saphenous  empties  into  this  vein  high 


up  on  the  thigh.  'When  the  popliteal  vein  does  not  ac- 
company the  artery  to  become  the  femoral,  a  small  vein 
is  occasionally  seen  with  the  artery  (see  Fig.  500.5). 

The  popliteal  vein  may  lie  deeper  and  more  internal 
than  the  artery  and  next  "the  bone.-' 

Femoral  ]'e'in. — Occasionally  double  in  part  and,  more 
rarely,  in  the  Whole  of  its  course.  When  double,  the 
femoral  artery  lies  between  the  two  veins  (see  Fig.  -WOT). 
In  some  cases  one  of  the  veins  may  cross  the  artery. 
Small  veins  are  occasionally  observed  passing  over  the 
artery  in  various  directions,  sometimes  in  transverse 
loops  (see  Fig.  5008),  or  obliquely ;  these  transverse 
branches  usually  connect  various  parts  of  the  double 
vein.  The  femoral  vein  maybe  much  diminished  in  .size 
when  the  popliteal  vein  empties  into  the  deep  femoral 
and  pierces  the  adductor  magnus  at  a  higher  point  than 
usual.  In  these  cases  the  femoral  vein  proper  tirst  comes 
in  contact  with  the  artery  in  the  groin.  R.  Quain  men- 
tions a  case  in  which  he  could  find  no  femoral  vein  accom- 
panying the  lower  end  of  the  artery;  the  writer  has  seen 
one  such  case. 

PoRT.\x,  System  op  Veins. — Hepatic  Veiiu.—Kothe,  a 
German  surgeon,  reported  many  years  ago  (1787)  a  case 
in  which  one  of  the  large  hepatic  trunks  from  the  right 
lobe  of  the  liver  terminated,  not  in  the  inferior  cava  or 
right  auricle,  but  in  the  base  of  the  right  ventricle.  Its 
entrance  was  guarded  by  three  valves  (quoted  by  W. 
Krause).  In  cases  in  which  the  inferior  cava,  as  already 
described,  joins  the  superior  cava,  the  hepatic  veins  may 
open  separately  (Horner)  or  l)y  a  single  trunk  (Abernethy) 
into  the  right  auricle.  This  arrangement  is  normal  in 
some  animals.  The  writer  has  described-'''  a  case  in 
which  the  vena  cava  inferior,  after  piercing  the  liver  and 
being  joined  there  by  a  tew  small  hepatic  veins  (princi- 
pally  from  the  left  side),  passed  as  usual  to  the  dia- 


FIG.  5007.— Case  of  Double  Femoral  \  tin.     (R.  Quain.) 

phragm,  and  as  it  pierced  that  muscle  it  was  joined  by  a 
large  vein,  the  size  of  one's  finger,  and  with  walls  as 
thick  as  those  of  an  artery.  This  vein,  when  traced 
back,  proved  to  be  a  common  trunk  formed  by  two  large 
hepatic  veins  which  came  from  the  right  lobe;  the  com- 
mon trunk  measured  one  inch  in  length  (see  Fig.  5009). 
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Morgagui  reports  a  case  of  the  hepatic  veins  joining 
the  vena  cava  inferior  after  it  lind  pierced  the  diaphragm 
(quoted  by  W.  Krause).  Hyrtl  lias  seen  tlie  hepatic 
veins  empty  by  a  common  trunk  into  tlie  rigljt  auricle 


Fig.  5008.  —Small  Looped  Veins  passing  Over  the  Femoral  Artery, 
forming  a  Double  Femoral  Vein.    CR.  Quain.) 

to  the  inner  side  and  sepai-ately  from  the  inferior  cava ; 
this,  as  mentioned  above,  is  the  normal  course  when  the 
vena  cava  is  aKsent  or  its  place  is  taken  by  a  persistent 
cardinal  vein. 

Umbilical  Vein. — This  vein  has  occasionally  been 
found  patent  for  a  variable  distance  below  the  liver.  It 
may  communicate  with  the  epigastric,  and  thus  estab- 
lish a  collateral  circulation;  this  is  much  more  evident 
when  a  diseased  condition  of  the  liver  obstructs  the 
venous  circulation. 

J.  A.  RusseP^  reports  two  cases  of  persistent  commu- 
nication between  the  umbilical  and  portal  veins  in  the 


FlO.  5009.— Hepatic  Veins  from  Kight  Lobe  of  the  Liver  Opening  by  a 
Common  Trunk  near  the  Entrance  of  the  Infeilor  Vena  Cava 
through  the  Diaphragm.  R,  Ilifcht  auricle ;  D,  line  of  diaphraRin  ; 
i,  liver;  1',  vena  cava;  if,  abnormal  hepatic  veins.     (Shepherd.) 

human  subject.  F.  Champneys  "  describes  a  communi- 
cation between  thce.xtcmal  iliacandportal  veins  through 
the  epigastric  and  umbilical  veins. 

This  was  due,  proliiilily,  to  fusion  of  Luschka's  par- 
vinbilicalix  (which,  according  to  him,  always  exists  nor- 
mally as  a  communication  between  the  portal  and  epi- 


gastric veins),  and  the  channel  was  afterward  increased 
ill  size  by  obstruction,  due  to  enlarged  liver.  A  commu- 
nication of  large  size  between  the  umbilical  and  epigas- 
tric veins  is  the  normal  arrangement  in  many  of  the 
lower  animals,  as  the  rorqual,  seal,  sheep,  pig,  etc.,  and 
in  man  is  an  early  f(etal  condition.  Numerous  examples 
have  been  recorded  of  commuuication  between  the  veins 
of  the  abdominal  parietes,  as  the  phrenic  (azygos,  etc.) 
and  the  portal  vein.  The  writer  has  already  described, 
in  connection  with  the  renal  vein,  a  case  in  which  a  large 
branch  of  communication  existed  between  the  left  renal 
vein  and  the  splenic. 

Meniere  has  described  a  case  in  which  a  large  vein,  as 
thick  as  a  linger,  went  from  the  portal  vein  to  the  right 
iliac.  And  Brigidi"  has  reported  a  case  of  free  com- 
iiiuuication  between  the  umbilical  vein,  which  was  pat- 
ent, and  the  right  iliac  liy  means  of  a  branch  of  large 
size  in  a  case  of  cirrhosis  of  the  liver. 

W.  Krause  '■"'  mentions  a  number  of  cases  of  communi- 
cation between  the  portal  vein  and  the  iliac  veins  by 
means  of  a  patent  umbilical,  connected  directly  by  a 
branch  or  through  an  epigastric  vein.*  These  commu- 
nications are  all  due  to  persistent  fatal  conditions,  and 
are  much  more  apparent  when  there  is  any  obstruction 
to  the  portal  circulation.  Francis  J.  Shephera. 
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VEINS,  PATHOLOGY  OF.— In  general,  the  .same 
pathological  processes  are  found  in  the  veins  as  in  the 
arteries,  though  varying  in  degree  and  importance  in  the 
two  sets  of  vessels,  some  conditions  being  more  pro- 
nounced in  the  arteries,  others  in  the  veins.  Thus,  for 
example,  inflammatory  changes  are  of  much  more  fre- 
quent occurrence  in  the  veins;  sclerosis  and  calcification 
in  the  arteries.  Thrombosis  of  veins  and  thrombophle- 
bitis are  among  the  most  common  and  important  of 
pathological  conditions ;  while,  on  the  other  hand,  from 
the  nature  of  things,  arterial  embolism  holds  a  like  im- 
portant place  in  pathology.  In  addition  to  the  patholog- 
ical processes  common  to  both  sets  of  vessels  there  is  a 
number  of  morbid  conditions  peculiar  to  the  veins,  among 
the  most  important  of  which  may  be  mentioned  varices 
and  phlebectasias. 

Anomalies.  —  Congenital  anomalies  in  the  number, 
branching,  course,  and  distribution  of  veins  are  very 
common.  They  are  rarely  of  clinical  importance,  though 
at  times  causing  temporary  embarrassment  during  surgi- 

'*  Sappey  is  of  opinion  that  all  recorded  cases  of  free  communication 
between  the  umbilical  and  epigastric  veins  rest  on  errors  of  observa- 
tion ;  he  linlils  thai  tin-  dilated  \eiri  is  tint  the  uiidiilical  vein,  but  one 
of  the  accessnfv  [inftal  vi-jiis.  Pfitfcssof  (iiarniiiini  is  idso  of  the  satne 
opinlnii.  sayuii:  that  the  iinitiilirul  vein,  in  its  rniii-se  fioiii  the  iniiliili- 
cus  tn  the  imrlal  vein,  iifjthi'f  gives  nor  reci'i\es  any  Itiaiich  nnfiiially. 
Profe.ssnis  llnidnni  aiid  Kniniti.  hn\vp\fr.  have  investiixated  the  sub- 
ject iificsh.  and  llnd  that  tin-  iiiiihilical  vein  ;ui:istoninses  with  the 
epigastric,  tint  only  in  infants  a  few  days  ntd.  Imt  in  those  five  and 
six  ninntbs  nf  age.  In  bodies  nf  infants  several  dtiys  or  months 
old  they  never  failed  to  demonstrate  the  anast^nnoses  between  the 
branches  of  the  epigastric  and  umbilical  veins  by  means  of  Richard- 
son's injecting  medium  (see  London  Medical  Recorder,  July,  1888, 
p.  374). 
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cal  operations.  Cougenital  dilatations  or  varices  are  also 
of  very  frequent  occurrence.  They  may  vary  in  size 
fromasligbt  local  increase  in  the  prominence  of  the  veins 
(verions  luecus)  to  extensive  dilatations  of  the  superficial 
veins  involving  an  entire  extremity,  or  the  greatei'  por- 
tion of  the  trunk  or  body.  Heredity  is  an  important 
factor.  As  a  rule  tlie  condition  does  not  become  esjje- 
cially  noticeable  until  about  the  age  of  puberty  when 
there  is  usually  a  rapid  increase  in  the  degree  of  the  ab- 
normality. Tlie  superficial  veins  alone  may  be  affected, 
or  anomalous  communications  may  exist  between  these 
and  the  deep  venous  trunks,  or  the  entire  venous  system 
of  an  extremity  ma}'  be  over-developed  without  a  corre- 
sponding development  of  the  artery.  (See  Veins,  Aiwma- 
lies  of.)  " 

Retrogr.^de  Cn.\N6Es. — Atrophy. — A  thinning  of  the 
wall  of  a  vein  may  result  from  long-continued  overdis- 
tention,  or  from  a  lessened  function,  as  in  the  case  of  an 
amputation  stump.  As  the  result  of  sucli  thinning  of 
the  vessel  wall  there  may  follow  a  dilatation  of  the  lumen, 
formation  of  varices,  insufiiciency  or  rupture  of  the 
valves  of  the  veins,  or  even  rupture  of  the  vessel  itself. 
The  atrophy  may  be  confined  to  one  venous  system  or 
may  be  universal.  The  latter  occurs  particularly  in  the 
case  of  extreme  general  venous  congestion,  as  in  chronic 
valvular  lesions  of  the  heart.  A  secondary  atrophy  of 
the  walls  of  veins  appears  also  as  a  frequent  accompani- 
ment or  sequela  of  a  variety  of  primary  conditions  af- 
fect'iig  the  veins,  such  as  phlebitis,  etc.  Hypertrophy 
of  the  vein  wall  is  usually  followed  by  a  secondary  tliin- 
ning,  which  may  be  associated  with  retrograde  changes, 
such  as  fatty  degeneration,  hyaline  change,  calcification, 
etc.  A  secondarj-  thinning  of  the  vein  wall  is  also  of 
common  occurrence  in  varices. 

Fatty  degeneration  occurs  in  the  intinia  of  veins  under 
the  same  conditions  as  in  that  of  arteries  (anannia,  into.x- 
ications,  infectious,  etc.).  In  the  intima  of  the  affected 
vein  there  are  seen  whitish  or  3-el!owish  spots  or  patches 
which  are  u.sually  slightly  elevated  above  the  general 
surface  of  the  intima.  The  degeneration  is  usually  con- 
fined to  tlie  endothelium,  and  tlie  affected  cells  are  more 
easily  scraped  from  their  basement  membrane  than  are 
the  normal  cells.  In  long-continued  and  severe  intoxica- 
tions, as  in  sepsis,  chronic  nephritis,  icterus,  pernicious 
anicmia,  etc.,  extensive  fatty  degeneration  may  be  found 
in  the  intima  of  the  veins.  Similar  marked  changes  may 
also  be  found  in  very  severe  cases  of  certain  of  the  acute 
infections,  such  as  diphtheria  and  pneumonia,  also  in 
severe  anoemia  due  to  iiemorrhage,  and  in  poisoning  with 
phosphorus,  arsenic,  etc. 

Hyaline  deyeneration,  of  the  connective  tissue  of  the 
walls  of  veins,  while  not  so  common  as  in  the  walls  of 
arteries,  is  nevertheless  of  relatively  frequent  occurrence. 
The  radicles  of  the  jiortal  vein  are  most  often  affected, 
but  the  process  is  common  enough  in  the  femoral  veins  and 
in  the  veins  of  the  lower  extremities.  The  spermatic  and 
ovarian  veins,  and  the  veins  of  the  broad  ligament  not  in- 
frequently show  this  change  It  may  be  primary  or  fol- 
low secondarily  upon  a  chronic  phlebitis.  The  change 
may  be  diffused  or  localized.  In  tlie  majority  of  cases  it  is 
the  sequela  of  a  fibroid  thickening  of  the  intima,  the  new 
connective  tissue  formed  beneath  the  endothelium  soon 
becoming  hyaline  in  character  (phlebosclerosis).  Calci- 
fication and  fatt}'  degeneration  may  follow,  but  are  much 
less  common  than  in  the  case  of  the  arteries.  The  portal 
radicles,  hepatic  veins,  and  the  veins  of  the  lower  ex- 
tremities are  most  fre(iuently  affected.  When  occurring 
primarily  and  not  as  a  sequela  of  phlebitis,  hyaline  de- 
generation of  the  wall  of  veins  is  usually  dependent  upon 
a  chronic  intoxication,  as  in  the  case  of  syphilis.  The 
media  and  adventitia  are  rarely  involved.  After  throm- 
bosis of  a  vein  and  subsequent  organization  of  the  throm- 
bus the  newly  formed  connective  tissue  replacing  the 
thrombus  may  become  hyaline  in  character.  In  extreme 
chronic  passive  congestion  of  the  lungs  (mitral  stenosis) 
tlie  ])ulmonary  veins  as  well  as  the  arteries  may  become 
greatly  thickened  and  present  a  hyaline  change  of  greater 
or  less  degree 
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Calcification.— This  is  tm  the  whole  relativelv  rare  in 
veins,  and  is  usually  localized  to  small  area's.  Oulv 
rarely  are  veins  calcified  throughout  any  considerable 
portion  of  their  wall.  The  deposit  of  lime  salts  most 
frequently  follows  hyaline  or  fatty  changes,  or  is  a  se- 
quela of  thrombophlebitis.  In  cases  of  chronic  phlebitis 
true  bone  may  sometimes  be  formed  in  the  walls  of  veins. 
This  event  occurs  particularly  in  the  femoral  and  its 
branches  and  in  the  radicles  of  the  portal  vein.  The 
writer  has  observed  a  number  of  cases  of  calcification  of 
the  femoral  and  saphenous  veins  following  thrombophle- 
bitis of  these  vessels.  In'two  cases  osteoid  and  true  osse- 
ous tissues  were  found  in  the  vein  walls  and  in  the  adja- 
cent tissues.  Calcification  of  the  portal  vein  is  of  not 
infrequent  occurrence.  Virchow,  Spiegelberg,  and  others 
have  described  such  cases.  The  lime  salts  are  deposited 
in  the  form  of  thin  laminoe,  usuallj'  in  the  media  of  the 
vein,  but  at  times  also  in  the  intima  and  adventitia. 
Evidences  of  a  chronic  pylephlebitis  are  usually  present 
in  the  form  of  sclerotic  changes,  irregular  thickenings  of 
the  wall,  bridges  of  connective  tissue  crossing  the  lumen 
of  the  vein,  etc.  The  mesenteric  and  splenic  veins  may 
shoTv  similar  changes.  In  two  cases  of  Banti's  disease 
studied  by  the  writer  there  was  a  marked  stenosis  of  the 
portal  vein  with  extensive  sclerosis  and  calcification,  in- 
volving chiefl.y  the  middle  coat  of  the  vessel.  The  irreg- 
ular character  of  the  vein  wall,  the  roughened  intima, 
and  the  strands  of  connective  tissue  crossing  the  lumen 
in  one  of  the  cases  made  it  very  probable  that  the  ste- 
nosis and  the  accompanying  sclerosis  and  calcification 
were  the  sequelfe  of  an  old  thrombopyleplilebitis.  In 
both  cases  the  splenic  and  mesentericveins  and  their 
radicles  were  greatly  dilated  and  showed  marked  scle- 
rotic changes.  Deposits  of  lime  .salts  were  also  present  in 
the  sclerotic  walls  of  many  of  the  smaller  branches  of  the 
mesenteric  veins.  Several  similar  cases  have  been  re- 
ported under  various  heads  in  the  older  literature.  In 
connection  with  these  cases  the  question  arises  if  the 
symptom  complex  now  known  as  splenic  anoemia  may 
not  be  secondary  to  portal  obstruction  due  to  various 
causes.  Sclerosis  and  deposits  of  lime  .salts  are  not  rare 
in  the  portal  vein  and  its  branches  in  the  late  stages  of 
cases  of  hejiatic  cirrliosis.  Calcification  of  the  vein  walls 
in  other  parts  of  the  body  is  of  rare  occurrence,  except  in 
the  case  of  local  deposits  at  the  site  of  calcified  thrombi. 

Amyloid  change  is  much  rarer  in  the  veins  than  in  the 
arteries,  and  is  usually  found  in  but  slight  degree.  It  is 
extensive  only  in  the  case  of  extreme  general  amyloidosis. 

Progressive  Ch.\kges. — Hypertrophy  of  all  three  coats 
of  the  vein  wall  with  dilatation  of  the  lumen  occurs  in 
athletes  and  in  individuals  accustomed  to  heavy  labor. 
The  degree  of  hypertrophy  bears  no  constant  i-elation  to 
excessive  muscular  activity,  and  such  an  enlargement  of 
the  veins  maj'  be  entirely  absent  in  individuals  in  whom 
such  conditions  are  present.  It  must,  therefore,  be  as- 
sumed that  some  inherent  peculiarity  in  the  structure  of 
the  vein  walls  lies  at  the  foundation  of  such  hy  pertroph}'. 
This  view  is  further  supported  by  the  fact  that  individ- 
uals not  given  to  marked  muscular  activity  may  also 
show  such  a  venous  hypertrophy.  In  the  latter  case  the 
hypertrophy  Is  usually  congenital  and  often  inherited, 
particularly  from  the  paternal  side  It  is  probable  that 
such  congenital  hypertrophy  of  the  veins  is  due  to  a  pri- 
mary weakening  of  the  walls  or  to  a  lowered  tension  in 
the  tissues  surrounding  the  vessels.  The  loss  of  the  aid 
given  to  the  venous  circulation  by  muscular  activity  may 
also  play  a  jiart  in  the  production  of  the  condition. 

A  hypertrophic  condition  of  the  veins  occurs  also  in 
the  vessels  taking  part  in  the  formation  of  a  collateral 
circulation.  In  general  it  maybe  said  that  stagnation  of 
the  Ijlood-fiow  in  veins  leads  to  a  thickening  of  their 
walls.  A  general  lypertrophy  of  the  venous  system  may 
therefore  be  the  result  of  a  general  venous  stasis,  as  in 
the  case  of  heart  lesions  without  proper  compensation. 
In  mitral  stenosis  there  is  almost  always  a  marked  thick- 
ening of  the  walls  of  the  pulmonary  veins,  and,  in  case 
the  right  ventricle  is  not  compensating  fully  for  the 
lesion,  a  similar  thickening  of  the  systemic  veins  also  re- 
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suits.  A  local  venous  stiignation  may  give  rise  to  a  local 
venous  hypertnijiliy.  Such  enlargement  of  tlie  veins  and 
thickenini:  of  llieir  walls  arc  frequently  seen  in  theueigli- 
borliood  (if  tumors.  A  secondary  atrophy  follows  sooner 
or  later  in  all  cases. 

The  increase  of  thickness  may  involve  all  three  coats, 
but  often  the  nuiseuhuis  is  alone  hypertrophic.  At 
other  times  the  inlima  may  show  the  most  thickening, 
and  in  other  cases  still  the  adventitia.  lu  the  case  of 
collateral  anastomoses,  particularly  in  arterio-venous  an- 
astomoses and  behind  obstructions,  the  vein  wall  may 
show  a  very  marked  degree  of  thickening.  In  tlie  ma- 
jority of  cases  such  hypertrophies  are  in  reality  connec- 
tive-tissue hyperplasias  due  to  chronic  hyperplastic  phle- 
bitis. A  triie  muscular  hypertrophy  and  hyperplasia 
do  occur,  however.  The  new  connective  tissue  formed 
in  the  vein  wall  is  usually  of  the  character  of  scar  tissue. 
Secondary  atrophy,  contraction  and  thinning,  in  associa- 
tion with" sclerotic  changes,  fatty  degeneration,  calcifica- 
tion, etc.,  follow  the  hypertrophy.  The  hyperplasia  of 
the  muscularis  in  the  case  of  collateral  anastomoses  is  to 
be  regarded  as  purely  compensatory  in  nature,  though  of- 
ten associated  with  inflammatory  changes.  In  all  organs 
in  whicli  there  has  been  for  some  time  a  condition  of 
marked  chronic  congestion  the  number  of  large  veins  ap- 
pears to  Ije  gi-eatly  increased.  It  is  due  to  tlie  fact  that 
the  w'alls  of  the  smaller  veins  become  thickened  in  pro- 
portion to  the  dilatation  of  the  vessel  lumen.  In  these 
cases  the  muscle  does  not  become  increased  in  amount, 
tlie  thickening  of  the  wall  being  due  to  a  new  formation 
of  connective  tissue  which  later  becomes  more  or  less 
hyaline  in  character. 

'lNFL.\MM.\TroN.  Pht.ebitis. — Inflammation  isamuch 
more  conunon  occurrence  in  the  veins  than  in  the  arteries. 
Though  analogous  in  structure  to  the  latter,  the  walls  of 
the  veins  are  thinner  and  weaker,  and  their  coats  less 
sharp]}'  differentiated.  For  this  reason  it  is  hardly  pos- 
sible to  separate  inflammatory  processes  of  the  vein  walls 
into  endo-,  meso-,  and  peripldebitis.  In  the  great  ma- 
jority of  cases  all  three  coats  are  coincideutly  affected, 
the  process  e-\tending  quickly  from  the  intima  to  the 
adventitia,  or  in  the  opposite  direction,  so  that  the  entire 
vein  wall  becomes  equally  involved.  A  further  and 
more  important  difference  between  the  arteries  and  veins 
is  the  part  played  by  the  latter  in  inflammations  of  the 
tissues.  In  such  conditions  the  arteries  present  no  recog- 
nizable anatomical  changes;  the  veins,  on  the  other  hanil, 
present  the  plienomena  of  a  marginal  disjiosition  of  the 
leucocytes  and  diapedesis  of  the  same.  In  purulent  in- 
flammalions  the  smallest  veins  may  become  so  involved 
that  tlie  elements  of  their  walls  suppurate  or  show  signs 
of  proliferation.  Such  changes  should  beincluded  under 
phlebitis  in  a  broad  sense,  but  the  term  is  usually  re- 
stricted ill  its  application  to  inflammatory  processes  in- 
volving the  large  veins. 

According  to  Koster,  phlebitis  is  to  be  regarded  as  a 
lymphangitis  of  the  vein  wall,  the  inflanimatory  process 
extending  along  the  lymph  spaces  and  lymph  vessels 
wilh  which  the  wall  is  richly  supplied.  The  extension 
upward  along  the  vein  {ascendini/ p/debitis)  is  due  to  an 
ascending  lymphangitis.  The  vasa  vasorum  likewise 
play  an  important  part  in  the  exten.sion  of  the  process. 
The  connection  between  peripheral  lymphangitis  and 
phlebitis  is  verj'  close.  In  the  case  of  intected  wounds 
of  the  extremities  the  signsof  an  ascending  lymphangitis 
precede  tlio.se  of  phlebitis,  the  infection  of  the  vein  wall 
following  that  of  the  lymphatics. 

In  all  cases  of  phlebitis  in  which  the  intima  of  the  vein 
is  damaged  thrombosis  results.  The  combination  of 
thrombosis  with  phlebitis  is  known  as  pldebnthromboms, 
and  is  to  be  regarded  as  one  of  the  most  important  feat- 
ures of  the  process.  In  the  case  of  hematogenous  in- 
fection (intravascular)  the  formation  of  a  thrombus  may 
constitute  the  first  .step  of  the  process,  the  inflammation 
of  the  vein  wall  following  upon  this.  In  the  ease  of 
periphlebitis  (extra vascular  infection)  the  thrombosis  fol- 
.  lowstheextension  of  the  process  to  the  intima.  By  some 
writers  the  term  tkroiiihuphlebitis  is  applied  to  the  first 


condition,  phlebothrombosis  to  the  second.  This  distinc- 
tion is  not  commonly  observed,  however,  and  the  term 
tlirombophlebitis  is  used  to  designate  both  processes. 
Thrombosis  may  be  associated  with  either  acute  or 
chronic  phlebitis. 

EtinhKjii. — The  infection  of  the  vein  may  be  either  intra- 
or  extravascular.  In  the  first  case  the  infection  is  either 
of  metastatic  or  of  cryptogenic  origin.  !More  frc(|uently 
the  vein  is  involved  by  an  extension  (l3'niphangitis)  from 
neighboring  suppurative  processes.  Infected  wounds 
(trauma,  operation,  childbirth,  etc.)  form  the  most  com- 
mon causes  of  phlebitis.  The  primary  infection  may  be 
of  slight  degree,  or  the  infection  may  take  place  through 
uninjured  tissues  (hair  follicle).  Phlebitis  due  to  infec- 
tion following  abortion  or  childbirth  isof  frequent  occur- 
rence. In  tlie  majority  of  the  infectious  diseases  phlebitis 
occurs  often,  being  due  either  to  the  direct  action  of  the 
specific  infectious  agent,  the  inloxication,  or  to  a  second- 
ary infection.  In  smallpox,  typhoid  fever,  influenza,  ery- 
sipelas, diphtheria,  dysentery,  scarlatina,  pneumonia, 
and  gonorrhoea  phlebitis  not  infrequently  occurs.  In  the 
milder  infections,  such  as  measles,  it  is  a  more  rare  com- 
plication. Chronic  intoxications,  syphilis,  gout,  alcohol- 
ism, etc.,  are  regarded  hy  some  writers  as  causal  agents 
in  chronic  phlebitis.  Obliterating  endophlebitis  in  par- 
ticular has  been  ascribed  to  syphilis.  By  other  writers 
the  existence  of  a  specific  rheumatic  or  gouty  (alcoholic) 
phlebitis  is  denied.  Of  the  micro-organisms  causing 
phlebitis,  the  streptococcus,  staphjdococcus,  pneuino- 
coccus,  gonococcus,  typhoid  bacillus,  and  the  colon 
bacillus  play  the  chief  roles. 

Varieties. — As  mentioned  above,  it  is  rarely  possible  in 
the  acute  forms  of  phlebitis  to  differentiate  endo-,  meso-, 
and  periphleliitis.  In  chronic  phlebitis  such  a  classifica- 
tion is  often  possible,  tlie  chronic  forms  being  more  often 
confined  to  the  inner  and  middle  coats.  According  to  the 
chief  characteristics  of  the  infiammatoi-y  process,  there 
may  be  distinguished  the  following  varieties  of  phlebitis: 


Acuta  (hasmatogenous  or 
extravascular) . 


1.  E.xudativa. 

(a)  Pumlenta. 

(?))  Suppurativa. 
3.  Dissecans. 

3.  Producltva,  s.  adha?siva. 
s.  orpanisatoria. 

4.  Ganffrienosa. 
Chronira  (hiEuiatogenous  J  .\-  I.f>:i"'n'li>stica. 

or  e.xtravascular). 


-.  .itKipliica. 
(  i.  ubliHTiins. 


Various  other  terms  have  been  applied  by  different  au- 
thors to  designate  especial  features  of  given  cases :  ascend- 
ing phlebitis,  diffuse  phlebitis,  universal  phlebitis,  panphle- 
bitis.  etc.  Phlebitis  ciiriunscnpta  is  also  applied  to  a 
localized  phlebitis,  more  particularl}'  to  areas  of  localized 
inflammation  in  the  walls.of  the  ceiebral  sinuses. 

Acute  Phlebitis. — The  vein  wall  may  be  infected  from 
the  blood  (hamatogenous)  or  from  the  tissues  (e-rtvata^cu- 
lar).    The  latter  occurrence  is  jirobably  the  more  common. 

((()  Extravitsciilar  Origin. — In  this  case  the  adventitia 
is  first  affected,  and  the  early  stages  of  the  processappear 
as  a  purulent  periphlebitis.  The  Ij'mpbatics  and  the 
small  veins  of  the  vessel  wall  become  filled  with  leuco- 
cytes, and  these  may  collect  in  such  numbers  as  to  give 
the  process  the  character  of  a  purulent  infiltration  of  the 
vein  wall  {phlebitis  exiidatira  or  purulentu).  OEdema  and 
liquefaction  of  the  elements  of  the  wall  may  also  take 
jilace  as  the  process  increases  in  severity  ( phlebitis  suppu- 
ratita).  Inasmuch  as  the  connective-tissue  sheath  of  the 
vein  wall  is  very  resi.sfant  the  exudate  collects  beneath  it 
and  extends  along  the  vessel  for  some  distance,  giving 
rise  to  other  abscesses.  In  this  way  the  vein  may  become 
surrounded  by  a  mantle  of  pus,  which  may  be  so  great  as 
to  separate  the  vessel  from  its  neighboring  tissues  and 
lead  to  the  complete  necrosis  of  the  elements  of  its  wall. 
The  media  and  intima  are  usually  quickly  involved  by 
direct  extension  and  also  througli  the  lymphatics  and 
vasa  vasorum.  Ultimately  the  entire  vessel  wall  may 
present  a  dense  purulent  infiltration  ;  in  some  cases  only 
traces  of  the  original  tissues  of  the  wall  can  be  made  out. 
Tlie  thickness  of  the  wall  may  become  greatly  increased, 
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ten  to  twelve  times  as  great  as  normal ;  ami  Uio  lumen  of 
the  vein  may  be  obstructed  or  wliolly  obliterated  as  tlie 
result  of  tlie  swelling  alone.  In  large  veins  or  in  the  case 
of  a  lesser  degree  of  infiltration  tlie  intima  may  show  cir- 
cumscribed areas  of  bulging  corresponding  to  the  points 
of  greatest  infiltration.  In  addition  to  the  swelh'ug 
caused  by  the  a'dema  and  celltdar  exudate,  hemorrhages 
of  varying  size  may  occur. 

The  elastic  tissue  of  tlic  media  plays  an  important  part 
in  the  extension  of  the  inliltration  toward  the  intima. 
The  advancing  exudate  puslies  the  elastic  fibres  toward 
the  intima,  and  tinally  breaks  through  them  at  the  points 
of  least  resistance.  The  elastica  interna  remains  preserved 
for  the  longest  time,  but  tinallj'  gives  way.  and  the  exu- 
date presses  tlirough  the  point  of  rupture.  Finally,  the 
elastic  tibres  become  involved  in  the  complete  dissolution 
of  the  vein  wall. 

The  damage  to  the  intima  results  constantly  in  throm- 
bosis. The  thrombus  thus  formed  ma}'  be  obturating  or 
parietal;  in  both  cases  it  serves  to  prevent  further  en- 
trance of  the  exudate  into  tlic  lumen  of  the  vein.  In  the 
formation  of  the  thrombus  the  elements  of  the  blood  cir- 
culating through  the  vein  may  take  part,  or,  as  alHrmcd 
by  Kostcr  and  others,  the  intrnniKatidn  of  red  and  white 
cells  and  fibriiiogen-contaiuing exudate  from  the  afTected 
wall  into  the  ve.ssel  lumen  may  aid  in  the  formaticju  of 
the  thrombus,  or  be  alone  concerned  in  its  production. 
The  inflammation  of  the  vessel  wall  is,  therefore,  the  pri- 
mary process,  the  thrombosis  the  secondary,  the  entire 
process  being  regarded  as  analogous  to  tlie  formation  of 
exudates  upon  serous  membranes,  the  exudate  containing 
red  blood  cells,  blood  plates,  leucocytes,  fibrinogen,  etc., 
these  being  poured  out  from  the  vasa  vasorum  ovei-  the 
intima  of  the  alTeclcd  portion  of  the  vessel.  With  the 
formation  of  the  thrombus  upon  the  intima  the  process 
may  be  appropriately  designated  phlebothrombosis  (phle- 
bothrombims  puridcntd).  By  Hunter  it  was  termed  phle- 
bitis pseiidomcmhrnixiceii.  By  the  majority  of  wntei's  no 
distinction  is  made  between  "thrombophlebitis  and  phle- 
bothrombosis, but  by  others  the  distinction  as  given 
above  is  favored.  Inasmuch  as  the  thrombosis  is  in  one 
case  the  primary  process  and  in  the  other  a  secondary,  it 
would  seeui  well  to  retain  the  distinction. 

The  oedema  and  infiltration  of  the  coats  of  the  affected 
vein  may  lead  to  their  separation  from  each  other  (phle- 
bitis dissecans).  In  the  case  of  an  involvement  of  a  vein 
in  a  gangrenous  process  the  phlebitis  may  also  assume  a 
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Fig.  .5010.- Secondary  Vasculitis  of  a  Small  Vein  of  the  Leg  in 
Phlegmon  due  tn  StrppKicoccus  p.vngeues.  «,  Leucocytes  ;  6,  Strep- 
tococci.    (After  Weichselbaum.) 

gangrenous  character  (phlebitis  gangrcenosa).  With  the 
advent  of  thrombosis  and  the  partial  or  complete  obtura- 
tion of  the  vessel  on  the  one  hand  and  the  cessation  of 
the  inflammation  on  the  other,  organization  of  the  tlirom- 
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bus  may  take  place  (phlebitis  product ivn,  s.  ndhasici,  s. 
viyii/iisutoriii)  aud  healing  may  result.  The  sequeke  of 
such  healing  may  be  thickening  of  the  vessel  wall,  oblit- 
eration of  the  lumen,  formation  of  connective-tissue 
bridges,  calcification,  etc.  During  the  healing  process  or 
subsequentlj-  (hereto  a  re- 
generation of  elastic  fibres 
may  take  place,  and  newly 
formed  filires  may  also  be 
found  in  the  organized  throm- 
bus. 

(b)  Hmmatogenous  Origin. — 
The  phlebitis  caused  by  in- 
travascular excitants  of  in 
flammatiou  runs  a  different 
course.  There  is  usually  a 
primary  thrombosis  followed 
by  a  secondary  inflammation. 
As  a  result  of  changes  pro- 
duced in  the  intima  of  the 
vein  by  toxins,  or  by  the 
direct  action  of  bacteria,  or 
by  the  direct  action  of  heat, 
freezing,  trauma,  etc.,  there 
results  a  thrombosis.  If  mi- 
cro-organisms capable  of  ex- 
citing suppuration  are  not 
present  in  the  thrombus  (so- 
called  benign  thrombus),  the 
only  effect  upon  the  vein  wall 
is  the  slight  reactive  inflam- 
mation caused  by  the  pres- 
ence of  a  foreign  body.  Or- 
ganization of  "the  thrombus 
takes  place,  and  it  is  replaced 
by  newly  formed  connective 
tissue  aud  blood-vessels  (^j/iic- 
bitis  produc.tim,  s.  adhwsitu,  *• 
organisatoria).  The  sequela' 
of  calcification,  obliteration 
of  the  lumen  by  connective 
tissue,  thickening  of  the  ves- 
sel wall,  formation  of  con- 
nective-tissue bridges,  etc., 
likewise  occur  in  this  connec- 
tion. Irregular  dilatations 
and  stenoses  of  the  affected 
vein  result :  the  newly  formed 
connective  tissue  in  its  lumen 
may  become  channelled  by 
new  vessels,  and  the  circula- 
tion jiartly  or  wholly  re-estab- 
lished. As  the  result  of  such 
changes  the  vein  may  come 
to  have  a  structure  suggest- 
ing that  of  the  longitudinal 
sinus  of  the  dura  mater.  (Fig. 
.5011.) 

Much  more  unfavorable  is 
the  course  if  the  original 
thrombus  contains  pyogenic 
micro-organisms  capable  of 
mulliplication.  These  exert 
their  characteristic  effects 
upon  the  intima  and  upon 
the  elements  of  the  thrombus:  necrosis,  liquefaction,  and 
infiltration  of  the  vein  wall  follow,  the  process  extending 
outward  toward  the  adveutitia  {tJiromboplikbitis  puru- 
lenta  .f.  sujipiiratica).  The  infection  of  the  lymphatics 
and  blood-vessels  of  the  vein  wall  leads  to  a  further  ex- 
tension of  the  process,  and  the  surrounding  tissues  be- 
come secondarily  involved.  The  thrombus  and  the 
entire  vein  wall  at  the  seat  of  infection  may  be  com- 
pletely destro}'ed  by  the  suppurative  process."  Healing 
and  organization  may  take  place ;  but  in  the  majority 
of  cases  the  softening  of  the  thrombus  leads  to  embo- 
lism of  infected  material,  and  the  suppurative  process 
repeats  itself  at  the  site  of  lodgment  of   the  emboli. 
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Fig.  .5011.— Changes  IToduced 
in  the  Inferior  Vena  Cava  and 
Iliac  Veins  l>y  the  Organiza- 
tion and  Contraction  of  a 
Thrombus  Resulting  fioni  the 
Involvement  of  tlic  Vessels 
by  a  Retroperitoneal  .\hscess. 
The  irregularities  of  tlie  in- 
timaand  the  connective-tissue 
bridges  crossing  the  lumen 
cause  the  vessel  to  resemble 
the  superior  longitudinal 
sinus.     (After  Schrotfer.) 
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The  presence  of  pj'ogenic  orixunisms  in  the  circulation 
leads  to  a  general  pyteniia  wliii-h  is  I'requently  fatal.  In 
the  pre-aseptic  daj^s  this  form  of  plilcbitis  was  much 
more  conunou  than  the  secondarj'  jihlebotlirombosis,  but 
it  is  now  relativel.y  more  rare.  ChiUlliirth,  abortion,  in- 
fected wonnds  froni  trauma  or  operation,  malignant  endo- 
carditis, acute  iufeelions,  and  secondary  infections  foUow- 
inir  tlie  acute  infectious  diseases  are  most  often  followed 


by  ha'matogenons  phlebitis 
also  common.     In  tlie  ease  c 


Cryptogenic  infections  are 
r  infection  by  certain  orgau- 
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FIG.  5013.— Cbrcmic  Phlebitis,  with  Beginning  Organization  ul  tlie  Tliroiubus.    ^1,  Ad 

ventltia;  .V,  Media;  An,  tfiiokened  inlima  at  point  of  aHarliment  of  organizing 

Ihrombus.     (.\fter  Sctirotter.) 


isnis  the  phlebitis  may  assume  a  gangrenous  character 
(thrombophlehitis  gan(jrmni>sii).  This  is  more  rare  than  in 
the  case  of  an  infection  of  the  vein  from  the  tissues. 

Should  organization  of  the  thrombus  and  healing  of 
the  phlebitis  occur  the  process  assumes  the  character  of 
a  thrombopldebitii  organisaloria.  An  acute  produetire 
phlebitis  (phlebitis  prolifera)  without  thrombosis  may  be 
associated  with  inflammatory  processes  in  the  neighbor- 
hood of  tlie  affect(.'d  vessel,  as  shown  by  a  fibroblastic 
thickening  of  tlie  vein  wall,  dilatation,  and  thickening 
of  the  vasa  vasorum.  etc.  It  is  also  possible  that  similar 
changes  may  be  of  ha^matogeuous  origin. 

Chronic  Phlebitis. — The  processes  of  organization,  re- 
pair, etc.,  following  an  acute  phlebitis  are  often  regarded 
as  of  the  nature  of  a  chronic  phlebitis.  They  are  more 
properly  sequela-.  A  true  chronic  phlebitis,  however, 
occurs  as  the  result  of  chronic  inflammations  in  the  neigh- 
borhood of  veins,  and  possibly  also  as  a  result  of  chronic 
into.xicatious.  In  hejiatic  cirrhosis  the  branches  of  the 
hepatic  veins  usually  sliow  chronic  inflammatory  changes. 
The  veins  in  the  neighborhood  of  chronic  ulcers  orab- 
scesses,  chronic  tuberculous  or  actinomjcotic  foci  usually 
show  marked  changes  of  the  nature  of  a  chronic  inflam- 
mation. These  are  characterized  by  a  connective-tissue 
thickening  of  the  vein  wall  {phlebitis  hi/pei-plitsticn),  en- 
largement of  the  vasii  vasoniin,  and  thickening  of  their 
walls,  and  either  a  dilatation  or  stenosis  of  the  vessel 
lumen.  The  thickening  of  the  vessel  wall  may  depend 
to  Slime  extent  upon  a  chronic  infiltration.  Secondary 
thinning  of  the  wall  frequently  follows  {phlebitis  a tro- 
phicn).  By  many  writers  varices  are  regarded  as  a  sequela 
of  chronic  phlebitis.  Sclerotic  changes  or  calcification 
may  also  occur.  Thrombosis  may  or  may  not  be  associ- 
ated -vith  the  process.  The  organization  of  the  tlirom- 
bus  I  ■  the  iiroliferation  of  the  iiitima  may  lead  to  an 


obliteration  of  the  vein  at  the  afl:ected  point  {phlebitis 
obliterans).     (Fig.  5012.) 

An  endophhhitis  obliterans  {endophlebitis  pi'oUfera)  oc- 
curs coincidently  with  or  under  the  same  conditions  as 
endarteritis  obliterans.     As  a  result  of  the  proliferation 
of  the  intima  the  lumen  is  partially  or  completely  filled 
with  a  newly  formed  connective  tissue,  often  resembling 
myxomatous  ti.ssue,  and  containing  numerous  new  blood- 
vessels, giving  it  a  certain  amount  of  vascularization. 
In  the  majority  of  cases  the  condition  may  be  ascribed  to 
syphilis,  but  similar  changes  maj'  follow 
the  ligation  of  veins,  thrombosis,  and  pos- 
sibly various  chronic  intoxications.     The 
veins  of  the  lower  extremities,  the  portal 
radicles,  and  the  branches  of  the  hepatic 
^■eins  appear  to  be  the  most  frequently 
affected.      In    three    cases   described    by 
Chiari  the  proliferation  of  the  intima  of 
the  hepatic  veins  led  to  a  marked  stenosis 
of  their  lumen,  in   some  vessels  even  to  a 
complete  obliteration,  as  a  result  of  which 
secondary  changes  occurred  in  the  liver, 
accompanied  bj^  overdistention  of  the  por- 
tal vein   and   ascites.     Death   took  place 
from  thrombosis  of  the  obstructed  veins. 
Chiari  regarded  syphilis  as  the  most  prob- 
able causal  factor  in  these  cases. 

Symptoms. — Phlebitis  may  occur  with- 
out any  individual  signs  or  symptoms; 
or  these  may  be  obscured  by  the  general 
symptoms  of  the  primary  disease.  Par- 
ticularly in  the  case  of  the  deeply  lying 
veins  may  symptoms  be  absent,  and 
the  condition  may  become  evident  only 
through  the  occurrence  of  thrombosis  or 
of  other  sequeUe.  In  acute  phlebitis 
there  is  usually  an  irregular  fever,  which 
at  times  may  reach  a  high  degree.  The 
course  of  the  vein,  if  superficial,  may  be 
revealed  by  the  presence  of  a  dark  blue, 
or  reddish,  thick  cord,  which  is  very  ten- 
der on  pressure.  In  the  event  of  throm- 
bosis the  cord  becomes  more  firm  and 
hard.  If  the  surrounding  tissues  are  markedly  a^dem 
atous  and  infiltrated  it  may  not  be  possible  to  feel  the 
vein.  Pressure  over  deep-seated  veins  is  also  painful. 
The  pain  is  also  spontaneous,  not  only  along  the  course 
of  the  vein,  but  also  in  its  neighborhood.  An  a;dema- 
tous  swelling  of  the  vein  or  of  the  tissues  surrounding 
a  vein  does  not  necessarily  indicate  a  phlebitis,  as  the 
condition  may  result  from  a  non-infected  thrombus. 
The  distention  of  the  superficial  veins  may  in  both  cases 
be  regarded  as  evidence  of  the  establishment  of  a  col- 
lateral circuhition.  The  .symptoms  of  chronic  pldebi- 
tis  are  in  general  similar  to  those  of  the  acute,  but  are 
less  severe.  Acute  exacerbations  are  common  in  the  in- 
fected cases,  the  symptoms  being  those  of  an  acute  phle- 
bitis. In  the  case  of  superficial  vessels  the  thickening 
remains  permanent,  while  the  rednessand  tenderness  dis- 
appear. The  development  of  the  collateral  circulation  is 
usually  more  pronounced,  and  the  distention  of  the  super- 
ficial vessels  lasting  in  the  case  of  chronic  phlebitis. 

It  must  be  noted,  however,  that  the  symptoms  of  phle- 
bitis may  vary  greatly  in  dilferent  cases,  according  to  the 
cause,  location,  sequekc,  and  the  nature  of  the  general  or 
local  disease  with  which  it  is  usually  associated. 

Diagnosis. — From  the  above  it  is  clear  tliat  the  diagno- 
sis of  phlebitis  is  often  not  possible,  the  condition  being 
completely  concealed  under  the  symptoms  of  the  primary 
or  accompanying  disease,  the  two  forming  a  symptom 
complex  usually  designated  as  eri/ptogenic  septieopi/cemut. 
The  diagnosis  is,  liowever,  easy  in  many  cases,  jiarticu- 
larly  when  superficial  veins  are  involved.  The  differen- 
tiation between  phlebitis  with  secondary  thrombosis 
(phlebothrombosis)  and  thrombosis  with  secondary  phle- 
bitis (thromboplilebitis)  is  in  the  majorit}'  of  cases  im- 
possible. Neither  the  nature  of  the  primary  affection, 
the  cli;iracter  of  the  fever  or  pain,  nor  the  late  appearance 
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of  the  symptoms  in  the  course  of  auother  disease  can  be 
used  as  "differential  points.  Both  tlirombosisand  plilelji- 
tis  may  occur  late  in  an  infectious  disease,  even  during 
convalescence.  The  persistence  in  tlie  body  of  virulent 
bacteria  may  lead  to  jihlebitis  and  thrombosis  long  after 
the  original  attack  of  the  disease. 

Occurrence. — The  veins  of  the  lower  extremities  are 
most  frequently  affected.  The  reasons  for  this  are  largely 
anatomical,  these  veins  being  more  likely  to  suffer  from 
stasis  and  consequent  dilatations.  Trauma  with  infection 
is  also  of  frequent  occurrence  in  this  region.  Varicose 
ulcers  of  the  legs  verj-  often  lead  to  phlebitis  of  the 
saphenous  veins.  The  ren(r  iipernuiticte  and  iiterina  may 
become  infected  after  abortion  or  childbirth.  Retention 
of  the  placenta  leads  frequenlly  to  an  infection  of  the 
uterine  reins.  The  thrombophlebitis  beginning  in  these 
vessels  may  extend  to  the  rena  curd  or  the  femoral  rein. 
(phlegmasia  alba  dolens).  The  femoral  rein  itself  is  very 
often  affected  primarily  in  the  acute  infections  and  in 
raarasmic  conditions.  Phlebitis  of  tlie  hwmorrlioidal  and 
rencal  veins  follows  cystitis,  prostatitis,  gonorrhceal  in- 
fections, rectal  and  perirectal  abscesses.  Infection 
through  hemorrlioids  themselves  is  also  common.  In  all 
of  these  cases  the  colon  bacillus  doubtless  plays  an  im- 
portant role.  Phlebitis  of  the  mesenteric  veins  and  py/e- 
jihlebilis  occur  in  connection  withdy  senterj-,  perityphli- 
tis, and  other  intlamiuatory  conditions  of  the  intestines. 
In  infections  of  the  umbilical  cord  in  the  new-born  the 
umbilical  vein  usually  presents  the  picture  of  a  thrombo- 
phlebitis purulenta  which  maye.\teud  into  the  vessels  of 
the  liver  and  into  the  portal  veins.  The  reins  of  the  upper 
crtremities  are  less  frequently  the  seat  of  a  phlebitis,  but 
show  the  condition  often  enough.  Infected  wounds  of 
the  hands  and  boils  are  the  most  common  sources  of  in- 
fection. Cryptogenic  infection  through  an  uninjured 
hair  follicle  may  take  place.  Venesection  was  formerly 
the  most  common  cause  of  phlebitis  of  the  upper  extrem- 
ities. The  meninyeal  reins,  sinusts,  and  the  reins  of  the 
diploe  are  very  frequently  the  seat  of  phlebitis.  Infected 
wounds  of  the  head,  mastoid  or  middle-ear  disease, 
caries  of  the  petrous  bone,  etc.,  give  rise  to  thrombophle- 
bitis of  these  vessels  and  further  to  meningitis  and  enceph- 
alitis. The  internal  jugular  may  ultimatel}'  be  affected. 
The  sinus  sir/moideus  plays  an  important  role  in  the  ex- 
tension of  infections  from  the  ear.  Phlebitis  of  the 
meningeal  veins  and  sinus  thrombosis  may  also  follow 
infections  through  the  orbital  or  nasal  cavities.  In  rare 
cases  carious  teeth  may  be  the  primary  lesiou  from  which 
sinus  thrombosis  ultimately  results.  Phlebitis  of  the 
pulmonary  veins  may  result  from  septic  infarcts,  abscess- 
es, gangrene,  and  other  infiannnatory  conditions  of  the 
lungs.  In  osteomyelitis  the  veins  of  the  bone  marrow 
present  the  picture  of  thrombophlebitis. 

Sequela. — The  most  favorable  sequela  of  thrombophle- 
bitis or  phlebothroiubosis  is  the  organization  of  the 
thrombus  and  the  partial  or  complete  obliteration  of  the 
affected  vessel  with  the  development  of  an  adequate  col- 
lateral circulation.  Embolism  of  infective  material  from 
the  primar\-  focus  in  purulent  phlebitis  is  the  most  un- 
favorable sequela.  Such  an  embolism  may  be  direct, 
retrograde,  or  paradoxical.  In  general,  it  may  be  as- 
sumed that  from  every  phlebitic  focus  portions  of  mate- 
rial are  set  free  into  the  venous  circulation.  If  these 
contain  pyogenic  bacteria  the  emboli  given  off  may.cause 
an  endocarditis  of  the  right  side  of  the  heart,  septic  in- 
farcts and  abscesses  of  the  lungs ;  or  they  may  pass  through 
the  pulmonary  capillaries  and  give  rise  to  a  mitral  or  an 
aortic  endocarditis,  or  to  pya-mic  abscesses  throughout 
the  arterial  system.  Phlebitis  in  the  regions  tributary  to 
the  superior  vena  cava  may  give  rise  to  liver  infarcts  and 
abscesses  through  retrograde  embolism.  Phlebitis  of  the 
pulmonary  veins  in  particular  leads  to  the  production  of 
embolic  infarcts  and  abscesses  throughout  the  general 
ciretdation,  especially  of  the  brain,  siileen,  and  kidneys. 
Pylephlebitis  may  lead  to  infarcts  and  abscesses  of  tlie 
liver  and  lungs.  In  general  the  .sequehi:  of  tbroiubophle- 
bitis  depend  upon  the  location  of  the  vein,  the  character 
and  extent  of  the  thrombosis,  the  presence  of  bacteria 


and  the  variety  of  the  same,  the  possibilities  of  embolism, 
and  the  vital  importance  of  the  affected  organs. 

Protirifms. — This  depends  upon  tlie  size  and  location  (if 
the  affected  vein,  the  bland  or  infectious  nature  of  the 
process,  the  occurrence  of  embolism,  and  the  importance 
of  the  affected  organ.  In  the  less  severe  cases  of  phlebi- 
tis of  the  lower  extremities  the  prognosis  is  relatively 
favorable,  even  in  the  case  of  pulmonary  embolism,  since 
the  emboli  are  likely  to  be  of  small  size.  The  more  severe 
cases  with  marked  a;dema  of  the  e.xtremitj-  ( j>hlegmasia 
iil/kt.  dvlens),  in  which  the  principal  veins  are  alleeted.  are 
very  dangerous  because  of  the  possibility  of  emboli  of 
large  size  or  the  growth  of  the  thrombus  into  the  vena 
cava.  Sudden  death  from  pulmonarj'  embolism  may  oc- 
cur. Tlie  etiological  factors  in  phebitis  of  the  larger 
veins  are  iu  themselves  of  grave  signilicance.  The  prog- 
nosis in  the  septic  cases  is  alvvaj-s  grave  because  of  the 
possibility  of  embolism  and  the  occurrence  of  general 
p_va»mia  and  septicfemia.  The  persistence  of  fever  is 
the  most  important  indication  to  be  followed.  As  long 
as  there  is  a  daily  rise  of  temperature  the  danger  of  fre.sh 
thrombosis  and  embolism  or  of  an  extension  of  the  phle- 
bitis is  present. 

Treatment. — The  old  methods  of  treatment  with  mer- 
curial ointments,  iodine,  etc.,  have  been  entirel}-  aban- 
doned. The  local  massage  employed  in  their  administra- 
tion made  their  application  a  source  of  danger. 

Proph3laxis  is  of  prime  importance.  Asepsis  or  anti- 
sepsis at  all  times  is  the  chief  means  by  which  the  com- 
plication of  phlebitis  and  its  attendant  thrombosis  may 
be  avoided.  A  small  boil  or  even  the  slightest  infected 
scratch  may  lead  to  a  dangerous  phlebitis.  The  perni- 
cious habit  of  "  paring  corns"  with  domestic  instruments 
is  also  a  source  of  infection,  which  may  sometimes  run 
a  dangerous  and  fatal  course.  The  puerperium  is  obvi- 
ously a  time  when  modern  aseptic  precautions  should  be 
carefully  observed.  Abortion  with  retention  of  placental 
fragments  is  likewise  of  the  greatest  danger.  Infection 
through  carious  teeth  should  be  avoided  by  prompt  atten- 
tion to  the  condition.  Mastoid  and  micldle-ear  disease 
should  receive  proper  operative  treatment.  As  a  result 
of  modern  prophylactic  measures  the  dictum  of  Cruveil- 
hier  that  "la  phlebite  domine  toute  la  pathologic  "  no 
longer  applies.  With  the  almost  universal  adoption  of 
aseptic  and  antiseptic  measures,  pyaemia  and  puerperal 
sepsis  have  become  much  less  frequent,  and  thrombo- 
phlebitis in  consequence  is  a  much  more  rare  compli- 
cation. 

In  the  case  of  an  established  thrombophlebitis  the  most 
important  indication  is  the  avoidance  of  einbolism  by 
means  of  absolute  rest  until  no  doubt  exists  as  to  the 
subsidence  of  the  process  and  the  complete  organization 
of  the  thrombus,  and  the  establishment  of  the  collateral 
circulation.  This  is  particularly  the  case  in  thrombo- 
phlebitis of  the  extremities,  especially  the  lower  ones. 
Elevation  and  fixation  of  the  affected  limb  may  be  of 
service  in  promoting  the  return  flow  from  the  obstructed 
area.  In  the  event  of  severe  pain  the  application  of  cold, 
etc.,  may  be  useful.  The  dangers  of  embolism  and  the 
results  of  moving  the  limb  should  be  thoroughly  im- 
pressed upon  the  patient. 

Jlany  cases  of  phlebitis  are  now  treated  surgically. 
The  opening  and  drainage  of  periphlebitic  abscesses 
should  be  carried  out  as  soon  as  possible.  Ligation  of 
the  efferent  veins,  exposure  of  the  affected  vein  with 
direct  antiseptic  treatment  of  the  same,  or  resection  of 
the  diseased  portion,  etc.,  arc  recent  operations  per- 
formed with  great  success.  In  the  case  of  mastoid  and 
middle-ear  disease  with  extension  to  the  meninges  and 
sinus  thrombosis  the  jugular  may  be  ligated.  As  the 
result  of  these  operations  the  duration  of  the  process 
is  shortened,  the  dangers  of  embolism  are  removed, 
and  recurrences  rendered  impossible.  The  more  severe 
the  case  the  greater  the  indications  for  such  operative 
interference. 

The  local  and  general  conditions  should  receive  appro- 
priate treatment  also.  Septic  and  pya?mic  conditions 
should  be  treated  according  to  the  conditions. 
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Wounds  op  Veins. — Rvptures,  lacerations,  bruises,  and 
erosions  of  veins  are  of  common  occurrence.  They  take 
place  much  more  frequently  iu  the  case  of  small  veins 
than  iu  the  ease  of  the  arteries.  Aside  from  direct 
trauma,  an  increase  of  intravenous  pressure  pla.ys  the 
most  important  part  in  the  rupture  of  veins.  Hemor- 
rhage from  tlie  conjunctival  veins  may  result  from  spas- 
modic coughing  and  vomiting.  The  same  cause  may 
lead  to  rupture  of  small  veins  iii  the  luueosaof  the  larynx 
and  trachea.  The  veins  of  a  collateral  circulation  fre- 
quently burst,  particularly  iu  the  case  of  oesophageal 
varices  in  hepatic  cirrhosis.  The  pressure  of  a  tumor  or 
aneurism  upon  the  great  cervical  veins  may  lead  to  a 
rupture  of  the  meningeal  veins.  Ruptures  of  the  veins 
of  the  lower  e.vtrcmities  are  of  frequent  occurrence.  In- 
crease of  pressure,  fatty  degeneration  of  the  vein  wall, 
etc.,  are  causal  factors.  Rupture  of  varices  and  hemor- 
rhoids occurs  very  frequentlj-.  Intense  cramps  of  the 
muscles  of  the  calf  may  cause  the  rupture  of  small  veins. 
In  a  case  reported  by  Frerichs  fatty  degeneration  of  the 
wall  of  the  portal  vein  led  to  the  rupture  of  this  vessel. 
Rupture  of  the  superior  and  inferior  vena;  cavje  may  be 
caused  by  falls,  crushing  of  tlie  bod)',  etc.  A  fall  upon 
the  head  may  cause  a  rupture  of  a  cerebral  sinus  even 
without  external  signs  of  injury.  Bullet  wounds  of  all 
kinds  may  occur  in  the  veins  iu  any  part  of  the  body. 
Tlie  woimd  may  be  caused  by  the  direct  action  of  the 
projectile  or  by  pieces  of  bone.  Cases  have  been  re- 
ported in  which  the  bullet  remained  embedded  in  the  vein 
wall. 

The  sequels  of  such  injuries  are  hemorrrhage  into  the 
tissues  or  body  cavities  (luemothorax,  ha'matopericar- 
dium,  etc.),  hsematoma  formation,  thrombosis  at  the 
point  of  injury,  healing,  and  the  formation  of  a  collat- 
eral circulation.  If  the  artery  is  injured  at  the  same 
time  with  the  vein  an  anastomosis  arterio-venosa  may  be 
formed.  Embolism  of  air  or  of  portions  of  the  thrombus 
may  also  follow.  The  aspiration  of  air  into  the  veins  is 
]iarticularly  likely  to  happen  in  injuries  of  the  veins  of 
the  neck,  but  is  seen  more  rarely  in  the  case  of  injuries 
of  the  veins  of  the  extremities,  uterus,  head,  and  possibly 
through  the  veins  of  the  stomach  in  the  case  of  erosions, 
ulcerations,  etc.  Repeated  small  hemorrhages  from  hem- 
orrhoids or  eroded  varices  may  give  rise  to  the  severest 
grades  of  amvmia.  In  the  case  of  the  loss  of  large  quan- 
tities of  blood  on  a  single  occasion,  death  may  follow  im- 
mediately or  later,  as  the  result  of  fatty  degeneration  of 
the  heart  and  other  organs.  In  the  case  of  injury  of  the 
large  veins  death  usually  follows  at  once  from  the  large 
amount  of  blood  lost,  but  even  in  these  cases  spontaneous 
recovery  may  take  place.  Surgical  interference  reduces 
greatly  tlie  mortality  in  these  cases.  Ligation  of  the 
jugular,  innominate,  axillary,  and  femoral  veins,  as 
well  as  of  the  inferior  vena  cava,  has  been  successfully 
performed,  and  a  collateral  circulation  established.  Suc- 
cessful healing  has  also  followed  the  suturing  and  resec- 
tion of  the  femoral  and  the  vena  cava. 

The  treatment  of  rupture  of  veins  is  chiefly  surgical. 
Compression,  clamping,  ligaturing,  and  suturing  are  re- 
sorted to  according  to  the  conditions.  Even  in  the  case 
of  hemorrhage  into  the  body  cavities  (pericardium,  etc.) 
the  bleeding  veins  may  be  found  and  successfully  liga- 
tured. In  some  cases  ligature  of  the  corresponding  artery 
may  be  necessary  to  subdue  the  hemorrhage.  The  occur- 
rence of  after- hemorrhage  should  ahvays'be  anticipated. 
Genera!  principles  of  absolute  rest,  proper  jiosition,  etc., 
should  also  be  applied  according  to  the  indications. 

Perforation  of  the  veins  occurs  in  the  case  of  aneurism, 
abscess,  tuberculosis,  actiuoiuycosis,  and  new  growths. 
Abscesses  of  the  liver  may  rupture  into  the  inferior  vena 
cava.  Erosions  are  of  importance  particularly  in  the 
case  of  the  stomach  veins;  in  cirrhosis  of  the  liver,  splenic 
aniemia.  stenosisof  the  portal  vein,  etc.,  fatal  heiriorrhage 
may  follow  the  erosion  of  the  greatly  dilated  branches  of 
the  coronary  or  O'sophageal  veins. 

TiiKoMBOsis. — Thrombosis  of  veins  is  of  very  common 
occurrence.  In  general  tlie  causes  are:  Changes  in  the 
ves.sel  wall  (phlebitis,  intoxications,  etc.);  changes  iu  the 


lumen  (phlebectasias,  varices,  obstruction,  etc.);  changes 
iu  the  composition  of  the  blood  (intoxications,  ameniia. 
cachexia,  hydra'mia,  presence  of  agents  causing  coagu- 
lation, etc.);  changes  in  the  blood  current  (stagnation, 
retrograde  currents,  etc.). 

According  to  their  location  venous  thrombi  may  be 
divided  into  parietal  and  ralriilar.  A  thrombus  com- 
pletely obstructing  the  vein  is  called  an  c'ltti rati inj  throm- 
bus. Parietal  and  valvular  thrombi  are  found  particu- 
larly in  the  veins  of  the  extremities;  obturating  thrombi 
in  the  uterine,  vesical,  and  hemorrhoidal  veins,  iu  the 
pampiniform  plexus  and  in  the  dural  sinuses.  An  autoch- 
thoniitis  thrombus  is  one  arising  at  the  place  in  which  it 
is  found.  A  thrombus  may,  however,  originate  iu  the 
saphenous  or  the  femoral,  and  growing  upward  bj'  con- 
tinued accretions  finally  reach  the  right  heart.  This  proc- 
ess is  spoken  of  as  a  progressiir  or  enntinued  thrombosis. 

According  to  their  structure  venous  thrombi  may  be 
divided  into  w/iite,  red,  mixed,  and  laminated.  The"  red 
ones  are  composed  chiefly  of  red  cells,  and  are  formed  as 
the  result  of  the  stasis  of  the  venous  flow.  The  white 
or  gray  thrombi  are  composed  of  blooil  plates,  fibrin,  or 
leucocytes,  or  contain  these  elements  in  varying  projior- 
tions.  They  are  formed  during  the  circulation  of  the 
venous  blood,  and  represent  substances  which  are  thrown 
out  of  the  blood.  In  the  case  of  alternating  rates  of  cur 
rent  the  thrombus  may  be  formed  of  alternate  layers  of 
white  and  red  clot  (lamiraited  tliromhns),  or  the  white  and 
red  portions  may  be  mixed  in  varying  proportions. 

Venous  thrombi  may  undergo  simple,  purulent,  or 
gangrenous  softening,  organization,  and  calcification,  or 
the  elements  of  the  thrombus  may  be  loosened  from  their 
attachment  to  the  vein  wall  and  be  carried  away  as 
emboli.  Simple  softening  without  embolism,  organiza- 
tion, and  calcification  are  the  most  favorable  terminations 
of  thrombosis;  purulent  and  gangrenous  softening  the 
most  unfavorable.  The  last  two  are  due  to  infection, 
either  haematogenous  or  extravaseular.  Embolism  of 
portions  of  the  thrombus  is  of  importance  according  to 
the  size  of  the  transported  material,  and  its  origin  from 
a  bland  or  infected  thrombus.  Bland  emboli  mav,  if 
large  enough,  cause  immediate  death  through  obstruc- 
tion of  the  pulmonary  arterj' ;  when  smaller  they  ma)' 
obstruct  the  smaller  branches  of  the  pulmonary  arteries 
and  cause  disturbances  of  the  pulmonary  circulation 
{hemorrhagic  infarction).  The  embolism  may,  however,  be 
without  effect  if  the  collateral  circulation  is  adequate,  as 
is  usuall}'  the  case  in  the  normal  lung.  The  production 
of  a  hemorrhagic  infarct  of  the  lung  is  tlierefore  depend- 
ent upon  the  size  of  the  embolus  and  the  condition  of  the 
pulraonaiy  circulation.  If  the  emboli  are  infective, 
metastatic  abscesses  and  gangrenous  processes  are  set 
up  at  the  point  of  lodgiuent.  The  occurrence  of  multi- 
ple infected  emboli  gives  rise  to  the  picture  of  pyttmia. 
The  larger  infected  emboli  arising  from  venous  thrombi 
find  lodgment  in  the  pulmonary  circulation,  but  the 
bacteria  arising  from  such  thrombi  may  pass  through  the 
lungs  and  give  rise  to  pvEcmic  abscesses  in  the  spleen, 
kidneys,  heart,  etc.  Fortunately,  pyaemia  is  not  to-day 
such  a  common  condition  as  it  was  a  generation  ago. 
Thrombophlebitis  of  the  uterine  veins  after  abortion  or 
childbirth  is  the  most  common  source  of  pulmonarv  em- 
boli. The  diagnosis,  prognosis,  and  treatment  is  the  same 
as  that  discussed  under  phlebitis.     (See  also  Thrombosis.) 

Pui.EBOi.iTns. — As  the  result  of  the  calcification  of 
venous  thrombi  there  arise  the  so-called  rein  stones  or 
phleboliths.  They  usually  lie  free  in  saccular  dilatations 
or  in  varices.  Through  rotation  the  calcified  mass  be- 
comes rounded  and  smooth.  They  are  found  most  fre- 
quently in  the  splenic  veins,  in  the  hemorrhoidal,  vesi- 
cal, and  pampiniform  plexuses.  Adherent  and  partly 
organized  thrombi  may  undergo  calcification  and  appear 
as  calcified  masses  in  the  vein  wall. 

Aiii  Embolism. — This  subject  is  discussed  elsewhere. 
It  is  only  necessary  in  this  connection  to  mention  general 
facts.  Aspiration  of  air  into  the  veins  occurs  particu- 
larly in  the  case  of  wounds  of  the  veins  of  the  neck  and 
upper  extremities,  but  may  take  place  also  through  the 
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veins  of  the  head,  uteriis,  and  stomach.  Small  amounts 
entering  the  venous  blood  are  absorbed,  but  in  the  case 
of  the  aspiration  of  larger  amounts,  the  air  collects  in 
the  right  veutricle  and  pulmonary  artery,  forming  a 
foamy  mass  wliich  the  contractions  of  the  ventricle  are 
unable  to  drive  onward,  and  death  ensues  from  stoppage 
of  the  circulation.  Opinions  differ  as  to  the  amount  of 
air  which  must  be  aspirated  in  order  to  bring  about  a 
fatal  icrmiiiatinn.  It  is  probable  that  the  amount  varies; 
the  fatal  termination  depending  in  part  at  least  upon 
other  factors. 

PuLEisosci.EHOSrs. — Sclerosis  of  the  veins  is  a  common 
process,  but  does  not  occur  to  the  same  extent  or  with  the 
same  frequency  as  arteriosclerosis.  It  may  involve  the 
entire  venous  S3'stem,  or  be  confined  to  certain  veins  or 
even  to  portions  of  these.  We  may  therefore  distinguish 
a  diffuse,  load,  and  norhil  phlebosclerosis.  The  changes 
are  rarely  so  marked  as  to  be  distinguishable  with  the 
naked  eye  as  is  the  case  in  the  arteries.  Microscopically 
the  process  is  characterized  b_y  a  subendothelial  forma- 
tion of  connective  tissue,  which  assumes  a  hyaline  char- 
acter, but  undergoes  fatty  degeneration  and  calcification 
much  more  rarely  than  is  the  case  in  the  arteries.  In 
extreme  cases  a  partial  or  complete  obstruction  of  the 
vessel  lumen  may  result.  These  cases  are  usually  sec- 
ondary to  a  chronic  obliterating  phlebitis.  Many  writers 
speak  of  a  primiiri/  and  a  necondnry  phlehoMlerosis,  but 
sucli  a  classification  is  hardly  practical,  as  it  is  not  possi- 
ble to  differentiate  between  a  sclerosis  following  a  phlebi- 
tis and  one  arising  primarilj-. 

In  the  great  majority  of  cases  phlebosclerosis  is  the 
result  of  a  previous  phlebitis,  either  acute  or  chronic. 
In  a  certain  proportion  of  cases,  however,  the  hyaline 
thickening  of  the  vein  wall  may  be  of  a  compensatory 
nature,  the  new  formation  of  connective  tissue  and  elas- 
tic fibres  in  the  intima  and  media  serving  to  compen- 
sate for  a  weakening  of  the  vessel  through  loss  of  its 
elasticity.  Such  a  weakening  of  the  wall  may  be  con- 
genital, or  acquired  as  the  result  of  a  chronic  venous 
stasis  following  cardiac  and  pulmonary  affections,  chronic 
intoxications,  cachectic  conditions,  etc.  Statistics  show 
that  the  veins  of  the  lower  extremities  most  frequently 
show  a  condition  of  sclerosis,  those  of  the  upper  ex- 
tremities next,  the  ven»  cavjE  following  next  in  order. 
The  portal,  mesenteric,  and  splenic  veins  occasionalh' 
present  a  marked  degree  of  sclerosis,  which  is  some- 
times associated  with  extensive  calcification  and  fatty 
change.  The  changes  may  be  so  marked  as  to  be  jjlainly 
visible  to  the  naked  eye;  the  smaller  branches  of  these 
veins  may  appear  like  sclerotic  arteries.  The  condi- 
tion is  probably  secondary  to  an  old  thrombopylephle- 
bitis,  but  may  be  caused  by  an  increase  of  portal  press- 
ure due  to  hepatic  disease  or  portal  stenosis.  Chronic 
intoxication  may  also  play  a  cau.sal  role.  Such  sclero.sis 
of  these  vessels  occurs  in  splenic  amemia  and  hepatic  cir- 
rhosis. Phlebosclerosis  usually  bears  no  relation  to  arte- 
riosclerosis;  the  latter  may  exist  in  an  extreme  degree 
without  the  occurrence  of  changes  in  the  veins.  On  the 
other  iiand,  extensive  phlebosclerosis  may  be  seen  in- 
volving a  large  portion  of  the  venous  system  without 
corresponding  clianges  in  the  arteries.  Phlebosclerosis 
presents  no  recognizable  clinical  symptoms  by  which  it 
can  be  diagnosed  with  certaintj'.  In  the  case  of  the 
superficial  veins  the  condition  may  be  revealed  by  the 
presence  of  thicker  and  more  rigid  vessels.  In  such  cases 
it  is  necessary  to  determine  whether  these  appearances 
are  transitory  (phlebitis)  or  are  permanent. 

Stenosis  .\nd  Obstruction  of  Veixs. — The  lumen  of 
veins  may  be  narrowed  or  wholly  obstructed  by  compres- 
sion from  without,  b)'  diseased  conditions  of  the  vein  wall, 
by  anomalies  of  the  vein  contents,  or  by  combinations  of 
these  factors.  On  account  of  the  thinness  and  relatively 
slight  ela.sticity  of  the  walls  of  veins,  particularly  of  the 
large  veins,  the  lumen  is  easily  influenced  by  pressure 
from  without.  Such  pressure  may  be  due  to  tumors, 
aneurisms,  abscesses,  inflammatory  infiltrations,  tuber- 
culous processes,  gummata,  actinomycotic  nodules,  etc. 
The  contraction  of  scar  tissue  in  the  neighborhood  of  a 


vein  may  likewise  affect  its  lumen.  In  exudative  phle- 
bitis the  thickening  of  the  wall  due  to  the  inflammatory 
infiltration  may  be  so  great  as  partially  or  completely  to 
obstruct  the  vessel.  Sclerosis,  calcification,  and  the  thick- 
ening of  the  wall  due  to  chronic  phlebitis,  mav  also  lead 
to  stenosis  or  to  obliteration  of  the  lumen.  Thrombosis 
is  the  most  common  cause  of  venous  stenosis  and  ob- 
struction. Parietal  fhrombi  lead  to  stenosis;  obturating 
thrombi  to  complete  obliteration  of  the  lumen.  As  the 
result  of  the  organization  of  thrombi  the  lumen  of  veins 
may  be  partly  obstructed  by  diffuse  or  local  thickenings 
of  the  wall,  by  connective-tissue  bridges,  etc.  Phleholitlis 
also  cause  a  more  or  less  complete  obstruction  of  that 
portion  of  the  vein  in  which  they  are  found.  The  inva- 
sion of  the  lumen  by  sarcoma  or  carcinoma  may  also  lead 
to  the  blocking  of  a  vein  by  tumor  masses  growing  with- 
in the  vessel.  Combinations  of  these  different  factors 
may  also  occur. 

As  the  result  of  such  obstruction  or  stenosis  the  region 
tributary  to  the  affected  vein  becomes  hypera'inic  or 
cyanotic  if  the  collateral  circulation  is  not  perfectly  es- 
tablished. If  the  obstructed  vein  is  a  chief  vein  and  the 
collateral  anastomoses  are  poorly  developed,  axlema  and 
effusions  into  the  body  cavities  result.  IIypertivi|>hies, 
chronic  inflammations,  hemorrhages,  and  thrombosis  also 
occur  in  the  area  of  stagnation.  The  lowered  nutrition 
and  diminished  resistance  of  the  tissues  in  such  an  area 
predisposes  to  the  occurrence  of  gangrene. 

Stenosis  of  the  superior  vena  cava  may  be  caused  by 
aneurisms,  tumors  of  the  mediastinum,  lungs,  thj'roid, 
thymus,  cervical  glands,  tuberculosis  and  actinom_ycosis 
of  the  bronchial  glands,  gummata,  and  scars  of  old  tuber- 
culous, syphilitic,  and  actinomycotic  processes.  The  con- 
dition is  revealed  by  the  intense  cyanosis  and  redenia 
of  the  head  and  upper  extremities,  and  by  the  ectasia  of 
the  superficial  veins.  The  innominate,  vena  azygos,  in- 
ferior vena  cava,  common  iliac,  and  femoral  veins  may 
also  become  stenosed  or  obstructed.  In  all  these  cases 
the  diagnosis  is  dependent  upon  the  location  of  O'dema, 
cyanosis,  lieraoriliage,  and  other  symptoms  due  to  venous 
stagnation.  The  prognosis  is  more  unfavorable  in  the 
case  of  obstruction  of  the  superior  vena  cava  than  of  the 
inferior.  Cerebral  symptoms  soon  appear  in  the  former 
case,  and  dangerous  effusions  into  the  pleural  and  peri- 
cardial sacs  may  occur.  In  general  the  prognosis  de- 
pends upon  tlie  nature  of  the  accompanying  condition, 
the  rapidity  with  which  the  obstruction  takes  place,  and 
the  possibility  of  the  formation  of  a  collateral  circulation. 
The  working  capacity  of  the  heart  is  also  an  important 
factor.  The  treatment  must  be  directed  to  tlie  causal 
factor  as  well  as  to  the  condition  itself.  Tumors,  aneur- 
ism, etc.,  mustbetreatedaccording  to  the  indications.  In 
all  cases  the  strength  of  the  heart  must  be  maintained. 
Venesection  may  give  temporary  relief  from  cerebral 
symptoms  in  obstruction  of  the  superior  cava.  The 
treatment  in  the  case  of  obstruction  of  the  inferior  cava 
is  more  favorable;  rest,  proper  position  of  the  extremi- 
ties, bandaging,  etc.,  may  add  much  to  the  patient's 
comfort.  In  the  case  of  portal  vein  obstruction  Talma's 
operation  may  be  attempted.  Through  new  blood-ves- 
sels formed  in  the  adhesions  set  up  between  the  dia- 
phragm, abdominal  wall  and  the  liver,  spleen,  and  omen- 
tum, the  portal  stagnation  may  be  relieved  to  such  an 
extent  that  ascites  is  no  longer  produced. 

PnLEBECTASi-\s  AND  VARICES. — Diffuse  dilatations  of 
the  veins  are  known  as  phlebectasias ;  local  or  partial  dila- 
tations as  varices.  Phlebectasias  are  due  to  a  thinning 
of  the  vein  wall  caused  by  stretching;  inflammatory 
changes  in  the  wall  follow  secondarily.  Varices  are  due 
to  primary  changes  in  the  wall,  usually  of  the  nature  of 
a  phlebitis  which  results  in  a  local  weakening  of  the 
wall.  Phlebectasias  are  cylindrical,  serpentine,  or  cir- 
soid; varices  are  saccular,  nodular,  or  bell-shaped.  The 
different  forms  may  pass  into  each  other.  The  nodular 
varices  may  reach  the  size  of  a  hen's  egg.  The  walls  of 
ectatic  veins  are  at  first  thin  and  atrophic,  but  after  a 
time  there  develops  a  productive  phlebitis  which  leads 
to  a  connective-tissue  hyperplasia  and  sclerotic  changes 
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■with  atrophy  of  the  muscle  and  elastic  fibres.  Occasion- 
ally the  latter  become  increased.  The  vasa  vasorum  are 
dilateil  and  .show  greatly  tliickened  walls.  The  lumen 
of  the  vein  may  finally  become  partly  or  wholly  obliter- 


FIG.  aOVS. 


-Varices  of  Veius  of  Legs  in  a  Man  Afred  Fifty-four  Years, 
Otherwise  Healtliy.    (After  Schrutter.) 


ated.  In  the  walls  of  old  phlebectasias  there  is  not  in- 
freciucntly  a  deposit  of  lime  salts.  Large  iimounts  of 
blood  pigment  may  also  be  found  in  the  wall  as  the  result 
of  hemorrhages.  Thrombosis  is  of  common  occurrence 
in  the  saccular  varices:  through  the  calcification  of  the 
thrombi  there  arise  phleboliths.  The  pressure  of  vari- 
cose portions  of  a  vein  when  lying  close  together  maj' 
lead  to  a  pressure  atroph}'  and  confluence  of  the  neigh- 
boring parts  (citii.!'  aiutsiomotictis).  In  this  way  a  tumor- 
like formation  composed  of  communicating  cavernous 
blood  spaces  may  be  formed.  In  the  true  varix  an  in- 
crease in  the  length  of  the  alVected  veins  may  sometimes 
occur.  The  saccular  dilatations  ofl'er  conditions  favor- 
able to  thrombosis,  and  the  impregnation  of  the  thrombi 
with  lime  salts  results  in  the  formation  of  phleboliths. 

The  chief  etiological  factor  in  the  case  of  both  phlebec- 
tasias and  varices  is  to  be  found  in  a  general  or  local  dis- 
tni'bance  of  the  circulation  leading  to  an  increase  of 
venous  pressure  and  hindering  the  return  flov/  of  the 
venous  blood.  A  general  venous  stasis  may  be  caused 
by  cardiac  weakness,  valvular  lesions,  diseases  of  the 
lungs  leading  to  an  obstruction  of  the  pulmonary  circula- 
tion, loss  of  the  aid  to  the  venous  circulation  thiongh  the 
lessening  of  the  negative  pressure  in  the  thorax,  eil'eets 
of  gravity,  etc.  A  local  venous  stasis  nia.y  result  from 
the  pressure  of  an  aneurism,  tumor,  gravid  uterus,  en- 
larged lym|ih  glands,  or  fi'om  the  obstruction  of  the  vein 
by  a  ligature,  thrombosis,  obliterating  phlebitis,  intra- 
vascular growth  of  tumor  cells,  constricting  bands  of 
.sear  tissue,  tight  belts,  garters,  bandages,  etc.  ;  or  through 
inherent  weakness  of  the  vein  wall  (congenital  varix),  ex- 
cessive muscular  activity,  loss  of  tension  in  the  tissues 
surrounding  the  vein,  influence  of  gravity,  etc.  Stasis 
in  the  portal  vein  is  usually  secondary  to  diseases  of  the 
liver.  The  overloaded  rectum  in  cases  of  chronic  con- 
stipation may  likewise  cause  an  obstruction  to  the  venous 
flow  in  its  neigh boi'hood.  The  influence  of  gravity  is 
shown  particularly  in  the  ca.se  of  vaiices  of  the  lower  ex- 
tremities. In  individuals  who  habitually  stand  upright 
without  adccjuate  muscular  movementsof  "the  lower  limbs, 
esiiecially  in  long-limbed  individuals,  varices  of  the  veius 
of  the  leg  are  of  very  common  occurrence.     The  sjiphena 


magna  and  its  branches  are  most  frequently  afliected. 
The  aid  given  to  the  venous  circulation  by  the  intermit- 
tent pressure  exerted  upon  the  veius  by  the  contractions 
of  the  muscles  is  in  such  cases  but  slight;  thiough  the 
influence  of  gi'avity  the  veins  become  dilated,  their  valves 
become  relatively  insulficieut,  and  the  vein  walls,  unahle 
to  support  the  long  column  of  blood  in  tlie  vena  cava,  be- 
come stretched.  Veins  which  have  been  dilated  for  some 
time  do  not  regain  their  old  calibre.  The  valves  retain 
their  original  size,  though  an  increase  in  the  tissues  of 
the  walls  is  necessary  to  the  enlargement  of  the  lumen. 
Heredity  is  a  factor  of  some  importance  in  the  etiology 
of  phlebectasias  and  varices.  In  just  what  lies  tlie 
weakness  of  the  vessel  wall  is  not  jet  known.  The  state 
of  the  tension  of  the  surrounding  tissues  is  also  an  im- 
portant factor. 

Phlebectasias  are  most  common  in  the  veins  of  the 
hemorrhoidal  plexus,  the  spermatic  veins,  pampiniform 
and  pudendal  plexuses,  the  utero-vaginal  and  vesical 
veins,  the  tributaries  of  the  portal  vein,  the  veins  of  the 
lower  extremities,  etc.  Dilatations  are  of  less  frequent 
occurrence  in  the  veins  of  the  wsophagus,  pharynx,  me- 
ninges, brain,  and  uterus  wall.  They  are  of  rare  occur- 
rence in  the  veins  of  the  upper  extremities,  llemurrhoiih 
are  the  most  frequent  form  of  phlebectasias.  The  knots 
and  convolutions  of  dilated  veins  may  lie  above  the  anus 
(internal  hemoi'i'hoids)  oi-  project  from  it  (external  hem- 
orrhoids). Aside  from  the  general  etiological  factors 
mentioned  above,  hemorrhoids  may  be  caused  by  catarrhal 
inflammations  of  the  mucosa  of  the  rectum  due  to  con- 
stipation. The  extension  of  the  inflammation  to  the  vein 
walls  leads  to  a  dilatation  of  the  lumen  and  a  thinning  of 
the  wall.  The  collateral  anastomoses  of  the  hemorrhoidal 
veins  make  them  sub- 
ject to  the  influence 
of  stasis  in  either  the 
portal  system  or  that 
o  f  the  vena  cava.  He- 
patic cirrhosis  is 
therefore  associated 
with  more  or  less  ex- 
tensive formation  of 
liemorrhoids.  T  h  e 
dilatations  of  the 
lesophageal  veins  in 
cases  of  portal  stasis 
are  also  styled  hem- 
orrhoids (aisuptiitgeal 
/lemorrhoids).  T  h  e 
dilatations  of  the 
veins  along  the  sper- 
matic coi'd  are  known 
as  varicocele ;  those 
of  the  veins  of  the 
abdominal  wall  in  the 
neighborhood  of  the 
umbilicus  in  the  col- 
lateral anastomosis  of 
portal  stasis  are  des- 
ignated the  "  caput 
Medtim\"  In  the  de- 
velopment of  such  a 
collateral  circulation 
the  veins  of  the  a-so- 
phagus,  the  hypo- 
gasU'ic,  spermatic, 
inferior  epigastric, 
internal  manuuary, 
and  intercostal  veins, 
the  veins  of  the  kid- 
ney capsule,  the  azygos  veins,  and  the  small  branches 
in  the  suspensory  ligament  of  the  liver  may  become 
eetatic. 

The  sequela;  of  varix  formation  are  of  great  importance. 
Rupture  of  the  dilated  veins  is  of  common  occurrence. 
This  occurs  most  often  in  the  case  of  hemorrhoids. 
Fatal  hemorihage  may  follow,  or  as  the  result  of  repeated 
small  hemorrhages  the  most  severe  types  of  ana'mia  may 
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be  produced.  Varices  of  the  oesophagus,  stomach,  and 
spleen  may  give  rise  to  fatal  hemorrhage  or  to  severe 
anwmia.  Death  may  follow  the  rupture  of  a  varix  in 
the  brain  or  meninges.  Next  to  rupture  and  hemorrhage 
thrombosis  is  the  most  important  result  of  venous  dilata- 
tion. Embolism  from  such  thrombi  is  most  common  in 
the  case  of  hemorrhoids  (after  (r]ierat  ion  land  in  the  veins  of 
the  lower  extremities.  Thrombophlebitis  and  Ij^mphan- 
gitis  are  not  infrequent  complications  of  varices,  and 
may  result  fatally.  Further,  as  the  result  of  phlebecta- 
sias  and  the  stagnation  of  the  venous  tlow,  the  tissues  of 
the  region  trilnitary  to  the  affected  veins  present  a  con- 
dition of  clironic  oedema.     In  the  case  of  the  skin  there 


Fig.  .501.5.— Pblebeotiisiu  of  Superflclal  Veins  in  C'usi-  of  Obstruction 
of  Vena»  Cavaj  clue  to  Actinomycosis  of  Mediiistiuum.  (After 
Schrott^r.) 

may  be  an  increased  secretion  of  sweat ;  in  mucous  inem- 
braues  a  condition  of  chronic  catarrh  results.  Hemor- 
rhage by  diapedesis  from  the  smaller  capillaries  is  of 
frequent  occurrence.  The  skin  over  varices  often  shows 
a  marked  atrophy,  pigmentalion.  desquamation,  or  a 
condition  of  chronic  eczema  (eczema  varicosum).  As  a 
result  of  the  chronic  venous  congestion  and  chronic 
(edema  the  skin  is  often  the  seat  of  a  chronic  inflamma- 
tion which  leads  to  a  fibroid  thickening  of  the  dermis 
and  subcutaneous  tissues.  Over  the  legs  these  thicken- 
ings may  form  irregular  folds  or  nodules  (elephantiasis 
phlebcctatica).  Ichthyotic  thickenings  of  the  stratum 
corneum  may  also  be  produce<l,  the  epidermis  presenting 
the  appearances  of  warty  excrescences.  The  neighbor- 
ing periosteum  may  likewise  be  involved  in  the  inflam- 
matory process  and  a  new  formation  of  bone  may  take 
place  (periostitis  ossificans).  As  the  result  of  slight  in- 
jtiries  or  wounds  torpid  ulcers  very  often  form  (vlcera 
cruris,  raricum  idcers).  These  run  a  very  chronic  course, 
and  may  involve  a  very  large  part  of  the  skin  of  the  leg. 
Abscesses  of  the  skin  are  frequently  associated  with 
these.  Thrombophlebitis,  py;umia,  and  atuyloid  disease 
may  follow  such  ulcerations. 

The  diagnosis  of  varices  offers  no  difficulties.  The 
prognosis  is  dependent  upon  the  extent  of  the  varices, 
their  etiology,  and  the  occurrence  of  such  complications 
as  thromb()phlebitis,  embolism,  hemorrhage,  chronic  ul- 


cerations, amyloid  disease,  etc.  The  treatment  of  varices 
is  chiefly  palliative:  elastic  stockings,  bandages,  etc., 
ligatures,  cauterization,  electropuncture,  excision,  Injec- 


FiG.  artlG.— Formation  of  Collateral  Anastomoses  Between  tbe 
Superior  and  Inferior  Epigastric  Veins  in  obstruction  of  Inferior 
Vena  Cava.    (After  Scbrotter.) 

tions  of  ergotin,  chloral,  etc.  The  injection  methods  are 
at  present  but  little  used,  and  are  in  themselves  danger- 
ous.    Trendelenburg's  donljle  ligature  is  the  operation 


J^ 


Fig.  3017 


-Development  of  Collateral  Circulation  in  Thrombosis  of 
Subclavian  Vein.    (After  Sclirotter.) 


most  frequently  carried  out.  (See  Anus  and  Rectum. 
(Surgical.);  Varicose  Veins;  and  Sexual  Organs,  Male, 
Diseases  of.) 

TnBERcuLOSis. — Tulierculosis  of  the  veins  occurs  most 
frequently  iu  the  veins  of  tuberculous  organs,  but  also 
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not  rarely  in  the  larger  veins  in  the  neighborhood  of 


Fig.  5018.— n.  Tuberculous  lymph  gland  with  friant  tells  and  caseous  foci— laree  blood-vessels  at 
the  periphery ;  h,  veins  whose  walls  are  thickened  by  tuberculous  granulation  tissue,  the  inner 
layers  of  which  show  caseation ;  c,  fat  tissue.    X  28.    (Ziegler.) 


infection  of  the  vein  wall  takes  place  through  direct  ex- 
tension or  through  the  lymphatics.  In  rare  cases  primary 
tuberculosis  of  the  intima  of  veins  may  take  place 
through  the  presence  of  tubercle  bacilli  in  the  circulation. 
Involvement  of  the  veins  fi'om  neighboring  tuberculous 
processes  is  much  more  frequent  in  the  case  of  the  veins 
than  of  the  arteries,  and  is  one  of  the  most  common 
modes  of  dissemination  of  disease  throughout  the  body. 
Tuberculosis  of  the  veins  presents  no  individual  clinical 
picture,  the  symptoms  being  covered  up  by  those  of  the 
primary  infection.  In  miliary  tuberculosis  of  htematog- 
enous  origin  the  veins  throughout  the  body  show  nu- 
merous miliary  tubercles  in  their  walls,  both  in  the  intima 
and  in  the  media,  appearing  as  small  gray  or  yellow  nod- 
ules projecting  into  the  lumen  of  the  vessel.  The  earliest 
stages  of  these  may  appear  as  small  collections  of  leuco- 
cytes or  as  agglutination  thrombi  resting  upon  the  intima. 
Epithelioid  pi-oliferatiou  of  the  cells  of  the  intima  occurs 
later,  and  tinally  typical  tubercles  are  formed.  In  the 
case  of  extension  from  neighboring  tuberculous  foci  the 
veins  come  to  present  the  picture  of  a  caseating  tuber- 
culous plilebitis. 

Syphilis. — The  most  frequent  changes  in  the  veins 
ascribed  to  syphilis  are  of  the  nature  of" an  obliterating 
endophlebitis  or  a  chronic  periphlebitis.  The  small  veins 
of  the  meninges,  brain,  liver,  and  other  internal  organs 
are  most  often  affected.  In  the  neighborhood  of  the 
affected  veins  there  is  usually  found  a  gumma  or  focus 
of  induration.  In  the  great  veins,  and  particularly  in  the 
subcutaneous  veins,  symptoms  of  an  acute  phlebitis  occur 
frequently  in  the  early  stages  of  syphilis,  as  shown  by 
swelling,  redness,  and  tenderness  corresponding  to  the 
course  of  the  affected  vessel.  In  the  later  stages  gum- 
matous intiltrations  of  the  vein  walls  and  the  neighbor- 
ing tissues  also  take  place.  The  proliferation  aiid  for- 
mation of  gi-anulation  ti.ssue  may  begin  in  the  intima, 
media,  or  advcntitia.  Thrombosis  may  be  associated 
with  any  of  these  processes.  Sclerotic  changes,  calcifica- 
tion, and  fatty  cliange  may  follow.  The  portal  vein 
may  show  marked  <haiiges  of  this  character,  C'hiari  has 
described  a  proliferating  cndoplilebitis  of  the  hepatic 
veins  which  he  regarded  as  of  syphilitic  origin.  Similar 
changes  have  also  been  found  in  the  veins  of  the  iutes- 
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tinal  wall  and  mesentery  associated  with  multiple  strict- 
ures of  syphilitic  nature.  In  congenital  syphilis  the 
veins  of  the  umbilical  cord 
may  show  a  thickening  of  the 
intima,  due  to  a  cellular  pro- 
liferation or  new  formation  of 
ciiiinective  tissue.  A  peripy- 
Ic'phlebitis  syphilitica  neonato- 
rum has  also  been  described. 
With  the  exception  of  the  typ- 
ical gummata  which  occur  but 
larely  in  the  vein  walls,  the 
venous  changes  ascribed  to 
syphilis  present  no  distinctive 
characteristics,  and  the  syph 
ilitic  origin  in  the  majority  of 
cases  can  be  regarded  as  only 
probable. 

Actinomycosis. — The  veins 
in  the  neighborhood  of  acti- 
nomycotic foci  are  frequently 
involved  in  the  process,  the 
resulting  changes  being  of  the 
nature  of  a  chronic  purulent 
phlebitis.  Rupture  of  the  focus 
through  the  intima  may  lead 
to  a  metastasis  of  the  infection. 
Lei'rosy. — In  lepra  nodosa 
and  ana'sthetica  the  veins  are 
frequently'  affected,  presenting 
nodular  thickenings.  Jlicro- 
scopically  the  media  and  ad- 
vcntitia are  inliltrated  with 
round  cells,  the  intima  is  thick- 
ened and  hyaline,  anil  the  vasa 
Bacilli  are  found  in  all  three 
therefore   to  be  regarded   as  a 


vasorum  are  thickened, 
layers.     The  process  is 
bacillary      invasion 
phlebitis. 

P.VK.\SITES.  —  Echi- 
nococcus  cysts  of  the 
liver  not  infrequently 
break  into  the  hepatic 
vein  and  give  rise  to 
metastases  in  the  right 
heart  and  lungs.  The 
cysticercus.  filaria  san- 
guinis hominis,  and 
distoma  hivmatobium 
are  also  found  in  the 
veins. 

Foreign  Bodies. — 
Under  very  rare  condi- 
tions foreign  bodies 
which  have  entered 
the  veins  may  be  found 
attached  to  the  wall  of 
the  vessel.  One  case 
is  leported  of  the  find- 
ing of  a  small  pistol 
bullet  in  the  internal 
jugular. 

New  Growths.  — 
Haimangiomata,  a  n  - 
giosarcomata.  and  en- 
dotheliomata 
may  be  pri- 
mary in  veins, 
particularly 
the  smallest 
V  e  ins.  P  r  i  - 
mary  myoma t a 
of  veins  have 
also  been  de- 
scribed. Man)' 
of  the  ca.ses  re- 
ported as  pri- 
mary  tumors 


Fig.  5019.— Changes  in   Inferior-  \'ena  Cava  due 
to  Syphilis.    (After  Schrotter.) 
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of  veius  are  of  doubtful  nature,  it  being  very  probable 
that  the  vein  walls  were  secondarily  involved.  In  so 
far  as  the  metastasis  of  tumors  is  concerned,  the  veins 
play  a  much  more  important  part  than  the  arteries. 
The  secondary  involvement  of  veins  by  primary  carci- 
noma and  sarcoma  of  other  organs  and  tissues  is  of  very 
common  occurrence.  In  the  extension  of  the  tumor  into 
the  vessel  wall  rupture  of  the  tumor  cells  into  the  lumen 
is  prevented  for  a  long  time  by  the  endothelium,  which  is 
apparently  very  resistant  to  the  advancing  tumor  cells. 
Large  nodules'may  project  into  the  lumen  of  the  vein, 
buton  microscopical  examination  the  endothelium  will 
be  found  intact  over  the  growth.  Carcinomata  break 
through  the  walls  of  large  veins  more  rarely  than  do  sar- 
comata, because  of  the  plastic  influence  which  tiie  car- 
einonia  cells  exert  upon  the  connective-tissue  cells  of  the 
vessel  wall.  As  the  carcinoma  cells  approach  the  vein 
wall  the  cells  of  the  latter  undergo  proliferation,  and  a 
layer  of  new  tissue  is  formed  between  tlie  vein  and  the 
tumor.  In  the  case  of  sarcoma  there  is  but  little  plastic 
influence  exerted  upon  the  vessel  wall,  the  cells  of  the 
tumor  being  genetically  related  to  those  of  the  vein  wail. 
In  the  case  of  primary  malignant  tumors  of  the  adre- 
nals, kidneys,  testis,  etc.,  large  tumor  masses  not  infre- 
quently grow  into  the  veins  and  may  extend  into  the 
vena  cava.  Portions  of  these  may  break  loose  and  lodge 
in  the  heart  or  pulmonary  arteries.  Free  tumor  emboli 
maj'  occasionally  be  found  in  the  right  ventricle.  Sec- 
ondary carcinomata  of  the  liver  frequently  break  into  the 
hepatic  veins  and  give  rise  to  metastases  in  the  lungs. 
In  the  case  of  tricuspid  insufficiency  or  violent  spasmodic 
coughing  a  retrograde  transportation  of  tumor  cells  may 
take  place  (retrograde  metastasis).  In  very  vascular  tu- 
mors the  veins  are  often  markedly  ectatic. 

Aldred  Scott  Warthin. 

VENESECTION.     See  Blood-ktliny. 

VENOM.     See  Poisonous  Reptiles,  and  Toxins,  etc. 

VENTILATION.     See  Air,  and  Honse  Sanitation. 

VENTNOR,  ISLE  OF  WIGHT.— The   Isle    of    Wight 
possesses  certain  favorable  climatic  features,  both  on  ac- 


count of  its  geographical  position  off  the  .south  coast  of 
England,  and  also  on  account  of  its  peculiar  geological 
formation.  It  is  at  Ventnor,  however,  on  the  south  Side 
of  the  island,  that  the  conditions  are  the  most  favorable 
for  a  A\inter  resort,  and  Ventnor  rivals  Bournemouth  in 
its  reputation  for  the  climatic  treatment  of  piUnionary 
tuberculosis,  both  resorts  having  a  royal  national  hospi- 
tal or  sanatorium  for  cases  of  consumption. 

In  general,  the  climate  of  the  Isle  of  Wight  isa  marine, 
moist,  mild  one,  cool  in  summer  and  mild  in  winter,  with 
the  prevailing  winds  from  the  southwest,  i.e.,  from  the 
ocean.  At  every  season  of  the  year  one  can  obtain  here 
a  mild  tonic  sea  air. 

In  the  southern  portion  of  the  island  a  great  range  of 
chalk  downs  stretches  from  east  to  west,  and  in  the  south- 
eastern portion  these  downs  form  high,  precipitous  cliffs 
constituting  the  coast  line,  broken  here  and  there  by 
"chines"  or  deep  indentations.  Between  the  sea  and 
these  high  cliffs  is  a  narrow  strip  of  coast-land,  called 
the  "Undercliff,"  consistingof  irregular  terraces  of  chalk 
and  sandstone,  the  results  of  landslips  from  the  cliff's 
above.  This  undercliff  is  from  100  to  1.50  feet  above 
sea  level,  and  extends  for  a  distance  of  about  six  or  seven 
miles.  The  aspect  of  the  undercliff  is.  in  genera),  due 
south.  In  the  rear,  to  the  nortli,  rise  the  cliffs,  the  pre- 
cipitous face  of  the  downs,  wiiich  are  from  400  to  800 
feet  high,  thus  affording  complete  protection  from  the 
northerly  winds. 

Upon  the  undercliff,  and  upon  a  series  of  rocky  ter- 
races formed  by  the  landslides,  Ventnor  is  built,  a  town 
of  about  6,000  inhabitants,  stretching  from  the  beach  up 
the  cliff  to  a  height  of  nearly  .500  feet;  consequently  the 
streets  are  very  steep,  and  among  the  picturesque  features 
of  the  idace  are  this  precipitous  steepness  and  the  ar- 
rangement of  the  streets  one  above  another.  Indeed, 
there  are  but  few  level  stretches,  and  those  are  down  by 
the  sea. 

The  soil  consists  of  soft  sandstone  and  chalk,  and  is 
fairly  absorbent  and  dry,  btit  it  forms  readily,  in  diy 
weather,  a  light  irritating  dust.  The  vegetation  of  the 
luidercliff  is  exceedingly  luxuriant  and  varied,  a  proof  of 
the  mildness  of  the  cliiiiate  and  the  protected  situation. 
Spring  opens  early,  and  many  plants  and  shrubs  blossom 
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Fig.  .5U:.'U.-View  of  Ventnor,  Lootdug  Westward. 
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througliout  the  winter.  "  Next  to  its  picturesque  situa- 
tion, tlie  most  striking  feature  of  Vcutnor  is  tlie  sea — a 
great  brilliiint  mirror,  relleeting,  in  fine  weather,  the  liglit 
and  heat  of  the  sun  against  the  elill  and  town  "  (J.  Mitch- 
chell  I3ruee.  M.D.,  "Climatesand  Batlis of  Great  liritain," 
18'J.">).  There  is  a  sandy  beacli  affording  good  balliing, 
and  tlierc  are  also  an  esplanade  and  a  pier.  Ventnor  is 
well  ilrained  by  an  ellieient  sewerage  system,  and  is  sup- 
plied with  pure  water,  though  hard  from  the  influence 
of  the  chalk.  The  town  is  healthy,  the  death  rate  being 
17.6. 

Tiie  accompanying  chart  indicates  the  various  climatic 
characteristics.  In  the  first  place,  one  observes  the  great 
equability  of  the  temperature,  not  only  in  the  yearly  but 
in  tlie  daily  range,  and  the  absence  of  extremes  of  heat 
or  cold. 

Climate  of  Vextnor,  Isle  of  Wight.    Lat.  50°  4."/  N.,  Long.  1° 
20' W. 
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Wind  (Prevailing Direc- 
tion).— 

Westerly  and  soutli- 
westefly.  (Number 
of  days) 

Easterly  and  south 
ea.sterly.  (Number 
of  days) 


48 
42 


Spring.      Summer. 


57 
35 
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The  relative  humidity  is  high,  as  would  be  expected 
on  the  seashore.  The  rainfall  indicates  a  fairly  wet  cli- 
mate, the  autumn  and  winter  being  the  wettest  seasons. 
The  winds  are  strong,  and  southwesterly  gales  are  prev- 
alent. As  the  prevailing  wind  comes  from  the  south- 
west, it  blows  mild  in  winter  and  cool  in  summer.  East- 
erly winds  are,  however,  not  infrequent,  particularly  in 
the  late  winter  and  early  spring,  and  are  "severe  and 
trying."     For  England  the  amount  of  sunshine  is  large. 

From  wliat  has  been  said  above  it  will  be  seen  that 
Ventnor  possesses  many  qualities  of  a  valuable  liealth 
resort.  Its  situation,  its  well-drained  soil,  the  mildness 
of  its  climate,  the  influence  of  the  ocean,  its  excellent 
sanitary  condition,  and  the  opportunities  for  outdoor  ex- 
ercise, all  combine  to  make  it  such.  The  existence  of  a 
large  consumptive  hos]iital  here  indicates  the  usefulness 
of  this  resort  in  the  treatment  of  this  disease,  and  the  re- 
sults which  have  been  oljtained  are  fairly  favorable.  The 
place  is  also  recommended  for  convalescents  from  acute 
diseases  and  operations,  for  weakly  scrofulous  children, 
for  persons  with  laryngeal  and  bronchial  affections,  hepa- 
tic and  renal  diseases,  for  the  delicate  and  aged,  for  those 
suffering  from  atonic  and  nervous  dj'spepsia,  and  for 
those  debilitated  from  any  cause.  Thiise  suffering  from 
heart  disease  will  find  little  opportunity  for  exercise 
suited  to  them  on  account  of  the  steepness  of  the  streets. 

Finally,  Ventnor,  which  has  been  called  "  the  English 
Madeira."  is  a  most  fascinating  .seaside  resort  in  summer 
for  the  healthy,  as  the  writer  can  testify  to  from  jiersonal 
experience.  Besides  the  charm  of  Ventnor  itself,  with 
its  wealth  of  vegetation  and  the  beauty  of  its  ocean  view, 
there  are  innumerable  excursions  replete  with  interest  all 


over  the  island ;  the  roads  are  excellent,  and  the  means 
of  conveyance  good  and  cheap.  Ventnor  is  easily  and 
quickly  reached  fiom  Lomlon  by  way  of  Portsmouth, 
thence  by  a  short  steamer  journey  across  the  Solent,  and 
again  by  rail  from  Ryde.  The  accommodations  are  of 
great  variety  and  excellent.  Edward  O.  Otis. 

\£R^^R\NE.—{remtn>m.  V.  S.,  B.  P.;  remtrinum 
P.  G.)  A  mixture  of  alkaloids  olitained  from  the  seed  of 
A»if/m'rt  (ifficiiiidi-s  (Sell,  et  Ch.)  Lindley  (fain.  LiUncew). 

The  buibous  perennial  named  above,  native  of  Mexico 
and  Central  America,  was  long  considered  a  species  of 
\\i-(itniin,  whence  the  alkaloids  derived  their  name. 
The  seeds,  which  are  official  in  .some  pharmacdpu'ias.  and 
were  formerly  so  in  ours,  are  called  sttljKdiUn  or,  more 
correctly,  ceeadiUn  seeds,  and  are  narrowly  fusiform, 
with  a  flattened  membranous  top  about  1  cm.  or  less  (i 
in.)  in  length;  dark,  shining,  brown,  wrinkled.  When 
powdered,  the  dust  excites  violent  sneezing.  Taste  bit- 
ter and  acrid. 

The  seeds  contain  upward  of  four  per  cent,  of  alkaloid, 
isolated  auu  named  vemtrine  by  Meissner  in  1818,  under 
the  supposition  that  it  was  a  pure  alkaloid.  It  is  now 
known  to  consist  chiefly  of  two  alkaloids,  for  one  of  which 
the  name  ^'eratrine  has  been  retained,  the  otlier  being 
called  reratroidine.  Several  othcry  are  supposed  to  be 
present,  but  have  not  been  studied. 

The  mixed  alkaloid  is  thus  described  by  the  Pharma- 
copceia. 

A  white  or  grayish-white,  amorphous  or  semi-crystal- 
line powder,  odorless,  but  causing  intense  irritation  and 
sneezing  when  even  a  minute  quantity  reaches  the  nasal 
mucous  membrane;  having  an  acrid  taste,  and  leaving  a 
sensation  of  tingling  and  numbness  on  the  tongue;  per- 
manent in  the  air. 

Very  slightly  soluble  in  cold  or  hot  water;  soluble  in 
3  parts  of  alcoliol  at  1.5°  C.  (59°  ¥.),  and  very  soluble  in 
boiling  alcohol ;  also  soluble  in  6  parts  of  ether,  and  in  3 
parts  of  chloroform. 

When  heated  to  175°  C.  (347°  F.)  veratrine  melts,  form- 
ing a  light  brow-n  liquid.  Upon  ignition  it  is  consumed, 
leaving  no  residue. 

An  alcoholic  solution  of  veratrine  has  an  alkaline  re- 
action upon  litmus  jiaper. 

With  nitric  acid,  veratrine  forms  a  3'ellow  solution. 

On  triturating  veratrine  with  concentrated  sulphuric 
acid,  in  a  glass  mortar,  the  yellow  or  orange-red  solution 
exhibits,  by  reflected  light,  a  greenish  fluorescence,  which 
becomes  more  intense  upon  the  addition  of  more  acid, 
while  the  liquid  is  deep  red  l.iy  transmitted  light. 

On  heating  a  small  portion  of  veratrine  wMth  a  few 
cubic  centimetres  of  hydrochloric  acid,  the  liquid  will 
acquire  a  deep  red  color. 

The  isolated  and  purified  veratrine  proper  (CssHisNOo 
-|-  H2O)  occurs  in  white  crystals,  melting  at  205°  C.  and 
solul)lc  in  alcohol  and  ether.  Veratridine  is  an  isomer  of 
veratrine,  but  is  not  crystalline. 

Veratrine  is  a  most  poisonous  substance,  producing 
violent  vomiting  and  catharsis,  followed  by  intense  car- 
diac depression  and  a,cute  gastro-enteritis.  In  ointments, 
unless  very  much  diluted,  it  is  also  irritating,  and  not 
free  from  the  ilauger  of  being  alisorbed.  In  minute  doses 
it  is  occasionally  given  (O.dOlo  to  0.003  =  gr.  ^  ad  gr.  j'^) 
for  chronic  rheumatism,  neuralgia,  etc.,  lint  is  becoming 
obsolete.  ExtcrnaUj',  as  linimen'^,  ointment,  or  oleate,  it 
is  more  frequently,  yet  still  rarely,  in  this  country,  used 
for  the  same  purposes.  Jlost  of  all,  however,  it  is  em- 
jiloyed  in  the  above  forms  for  pediculosis,  both  in  man 
and  in  animals,  for  which  purpose  it  is  very  efficient ;  yd 
it  is  not  so  safe,  and  no  more  certain,  than  washing  the 
affected  surface  with  kerosene,  or  a  weak  (yjjVt!^  solution 
of  corrosive  sublimate. 

Administratiok. — The  Pharmacopn?ia  authorizes  two 
convenient  preparations:  the  oleate  (Olentmu  Vrrntrincr). 
which  is  a  two-per-cent.  solution  in  oleic  acid,  and  an 
ointment  ( Uiir/iientiiin  ]'cri(tn'iia')  consisting  of  4  parts  of 
veratrine,  90  of  benzoinated  lard,  and  0  of  olive  oil. 

Henry  11.  liiisliy. 
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VERATROL,  dimethyl-pyrocatecbin,  CsH.COCHj).,,  is 
a  clear  mobile  liquid  soluble  in  alcohol,  ether,  and  the  fatty 
oils.  It  closely  resembles  guaiacol  (methyl-pyrocate- 
chin).  but  is  more  irritating,  so  that  its  use  is  chiefly 
contiued  to  external  application.  It  has  been  applied 
with  good  results  in  intercostal  neuralgia  and  epididy- 
mitis." Diluted  with  olive  oil  it  is  recommended  as  an 
abdominal  application  in  tuberculous  peritonitis. 

W.  A.  Biisicth. 

VERATRUM.     See  Hellebm-e. 

VERONAL,     diethyl  -  malonvl  -  urea,      0.(0^5)2.00.- 

(CONII)-j.  is  a  white  crystalline  powder  of  faintly  bitter- 
ish taste,  and  soluble  in  145  parts  of  cold  water  and  12 
of  boiling  water. 

The  hypnotic  action  of  various  compounds,  such  as 
amylene  hydrate  and  trional,  is  largely  due  to  the  pres- 
ence of  ethyl,  so  Fischer  and  von  Meriug,  by  the  iutro- 
duction  ofethyl  groups  into  various  substances,  have 
sought  to  produce  a  .series  of  new  hypnotics.  Of  this 
series  the  most  valual)le  addition  to  our  sleep-producing 
armamentarium  is  veronal.  As  a  pure  liypnotic  this 
drug  resembles  trional.  but  .seems  to  have  greater  ])ower. 
Berent  found  that  even  when  given  in  the  day-time' to 
walking  patients  it  induced  drow.siness  and  sometimes 
sleep.  "Wlirth  treated  eighty-four  cases  of  insanity  with 
twenty-one  hundred  doses  averaging  (i.T)  gm.  (gr.  viij.) 
three  times  a  day,  and  found  the  drug  distinctly  sedative 
in  motor  and  maniacal  excitement.  Rosenfeld  was  suc- 
cessful in  inducing  sleep  in  hysterical  and  other  nervous 
patients  after  broi^iides,  chloral,  trional,  and  warm  baths 
had  failed.  Tolerance  is  not  readily  establislied,  and 
after  the  first  few  nights  the  dose  may  be  reduced  by 
half.  Jlo.stcliniciansadvise  not  to  exceed  1  gm.  (gr.  xv.) 
at  a  dose,  but  in  chronic  alcoholism,  delirium  tremens, 
dementia,  and  acute  febrile  diseases,  more  has  been  found 
necessary.  Berent  used  as  much  as  3.5  gm.  (gr.  liij.) 
without'  unpleasant  after-effects  other  than  heaviness 
and  vertigo.  Yet  there  are  numerous  reports  of  heavi- 
ness, drowsiness,  headache,  dizziness,  and  staggering  gait 
after  doses  exceeding  1  gm.  (gr.  xv.).  The  Tfast-uamed 
writer  considered  1  gm.  (gr.  xv.)  of  veronal  the  equal  of 
0.015  gm.  (gr.  i)  of  niorpliine  as  a  pure  hypnotic.  Where 
there  is  localized  pain  the  drug  has  no  effect.  No  note- 
worthy influence  is  exerted  on  digestion,  respiration,  the 
heart,  or  the  kidneys.  A  few  cases  of  skin  eruption  after 
prolonged  use  iire  reported. 

Veronal,  then,  is  a  sedative  to  the  nervous  system, 
producing  after  one-half  to  twohours  a  sleep  resembling 
the  natural.  Patients  are  easily  aroused,  but  .soon  fall 
asleep  again;  when  aroused  they  are  in  full  possession 
of  their  faculties.  The  dose  is  6.5-1  gm.  (gr.  viij.-sv.) 
in  hot  milk  or  in  capsule.  Roberts  Bartholow  recom- 
mends the  combination  of  gr.  x.  of  veronal  with  gr.  v. 
of  trional.  IF.  A.  Bastedo. 

VERMONT  MINERAL  SPRINGS.— Windham  County, 

Vermont. 

Post-Office. — Newfane.  Numerous  summer  liotels 
in  vicinity. 

Access." — Via  Bratfleboro  and  Whitehall  Railroad  to 
Newfaiie;  thence  two  and  one-half  miles  northeast  to 
springs. 

These  springs  are  located  in  the  town  of  Brookline, 
fifteen  miles  north  of  Bratfleboro.  Tlie  situation  is  on 
Putney  Heights,  half  a  mile  east  of  the  West  River  and 
seven  hundred  feet  above  the  surface.  The  scenerj-  in 
the  vicinity  is  very  pleasing.  The  situation  of  the 
springs  commands  a  view  of  parts  of  three  States,  and 
includes  many  jioints  of  great  beauty  and  attractiveness. 
The  carriage  drives  are  numerous  and  very  pleasant. 
Visitors  will  find  excellent  accommodations  in  several 
Kiunnier  hotels  in  the  vicinity.  The  springs  are  two  in 
number,  but  only  one  of  them  has  been  improved.  This 
spring  issues  from  a  small  crevice  in  an  enormous  ledge 
of  rock.  The  water  is  always  cold,  but  never  freezes  as 
it  flows  from  the  spring.     The  discharge  is  about  thirty- 


two  gallons  per  hour.  The  comiiany  controlling  the 
spring  owns  a  large  tract  of  laud  surrounding  it,  aud  is 
thus  able  to  protect  the  water  ver}'  thoroughly  from 
svirface  pollution.  It  has  been  recently  analyzed  by 
Prof.  S.  P.  Sharpies.  State  Assaycr  of  Massachusetts, 
with  the  following  result: 

One  United  States  gallon  contains  (solids):  Iron  sul- 
phate, gr.  1.01;  calcium  sulphate,  gr.  0.64;  magnesium 
sulphate,  gr.  0.41;  sodium  sulphate,  gr.  0.93;  sodium 
cliloride,  gr.  0.05;  silica,  gr.  0.76.  Total,  3.80  grains. 
"  This  cannot  be  termed  a  powerful  mineral  water,  yet 
it  contains  iron  in  sufficient  amoimt  to  give  it  useful 
properties  asa  ferruginous  tonic.  Abiuidant  clinical  ex- 
perience goes  to  show  that  it  has  valual)le  reconstructive 
properties.  It  has  been  found  useful  in  cases  of  anismia 
and  debilit.v,  enfeebled  digestion,  and  anorexia,  aud  in 
functional  disorders  of  the  kidneys.  Locally  it  is  recom- 
mended for  insect  bites,  er.vsipclas,  conjunctivitis,  etc. 
The  water  is  shipped  in  pint-  and  quart-bottle  cases. 

James  K.  Crook. 

VERRUCA.— Verruca;  or  warts  are  cutaneous  excres- 
cences which  consist  essentially  of  circum.scribed  hyper- 
trophies of  the  papillary  and  epidermal  layers  of  the  skin. 
Their  clinical  characters  are  rather  diver.se.  Thus,  warts 
are  congenital  or  acquired;  they  maj-  appear  upon  any 
part  of  the  body  at  any  time  of  life;  they  are  transitory 
or  persistent,  single  or  multijilc;  though  usually  small, 
they  may  attain  a  very  considerable  volume;  in  shape 
they  may  be  rounded,  flat,  or  acuminate,  sessile,  pedun- 
culated, orfiliform;  their  surface  may  be  smooth,  rugous, 
fissured,  cauliflower-like;  they  are  soft  or  corneous,  moi.st 
or  dry;  in  color  they  may  present  the  normal  hue  of  the 
skin  or  varying  degrees  of  pigmentation. 

The  present  classification  of  verruca  is  not  satisfactory 
owing  to  the  fact  that  our  knowledge  of  essentially  dif- 
ferentiating factors  is  iusufflcient.  Based  upon  charac- 
ters which  are  largely  descriptive,  a  number  of  varieties 
are  mentioned  by  authorities  as;  rcrnica  acuminata,  ac- 
quisita,  couyctiita,  fiUformis,  ylahra,  'pemtans,  caduca, 
senilis,  digitata,  dorsi,  mantis  et  pedis,  riilgaris,  etc.  Al- 
thougli  these  do  not  .suggest  a  scientific  division,  a  few 
of  the  terms  enumerated  may  be  used  with  advantage  in 
the  general  consideration  of  the  subject. 

Verrnea  Vulgaris.' — This  is  the  tj-pe  most  commonly 
seen;  hence  the  name.  The  lesions  are  hemp-seed-  to 
split-pea-sized,  single  or  multiple,  discrete  or  in  groups, 
rounded  or  slightly  flattened,  with  a  rugous  surface 
which  presents  to  the  eye  the  appearance  of  numbers  of 
closely  set  papilla;  of  variable  jirominence;  these  are 
capped  with  horny  epithelium.  The  color  ranges  from 
skin-pink  to  a  dirty  grayish-black.  The  hands,  fingers, 
and  exposed  parts  are  the  favorite  sites,  and  _young  peo- 
ple are  far  more  commonly  affected  than  adults. 

Verruca  Plana. — This  variety  is  .seen  typicallj'  in  the 
j'oung  (verruca  plana  juvenilis)  as  small,  fiat,  slightly 
elevated  lesions,  of  round  or  polj-gonal  outline,  and  soft, 
smooth  surface.  They  may  be  discrete  or  several  may 
be  merged  to  form  more  or  less  irregular  plaques.  The 
general  appearance  is  not  imlike  that  of  lichen  planus, 
tlioiigli  the  color  is  more  yellow  than  jiurple.  The  fore- 
head, temples,  cheeks,  chin,  and  hands  are  the  usual 
locations. 

Verruca  Senilis. — This  form  has  been  designated  by 
some,  erroneously,  "verruca  plana  of  the  aged."  It  is 
sometimes  seen  upon  the  backs  of  individuals  advanced 
in  years.  The  lesions  are  somewhat  irregular  in  outline, 
of  low  elevation,  papillomatous,  pigmented  brown,  and 
often  covered  with  a  slightly  greasy  scale.  Verrucoe  of 
this  type  have  been  called  scborrhaic  warts,  and  are  prone 
to  undergo  cancerous  degeneration.  Similar  verructe 
have  been  observed  upon  the  hands  of  workers  with  the 
.r-ray;  in  these  also  cancerous  changes  have  been  re- 
corded. 

]'erruca  Acuminata.  — Tins  type  (venereal  wart)  occurs 
upon  the  genitalia  and  adjacent  parts  of  individuals  of 
both  sexes;  rarely'  it  is  seen  elsewhere.  Usuall}'  an  irri- 
tant is  present  in  the  form  of  a  venereal  discharge.     The 
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lesions  appear  as  papillary  growtlip,  discrete  or  grouped 
to  form  a  cuulitlower-lilii^  mass.  Depeudiiig  somewhat 
upon  pressure  effects  tliey  are  fliil  and  sessile,  or  elon- 
gated and  slender.  Tlicir  usual  location — about  tlie 
corona  glaiidis  in  the  male,  and  the  labia,  introitus  va- 
gina, and  anal  region  in  the  female— favors  the  retention 
of  moisture  and  the  maceration  of  the  lesions;  tlie  sur- 
face, therefore,  is  usually  bright  red,  and  covered  with  a 
.secretion  which  is  often  very  offensive;  the  practical 
absence  of  a  eoi'nitied  layer  predisposes  to  slight  hemor- 
rhage, so  that  this  secretion  is  frequently  blooil-tinged. 
These  warts  may  appear  in  situations  which  are  not 
moist,  in  which  case  there  is  no  secretion,  and  the  horny 
layer  covering  them  becomes  much  thickened.  Verruca? 
aeuminat;e  are  sometimes  seen  during  the  later  mouths 
of  pregnancy  in  women  innocent  of  venereal  history ; 
they  usually  disappear  after  confinement. 

Etiology. — The  active  causes  of  acquired  verrncse  are 
not  detiuitely  known.  It  is  certain  tliat  warts  are  the 
result  of  the  local  action  of  irritants,  but  the  essential 
elements  in  these  irritating  agents  are  not  known ;  nor 
are  the  predisposing  factors,  which  render  one  skin  more 
susceptible  than  another,  fully  understood.  A  microbic 
origin  is  surmised  for  verruca  vulgaris  and  verruca  acu- 
minata; the  former  is  undoubtedly  mildly  contagious, 
certainly  for  adjacent  skin,  and  probably  for  the  skin  of 
another;  while  the  latter  is  well  known  to  be  auto-inocu- 
lable.  Verruca  plana  is  said  by  Jadassohn  to  produce  its 
kind  and  therefore  has  a  specific  cause  ;  this  is  confirmed 
by  an  eminent  dermatologist  who,  in  a  personal  com- 
munication to  the  writer,  reports  having  observed  an 
epidemic  of  verruca  plana  sweep  througli  a  famih'.  The 
exciting  cause  of  verruca  senilis  is  not  known,  thougli  the 
progressive  degeneration  in  the  skin  undoubtedly  serves 
as  a  predisposing  factor.  Of  the  lesiims  seen  upon  the 
hands  of  .r-ray  operators  the  cause  is  obvious. 

Pathology. — Anatomically,  verrucfE  consist  essen- 
tially of  an  increased  connective-tissue  growth  as  a  basis, 
to  which  is  added  an  hypertrophy  of  the  papilla^  and  tlie 
rete  muco.ste.  These  changes  are  accomjjanied  with  an 
Increase  in  the  vascular  supply.  Often  the  hypertrophy 
of  the  papilhe  is  more  apparent  than  real,  the  result  of 
the  actual  increase  in  the  size  of  the  rete  jiegs.  In  most 
verruca;  the  horny  layer  is  hypertrophied,  thougli  the 
keratin  transformation  is  not  always  complete.  In  ver- 
ruca acuminata  the  horny  layer  is  usually  very  thin, 
while  the  papilhe  and  rete  are  greatly  increased.  In  the 
senile  wart  columns  of  epithelioid  cells  are  found  witliin 
the  papillary  layer;  and  throughout  all  layers  (excepting 
the  corneous)  a  peculiar  infiltration  of  fat  is  present. 

Diagnosis. — While  the  various  forms  of  verruca  are 
generall}'  recognized  w  ithout  difficulty,  it  is  well  to  keep 
in  mind  certain  differentiations.  Lichen  pin  mis  hns.  been 
confused  w-ith  verruca  plana;  the  former  is  less  often 
seen  upon  the  face,  has  a  more  empurpled  color,  is  scal- 
ing and  infiltrated,  and  itches,  at  times  intensely.  Mol- 
Insirtiiii  riiiitariioninn  eomiiared  with  verruca  vulgaris  is 
recognized  by  its  minute  punctum  and  its  depressed  cen- 
tre. The  lesions  of  xaiit/ioiim  are  distinctly'  yellow  and 
would  scarcely  be  mistaken  for  verruca.  A  distinction 
is  also  to  be  made  between  verruca  acuminata  of  the  ses- 
sile type  and  KyphiliUc amdylovia  ;  the  latter  is  the  papule 
of  syphilis  in  moist  locations,  and  as  such  is  rarely  pap- 
illomatous. Verrttca  necmgenica  and  iiihririilosis  rerni- 
ajHii  riilis  may  be  recognized  by  their  clinical  course  and 
by  the  histological  examination  of  excised  portions  of  the 
lesions. 

TuEAT.MENT.— The  internal  treatment  of  verruca  is  of 
doubtful  efficacy.  Crocker  thinks  favorably  of  the  use 
of  magnesium  sulphate  in  small  doses,  and  of  dilute 
nitrohydrocliloric  acid.  Arsenic,  so  frequently  used  in 
skin  diseases,  is  lightly  credited  with  good  results  in  cer- 
tain varieties,  especially  verruca  jilana. 

The  local  treatment"  contemplates  the  removal  of  the 
lesions  by  curettage,  electrolysis,  cauterization,  or  by 
the  application  of  substances  designed  to  soften  or  to 
stimulate  the  ,skin.  In  many  instances  the  use  of  the 
curette  is  most  satisfactory ;  the  scraping  does  not  cause 


severe  pain  and  the  bleeding  is  usuallj^  slight;  it  is  often 
advantageous  to  cauterize  the  oozing  base  w-ith  the  .silver 
nitrate  crayon.  In  verrucai  which  are  very  vascular  the 
curette  must  lie  used  with  caution. 

The  method  of  removal  by  electrolysis  is  especially 
adapted  to  pedunculated  forms:  the  base  is  transfixed 
with  a  needle  connected  with  the  positive  pole  of  a  bat- 
tery, and  a  curient  of  one  to  two  milliamperes  is  passed 
for  about  one  minute;  this  is  repeated  .several  times,  the 
needle  being  inserted  at  different  angles  through  the 
base.  Ths  obliteration  of  the  vascular  supply  thus  in- 
duced causes  the  wart  to  shrivel  and  eventually  to  fall. 

Of  caustics  glacial  acetic  acid  and  the  silver  nitrate 
crayon  are  the  best;  the  u.se  of  chromic  acid,  acid  nitrate 
of  mercury,  or  potassium  hydroxide  is  not  witliout  dan- 
ger owing  to  their  powerful  caustic  action.  For  soften- 
ing the  horny  epithelium  preliminaiy  to  curetting  sali- 
cylic acid  may  be  used ;  it  may  be  applied  in  a  solution 
with  alcohol  and  ether,  or  in  a  collodion  mixture.  The 
strength  should  be  about  ten  per  cent.,  and  the  applica- 
tion should  be  confined  to  the  lesion  proper. 

Verruca  plann  niaj*  be  favorably  influenced  by  applica- 
tions which  produce  desquamation.  For  this  the  follow- 
ing may  lie  used  with  advantage,  iu  full  strength  or 
slightly  reduced  with  water;  'B,  Calcis  viva;,  15.00;  sul- 
phur, "sublimat.,  30.00;  aqua;,  300.00.  M.  Boil  down  to 
180  c.c.  and  filter.     Sig. :  Vleminck's  solution. 

Verruca  senilis  yields  readily  to  radiotherapj' ;  com- 
paratively few  exposures  are  required,  and  the  results 
are  most  excellent. 

Prognosis. — Verruca;  are  usually  very  amenable  to 
treatment ;  in  fact,  mauj-  disappear  spontaneously,  which 
accounts  for  the  multiplicity  of  vaunted  remedies.  Senile 
warts  may  develop  into  epitheliomata;  these  may  be 
quickly  removed  by  radiotherapy. 

Ernest  L.  McEwen. 

VERSION.     See  Obstetric  Operations. 

VERTIGO. — DEPraiTiON. — A  condition  characterized 
by  loss  of  the  sense  of  bodily  equilibrium.  It  is  accom- 
panied by  subjective  dizziness,  b}'  partial  or  complete 
loss  of  power  to  stand  erect  and  to  walk  in  a  straight 
line,  and  in  severe  cases  by  nausea  and  vomiting. 

The  sense  of  equilibrium  should  be  ranked  among  the 
sjiecial  sen.ses.  It  is  but  indirectly  dependent  upon  sight, 
hearing,  and  touch,  and  it  has,  we  now  believe,  a  special 
nerve  organ,  which  is  used  for  this  purpose  and  no  other. 
Any  interference  with  the  function  of  this  organ  causes 
vertigo,  just  as  any  interference  with  the  eye  causes 
blindness,  or  with  the  ear,  deafness;  in  any  case  the  de- 
gree of  impaired  functiou  varying  with  the  intensity  of 
its  cause. 

The  sense  organ  of  equilibrium  consists  of;  (1)  a  cor- 
tical centre  or  area,  apparently  located  in  the  cerebellum, 
and  communicating  by  connecting  fibres  with  various 
nuclei  in  the  medullaand  pons;  (2)  a  nerve  trunk,  which 
forms  the  inner  root  of  the  eighth  cranial  nerve  (audi- 
tory), passes  with  it  into  the  internal  auditory  meatus, 
and  is  distributed,  under  the  name  of  vestibular  branch, 
to  the  vestibule;  (3)  a  peripheral  end  organ,  consisting 
of  the  semicircular  canals,  the  utricle  and  saccule. 
These  structures  contain  the  peripheral  terminations  of 
the  nerve,  wliich,  generally  speaking,  consist  of  hair 
cells.  Briefly,  these  hair  cells  are  supposed  to  be  acted 
upon  by  currents  in  the  eudolymph,  the  currents  being 
caused  by  changes  in  position  of  the  head.  The  three 
semicircular  canals  correspond  to  the  three  dimensions  of 
space.  For  further  particulars  see  the  article  on  Audi- 
tion, in  Vol.  I.  of  this  Handbook. 

Symptomatic  Vertigo. — In  view  of  the  extent  and  com- 
plicated anatomy  of  the  organ,  it  is  not  surprising  that  its 
functions  may  be  interfered  with  bj'  many  cau.ses  other 
than  organic  disease  of  its  structure.  Disease  or  injury  of 
neighboiing  organs  is  of  course  particularly  liable  to 
cause  sucli  interference,  and  hence  vertigo  is  a  common 
sj'mptom  of  ear  disease.  Equallj',  of  course,  is  vertigo 
found  in  various  diseases  of  the  brain  and  spinal  cord. 
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Anytbiug  which  causes  changes  in  the  blood  supply  of 
the  organ  (anaemia,  hypertcmia)  may  inhibit  its  normal 
action.  Poisoning  by  certain  drugs,  or  by  bacterial  tn.\- 
ins,  or  by  auto-intoxications,  such  as  constipation  or 
gout,  ■n-ill  do  the  same. 

Of  distant  troubles  causing  vertigo,  the  most  frequent 
are  the  various  disturbances  of  digestion.  In  these  cases 
the  vertigo  is  usually  slight  and  transient,  and  is  relieved 
by  measures  which  cure  the  indigestion.  An  acquain- 
tance of  the  writer,  a  i)hysician  about  forty  years  of  age, 
has  frequent  attacks  of  vertigo  whenever  there  is  an  ac- 
cumulation of  gas  in  his  stomach  or  intestines.  As  his 
digestion  is  not  strong,  these  attacks  are  troublesome. 
In  his  case  the  vertigo  is  severe,  and  he  has  even  fallen 
to  the  floor  under  its  influence.  Getting  rid  of  the  gas, 
by  mouth  or  rectum,  gives  him  instant  relief.  It  is  prob- 
able tliat  his  trouble  is  due  to  disturbance  of  the  circula- 
tion, consequent  upon  pressure  of  the  distended  bnwel 
from  below  tlirougli  the  diaphragm,  interfering  with  tlie 
heart's  action.  The  prompt  relief  olitained  by  expulsion 
of  the  gas  goes  to  disprove  the  presence  of  toxins. 

Constipation  vertigo,  in  its  slighter  forms,  is  common 
enough.  It  often  occurs  in  conjunction  with  headache. 
The  only  effective  treatment  is  the  administration  of  a 
brisk  cathartic. 

Gouty  vertigo  is  allied  to  constipation  vertigo,  and  the 
distinct^ion  between  the  two  conditions  is  not  always 
clear.  Vertigo  is  seldom  seen  in  tjpical  cases  of  acute 
gout.  It  comes  more  often  in  the  irregular  forms,  with 
migraine,  catarrh  of  the  respiratory  and  digestive  mucous 
membranes,  and  pain  and  stiffness  in  various  joints  and 
muscles.  It  is  often  severe,  and  may  be  the  only  symp- 
tom which  calls  the  patient's  attention  to  his  condition. 
It  is  caused  b}'  uric  acid  and  other  waste  products  of 
half-burned  albumin,  which  accumulate  in  the  system 
and  act  as  poisons,  probably  directly  through  the  ti.ssues. 
The  diagnosis  rests  upon  the  presence  of  other  symptoms 
of  gout,  upon  the  condition  of  the  urine,  and  upon  the 
absence  of  signs  of  disease  of  the  internal  ear. 

Various  disturbances  of  the  circulatory  system  may 
cause  vertigo.  The  trouble  may  lie  in  the  blood,  the 
heart,  or  the  vessels.  Of  the  blood  diseases,  pernicious 
ana:mia  is  probalilj'  the  one  most  frequently  attended  by 
vertigo,  but  it  is  also  seen  occasionally  in  chlorosis.  It 
is  probably  caused  by  cerebral  ana?mia.  It  is  not  usually 
severe  or  important.  The  diagnosis  depends  upon  other 
signs  of  ana'iuia,  and  the  treatment  is  the  treatment  of 
the  general  disease.  Certain  eases  of  leuka'mia  and 
Hodgkiu's  disease  exhibit  vertigo  as  a  symptom.  It  may 
be  very  severe,  in  which  case  it  is  accompanied  by  signs 
of  severe  general  cerebral  disturbance,  and  is  due  to 
leukemic  lymphadenomata  in  the  skull  (Friedreich). 

Cardiac  vertigo  is  seen  in  many  forms  of  heart  disease. 
It  is  a  conunon  and  early  symptom  of  fatty  degeneration 
of  the  heart.  It  usually  comes  on  in  attacks,  which  vary 
in  severity  over  a  wide  range.  The  vertigo  may  be  very 
slight,  attended  with  nausea  or  slight  faintness,  or  it  may 
be  more  severe,  attended  with  actual  syncope,  followed 
by  a  period  of  unconsciousness,  and  resulting  in  paraly- 
sis, loss  of  memory  or  intellectual  power,  or  even  death. 
This  form  of  vertigo  is  caused  by  cerebral  ausemia,  and 
the  diagnosis  rests  upon  the  presence  of  other  signs  of 
fatty  heart,  plus  the  absence  of  signs  of  ear  trouble.  The 
exact  diagnosis  of  fatty  heart  is  always  difficult  anil  may 
be  impossible,  but  the  undoubted  evidence  of  cardiac  in- 
competency, the  absence  of  signs  of  valvular  trouble,  and 
the  typical  nature  of  the  vertiginous  attack,  will  usually 
give  a  clew. 

Vertigo  also  occurs  in  other  forms  of  heart  disease, 
especially  in  disease  of  the  aortic  valves,  either  stenosis 
or  insufficiency.  Here  the  giddiness  is  slight  and  more 
or  less  constant,  being  much  the  same  in  either  condition 
of  the  valves.  The  cause  is  disturbed  brain  circulation, 
and  the  diagnosis  is  made  by  examining  the  heart. 

In  aortitis  and  disease  of  the  coronary  arteries  vertigo 
is  often  noted,  especially  in  connection  with  attacks  of 
angina.  There  is  nothing  characteristic  about  this  form, 
and  it  is  usually  overshadowed  by  the  pain,  dyspnoea. 


sense  of  impending  death,  etc.,  which  belong  to  the  at- 
tack. In  general  arteriosclerosis  vertigo  is  sometimes 
seen,  due  probably  to  changes  in  the  cerebral  vessels. 
This  variety  belongs  among  the  encephalic  verligos. 

In  certain  general  systemic  infections  vertigo  is  often 
seen.  Notable  among  these  are  influenza,  typhus  and 
typhoid  fever,  malaria,  and  plague.  Vertigo  iii  influenza 
is  seen  often;  it  may  be  severe,  but  usually  does  not  last 
many  days.  Lieeaga  ("Twentieth  Ceutiny  Practice  of 
Medicine,"  vol.  xv.Tp.  286)  declares  tliat  it  is  "constant 
a.nd  precocious,  and  appears  whenever  the  patient  at- 
tempts to  sit,  to  stand,  or  even  to  raise  his  head."  In 
typhoid  fever  vertigo  is  seen  during  the  incubation  period 
and  at  the  beginning  of  convalescence.  It  occurs  prob- 
ably in  about  ten  per  cent,  of  the  cases.  At  the  outset 
of  an  attack  of  bubonic  plague  vertigo  is  said  to  lie  com- 
mon. All  these  forms  are  caused  by  the  toxin  of  the  dis- 
ease acting  upon  the  brain  or  its  circulation.  They  are 
not  accompanied  by  deafness.  Tlie_v  are  in  many  cases 
merely  a  sj-mptom  of  exhaustion,  and  they  do  not  remain 
permanently  after  recovery  from  the  disease. 

The  vertigo  which  follows  the  more  severe  forms  of 
malarial  fever,  however,  is  different.  It  comes  on  after 
the  disease  has  lasted  for  some  time,  is  attended  with 
deafness  and  tinnitus,  and  seems  due  to  inflammation  in 
the  internal  ear.  It  is  rare.  It  belongs  to  the  pernicious 
tropical  foiins,  and  there  is  ground  for  doubting  if  it  be 
not  due  to  the  quinine  rather  than  to  the  malaria.  Fer- 
reri  reports  two  cases. 

Certain  drugs  in  toxic  do.ses  cause  vertigo.  Prominent 
among  these  are  alcohol,  aniline  and  its  derivatives,  qui- 
nine and  salicylic  acid.  Alcohol  probably  acts  by  para- 
lyzing the  cortical  areas  in  the  cerebellum.  Aniline  acts 
in  the  same  way.  Quinine  and  salicylic  acid,  on  the  other 
hand,  probably  act  directly  upon  the  internal  ear,  since 
poLsoning  by  either  of  theiii  causes  deafness  and  tinnitus 
as  well  as  vertigo.  Such  cases  rarely  present  difficulties 
of  diagnosis. 

Vertigo  is  also  seen  in  certain  diseases  and  disturbances 
of  the  central  nervous  system,  both  functional  and  or- 
ganic. Seasickness  comes  under  this  head,  being  appar- 
ently caused  by  overexertion  of  the  sense  organ  of  equi- 
librium. The  motion  of  the  ship  sends  the  endolymph 
flowing  rapidly  through  the  semicircular  canals,  agitat- 
ing the  hair  cells  violently,  and  thus  interfering  with 
their  function.  All  symptoms  of  seasickness,  it  is  well 
known,  may  be  produced  by  rapid  rotation  of  the  body, 
and  the  fact  that  measures  directed  to  the  nervous  sj'stem 
are  the  only  ones  that  have  been  found  effective  in  com- 
bating this  malady,  lends  support  to  this  view. 

Neurasthenic  vertigo  is  not  uncommon.  The  attacks 
are  short  and  not  very  severe,  but  often  occasion  much 
alarm.  The  diagnosis  rests  upon  other  symptoms  pres- 
ent, and  treatment  is  directed  to  the  neurasthenia. 

Epileptic  vertigo  is  seen  oftenest  in  attacks  of  petit 
mal.  It  is  paroxysmal  and  brief.  The  patient  feels 
dizzy,  and  perhaps  falls  to  the  ground,  but  recovers  at 
once,  and  the  vertigo  disappears  as  the  fit  passes 
(Church). 

Of  the  organic  degenerative  lesions  of  the  general  ner- 
vous system,  vertigo  is  found  often  in  tabes  dorsalis. 
This  vertigo  is  not  to  be  confounded  with  the  regular 
and  constant  ataxia.  The  two  are  quite  distinct,  and 
ordinarily,  however  extreme  the  ataxia,  the  patient  does 
not  suffer  from  subjective  vertigo.  When  this  occurs  it 
is  paroxysmal,  and  may  be  accompanied  by  vomiting  and 
great  prostration.  In  multiple  spinal  sclerosis  (Church) 
vertigo  often  occurs.  Here  it  is  sometimes  due  to  de- 
struction of  the  central  organ  or  the  nerve  trunk,  and 
may  present  the  type  of  Jleniere's  disease.  These  ver- 
tigos  are  to  be  diagnosticated  and  treated  in  connection 
with  the  underlying  disease  which  cau.ses  them. 

Of  encephalic  diseases  any  lesion  interfering  with  any 
part  of  the  sense  organ  of  equilibrium  may  cause  vertigo. 
It  is  most  common  in  tumors  or  abscesses  of  the  cerebel- 
lum and  pons,  in  hemorrhage,  or  more  rarely  in  basilar 
meningitis.  It  is  constant  and  severe,  often  accompanied 
by  nausea  and  vomiting,  but  except  in  connection  with 
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other  symptoms  it  is  not  reliable  for  diagnostic  purposes 
(Starr). 

Vertigo  also  occurs  iu  many  cerebral  diseases,  such  as 
endarteritis,  gcneial  |)ari'.«is.  cerebral  hemorrhage,  cere- 
bial  syjihilis.  If  the  lesion  be  cerebral  the  vertigo  is  usu- 
ally sli:,'ht  and  transient. 

Certain  diseases  of  the  eyes  cause  vertigo,  especially 
ocular  palsies.  This  is  .sonietimes  reflex  and  sometimes, 
pro",  i,bly,  snggeslive,  the  resnlt  of  the  double  image. 
These  cases  can  be  relieved  by  blindfolding  one  eye,  or 
by  rectifying  the  muscular  anomaly  when  possible. 

"Suggestive  vertigo  is  seen  often  in  persons  wlio  for  the 
first  time  look  down  from  a  great  lieight.  It  is  purely 
psychic,  and  not  a  true  vertigo  at  all. 

Aural  Vertifio. — This  may  occur  as  the  result  of  any 
diseased  condition  alTeeling  any  part  of  the  car,  from  the 
auricle  to  the  encephalic  opening  of  the  internal  auditory 
meatus.  It  is  specially  common  in  labyrinthine  disease. 
There  is  a  type  of  otitis  interna  which  gives  rise  to  a 
definite  and  characteristic  varictj-  of  vertigo,  known  as 
Menit^-re's  disease.  Anatomically  it  consists  usually  of  a 
hemorrhage  into  the  labyrinth,  which  may  be  caused  by 
violence,  such  as  a  blow  upon  the  head,  or  certain  opera- 
tive precedures  upon  the  tympanum,  such  as  mobilization 
of  the  stapes  (Dench).  Politzer  says  with  reason  that  it 
is  not  the  liemorrhage,  as  such,  that  causes  the  symp- 
toms, but  the  efl'eet  of  the  e.xtravasated  blood  upon  cer- 
tain structures  of  the  membranous  labyrinth.  Therefore 
it  is  possible  that  there  should  be  a  considerable  extra va- 
sate  in  the  labyrinth  without  causing  vertigo,  or,  on  the 
other  hand,  a  very  small  amount  might  produce  it,  ac- 
cording to  whether  or  not  the  ampuUar  nerves  are  inter- 
fered with. 

The  true,  typical,  apoplectic  form  of  this  trouble  is 
rare.  According  to  Politzer,  Frankl-Hochwart  has  been 
able  to  collect  only  twenty-seven  cases  in  all  the  litera- 
ture. It  begins  with  giddiness,  of  such  degree  that  the 
patient  falls  to  the  ground.  He  also  suffers  from  inten.se 
nausea,  vomiting,  marked  deafness,  and  sometimes  a  sub- 
jective noi.se  iu  the  ear  like  a  loud  rejiort  (Starr),  or  loud 
and  distressing  tinnitus  (Politzer).  The  loss  of  hearing 
is  usually  bilateral.  It  may  or  may  not  be  complete,  but 
it  is  alw.ij's  severe.  The  course  of  the  disease  i.s  to  a 
slow  and  incomplete  recovery.  The  nausea  and  vomit- 
ing first  subside,  and  then,  in  the  cour.se  of  ten  days  or 
two  weeks,  the  giddiness  improves  and  the  patient  slowly 
regains  liis  equilibrium.  The  deafness,  however,  per- 
sists in  verjr  nearly  its  first  intensity,  and  the  gait  is  apt 
to  be  more  or  less  unsteady  ffir  months  or  years.  Treat- 
ment must  be  on  general  principles — cold  and  local  de- 
pletion at  the  outset,  with  rest  in  bed,  catharsis,  and 
nerve  sedatives  as  required,  morphine  if  necessary. 
After  convalescence  is  established,  a  general  supporting 
and  building-up  treatment  is  indicated.  Politzer  recom- 
mends potassium  iodide,  gr.  xv.  a  day  for  three  or  four 
weeks,  and  also  pilocarpine,  gr.  -^^  a  da.y. 

The  diagnosis  of  true  lab}-rintliine  vertigo  rests  upon: 
1,  Its  intensity — it  is  always  severe;  3,  the  accompany- 
ing deafness  and  tinnitus;  and  3,  the  absence  of  signs  of 
(n)  cerebral  disease,  or  (*)  middle-ear  trouble.  In  Jleu- 
ifere's  disease  the  symptoms  are  usually  bilateral ;  in  trau- 
matic cases  they  may  be  unilateral.  'A  very  interesting 
case  of  this  sort  is  reported  by  Starr.  A  lireman  fractured 
the  base  of  his  skull  and  tore  the  left  auditory  nerve. 
His  chief  symptoms  were  complete  deafness  on  "the  left 
side  and  constant  and  agonizing  sense  of  rotation  of  his 
body  on  its  longitudinal  axis,  so  that  if  left  alone  in  bed 
lie  would  roll  over  and  over  in  the  opposite  direction  to 
overcome  this  feeling.  He  died  on  the  fifth  day  after  his 
accident. 

Other  forms  of  aural  vertigo  are  less  severe  and  less 
typical.  The  vertigo  tliat  occurs  as  the  result  of  trouble 
in  the  external  auditory  (-anal  (cerumen,  furuncle)  is 
slight  and  transient.  Occasionally  chronic  aural  catarrh 
will  cause  a  certain  degree  of  vertigo,  which  may  Ije 
quite  severe.  And  in  chronic  suppurative  otitis,  "with 
cholesteatoma,  vertigo  may  occur  at  any  time  as  the  re- 
sult of  erosion  of  the  external  semicircular  canal.     The 


writer  has  seen  two  such  cases,  one  of  which  was  oper- 
ated upon  by  Dr.  Whiting,  of  this  city,  with  complete 
relief.  Vertigo  occurring  in  these  cases,  at  the  end  of  a 
long  jieriod  of  supimration,  is  a  dangerous  complication, 
and  calls  for  prompt  surgical  interference. 

It  is  the  firm  conviction  of  the  writer  that  in  every  case 
of  vertigo,  whatever  be  the  history  and  circumstances, 
the  condition  of  the  ears  should  lie  carefully  and  thor- 
oughl}'  investigated.  Donald  M.  Barsiow. 

VESICO-VAGINAL  FISTULA.    ^n-VrnjinK,  Di.inisesof. 

VETERINARY  SCIENCE  IN  ITS  RELATION  TO 
PUBLIC  HEALTH. — Veterinary  science  includes  in  its 
domain  a  comiilele  knowledge  of  the  domesticated  ani- 
mals. It  is  not  limited,  as  many  suppose,  to  their  anat- 
omy, physiology,  pathology,  and  therapeutics,  but,  in 
addition  to  these  subjects,  it  covers  zootechuics.  or  the 
economical  production  of  animals,  veterinary  hj'giene,  or 
tlie  maintenance  of  animals  under  healthful  conditions, 
veterinary  sanitary  science,  or  the  control  of  contagious 
diseases,  the  exclusion  of  exotic  contagion  and  the  in- 
spection of  animal  food  products.  It  maybe  said,  there- 
fore, that  it  is  the  province  of  veterinarj' science,  (l)to 
aid  in  producing  a  supply  of  animal  food  of  the  best 
qualify  and  iu  the  greatest  abundance;  (i)  to  protect  the 
sources  of  this  food  supply  so  far  as  possible  from  the 
ravages  of  commvmicable diseases;  (3)  to  prevent  the  use 
of  animal  food  products  contaminated  by  disease;  (4)  to 
guard  m.inkind  from  tlic  plagues  and  parasites  of  animals 
which  may  be  transmitted  to  the  human  subject;  (.ijto 
make  scientific  investigations  of  animal  diseases  which 
will  advance  our  knowledge  of  these  diseases  and  of  gen- 
eral pathology.  All  of  these  lines  of  work  operate  direct- 
ly to  improve  the  public  health. 

The  Animal  Food  Siippli/. — An  abundant  suppl}'  of 
wholesome  food  is  necessary  for  the  preservation  of  the 
public  health;  and  as  the  food  supply  deteriorates  in 
quality  or  diminishes  in  quantity  the  conditions  of  life 
become  more  dillicult.  "\Vaut,  distress,  and  misery  re- 
sult. Following  the  impoverishment  of  the  bodj'  come 
disease  and  an  augmented  mortality.  Famine  and  pesti- 
lence are  words  which  the  long  and  bitter  experience  of 
the  human  race  has  associatetl  together.  TlJe  scarcity 
and  had  qualitj'  of  food  is  felt  first  and  most  severely 
where  the  poimlation  is  most  dense,  and  where  a  large 
part  of  the  people,  at  best,  have  a  serious  struggle  for 
existence.  It  follows,  of  course,  that  as  a  country  de- 
velo]is  and  becomes  more  densely  populated,  as  cities 
multiply  and  contain  a  greater  nundjer  of  people  who 
even  in  times  of  abundance  must  eat  inferior  food,  the 
effect  of  deteriorations  of  the  food  supply  becomes  more 
evident.  A  nation  with  an  abimdaut  supply  of  good 
food  is  already  well  on  the  way  to  prosperity  and  liealth- 
fulness. 

Animal  food  forms  a  most  important  part  of  the  general 
food  supply.  The  stock  of  animals  maintained  in  the 
United  States  at  this  time  for  the  production  of  hmnan 
food  is  approximatelj'  17,105,237  milch  cows,  44,6.59,200 
other  cattle,  63,964,876  sheep,  46,933,624  swine,  and  2.50.- 
081,. 593  fowls  of  various  kinds.  The  raising,  marketing, 
and  slauglitering  of  these  animals,  and  the  production  of 
the  milk,  butter,  and  cheese  involve  many  problems 
which  the  veterinarian  can  solve,  or  at  least  should  liclji 
to  solve.  And  just  as  the  increasing  density  of  the  liu- 
man  population  brings  new  proldems  to  the  health  officer 
and  sanitarian,  so  an  increase  iu  the  number  of  animals 
and  the  change  from  natural  to  artificial  conditions  bring 
new  problems  to  the  veterinarian.  When  animals  are 
allowed  to  roam  over  large  tracts  of  land,  seldom  or 
never  stabled,  and  not  pressed  for  the  largest  attainable 
product,  when  traffic  liefween  different  sections  of  the 
coimtry  is  at  a  minimum,  the  animals  are  found  in  the 
most  vigorous  and  healfliful  condition.  On  the  other 
hand,  Avhcn  animals  are  crowded  together,  stabled,  fed  to 
their  highest  capacity,  and  become  a  subject  of  traffic, 
disease  and  parasites  multipl}';  questions  of  ventilation, 
of  general  sanitary  methods,  of  proper  feeding,  of  pro- 
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tection  from  contagicni  and  jiarasites  arise  and  become 
more  and  more  urgent. 

The  quantity  of  animal  food  consumed  in  tlie  United 
States  cannot  be  very  accurately  estimated.  Under  the 
federal  meat  inspection  service  tliere  were  slaughtered  in 
the  year  ending  June  BOth.  1903,  6,115,803  bovine  ani- 
mals, 7,434,478  slieep,  and  25,277,107  hogs.  In  addition, 
many  of  the  same  kinds  of  animals  were  slaughtered  for 
local  consumption  or  in  establishments  where  no  inspec- 
tion has  been  instituted.  Tliere  is  no  systematic  insjiec- 
tion  of  poultry  at  the  time  of  slaughter,  but  the  produc- 
tion of  an  abundant  supply  of  poultry  and  eggs  nuist 
depend  somewhat  upon  the  preservation  of  fowls  from 
contagious  diseases,  and  the  knowledge  through  which 
tliis  is  to  be  accomplished  must  come  from  veterinary 
sanitary  science. 

The  quantity  of  milk  in  its  natural  condition  consumed 
in  the  United  States  is  about  21,751,258,560  pounds,  of 
condensed  milk  172,647,3.55  pounds,  of  butter  1,465,299,- 
727  pounds,  of  cheese  278,.5.S8,146  pounds. 

These  figures  show  the  enormous  e.xteut  to  which  ani- 
mal products  enter  into  the  food  supply  of  the  country, 
and  the}'  indicate  the  iu\portance  of  establishing  safe- 
guards which  will  make  it  reasonably  certain  that  such 
products  are  wholesome  and  will  not  prove  a  source  of 
disease  to  the  consumers.  Daily  cows  slicudd  be-  in- 
spected from  time  to  time  to  deiermine  that  they  are  free 
from  disease,  and  especially  that  they  are  free  "from  dis- 
eases communicable  to  man.  Dark,  unventilated,  damp, 
and  lilthy  stables  should  bi'  abolislied,  and  it  should  be 
insisted  that  animals  be  kejit  under  hygienic  conditions. 
Milk  is  too  often  sokl  from  cows  suffering  from  tubercu- 
losis, actinomycosis,  metritis,  mastitis,  and  other  diseases 
which  may  seriously  alfect  its  quality. 

It  ise(piall_v  important  thai  animals  should  be  inspected 
at  tlie  time  of  slaughter.  A  certain  proportion  of  diseased 
animals  will  be  found  even  among  those  which  super- 
ticially  appear  the  most  healthy.  It  is  a  common  practice 
to  ship  to  market  animals  which  no  longer  thrive  on  the 
farm;  and  while  in  many  cases  tlie  owner  does  not  know 
what  ails  them,  it  often  happens,  as  with  hogs  affected 
with  cholera,  that  they  are  shijiped  to  market  because 
they  are  known  to  be  infected,  and  that  the  los.ses  among 
them  will  be  heavy  if  tlie)'  are  retained  upon  the  farm. 
In  addition  to  tlie  animals  diseased  wlien  tliey  leave  the 
farm,  there  are  many  which  become  bruised,  wounded, 
crushed,  and  otlierwise  badly  injured  in  transit.  Some 
of  these  when  the}'  reach  the  aliattoirs  are  sufl'ering  from 
abscesses,  septic  infection,  abortion,  and  various  otlier 
patholiigical  conditions  the  result  of  injuries.  Tliese 
ciiiidilions  can,  of  course,  be  recognized  and  graded  as  to 
their  seriousness  onlj-  by  the  trained  veterinarian. 

The  Protection  of  Aiiimiils  from  liifcrtious  Diseases.- — 
Probablv  the  most  important  line  of  work  for  preserving 
the  food  supply  both  in  quantity  and  quality  is  that 
■which  controls,  eradicates,  and  excludes  tlie  contagious 
and  infectious  diseases  of  animals.  This  is  particularly 
necessary  at  the  present  time,  when  transportation  routes 
and  means  of  communication  between  all  parts  of  tlie 
world  have  luultiplied,  when  facilities  for  .shipping  ani- 
mals and  animal  products  have  been  greatly  increased, 
and  the  time  required  to  bring  these  from  the  most  dis- 
tant part  of  the  world  has  been  enormouslj-  diminished. 
"We  have  reached  a  degree  of  development  in  tliese 
matters  when  it  maj'  be  said  that  the  time  of  transit  is  no 
longer  t  protection  against  the  importation  of  contagion 
from  the  most  distant  countries. 

As  the  veterinarian  e.xamines  the  condition  of  animals 
in  other  countries  he  finds  tliat  Asia,  the  Philippines,  and 
Africa  are  overrun  with  rinderpest,  that  most  deadly  of 
all  cattle  diseases.  He  finds  the  contagious  pleuropneu- 
monia of  cattle  in  Asia,  Australia,  Africa,  and  in  several 
countries  in  Europe.  He  finds  epizootic  aphtha,  or  foot- 
and-mouth  disease  in  Europe,  Asia,  and  South  America. 
He  finds  surra  in  India  and  in  the  Philippines.  He  finds 
Texas  fever  in  most  warm  countries  of  the  world,  includ- 
ing South  Africa,  Australia,  Soutli  and  Central  America, 
the  West  Indies,  Mexico,  and  the  southern  parts  of  the 
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United  States.  He  finds  sheeppox,  scabies,  anthrax,  hog 
cholera,  and  various  other  destructive  disea.ses  widely 
disseminated  throughout  the  world.  The  country  must 
look  to  him  to  exclude  such  di.seases,  which  would  not 
only  diminish  the  food  supply,  but  which  would  increase 
the  proportion  of  diseased  animals  coming  to  the  abat- 
toirs. 

The  United  States,  fortunately,  has  been  free  from 
some  of  the  worst  of  these  plagues,  but  distance  is  no 
longer  the  barrier  that  it  has  Ijeeu  in  the  past,  and  active 
measures  are  now  required  against  them.  Europe  has 
again  and  again  suffered  the  most  terrible  losses  from 
invasions  of  this  character.  And  at  this  writing,  foot- 
and-mouth  disease  has  been  prevalent  in  most  of  the 
countries  of  continental  Europe  for  more  than  fifteen 
years.  Considering  the  large  number  of  live  animals 
of  various  kinds  which  annually  enter  the  United  States 
from  abroad,  including  domesticated  animals,  menagerie 
animals,  and  those  for  zoological  parks,  pets,  etc.,  also, 
the  enormous  quantities  of  wool,  hides,  and  hair  im- 
ported, it  is  plain  that  there  are  many  channels  through, 
which  contagion  may  be  carried. 

Within  the  last  year  there  has  occurred,  in  the  New 
England  States,  an  outbreak  of  foot-aud-moutli  disease 
which  started  near  the  docks  of  Boston,  undoubtedly 
from  imported  contagion,  and  which  has  been  stiunped 
out  only  by  the  most  prompt  and  rigid  measures. 
With  this  disease  ill  South  America  threatening  us  from 
the  south;  with  rinderpest  in  our  Philippine  possessions; 
with  foot-and-mouth  disease  and  pleuropneumonia  still 
existing  in  Europe,  it  is  plain  that  nothing  less  than  con- 
stant vigilance  can  preserve  our  flocks  and  herds  from 
these  jilagues. 

The  measures  adopted  in  the  United  States  for  exclud- 
ing exotic  contagion  consist  of  an  inspection  of  all  sus- 
ceptible animals,  the  quarantine  of  ruminants  and  swine 
wliich  come  from  infected  countries,  and  the  disinfection 
of  the  hides  of  neat  cattle.  The  period  of  quarantine 
varies  from  fifteen  to  ninety  days,  the  animals  being  held 
in  the  regularlj'  established  quarantine  stations  of  the 
Government.  Cattle  imported  for  breeding  purposes 
must  be  tested  witli  tid)erculin  to  guard  against  tubercu- 
losis. An  inspector  from  the  United  States  is  now  sta- 
tioned ill  Great  Britain  to  make  such  tests  before  the  ani- 
mals are  purchased,  as  it  has  been  found  that  a  very  large 
))ercentage  of  some  of  the  principal  British  breeds  are 
tuberculous.  On  the  other  hand,  animals  from  the  Chan- 
nel Islands  have  been  found  free  from  tuberculosis  and 
are  no  longer  tested. 

The  measures  for  controlling  contagion  within  the 
United  States  consist  of  an  inspection  at  the  principal 
stockyards,  and  at  other  convenient  points  for  supervis- 
ing the  interstate  traffic.  This  inspection  is  maintained 
by  the  Federal  Government  and  lias  for  its  object  at 
jux'seut  the  control  of  Texas  fever  of  cattle,  scabies  of 
slieep  and  cattle,  and  hog  cholera.  In  addition,  many 
of  file  individual  States  and  municipalities  maintain  a 
service  for  the  repression  of  glanders,  tubtrculosis,  ra- 
bies, Texas  fever,  scabies,  and  other  diseases  of  the  do- 
mesticated animals. 

T!ie  Protection  of  Mmikind- from  the  Communicable  Dis- 
eases and  Parasites  of  Animals. — That  there  are  certain 
diseases  of  animals  which  are  communicable  to  man  has 
long  been  known.  There  are  also  parasites  of  animals 
which  likewise maj'  be  communicated  and  which  pioduce 
results  more  or  less  serious  according  to  the  species  of 
l)arasite  which  is  involved.  Among  the  most  common  of 
these  diseases  and  parasites  are  :  (1)  Glanders,  a  disease 
of  the  genus  Eqniis,  generally  fatal  when  contracted  by 
man;  (2)  anthrax,  a  disease  of  horses,  cattle,  sheep,  and 
swine,  appearing  in  man  either  as  malignant  pustule  or 
as  internal  anthrax,  and  often  fatal;  (3)  tuberculosis,  a 
disease  common  in  cattle  and  swine,  but  also  occurring 
in  horses,  sheeji,  goats,  dogs,  poultiy,  cage  birds,  and 
menagerie  animals;  (4)  rabies,  a  di.sease  of  the  genus 
Canis.  communicable  to  all  warm-blooded  animals  and 
to  man;  (5)  epizootic  aphtha,  commonly  known  as  foot- 
and-mouth  disease,  a  very  infectious  malady  of  cattle, 
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sometimes  communicated  to  the  cousumers  of  the  milk 
of  diseased  cattle;  (6)  Ci/sticcrcits  buvia,  found  in  cattle,  is 
the  larval  form  of  the  tapeworm  of  man  known  as  Tania 
saffiiiatii. ;  (7)  Ci/sliccrnis  cdlulimv,  found  in  swine,  is  the 
larval  form  of  the  tapeworm  of  man  known  as  Timia  so- 
lium ;  (8)  the  Tricliiiin  sjiiraUK.  a  common  parasite  of 
swine,  may  develop  in  man  and  sometimes  produces 
fatal  results;  (!t)  the  Echlmicoccus  found  in  the  lungs, 
liver,  and  other  organs  of  the  meat-producing  animals 
is  the  c}-stic  phase  of  the   Tania  echinococcus  of  the 

It  is  evident  that  the  most  satisfactory  way  of  protect- 
ing man  from  this  source  of  danger  is  to  erailicate  these 
diseases  and  parasites  so  far  as  possible  from  the  domes- 
ticated animals.  Hence  all  veterinai-y  sanitary  work 
having  this  object  in  view  has  a  direct  bearing  upon  the 
public  health.  As  complete  eradication  cannot  be  accom- 
plished for  many  years  and  in  some  cases  not  at  all,  there 
must  be  constant  efforts  for  repression  and  control.  Peo- 
ple must  be  made  familiar  with  the  dangers ;  too  close 
association  with  animals  should  be  avoided;  the  inspec- 
tion of  meat  and  of  dairy  cows  should  be  universal; 
swine  flesh  should  be  well  cooked;  hides,  wool,  and  hair, 
often  infected  with  the  anthrax  bacillus,  should  be 
handled  with  suitable  precautions:  biological  products 
useil  for  the  prevention  or  cure  of  human  cliseases  should 
be  surrounded  with  every  safeguard  to  avoid  contamina- 
tion. 

Investigation  of  Animal  Disease  as  to  its  Influence  on 
Thimati  Patlioloyy. — The  investigation  of  the  diseases  of 
animals,  and  experiments  conducted  upon  animals,  have 
done  much  to  advance  the  knowleilge  of  patliology  and 
therapeutics.  The  use  of  cowpox  virus  to  vaccinate 
against  smallpox  has  been  of  inestimable  value  for  the 
control  of  this  scourge  of  the  human  race.  The  existence 
of  glanders  and  rabies  in  man  has  been  proved  by  the 
successful  inoculation  of  susceptible  animals  from  sus- 
pected cases  of  these  diseases  in  the  human  subject.  The 
study  of  silkworm  disease  and  anthrax  in  animals  estab- 
lished the  germ  theory  of  contagion. 

Investigations  of  the  fowl-cholera  microbe  first  proved 
that  a  virulent  virus  miglit  be  artificially  attenuated  to 
such  a  degree  that  it  might  be  used  as  a  vaccine  to  pre- 
vent disease.  Experiments  with  the  toxin  developed  by 
the  bacillus  of  hog  cholera  showed  that  immunity  might 
be  developed  by  the  use  of  such  toxins.  This  conclusion 
revolutionized  the  prevailing  ideas  of  immiuiity,  and  led 
to  the  researches  which  gave  us  the  knowledge  now'  pos- 
sessed relative  to  toxins,  antitoxins,  and  the  nature  of 
immunit}-.  The  studj-  of  Texas  fever  in  cattle  showed 
that  the  protozoan  organism  causing  the  disease  was  de- 
pendent upon  the  cattle  tick  (BoojMlus  annulatus)  for 
one  stage  of  its  existence  and  for  its  conveyance  from 
animal  to  animal.  Later  investigations  brought  out  the 
fact  that  certain  diseases  of  man,  such  as  malaria  and 
yellow  fever,  likewise  required  two  distinct  organisms 
for  their  production.  The  study  of  tuberculosis  in  ani- 
mals directed  attention  to  the  conmiunicability  of  the 
disease,  and'coniparative  inoculations  of  animals  have 
demonstrated  that  the  bacilli  from  certain  human  cases 
were  identical  with  bovine  bacilli.  Boubts  as  to  the 
transmission  of  tuberculosis  from  animals  to  man  have 
thus  been  removed. 

These  instances  are  referred  to  as  illustrations  of  the 
close  relation  between  human  and  veterinary  pathology, 
and  of  the  influence  of  the  latter  upon  the  development 
of  the  former.  It  has  been  well  said  that  human  and 
veterinary  medicine  are  not  merel3-  sister  professions,  but 
they  are  sister  branches  of  the  one  great  profession  of 
medicine.  The  closer  the  relations  existing  between 
these  two  branches  of  the  medical  profession,  and  the 
more  each  utilizes  the  knowledge  of  the  other  that  may 
be  applicable  to  its  work,  the  more  successful  will  be  our 
efforts  for  the  amelioration  of  suffering,  the  prolongation 
of  life,  and  the  uplifting  of  humanity. 

The  limits  of  this  article  are  such  that  it  is  not  advis- 
able to  attempt  a  complete  description  of  the  several  dis- 


eases of  animals  liable  to  be  communicated  to  man  or  in- 
juriously to  affect  his  food  sujiply.  There  are,  however. 
Important  questions  connected  with  these  diseases  which 
should  receive  consideration,  and  if  the  author  in  confin- 
ing himself  to  such  subjects  as  he  deems  essential,  has 
produced  an  article  that  appears  incomplete,  it  should  be 
remembereil  that  many  topics  which  might  have  been  in- 
troduced here  are  discussed  elsewhere  in  this  Handbook 
by  other  writers. 

Tuberculosis  op  Animals. 

General  Cliaracters. — The  disease  caused  by  the  Bacil- 
lus tuberculosis  affects  a  wide  range  of  animal  life,  and  is 
especially  seen  outside  of  the  human  subject,  in  the  va- 
rious species  of  the  monkey  tribe,  in  most  kinds  of  men- 
agerie animals,  including  mammals,  birds,  and  reptiles; 
in  all  the  domesticated  animals,  but  more  particulai'ly  in 
cattle,  swine,  and  poultry ;  in  cage  birds ;  and  in  frogs 
and  fishes.  Taken  from  such  widely  different  sources 
the  bacilli  are  found  to  differ  considerably  both  morpho- 
logically and  biologically.  For  example,  the  temperature 
limits  within  which  the  mammalian  bacillus  may  grow 
are  approximately  86'  to  10.5.8°  F. ;  the  aviixn  bacillus, 
however,  may  multiply  in  temperatui'es  all  the  way  from 
77°  to  113"  F. ;  while  tlie  reptilian  and  pLscine  bacilli  have 
been  observed  to  multiply  in  those  front  50'  to  98.6'  F. 
Notwithstanding  these  biological  differences  the  mam- 
malian bacillus  has  been  so  modified  that  it  has  acquired 
the  piscine  and  reptilian  characteristics;  and  the  avian 
has  been  made  to  take  on  the  mammalian  characteristics. 
The  modifications  which  have  been  noticed  by  various 
investigators  relative  to  the  length,  breadth,  smooth  or 
beaded  form,  and  appearance  of  the  colonies  on  various 
media,  are  not  entirely  constant  in  the  bacilli  obtained 
from  the  same  species  of  animals  and  change  very  mate- 
rially on  dilTerent  culture  media.  While  these  characters 
may  aid  in  determining  the  source  of  a  given  bacillus 
they  are  not  absolutely  certain  in  their  indications. 

The  avian  type  of  tuberculosis  is  not  readily  communi- 
cated to  any  mammalian  species  and  probably  is  very 
slightly  if  at  all  dangerous  to  man.  Parrots  and  small 
birds,  however,  contract  mammalian  tuberculosis,  and 
this  is  sometimes  very  virulent  for  mammals,  and  is  be- 
lieved to  be  dangerous  for  the  persons  who  are  closely 
associated  with  them.  There  is  considerable  difference 
between  the  bacilli  that  are  generally  obtained  from  the 
human  subject  and  those  derived  from  bovine  animals. 
This  relates  both  to  the  morphology  and  to  the  virulence. 
We,  therefore,  often  speak  of  the  human  and  bovine 
tj'pes  of  bacilli.  Swine  are  most  frequently  found  af- 
fected with  the  bovine  type.  The  constancy  of  these 
types  is  doubtful,  but  in  certain  instances  a  given  strain 
of  bacilli  has  been  known  to  retain  its  characteristics  for 
a  long  time  (one  or  more  year.s)  after  being  transferred  to 
a  different  species  of  animals. 

Bovine  animals  are  the  ones  most  frequently  found 
tuberculous,  and  they  are  probably  in  most  cases  the 
source  of  the  disease  in  the  other  domesticated  species. 
Bovine  tuberculosis  has  therefore  attracted  more  atten- 
tion than  that  of  other  animals  and  is  most  interesting  to 
the  sanitarian.  Many  points  relative  to  this  disease  have 
been  in  doubt,  but  the  investigations  of  recent  years  have 
added  much  to  our  knowledge  of  it,  and  we  are  now  in  a 
position  to  speak  positively  in  regard  to  the  principal 
questions  at  issue. 

Distriliution  and  Prevalence. — Bovine  tuberculosis  is  a 
disease  widely  distributed  and  of  great  frequency  in  cer- 
tain countries.  Slaughter-house  statistics  of  Prussia 
show  16.6  percent,  of  the  cattle  and  3.41  per  cent,  of  the 
swine  to  be  tuberculous;  in  Saxony  the  percentage  is 
39.13  with  cattle  and  3.10  with  swine;  in  the  city  of 
Leipsic  there  were  found  36.4  per  cent,  with  cattle  and 
3.17  per  cent,  with  swine.  Of  30,850  bovine  animals  in 
Belgium  tested  with  tuberculin  in  1896  48.88  per  cent, 
reacted.  Of  35,439  tested  in  Denmark  from  1893  to  1895 
49.3  per  cent,  reacted,  and  of  67,363  tested  from  1896  to 
1898  33.8  per  cent,  reacted. 
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The  condition  of  Great  Britain  in  this  respect  is  par- 
ticular!}' interesting  because  most  of  the  animals  imported 
for  improving  the  stock  of  the  United  States  are  of  Brit- 
ish origin.  The  returns  from  testing  British  cattle  ^vith 
tuberculin,  supplied  by  the  Royal  Veterinary  College, 
as  stated  in  March,  1900,  showed  that  among  1.5,393 
animals  tested,  4,10.5,  or  26  per  cent.,  reai'ted.  Of  300 
head  killed  near  Edinburgh  for  pleuropneumonia,  lUO,  or 
40  per  cent.,  were  tuberculous.  Of  4,160  killed  in  Eng- 
lauil  for  the  same  reason,  20  jjer  cent,  were  tuberculous. 
Of  398  bovine  animals  taken  haphazard  in  the  city  of 
Manchester,  130,  or  30  per  cent.,  were  tubercidous.  The 
testing  of  the  Queen's  heixi  at  Windsor  showed  that  36 
out  of  40,  or  90  per  cent.,  were  tuberculous.  The  Brit- 
ish Dairy  Farmers'  Association  made  investigations  iu 
1899  witii  a  view  to  some  more  definite  understanding 
as  to  the  possible  extent  to  which  tuberculosis  exists  in 
dairy  cal  tie.  Nine  herds  were  selected  for  testing,  and 
these  contained  461  cowsand  13  bulls.  Of  these  animals 
188,  or  40.8  percent.,  reacted. 

During  the  years  1901  and  1903  a  veterinary  inspector 
iia.s  been  stationed  in  Great  Britain  by  the  Bureau  of 
Animal  Industry,  whose  duty  it  is  to  test  animals  which 
are  to  be  exported  to  the  United  States.  In  1901  there 
were  tested  720  animals,  of  which  74,  or  10.28  per  cent.,, 
reacted.  In  1902  the  animals  tested  reached  the  number 
of  93.5,  of  which  150,  or  16.68  per  cent.,  reacted.  Cu- 
riously enough  but  one  reaction  was  obtained,  and  that 
of  a  doubtful  character,  among  377  cattle  from  the  isl- 
ands of  Jersey  and  Guernse.y,  but  99  cattle  of  the  Jersej' 
and  Guernsey  breeds  which  had  been  in  the  herds  of 
Great  Britain  gave  34.3  per  cent,  of  reactions.  Some 
breeds  appear  to  be  much  more  seriously  infected  than 
others.  Thus,  of  42  British  Jerseys  54.76  per  cent,  re- 
act<^ ;  of  363  Aberdeen-Angus  28.73  per  cent,  reacted ;  of 
33  Ayrshires  24.24  per  cent,  reacted;  of  228  Shorthorns 
23.2.5  percent,  reacted;  of  36  Galloways  16.67  per  cent, 
reacted;  while  of  428  Herefords  but  3.97  percent,  re- 
acted. 

It  is  especially  unfortunate  that  tuberculosis  has  de- 
veloped to  this  extent  in  the  principal  British  breeds  and 
is  allowed  to  continue  its  propagation.  These  breeds  are 
the  best  iu  the  world,  and  are  sought  for  to  improve  the 
native  cattle  of  various  parts  of  the  world.  They  are 
particularly  in  demand  in  the  United  States,  and  as 
might  be  expected  they  have  carried  tubercidosis  wher- 
ever they  have  gone.  From  Australia.  Argentina,  and 
Canada  we  have  similar  accounts  of  the  importation  of 
British  cattle  and  the  spread  of  bovine  tuberculosis. 
The  United  States  Government  has  endeavored  to  ex- 
clude tuberculous  cattle  by  requiring  a  tuberculin  test. 
For  British  cattle  this  is  made  by  a  United  States  inspec- 
tor located  iu  Great  Britain,  and  for  Canadian  cattle  it  is 
made  b}'  the  officials  of  the  Dominion  Government. 
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certificate 

o  o 

The  percentage  of  the  cattle  in  the  United  States  af- 
fected with  tuberculosis  has  not  been  accurately  deter- 
mined, and  most  of  the  herd  tests  have  been  made  wher& 
there  was  reason  to  su.spect  the  existence  of  the  disease. 
The  statistics  of  such  tests  show  a  higher  percentage  of 
reacting  animals  than  would  the  average  of  all  the  cattle 
in  the  respective  States.  From  a  recent  review  by  Drs. 
Russell  and  Hastings,  of  the  Wisconsin  Agricultural  Ex- 
periment Station,  of  the  tests  of  cattle  which  have  been 
made  iu  the  United  States,  the  preceding  summary  is 
presented. 

The  beef  cattle  coming  to  our  markets  are  still  quite 
free  from  tuberculosis.  Of  5,559,969  cattle  slaughtered 
during  the  year  1903,  but  8,096,  or  0.14  percent.,  were 
sufficiently  affected  to  cause  the  condemnation  of  car- 
casses or  of  parts  of  carcasse-s.  Of  25,377,107  swine  in- 
spected at  slaughter  in  the  same  year,  19,627,  or  0.077 
percent.,  were  so  affected  as  to  cause  condemnation  of 
either  a  part  or  the  whole  carcass.  This  is  approxi- 
mately one-half  the  proportion  found  in  beef  cattle.  The 
inspection  statistics  show  that  the  percentage  of  condem- 
nations with  both  cattle  and  swine  is  increasing  from 
year  to  year. 

With  hogs  tuberculosis  is  a  disease  generally  contracted 
from  the  ingestion  of  infected  food,  and  hence,  as  the 
disease  is  allowed  to  spread  among  cattle,  it  will  become 
more  frequent  with  the  hogs  that  follow  the  cattle  in  the 
pastures  or  that  eat  the  skim  milk,  buttermilk,  and  other 
waste  products  of  the  dairies.  The  disease  is  more  acute 
with  swine  and  has  a  greater  tendency  to  generalization 
than  with  cattle,  and  consequently  there  is  more  danger 
of  the  meat  containing  the  bacilli. 

Tuberculosis  is  not  pre-eminently  a  disease  of  poor, 
neglected,  underfed  scrub  cattle,  as  some  have  supposed, 
but  on  the  contrary  its  ravages  have  been  seen  more  par- 
ticularly among  the  better  class  of  cattle.  This  is 
accounted  for  by  its  introduction  and  spread  through 
imported,  pure-bred  stock  which  entered  and  infected 
many  of  the  best  herds  in  the  country.  From  these 
herds  of  improved  stock  it  Las  extended  to  the  dairy 
herds  and  common  cattle. 

A  brief  list  of  infected  herds  which  have  been  carefully 
studied  is  inserted  to  show  the  extent  to  which  the  dis- 
ease develops  and  the  difficulty  of  building  up  a  herd  of 
good  cattle  under  the  best  conditions  and  keeping  it  free 
from  this  disease: 


Soldiers'  Home,  Washington,  D.  C 

Massachusetts  .Agricultural  College. . . 
New  Jei-sey  .Agricultural  Experiiiieiit  Station 
Vennont  .Agricultural  E.xperiuient  Station.. 

Ohio  Agricultural  E.xperiment  Station 

Te.KJis  Agricultural  Experiment  Station 

Wisconsin  Agricultural  Experiment  Station 

Kansas  Agricultural  College 

Government  Hospital  for  the  Insane,  Wash- 
ington, D.  C 

Maine  Agricultural  Experiment  Station  *. . . 
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46 
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*  So  badly  diseased  that  entire  herd  was  slaughtered  in  1886. 

Diagnosis  OF  Tubekculosis  in  Animals.  — T/(«  Tuber- 
ciiUii  Test. — The  diagnosis  of  tuberculosis  in  animals  by 
an  ordinary  clinical  examination  during  life  is  in  most 
cases  difficult  and  often  impossible.  When  cough,  ma- 
rasmus, enlarged  glands,  and  rales  are  found  iu  cows  it 
is  not  difficult  to  reach  a  conclusion,  but  such  eases  are 
exceptional.  Many  cows,  which  show  no  s\'mptoms  of 
disease  during  life,  are  found  on  post-mortem  examina- 
tion to  be  seriously  affected.  This  is  even  more  likely 
to  be  true  of  breeding  animals  of  the  beef  t_vpes.  In 
hogs  this  disease  is  rarely  recognized  during  the  life  of 
the  animal. 

The  discovery  of  tuberculin  and  of  its  power  to  pro- 
duce a  rise  of  temperature  in  tuberculous  individuals  has 
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been  of  tlie  greatest  value  to  the  veterinarian  in  diagnos- 
ing the  tuberculosis  of  animals;  indeed,  it  may  be  said 
that  tlie  use  of  this  agent  is  essential  to  llie  eoutrol  and 
eradication  of  this  plague.  Tliercis  a  consensus  of  oiiin- 
ion  that  everv  aiiiiualuiiicli  n^acls  is  tubiiculo\is:  but  it 
must  be  understood  llial  every  rise  of  temperature  is  not 
necessarily  a  reaction.  Tliere  may  be  other  causes  acting 
to  increase  the  temperature  during  the  same  period  that 
an  increase  would  be  expected  from  the  tuberculin.  It 
reciuires  some  skill  to  decide  correctly  as  to  what  consti- 
tutes a  reaction.  The  principal  points  considered  are: 
(1)  the  initial  temperature  should  not  be  abnormally  high 

uot  over  103..'5''  F. :  (2)  to  constitute  a  reaction  the  rise 

should  be  not  less  than  2'  F. ;  (8)  the  temiierature  should 
go  above  104-  F. :  (4)  the  rise  and  fall  of  the  temperature 
shouhl  lie  gradual  so  that  when  charted  it  shows  the 
tubercvdin  curve. 

SouH^  animals  which  have  tuberculosis  do  not  react  to 
tubercvdin.  These  are  generally  in  sucli  an  advanced 
stage  of  the  disease  that  a  diagnosis  by  other  means  may 
be  made,  or  tliey  are  cases  in  which  the  disease  has  been 
arrested  and  the  lesions  are  calcified  or  encysted.  A  tuber- 
culous animal,  wliich  has  already  received  one  or  more 
doses  of  tuberculin,  may  fail  to  react  for  this  reason, 
particularly  if  the  drug  has  been  administered  within 
two  or  three  montlis.  Some  cattle  owners  use  tuliercu- 
liu  in  this  manner  to  prevent  cows  reacting  on  an 
official  test,  and  it  is  alleged  that  breeders  in  Great 
Britain  have  administered  antipyretics  to  accomplish 
the  same  purpose. 

Tuberculin  may  be  used  for  diagnosing  tuberculosis  in 
all  species  of  animals,  and  is  especially  valuable  for  the 
selection  of  experimental  animals  which  are  free  from 
this  disease. 

In  making  the  tuberculin  test  the  temperature  of  the 
animal  to  be  tested  is  lirst  taken  at  intervals  of  two  or 
three  hours  for  a  suflicient  length  of  time  to  establish  the 
normal  temperature  of  the  individual  under  the  orilinary 
conditions  of  life.  The  pi'oper  dose  of  tubeiculin  is  then 
injected  under  the  skin  w  ith  a  hypodermic  syringe.  This 
injection  is  usuallj'made  late  in  the  evening  and  the  tem- 
perature is  taken  every  two  hoirs  the  following  day,  be- 
ginning earl)'  in  the  morning  and  continuing  until  late 
in  the  evening  if  a  complete  record  is  desired.  From  a 
study  of  a  large  number  of  such  records  it  appears  that 
in  general  the  rise  of  temperature  begins  from  five  and 
one-half  to  six  hours  after  the  tuberculin  is  injected, 
reaches  its  greatest  height  from  the  sixteenth  to  the  twen- 
tieth hour,  and  then  gradually  declines,  becoming  normal 
again  by  the  twenty-eighth  hour. 

It  has  been  charged  that  tuberculin  is  injurious  to  the 
animals  upon  which  it  is  used,  causing  shrinkage  of  the 
milk,  abortion,  and  aggravation  of  this  disease.  The 
evidence  brought  forward  is  not  s\ifflcieut  to  sustain 
these  assertions.  Those  who  have  had  most  experience 
in  testing  cattle  are  of  the  o|)inion  that  tuberculin  is 
harmless  in  the  dose  used  for  this  purpose.  Abortion  is 
common  with  dairy  cows  and  would  occur  sometimes 
after  the  tuberculin  tests  as  a  mere  coincidence.  The 
milk  secret  ion  of  cows  may  also  be  reduced  by  the  excite- 
ment incident  to  taking  the  temperature,  particularly  if 
this  is  done  by  persons  who  are  strange  to  them.  It  is 
possible  that  in  some  cases  tuberculosis  is  aggravated  by 
the  tuberculin  test,  but  in  general  no  effect  of  this  nature 
is  observed  with  cattle.  It  may  be  concluded,  therefore, 
that  tuberculin,  as  used  for  testing  cattle,  has  no  aiipre- 
ciable  effect  upon  the  general  health  of  the  animals,  and 
that  it  may  be  used  without  hesitation  whenever  it  is  de- 
sirable to  know  whether  any  animals  in  a  herd  are  affected 
with  tuberculosis, 

Ileivditdn/  or  CoDf/enitid  Tuhercvlosis. — Tuberculosis  is 
generally  conlracteii  by  contagion  from  animal  to  animal, 
but  a  small  proportion  of  calves  are  affected  before  birth. 
There  are  few  statistics  whicli  indicate  accurately  the 
lu'ojjortion  of  cases  in  which  the  disease  is  thus  trans- 
mitted. Siedamgrot/ky  has  compiled  .statistics  from  the 
slaughter-house  returns  in  Saxon)',  from  which  the  fol- 
lowing data  are  taken: 


SLACGHTER-HorsE  Statistics  of  Saxony. 


Year, 

Per  Cent.  TuBERtULors, 

Calves. 

Adult  cattle. 

189,5 

0.34 
.31 
.26 

27.48 

1896                  

26.72 

1897 

2!P.13 

This  table  indicates  that  in  a  country  where  about 
twenty-seven  per  cent,  of  tlie  adult  cattle  are  found  to  be 
tuberculous,  approximately  (1.2.5  percent,  of  the  calves 
are  tuberculous.  If  we  admit  that  tifty  per  cent,  of  the 
cows  have  the  disease,  we  should  arrive  at  the  conclusion 
that  one-half  of  one  per  cent,  of  the  calves  from  tuber- 
culous mothers  are  affected  at  the  age  of  slaughter.  It 
would  be  ditlicult  to  saj'  what  proportion  of  these  con- 
tracted the  disease  from  the  mother's  milk  after  birth, 
but  probably  the  greater  part  of  such  cases  are  congeni- 
tal. The  small  proportion  of  calves  from  tuberculous 
mothers  which  suffer  from  hereditary  tuberculosis  has 
made  it  desirable  in  certain  cases  to  allow  breeding  from 
valuable  cows  which  have  the  disease.  If  the  calves  are 
taken  from  the  mothers  after  feeding  once  or  twice  upon 
the  motlier's  milk  and  are  afterward  fed  with  milk  of 
sound  cows,  experience  shows  that  not  over  one  or  two 
per  cent,  at  most  are  afterward  found  to  have  the  disease. 

Txbercidosin  of  tlie  I'dder. — Only  a  small  ]u-oportion  of 
the  cows  which  react  to  tuberculin  have  lesions  of  tuber- 
culosis in  the  mammary  glands.  Siedamgrotzky's  sum- 
mary of  the  slaughter-house  statistics  of  Saxony  from 
1888  to  1897  covers  70,1.56  tuberculous  cows,  of  which 
1,040,  or  1.4  per  cent.,  had  tuberculosis  of  the  udder. 
The  same  authoritj'  states  that  Koekl  found  1.63  per 
cent,  of  udder  lesions  among  tuberculous  cows  in  Ger- 
many. It  would  seem,  therefore,  that  we  might  assume 
th;it  in  round  numbers  1..5  percent,  of  cows  reacting  to 
tuberculin  may  be  expected  to  have  lesions  in  the  mam- 
mary glands.  This  subject  is  of  considerable  impcjrtance, 
because  it  has  been  assumed  by  some  writers  that  the 
milk  of  tuberculous  cows  was  dangerous  only  v/hen  the 
udder  was  directly  involved;  and  evidently  the  milk 
must  be  more  dangerous  when  there  are  sueli  local  lesions 
tliau  when  the  tubercles  are  confined  toother  parts  of  the 
body. 

Proportion  of  Beacting  Coins  in  which  the  Milk  is  Viru- 
lent.— It  has  often  been  held  that  the  milk  of  tuberculous 
cows  is  free  from  infective  qualities  until  the  mammary 
glands  become  affected.  Numerous  experiments  have 
been  made  with  tlie  milk  from  reacting  cows,  some  of 
which  have  given  negative  results,  but  in  others  it  has 
been  shown  that  from  ten  to  sixty-six  per  cent,  of  the 
reacting  cows  gave  virulent  milk  even  when  no  lesions 
of  the  udder  could  be  detected.  In  a  recent  investiga- 
tion made  by  the  pathological  division  of  the  Bureau  of 
Animal  Industry  with  tifty-six  reacting  cows  it  was 
found  that  twelve  of  these,  or  21.4  per  cent.,  at  one  time 
or  another  during  the  experiment  gave  milk  which  con- 
tained virulent  tubercle  bacilli.  Taking  all  the  researches 
on  this  subject,  it  is  clear  that  the  proportion  of  reacting 
cows  giving  infective  milk  is  very  much  larger  than  the 
percentage  of  udder  tuberculosis  in  tuberculous  animals. 
The  bacilli  must,  therefore,  find  their  way  to  tlie  mam- 
mary glands  from  the  other  organs  of  the  body  where  the 
lesions  are  developing,  and,  passing  througli  the  capillary 
walls,  gain  access  to  the  milk  ducts. 

Transmission  of  Bovine  Tidierculosis  to  Man. — There  has 
been  much  discussion  over  tlie  question  of  the  transmis- 
sion of  animal  tuberculosis  to  man.  Previous  to  the  dis- 
covery of  the  tubercle  bacillus  there  was  much  doubt  as 
to  whether  the  tuberculosis  of  cattle  and  human  tuber- 
culosis were  identical.  But  when  it  was  shown  that  each 
was  produced  by  the  Barilliis  tiibcrcidosis.  (here  ^vas  a 
general  disposition  to  accept  the  identitj-  of  the  disease 
in  tlie  two  cases  and  admit  that  it  was  communicable  in 
either  direction.     Experimenters  found,  however,   that 
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the  tubercle  bacilli,  as  observed  in  different  species  of  ani- 
mals, varied  considerably  in  their  biological  characters, 
and  that  it  was  difficult  to  transfer  them,  b\-  inoculation, 
from  some  siiecies  of  animals  to  others.  It  was  shown 
that  inoculations  of  cattle  with  the  sputum  of  tubercu- 
lous persons  generally  failed  to  produce  serious  results, 
while  similar  inoculations  with  tuberculous  material  from 
bovine  animals  were  generally  fatal.  There  was  a  dis- 
position on  the  part  of  some  authorities  to  conclude  that 
there  might  be  a  difference  between  the  tuberculosis  of 
man  and  that  of  cattle,  and  that  it  was  doubtful  if  the 
disease  could  be  transferred  either  from  the  human  sub- 
ject to  cattle  or  from  cattle  to  man.  These  suppositions 
culminated  in  the  address  of  Koch  at  the  British  Con- 
gress on  Tuberculosis  held  in  London  in  1901. 

In  this  memorable  address  Koch  lield.  from  the  residts 
of  his  experiments,  that  human  tuberculosis  could  not  be 
communicated  to  cattle,  and  that  if  bovine  tubercidosis 
was  communicated  to  man  this  was  only  to  an  insignifi- 
cant extent,  the  eases  occiu'ring  from  this  source  not 
being  greater,  in  his  opinion,  than  those  from  hereditary 
tuberculosis. 

Numerous  experiments  have  since  been  made  to  deter- 
mine this  point,  and  it  has  been  found  that  tubercle  bacilli 
from  human  subjects  vary  greatly  in  their  virulence 
and  power  to  cause  disease  in  cattle.  A  luimber  of  in- 
vestigators have  succeeded  in  isolating  liacilli  from  hu- 
man material  which  were  as  virulent  for  cattle  as  Avere 
the  bacilli  obtained  from  the  bovine  subject. 

A  Geriuan  commission  was  appointed  to  investigate 
this  questi(jn,  and  the  results  of  its  experiments  have  re- 
centl}'  been  made  known  by  Kossel.  This  commission 
has  been  more  successful  in  producing  tuberculosis  in 
cattle  with  bacilli  from  human  sources  than  was  Koch  in 
his  experiments  upon  which  liis  London  paper  was  based. 
Altogether,  cultures  from  ii'J  cases  of  tuberculosis  in  man 
were  tested  according  to  the  principles  laid  down  by 
Koch.  He  concluded  that  human  tuljerculosis  was  not 
communicable  to  cattle,  and  that  therefore  if  cattle  were 
inoculated  subcutaneously  with  cultures  of  bacilli  from 
human  subjects  and  a  progressive  and  fatal  disease  was 
produced,  this  would  demonstrate  that  the  person  had 
been  infected  with  bovine  bacilli.  Of  the  39  cultures 
tested,  19,  or  a  little  less  than  50  per  cent.,  did  not 
produce  the  slightest  symptoms  in  cattle.  Nine  cattle 
exhibited,  in  the  prescapular  glands,  after  the  lapse  of 
foiu'  mouths,  foci  which  were  mostly  encysted,  and 
which  in  any  case  showed  no  inclination  to  develop.  In 
7  of  the  cases  more  marked  disease  of  the  prescapidar 
glands  occurred,  but  there  was  no  considerable  extension 
of  the  process  to  the  adjoining  glands.  Four  of  the  cult- 
ures, all  of  which  were  from  children,  caused  generalized 
disease  in  the  cattle  upon  which  they  were  inoculated. 
These  cultures  were  so  virulent  for  cattle  that  they  were 
considered  as  having  been  originally  bovine  bacilli.  As 
there  were  16  cultures  of  tubercle  bacilli  from  children 
tested,  and  4  of  these  had  the  virulence  for  cattle  of  the 
bovine  bacillus,  it  is  evident  that  2.1  percent,  of  the  cases 
of  tuberculosis  in  children  investigated  by  this  commis- 
sion were  due  to  bovine  infection,  according  to  the  test 
proposed  by  Koch.  On  the  other  hand,  no  bacilli  were 
found  among  the  23  cultures  obtained  from  adults  which 
were  virulent  for  cattle.  The  experiiuents  made  by  this 
commission  and  by  other  investigators  apparently  settle 
the  (piestion  of  the  transmission  of  bovine  tuberculosis  to 
children,  and  indicate  that  this  occurs  with  considerable 
frequency,  and  that  measures  should  be  taken  to  guard 
against  it. 

Raisies. — Rabies  is  a  contagious  disease  of  dogs  in 
which  the  saliva  is  virulent,  and  tlie  contagion  is  com- 
municated from  animal  to  animal  by  biting.  The  human 
species,  and  nearly  all  species  of  animals,  are  susceptible 
to  this  disease  and  contract  it  when  inoculated.  The 
disease  is  not  communicated  otherwise  than  by  direct  in- 
oculation. 

This  disease  appears  to  have  been  known  from  the 
earliest  historical  times,  anil  has  been  referred  to  with 
such  detail  as  to  manner  of  transmission  and  sj'mptoms 


that  there  can  be  no  doubt  as  to  the  identity  of  tlie  dis- 
ease with  that  which  is  now  known  under  this  name. 
There  have  been  numerous  cases  recorded  in  which  the 
disease  spread  among  wolves,  and  these  animals  became 
so  savage  that  they  attacked  human  beings  and  caused 
many  cases  of  rabies  in  man.  Notwithstanding  the 
length  of  time  during  which  the  disease  has  been  de- 
scribed, there  liave  been  many  who  doubted  its  existence, 
and  especially  doubted  its  being  communicated  to  the 
human  .subject.  These  people  explain  the  deaths  of  per- 
sons following  bites  of  rabid  dogs  by  attributing  them  to 
nervous  troubles  produced  b\-  fear.  Questions  relative 
to  the  nature  and  identity  of  rabies  were  in  much  con- 
fusion until  the  subject  was  taken  up  by  investigators 
and  studied  experimentally. 

Zinke  iu  1804,  and  Count  Salm-Reiferscheid  in  1813, 
recorded  successfid  experiments  in  the  communicatiou  of 
rabies  from  animal  to  animal  by  inoculation.  From  1836 
to  1800  Renault  and  Rey  in  France  made  luany  successful 
inoculations,  demonstrating  that  this  was  a  specific  dis- 
ease, and  that  the  period  of  inculiation  might  vary  from 
ten  days  to  over  one  hundred  days.  Magendie.Earle, 
Hertwig.  Renault,  and  others  made  successful  inocula- 
tions from  man  to  animals,  proviug  that  the  huiuau  sub- 
jects were  affected  with  this  specitic  disease,  and  that  the 
contagion  could  be  reinoculated  into  animals,  such  as 
dogs  and  rabbits,  and  reproduce  the  disease  in  them.  In 
Magendie's  case  the  dog  which  was  inoculated  from  the 
human  subject  was  allowed  to  bite  two  other  dogs,  which 
in  turn  became  raljid  after  forty  days.  It  was  conse- 
quently demonstrated  that  rabies  iseommuuieable  to  man 
as  well  as  to  animals,  and  that  the  saliva  becomes  virulent 
with  man  as  it  does  with  the  lower  animals.  The  value 
of  rabbits  for  making  the  biological  tests  of  rabies  was 
pointed  out  by  Galtier  in  1870,  and  by  Pasteur  a  few 
years  later.  The  investigations  of  Pasteur  (1881)  showed 
the  constant  virulence  of  the  brain  and  medulla,  and  that 
these  organs,  being  protected  from  saprophytic  germs, 
furnished  a  ptu-e  virus  which  might  be  used  for  biologi- 
cal tests.  He  also  showed  the  value  of  the  method  of 
inoculating  upon  the  surface  of  the  brain,  in  which  case 
the  disease  was  transmitted  with  great  certainty  and  the 
period  of  incubation  was  reduced  to  a  minimum.  This 
method  of  inoculation  has  been  of  much  value  to  investi- 
gators in  saving  time  and  in  making  their  results  more 
accurate. 

Notwithstanding  the  experimental  demonstration  that 
rabies  is  a  specific  disease  and  can  be  easily  transmitted 
by  inoculation  from  animal  to  animal  or  from  man  to  ani- 
lual,  there  are  -still  physicians  who  express  doubts  as  to 
the  existence  of  the  disease.  Those  who  oppose  the  en- 
forcement of  measures  for  reducing  or  eradicating  the 
disease  in  dogs  support  their  position  by  quoting  the 
.sceptical  opinions  of  such  physicians,  and  are  often  able 
to  counteract  the  efforts  of  .sanitarians  to  lessen  the  evil. 
It  has  been  alleged  that  disease  with  the  symptoms  of 
rabies  could  be  produced  in  animals  by  inoculating  them 
iu  the  surface  of  the  brain  with  various  inert  substances, 
and  the  conclusion  was  drawn  from  this  that  the  disease 
produced  when  inoculating  from  brain  to  brain  of  s\ip- 
posedly  rabid  animals  was  a  non-specific  disorder  of  the 
nervous  systeiu.  This  rather  far-fetched  conclusion  never 
had  much  foiuidation  in  fact,  and  has  been  completely 
disproved.  It  is  impossilile  to  produce  a  disease  having 
the  period  of  incubation  and  symptoius  of  rabies  b_y  in- 
oculating with  inert  substances,  and  the  disease  which  is 
produced  in  that  manner  is  not  communicable  from  ani- 
mal to  animal,  neither  is  such  disease  accompanied  by 
virulent  saliva,  nor  can  it  bo  reproduced  in  dogs  and  cat- 
tle by  inoculating  subcutaneously  with  the  saliva  or  with 
portions  of  the  medulla,  as  can  be  readily  done  with 
rabies.  The  scientific  demonstration  of  the  existence  of 
rabies  as  a  specific  disease  is  as  complete  as  has  been 
made  in  the  ease  of  any  other  disease,  and  it  is  decidedly 
unfortunate  that  so  many  physicians  have  failed  to  in- 
form themselves  of  the  details  of  these  investigatious. 
The  general  public  look  to  physicians  for  reliable  infor- 
mation on  such  questions,  and  when  the  opinions  which 
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they  receive  are  uncertain  or  even  erroneous,  great  harm 
is  done  iu  preventing  the  adoption  and  enforcement  of 
proper  sanitiirv  measures. 

f>i/)iiptiwis  of  liiihief.—Tlui  symptoms  of  rabies  are  sucli 
as  we  should'expect  to  arise  from  a  serious  disease  of  tlie 
central  organs  of  tlie  nervous  system.  Tliere  are,  first, 
irritation  ;"socond,  paralysis  and  death.  The  rabies  vims 
appears  to  liave  little  etTcet  upon  the  system  until  it 
reaches  the  brain  and  spinal  cord, -where  it  multiplies, 
causes  irritati<m,  and  finally  interrupts  the  fimctions. 

Rabies  in  dogs  is  generally  classified  in  two  forms: 
•First,  furious  "rabies;  second,  dumb  rabies. _  In  the 
former  the  animal  is  irritalile,  aggressive,  and  bites  near- 
ly every  object  which  conies  in  its  way.  In  the  latter, 
the  muscles  of  its  jaw  arc  paralyzed  almost  from  the  first 
appearance  of  symptoms,  and  being  unable  to  bite,  it  re- 
mains more  quiet  and  tranquil.  As  a  matter  of  fact  there 
is  no  essential  difference  in  these  two  forms  of  disease. 
The  eases  of  dumb  rabies  are  those  in  which  the  paralysis 
comes  on  early  in  the  disease ;  but  iu  all  cases  it  appears 
sooner  or  later.  The  saliva  from  a  case  of  dumb  rabies 
is  just  as  daugerous  and  virulent  as  that  from  a  case  of 
furious  rallies^  A  dog  does  not  necessarily  bite  every- 
thing which  it  comes  in  contact  with,  even  when  it  has 
rabies  and  its  jaws  are  not  paralj'zed.  It  may  be  aggres- 
sive and  furious  all  of  the  time  or  onlj-  a  part  of  the  time, 
or  not  at  all.  There  is  no  disease  in  which  the  symptoms 
vary  more  than  in  rabies  of  the  dog,  and  it  is  consequent- 
ly impossible  in  an_v  description  of  moderate  length  to 
give  an  idea  of  the  different  forms  under  which  it  may 
appear. 

Fleming  has  well  said  that  it  is  a  great  and  dangerous 
error  to  sup])Ose  that  the  disease  commences  with  signs 
of  raging  madness,  and  that  the  earliest  phase  of  the  mal- 
ady is  ushered  in  with  fury  and  destruction.  The  symp- 
toms appear  very  gradually,  and  at  first  there  is  only  the 
slightest  evidence  of  brain  disease.  The  animal's  habits 
and  behavior  are  changed.  It  may  be  more  restless  and 
aflfeetionate  than  usual,  seeking  to  be  near  its  master  or 
misti'ess,  fawning  or  licking  the  hands  and  face,  and  ap- 
parently seeking  for  sj'mpathy  or  assistance.  Such  ca- 
resses are,  however,  cxt  reraely  dangerous,  for  it  has  been 
shown  that  the  dog's  saliva  is  virulent  for  a  day.  or  two 
before  the  appearance  of  any  symptoms,  and  its  tongue, 
moist  with  virulent  saliva,  coming  in  contact  with  a  part 
whei'e  the  skin  is  tliin,  abraded,  or  wounded,  may  fatallj' 
infect  the  person  for  whom  the  demonstrations  of  affec- 
tion are  made.  The  instances  in  which  hydrophobia  has 
developed  from  such  inoculations  are  very  numerous,  and 
every  one  should  be  warned  against  this  kiss  of  affection 
from  a  dog  in  the  first  stages  oif  this  disease,  which  carries 
with  it  not  only  death,  but  sufferings  which  are  dreaded 
more  than  death  itself. 

In  most  eases  dogs  first  become  dull,  gloomy,  morose, 
taciturn,  and  seek  solitude  and  isolation  in  quiet,  shel- 
tered places  or  under  pieces  of  furniture.  But  even  in 
this  retirement  they  do  not  remain  cjuiet.  The}'  are  un- 
easy and  agitated ;  they  lie  down  and  assume  the  attitude 
of  repose,  but  in  a  few  minutes  are  up  again  walking 
hither  and  thither,  as  has  been  said,  "seeking  rest  l)ut 
finding  none. "  Sometimes  this  restlessness  may  disappear 
for  a  time  and  the  animal  becomes  more  lively  and  affec- 
tionate than  usual.  Often  it  sinks  into  a  sullen  gloomi- 
ness from  which  even  its  master's  voice  arouses  it  but 
temporarily.  It  becomes  more  and  more  desperate  in 
its  efforts  to  prepare  a  comfortable  bed,  pawing  or  scat- 
tering the  straw,  or,  if  in  a  house,  scratching,  tumbling, 
and  tearing  cushions,  rugs,  curtains,  carpets,  and  ever}-- 
thing  of  that  kind  within  its  reach. 

At  this  period  dogs  may  have  aberrations  of  the  senses, 
of  the  sight,  hearing,  and  feeling,  which  cause  halluci- 
nations and  lead  them  to  think  that  they  are  being 
annoyed  by  something,  or  that  some  animal  or  jiersou  is 
endeavoring  to  injure  them.  They  crouch  ready  to 
spring  upon  an  imaginary  enemy,  then  rush  forward"  and 
snap  at  the  air;  or  they  throw  themselves  howling  and 
furious  against  a  wall  as  though  they  heard  sounds  be- 
yond it. 
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While  at  first  the  affected  dog  may  not  be  disposed  to 
bite,  it  becomes  more  dangerous  as  its  hallucinations  and 
delirium  increase.  The  voice  of  the  master  or  of  an  ac- 
quaintance may  dispel  the  aberrations  temporarily  and 
lead  to  friendly  demonstrations,  but  an  unexpected  move- 
ment or  touch  maj-  bring  on  another  access  and  lead  to  a 
quick  and  unexpected  bite.  The  disturbance  of  the  sen- 
sations leads  to  chills  and  itching.  If  the  place  where  the 
bite  occurred  is  accessible,  the  dog  licks  the  scar  and  later 
lutes  and  tears  the  tissues.  This  tearing  of  the  Hesh  is 
not  always  confined  to  the  site  of  the  inoculation,  but 
certain  regions  of  the  body  appear  to  lose  their  sensitive- 
ness, and  at  the  same  time  to  convey  to  the  brain  the 
sensation  of  itching.  The  animal  in  this  case  bites  into 
its  own  flesh  with  apparent  pleasure  and  satisfaction. 

Such  animals  may  take  food  until  the  disease  is  con- 
siderably advanced,  if  it  is  something  which  can  be  swal- 
lowed without  mastication  ;  otherwise  it  is  dropped  after 
remaining  a  sliort  time  in  the  mouth.  Difficulty  of  swal- 
lowing is  an  early  svmptom,  and  frequently  leads  the  un- 
suspecting owner  to  conclude  tliat  the  animal  has  a  bone 
in  its  thioat.  A  dog  which  appears  to  have  a  bone  in  its 
thriiut  is  for  this  reason  one  of  the  most  dangerous  ani- 
mals in  existence.  The  supposed  bone  may  be  there,  but 
on  the  other  hand  the  symptoms  which  lead  to  this  sup- 
position may^be  due  to  partial  paralysis  caused  by  rabies, 
and  the  owner  may  be  inoculated  with  the  virulent  saliva 
while  thrusting  his  finger  or  hand  in  the  dog's  mouth  to 
dislodge  a  bone  which  has  no  existence. 

It  is  commonly  believed  that  mad  dogs  have  fear  of 
water  and  are  unable  to  drink,  but  this  is  incorrect. 
They  differ  in  this  respect  entirely  from  the  human  pa- 
tient. They  have  no  fear  or  dread  of  water,  but  swim 
streams  and  continue  to  drink  until  paralysis  has  pro- 
gressed so  far  that  they  are  no  longer  able  to  swallow. 

When  the  furious  symptoms  come  on,  a  dog  is  inclined 
to  leave  his  home  ana  go  upon  a  long  chase,  with  no  ap- 
parent object  in  view  other  than  to  be  travelling  onward. 
He  trots  at  a  rapid  pace,  eye  haggard,  tail  depressed, 
indifferent  to  his  surroundings.  He  flies  at  and  bites 
dogs,  other  animals,  and  persons  whom  he  meets,  but 
usually  does  not  apparently  search  tor  them  or  even 
notice  them  if  they  remain  quiet.  Dogs  in  this  condition 
may  travel  many  miles  and  finally  drop  from  exhaustion 
and  die.  Often  after  an  absence  of  a  day  or  two  they  re- 
turn to  their  homes,  exhausted,  emaciated,  covered  with 
dust,  and  presenting  a  forlorn  and  dejected  appearance. 
Those  who  have  ]iity  for  s>ich  an  animal  and  try  to  make 
it  clean  and  comfcn-table  are  in  great  danger  of  "being  bit- 
ten, for  the  disease  has  advanced  to  a  jioint  where  de- 
lirium or  aberration  of  mind  is  most  marked,  and  where 
a  treacherous  bite  is  most  common. 

If  the  animal,  instead  of  being  allowed  to  escape,  is 
kept  confined,  the  paroxysms  of  fury  are  seen  to  appear 
intermittently,  or,  in  the  absence  of  provocation,  they 
may  be  entirely  wanting.  When  excited,  it  howls, 
rushes  tipou  objects  that  are  thrust  toward  it,  or  throws 
itself  upon  the  bars  of  its  cage  and  bites  with  great  fury. 

As  death  approaches,  the  animal  becomes  exhausted 
and  scarcely  able  to  stand;  the  eyesare  dull  and  sunken, 
and  the  expression  is  that  of  suffering  and  despair. 
Paralysis  appears  in  the  jaws  or  in  the  posterior  extremi- 
ties, and  extends  rapidly  to  other  parts  of  the  body. 
The  animal,  being  unable  to  stand,  lies  extended  upon 
its  .side;  the  respiration  becomes  more  and  more  didicult; 
there  are  spasmodic  contractions  of  certain  groujis  of 
muscles,  complete  prostration,  and  death.  The  ordinary 
course  of  the  disease  is  four  or  five  days.  It  may  be  as 
short  as  two  or  as  long  as  ten  days. 

In  a  typical  form  of  dumb  rabies  the  disease  comes  on 
with  restlessness,  depression,  a  tendency  to  lick  objects, 
and  paralysis  of  the  muscles  which  close  the  jaws.  As  a 
consequence  of  the  paralysis,  the  lower  jaw  drops,  the 
animal  is  unable  to  close  the  mouth,  the  tongue  hangs 
out.  and  an  abundance  of  saliva  escapes.  This  condition 
has  led  to  the  erroneous  conclusion  that  mad  dogsalwa_vs 
froth  at  the  mouth.  Later,  the  mucous  membrane  of  the 
mouth  becomes  dry,  discolored,  and  covered  with  dust. 
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The  animal  remains  quiet,  does  not  respond  to  provoca- 
tions, and  ai:)pears  to  understand  its  helplessness.  As 
Bouley  has  said,  the  animal  cannot  bite  and  does  not 
desire  to  bite.  The  course  of  the  disease  in  this  form  is 
short,  deatli  usually  occurring  in  from  two  to  four  da_vs. 
This  form  of  rabies  is  verj-  common,  and  many  persons 
know  it  as  "drop  jaw  "  who  do  not  suspect  its  true  na- 
ture. 

Period  of  IncnbaUon. — The  incubation  of  rabies  in  per- 
sons or  animals  which  have  been  bitten  is  extremely 
variable.  Peuch  has  compiled  a  table  of  one  hundred 
and  forty-four  cases  of  rabies  in  the  dog,  in  which  the 
date  of  inoculation  and  the  appearance  of  the  first  symp- 
toms were  definitely  ascertained.  This  talile  is  repro- 
duced from  the  "Notiveau  Dictionnaire  de  Medecine, 
de  Cliirurgie  et  d'Hygi^ne  Veterinaire,"  and  the  writer 
has  added  a  column  of  percentages. 

I.NcrsATio.v  OF  Rabies  in  the  Dog. 


Number  of 

days  of 
incubation. 

Number 
of  cases. 

Per  cent. 

Number  of 

days  of 
incubation. 

Number 
of  cases. 

Per  cent. 

5  to  10  ... . 
10 to  15  .... 
15  to  20  ... . 

20  to  25 

25  to  30  ... . 
30  to  35.... 
35  to  40 

3 
8 
13 
25 
13 
25 
0 
11 
9 
4 

2.08 
5.5.5 
9.03 
17.36 
».03 

v.m 

4.17 
7.IU 
6.2.5 

2  78 

ooto   60.... 

60  to   6.5  ... . 

65  to   70  ... . 

70  to   75    ... 
1  80  to   90  ... . 
IIX)  to  130  ... . 
363  

2 

1 
5 

4 
1 

1.39    , 
4.S8 
.69 
3.47 
4.86 
2.78 
69 

40  to  45  ... . 

45  to  ,50 

50  to  .55  ... . 

Total 

141 

According  to  this  table,  the  period  of  incubation  may 
be  less  than  ten  days,  or  it  may  be  as  long  as  one  year. 
Hatibner  mentions  a  case  in  which  fourteen  moiiUis 
elapsed  after  the  bite  before  the  disease  appeared. 
Others  have  recorded  cases  iu  which  the  period  of  incu- 
bation was  still  longer. 

It  is  plain,  therefore,  that  when  a  dog  has  been  bitten 
it  cannot  be  safely  allowed  to  roam  at  large  after  it  has 
been  isolated  but  a  few  weeks.  For  absolute  safetj-, 
eveiy  dog  bitten  by  a  rabid  animal  should  be  destroyed, 
and  no  quarantine  less  than  a  year  can  be  regarded  as 
at  all  safe. 

The  Effect  of  Seasons  vpon  the  Development  of  Babies. — 
The  appearance  of  rabies  is  not  confined  to  the  hot  months 
of  summer,  as  is  often  supposed,  nor  to  an}'  other  one 
period  of  the  year.  The  writer  has  compiled  a  table  of 
cases  of  rabies  in  dogs  by  months,  which  were  recorded 
on  good  authority.  This  table  covers  14,066  ca.ses.  The 
largest  number  of  cases  occurred  iu  Jime,  in  which  month 
there  were  1,467.  The  smallest  number  of  cases  iu  any- 
one month  occurred  iu  November,  when  there  were  933. 
The  number  of  ca.ses  in  the  other  months  varied  between 
these  two  extremes.  This  shows  clearly  that  there  is  no 
season  of  the  j'ear  which  is  exempt. 

The  Pretiilenceof  Rubies. — Rabies  is  a  common  disease 
of  dogs  in  the  United  States.  It  has  occurred  contin- 
uously in  the  District  of  Columbia  from  1895  to  1903,  as 
shown  by  the  investigations  of  the  Bureau  of  Animal 
Industry.  Reports  have  also  been  received  of  its  exist- 
ence in  many  parts  of  the  United  States,  and  particularly 
in  the  cities  of  New  York,  Philadelphia,  Rochester,  Buf- 
falo, Chicago,  Kansas  City,  Baltimore,  and  New  Orleans. 
There  have  also  been  many  reports  of  farm  auimals  simi- 
larly affected  in  all  parts  of  the  country,  but  parlicidarly 
iu  Virginia,  West  Virginia,  Pennsylvania,  Ohio,  Indiana, 
Iowa,  Nebraska,  Kansas,  and  Jlinnesota.  These  various 
reports  indicate  that  the  disease  is  disseminated  over  the 
whole  countr}',  and  that  the  losses  of  farm  animals  from 
it  arc  considerable.  It  vrould  also  appear  that  a  much 
greater  number  of  persons  are  annually  bitten  than 
would  be  sujiiioscd  from  any  pathological  data  wliich 
have  been  published. 

Diognoisiii  uf  Rabies. — The  symptoms  of  rabies  in  the 
Srst  stages  of  the  disease  are  "not  sufficiently  defluite  to 
enable  a  positive  diagnosis "kj  be  made,  but  there  is  a  gen- 


eral rule  which  has  been  laid  down  by  all  who  have  had 
much  e.'ilierieuce  with  the  disease,  and  that  is  that  every 
dog  whose  habits  and  disposition  appear  to  be  suddenly 
changed  should  be  considered  suspicious  and  should  be 
isolated.  The  development  of  rabies  is  so  rapid  that  in 
the  course  of  three  or  four  days  all  doubts  slumld  he  re- 
moved. If  a  person  has  been  bitten  liy  a  susiJeeted  dog, 
the  animal  should  be  placed  iu  a  secure  enclostn-e  aiid 
held  until  a  positive  diagnosis  can  be  made.  This  is  ex- 
tremely important,  as  it  gives  the  iufected  person  an  op- 
poi-tunit}'  to  take  the  Pasteur  treatment  at  a  time  when 
there  is_  the  best  prospect  of  success.  If  a  suspected  dog 
has  bitten  some  person  and  is  afterward  killed,  the  head 
and  apart  of  the  neck  should  be  removed  for  subsequent 
investigation.  A  histological  examination  of  the  plexi- 
form  ganglion  permits  of  iin  almost  certain  diagnosis 
being  made.  The  ju'esence  of  foreign  Ijodies  in  the  stom- 
ach is  contirmalor_v  evidence  of  rabies.  To  make  the 
diagnosis  absolutely  positive,  rabbits  should  be  inocu- 
lated by  the  subdural  method.  As  this  latter  method 
requires  from  two  to  three  weeks  for  results  to  be  ob- 
tained, the  value  of  the  diagnosis  from  examination  of 
the  plexiform  ganglion  becomes  apparent.  Tiie  writer's 
attention  has  been  brought  to  one  case  in  which  the  per- 
son bitten  presented  the  first  symptoms  of  rabies  on  the 
same  day  that  the  disease  was  diagnosed  with  the  iu- 
ocidated  rabbits.  If  the  diagnosis  had  been  made  by  the 
rapid  method,  there  would  probably  have  beeu  time  for 
successful  preventive  treatment. 

The  Prevention  of  Rnbien. — -As  rabies  occurs  in  nature 
only  fi-om  the  bite  of  a  rabid  animal,  it  is  sufficient  to 
prevent  such  biting  to  guard  against  the  appearance  of 
the  disease.  While  all  kinds  of  animals  may  bite  when 
suffering  from  rabies,  it  is  almost  always  a  dog  which  is 
responsible  for  causing  the  disease  in  man,  and  it  is  be- 
lieved that  cats  generally  contract  the  disease  from  being 
bitten  by  dogs.  Efforts  for  prevention  are  therefore 
directed  to  the  canine  species. 

The  measure  generally  adopted  is  the  destruction  of 
worthless,  ownerless,  and  vagraut  dogs,  but  this  measure 
cannot  do  more  than  reduce  the  disease  without  jirevent- 
ingit  entirely.  Tlie  most  efficient  measure  for  preveutiug 
the  spread  of  rabies  is  to  cause  the  dogs  to  be  muzzled  or 
led  with  a  leash  whenever  thej*  are  allowed  to  appear  upon 
the  streets  or  in  public  places.  This  measure,  if  rigidly 
enforced,  will  soon  diminish  tlie  prevalence  of  the  disease, 
and,  if  enforced  for  a  sufficient  time,  will  eradicate  it 
entirely.  The  success  of  Germany,  Holland,  Great  Brit- 
ain, and  other  countries  with  this  di.sease  by  rigid  muz- 
zling has  been  remarkalile,  and  demonstrates  that  the 
same  plan  can  be  relied  uiion  wherever  it  is  properl_v  car- 
ried out.  Vigorous  objections  are  made  to  muzzling  by 
the  owners  of  dogs,  on  the  ground  that  muzzles  are  in- 
convenient and  'irritate  the  animals.  A  properly  fitted 
muzzle,  however,  is  not  tmcomfortable,  nor  does  it  inter- 
fere seriously  with  the  dog,  except  to  prevent  his  biting. 
The  objections  to  muzzling  regulations  wlien  rabies 
exists  in  a  communit}'  are  therefore  unreasonable,  and 
should  neither  be  urged  by  good  citizens  nor  encouraged 
bj'  sanitary  officers.  If  persons  insist  upon  keeping  ani- 
mals which  are  subject  to  a  disease  which  may  be  com- 
municated to  human  beings  and  cause  such  terriljle  suf- 
ferings with  absolute  certaint.y  of  early  death  as  follows 
infection  with  rabies,  they  should  be  willing  to  adopt 
any  measures  tliat  are  necessary  for  the  protection  of  the 
community. 

AxTHUAX. — Anthrax,  a  disease  known  by  the  French 
and  iu  some  parts  of  this  country  as  charbon,  is  a  disease 
which  affects  most  species  of  warm-blooded  animals,  and 
is  widely  distributed,  apparenth-  occurring  in  all  parts 
of  the  world.  It  is  most  frequent  in  alluvial  valleys 
which  are  subject  to  inundations.  In  the  United  States 
it  is  most  commou  in  the  southern  portion  of  the  Missis- 
sippi valley.  It  has  been  reported  from  many  other 
localities,  however,  in  the  Northern  States  as  well  as  iu 
the  Southern,  and  on  the  Pacific  coast  as  well  as  on  the 
Atlantic  seaboard. 

Anthrax  is  caused  by  the  Bacillus  anthracis,  an  organ- 
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ism  -which  appears  to  be  able  to  multiply  in  nature  out- 
side of  the  animal  body  under  certain  favorable  con- 
ditions. It  is  a  liacilhis  "which  forms  spores,  and  in  that 
condition  it  is  killed  only  witli  difficulty  liy  heat  and  dis- 
infectants, and  is  able  to  retain  its  vitality  lor  years  in 
the  soil.  It  is  conse(i\icntly  one  of  the  most  persistent 
forms  of  contagion,  and  pastures  once  infected  may  be 
said  to  be  permanently  dangerous. 

The  disease  is  seen  most  frecjuently  in  cattle  and  sheep, 
animals  which  are  very  susceptible  to  it;  but  it  also  oc- 
curs in  horses  and  nuiles  and  in  rare  instances  in  swine. 
It  may  begin  as  a  local  swelling  on  some  portion  of  the 
surface  of  tlie  body,  or  the  infection  may  enter  the  body 
in  such  a  manner  that  internal  anthrax,  or  anthrax  fever, 
results.  In  the  case  of  external  anthrax,  a  small,  warm, 
and  painftil  swelling  develops — usually  on  the  shoulder, 
the  neck,  the  throatT  or  about  the  head,  under  the  belly, 
or  at  some  other  point— which  rapidly  enlarges  and  very 
soon  becomes  of  considerable  size.  If  incised,  a  small 
quantity  of  colored  serum  escapes,  and  fibrinous  clots 
form,  having  the  appearance  of  yellow  gelatinous  masses. 
General  symptoms  soon  appear,  and  the  disease  rapidly 
progresses  to  a  fatal  termination,  or  in  some  cases  there 
is  improvement  and  the  animal  recovers  in  the  course  of 
one  or  two  weeks.  With  anthrax  that  has  no  external 
tumors  there  are  only  the  symptoms  of  intense  fever  with 
rapid  loss  of  strength,  and  death  in  the  course  of  two  or 
three  days.  Very  often  the  disease  is  so  violent  in  its 
manifestations  that  the  animals  die  within  ten  or  twelve 
hours.  Sometimes  they  die  very  suddenly  without  pre- 
senting any  marked  symptoms. 

Ptixl-mi'iiim  Appearances. — The  carcasses  decompose 
rapidly,  the  abdomen  being  distended  with  gas  a  few 
minutes  after  flcatli.  The  subcutaneous  blood-vessels 
are  distended  with  blood,  and  the  connective  tissue  and 
muscles  are  stained  with  hemorrhages  of  various  sizes. 
Blood  and  reddish  serum  escape  into  the  connective  tis- 
sue and  into  the  cavities  of  the  body.  A  fibrinous  exu- 
date colored  with  blood  is  often  found  in  the  connective 
tissue,  in  the  abdominal  cavity,  and  sometimes  in  the 
lumen  of  the  intestines.  The  glands  are  enlarged,  soft- 
ened, and  deeply  colored.  Ecchymoses  on  the  serous 
surfaces  are  common.  The  liver  is  generally  congested 
and  friable  and  often  of  a  yellowish  color.  The  spleen 
is  remarkable  for  its  size,  being  five  or  six  times  as  large 
as  usual,  and  is  softened,  more  or  less  broken  down,  and 
engorged  with  l)lood. 

Diagnosis. — -The  points  by  which  a  diagnosis  is  made 
in  anthrax  are,  the  existence  of  the  animals  in  an  area 
known  to  be  infected  with  anthrax,  the  rapid  develop- 
ment of  the  disease  and  the  violence  of  the  S3'mptoms, 
the  dark  color  of  the  tissues  after  death,  the  gelatinous 
exudates,  ecchymoses,  and  especially  the  enlarged,  en- 
gorged, and  broken-down  condition  of  the  spleen.  A 
microscopic  examination  of  the  blood  after  the  death  of 
the  animal  shows  the  presence  of  the  Bacillus  anthracis. 
In  case  of  doubt  the  inoculation  of  a  rabbit  or  a  guinea  pig 
may  be  resorted  to.  The  deatli  of  these  animals  in  from 
twelve  to  forty-eight  hours  with  the  Bacillus  anthracis  in 
the  blood  enables  a  i_iositive  diagnosis  to  be  made. 

Anthrax  and  the  Public  Health. — Anthrax  is  a  disease 
very  easily  communicated  to  man,  and  is  frequently  fatal 
in  its  effects.  It  has  often  been  known  as  malignant  pust- 
ule, or  wool-sorters'  di.sease.  While  anthrax  is  not  com- 
municated except  bj-  direct  inoculation,  the  contagion  is 
so  active  that  such  inoculation  readily  occurs.  Men  who 
handle  the  carcasses  of  the  dead  animals,  especially  if 
they  try  to  save  the  skins  or  the  wool,  are  particularly 
exposed  to  inoculation.  Flies  which  have  fed  upon  the 
blood  of  the  dead  animals  may  carry  a  sufficient  quantity 
upon  their  jiroboscides  to  inoculate  persons  wliom  they 
afterward  bite.  Infected  wool,  hair,  and  hides  are,  how- 
ever, the  principal  sources  of  the  contagion  with  man. 

To  prevent  the  communication  of  the  disease  from  ani- 
mals to  the  human  sul]ject  vigorous  efforts  should  be 
made  to  stami>  out  the  disease  on  its  first  appearance. 
The  carcasses  of  animals  wliich  die  should  be  burned  or 
deeply  buried,  being  covered  with   quicklime.     If  the 


infection  is  from  a  circumscribed  area,  all  animals  should 
be  removed  from  this  to  liealthy  pastures.  Great  care 
should  be  taken  in  moving  the  carcasses  to  the  places 
where  they  are  to  be  buried.  All  blood  which  has  es- 
caped from  the  body  should  be  carefully  removed,  and 
the  ground  upon  which  the  body  has  lain  should  be  dis- 
infected by  burning.  In  working  with  wool  and  hair 
precautions  should  be  taken  to  avoid  .so  far  as  possible 
the  inhalation  of  dust,  and  if  suspicious  swellings  de- 
velop upon  workmen  who  handle  animal  products  they 
shoiUd  receive  prompt  medical  treatment. 

Animals  affected  with  anthrax  generally  present  such 
evident  symptoms  of  disease  and  die  in  such  a  short  time 
that  the  carcasses  very  seldom  go  upon  the  market  for 
food.  However,  there  have  been  cases  in  which  meat 
affected  with  anthrax  has  been  sold  and  consumed,  and 
in  some  cases  it  has  caused  many  fatalities.  Tlie  in- 
spectors of  meat  should  be  on  their  guard  and  should 
carefuil}'  investigate  all  carcasses  in  which  there  are  any 
appearances  resembling  those  seen  in  this  disease. 

Prevention  of  Anthrax  in  Animals. — In  some  cases  it  is 
possible  -to  prevent  anthrax  by  keeping  animals  away 
from  the  infected  pastures  and  by  draining  and  cultivat- 
ing such  lands.  In  most  cases  the  extension  of  the  dis- 
ease may  be  arrested  by  the  promjit  and  proper  disposal 
of  the  carcasses  of  the  animals  which  die.  In  sections 
wliere  the  lands  are  exten.sively  infected,  vaccination 
with  a  properly  prepared  vaccine  has  been  jiractised  with 
considerable  success. 

Gi..\NnERS. — Glanders  is  a  contagious  disease  of  the 
genus  Er/iiiis,  and  is  readily  communicable  to  man.  It  is 
caused  by  the  Bacillus  mallei,  and  is  characterized  by  the 
formation  of  nodules  or  tubercles,  which  degenerate  into 
ulcers  from  which  there  is  a  characteristic  discharge.  It 
is  a  disease  which,  as  seen  in  the  horse,  is  generally 
chronic,  with  not  very  apparent  symptoms  and  little 
fever. 

Small  nodules,  from  the  size  of  a  shot  to  that  of  a  small 
pea,  form  in  the  mucous  membranes  of  the  respiratory 
tract.  These  ma}'  be  seen  just  inside  the  wings  of  the 
nostrils  or  on  the  septum,  and  are  easily  detected.  They 
are  at  first  red  and  hard,  but  soon  soften,  become  yellow, 
and  break,  giving  rise  to  a  small  ulcer  the  size  of  the 
tubercle.  This  ulcer  has  a  grayish  bottom  and  ragged 
edges,  and  there  is  given  off  from  it  a  viscous,  oily  dis- 
charge which  is  very  characteristic  of  the  disease. 
Glanders  tubercles  may  also  develop  in  the  lungs  and 
other  internal  organs. 

Sometimes  nodules  appear  on  the  under  surface  of  the 
skin,  whicii  soften,  discharge  their  contents,  and  are 
transformed  into  an  irregular  ulcer  with  ragged,  over- 
hanging edges.  These  often  lead  to  irritation  of  the 
neighboring  lymphatic  vessels,  which  become  swollen 
and  indurated  and  appear  as  hard  ridges  which  are  hot 
and  sensitive  to  the  touch.  These  ulcers  are  seen  most 
freciuently  on  tlie  lips  and  neck,  the  lower  part  of  the 
shoulders,  and  the  inside  of  the  thighs,  but  they  may 
occur  on  anj'  part  of  the  body.  This  form  of  glanders  is 
called  fare)'.  Farcy  is  .sometimes  looked  upon  as  a 
milder  disease  than  glanders,  bvit  it  should  be  remem- 
bered that  both  are  caused  by  the  same  contagion,  and 
that  the  only  difference  is  the  organ  in  which  the  lesions 
are  localized.  The  internal  lesions  characteristic  of  gland- 
ers, and  the  farcy  ulcers,  are  often  seen  in  the  same 
animal. 

In  acute  glanders  there  is  a  rapid  development  of  tuber- 
cles in  the  respiratory  tract,  which  rapidly  degenerate 
into  ulcers.  There  is  an  abtmdant  discharge  from  the 
nostrils,  with  considerable  fever  and  a  cough  which  va- 
ries according  to  the  location  and  character  of  the  erup- 
tion. Swellings  form  over  the  surface  of  the  body, 
rapidly  followed  by  farcy  buttons  which  break  and  form 
ulcers.  Acute  glanders  is  often  fatal  within  a  comjmra- 
tively  short  time,  although  in  some  cases  the  sj'mptoins 
subside  and  the  disease  takes  cm  a  chronic  form.  Chronic 
glanders  may  continue  for  months  or  even  years.  In 
most  cases  it  results  in  death  sooner  or  later,  but  occasion- 
ally animals  improve  and  apparently  recover.     In  these 
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so-called  recovered  cases,  however,  the  iuternal  lesions 
usually  remaiu  and  the  animals  continue  to  spread  the 
contagion. 

Viiignosis. — The  clinical  diagnosis  of  glanders  is  based 
upon  the  e.vistence  of  the  nodules  and  ulcers  in  the  nos- 
trils, upon  the  character  of  the  discharge,  and  the  exist- 
ence of  an  enlarged,  nodular  gland  beneath  the  jaw.  In 
cases  of  doubt,  guinea-pigs  are  inoculated,  and  these  ani- 
mals develop  a  specific  orchitis  which  enables  a  diagnosis 
to  be  made. 

In  recent  years  the  toxin  produced  bj'  the  culture  of 
the  Bacillus  mallei,  which  is  known  as  mallein,  has  been 
used  as  a  test  on  the  same  principle  that  the  tuberculin 
test  is  applied  for  the  diagnosis  of  tuberculosis.  It  is  in- 
jected subcutaneously,  and  if  the  horse  is  affected  with 
glanders  there  is  an  elevation  of  the  animal's  temperature 
and  also  a  large,  sensitive  swelling  at  the  point  of  inocu- 
lation. JIallein  has  been  found  very  u.seful  in  picking 
out  those  animals  in  an  infected  stable  in  which  the  dis- 
ease has  not  progressed  far  enough  to  show  characteristic 
s_vmptoras,  and  those  in  which  the  lesions  are  internal  and 
in  which  the  general  health  of  the  animal  is  not  affected. 

Treatment. — For  practical  purposes  glanders  may  be 
considered  an  incinable  disease.  The  measures  to  be 
adopted  for  its  eradication  are  the  prompt  destruction  of 
the  diseased  animals  as  soon  as  a  positive  diagnosis  can 
be  made,  and  the  thorough  disinfection  of  the  stables  in 
which  thej-  have  been  kept  and  of  all  the  articles,  such 
as  harness,  buckets,  curry  combs,  and  brushes,  which 
have  come  in  contact  with  them.  Glanders  is  a  connnon 
and  widely  disseminated  disease,  and  more  energetic 
measures  than  have  heretofore  been  enforced  are  needed 
for  its  suppression. 

Glanders  and  the  Pnblic  Health. — Glanders  is  comnumi- 
cal)le  to  man  by  direct  inoculation  (jr  by  particles  of  the 
discharge  from  a  glandered  horse  coming  in  contact  with 
the  mucous  membranes  of  the  eye,  nose,  or  moutli. 
Usually  it  is  the  persons  who  care  for  the  glandered 
horses  that  become  affected.  Sometimes,  however,  per- 
sons who  are  passing  a  diseased  horse  at  the  time  when 
it  snorts  or  coughs  may  become  infected  by  the  virulent 
mucus  lodging  upon  their  mucous  membranes  or  on  the 
skin  where  there  is  an  abraded  surface.  Cases  are  also 
known  in  which  a  wife  has  taken  the  ilisease  from  lier  hus- 
band, and  in  which  persons  who  liaveacted  as  nurses  have 
contracted  the  disease  from  a  patient.  In  man  it  is  a 
loathsome  disease  and  one  which  usually  ends  in  death. 
The  disease  can  be  guarded  against  only  by  reducing  the 
number  of  glanderetl  horses,  and,  in  case  of  the  disease 
in  man,  by  taking  suitable  precautions  to  prevent  the 
transfer  of  the  contagion  to  those  who  care  for  the  pa- 
tient. 

T.iPEWORMS  OP  AXI.M.\LS  IN  ReI-.\TION-  TO  THE  PlBLIC 

Health. — The  larval  stages  of  several  tapeworms  are 
fomid  in  the  organs  of  tlie  meat-producing  animals. 
VysticercuK  bovis  occurs  in  cattle,  and  when  eaten  by  man 
gives  rise  to  the  common  tapeworm  found  in  this  coun- 
try, known  as  Taitia  saginata.  This  tapeworm  is  not  a 
very  dangerous  parasite.  It  may  bi'ing  about  digestive 
troidiles,  and  it  is  occasionally  very  difficult  to  expel,  but 
as  a  ride  we  may  say  that  the  parasite  is  only  of  tempo- 
rary importance,  its  effects  passing  off  when  the  worm  is 
expelled. 

The  Cynticerrus  celluloiiee,  or  larval  form  of  Twnia  so- 
Tiunt,  occurs  in  pork.  When  the  infested  pork  is  eaten 
the  adult  parasite  develops  in  man.  Physicians  should 
distinguish  between  the  two  tapeworms  mentioned,  be- 
cause lania  solium  is  a  very  much  more  dangerous  para- 
site than  Tienia  saginata.  If  a  patient  soils  his  bands 
with  the  microscopic  eggs  during  defecation,  or  if  he  has 
reverse  peristalsis  of  the  intestines  strong  enough  to 
carry  one  or  more  segments  of  the  tapeworm  into  his 
stomach,  he  may  be  infected  with  the  larval  stage  of 
Tivnia  solium.  In  this  case  the  embryos  escape  from  the 
segments  to  the  stomach  and  wander  to  various  parts  of 
the  body,  more  especially  to  the  muscles,  the  eyes,  and 
the  brain.  If  one  or  more  of  the  larvae  develop  in  the  eye 
'ir  in  I  lie  liiain.  more  or  less  serious  conditions  may  result. 


according  to  the  part  which  is  affected.  The  pliysician, 
in  treating  patients  affected  with  the  Tania  solinm,  is  also 
exposed  to  some  danger  of  infection  with  the  eggs,  and 
such  infection  would  produce  the  larval  stage. 

The  existence  of  these  two  parasites  in  American  cattle 
and  hogs  makes  it  projjcr  to  suggest  that  the  practising 
physician  has  a  duty  to  perform  in  seeing  that  all  tape- 
worms passed  by  his  patients  are  totally  destroyed,  unless 
they  are  preserved  for  scientific  investigation.  It  too 
often  happens  that  the  patient  is  not  properly  instructed 
in  this  matter,  and  passes  the  worm  in  some  place  where 
the  eggs  are  scattered  so  that  thej'  afterward  infect  ani- 
mals. It  has  been  observed  that  the  meat  inspection  in 
Germany  has  resulted  in  decreasing  the  frequency  of 
tapeworm  disease  in  man,  and  also  the  infection  with  the 
larval  stage  of  Tania  soliu  ni.  We  have  no  exact  statistics 
on  this  subject  in  the  United  States,  but  it  would  appear 
that  the  meat-inspection  s^'stem  must  necessarily  contrib- 
ute somewhat  to  the  decrease  of  these  parasites. 

Another  parasite  of  this  kind  is  the  echinococcus.  which 
causes  the  hydatid  disease.  It  is  a  bladder  worm  which 
may  be  found  in  almost  any  part  of  the  body  of  the  meat- 
producing  animals,  and  especially'  in  the  lungs  and  liver 
of  cattle,  sheep,  and  swine.  Tliis  parasite  is  not  directly 
transmissible  to  man  byeatingan  organ  affected  with  the 
bladder  worm,  but  if  the  hydatid  is  fed  to  a  dog  each 
separate  head  of  the  cyst — and  there  ma_y  be  thousands 
in  a  single  cyst — develops  into  a  tapeworm,  the  Ta-nia 
eehinncoecus.  This  is  probably  the  smallest  tapeworm 
known,  having  very  few  segments,  and  only  the  last 
segment  is  gravid  with  eggs.  The  dog  scatters  the  eggs 
of  this  tapeworm  broadcast,  and  the  domesticated  ani- 
mals become  infected  with  it.  Mankind  may  also  be- 
come infected  by  too  close  intimacy  with  dogs.  In  Ice- 
land, where  men  and  dogs  live  during  the  lung  months 
of  winter  in  the  same  huts  and  witliout  any  itiea  of  sani- 
tary precautions,  it  is  said  that  one  person  out  of  forty- 
tliree  is  infected  with  the  echinococcus  disease.  In  some 
parts  of  Germany  the  disease  is  also  very  freciuent. 
Post-mortem  statistics  have  been  given,  showing  that  at 
Rostock  2.43  per  cent,  of  the  cadavers  were  affected;  at 
Breslau,  1.47  per  cent.;  at  Berlin,  0.7G  per  cent.  The 
disease  can  be  controlled  only  by  carefvd  meat  inspection 
and  the  destruction  of  all  hydatids  that  are  found.  To 
prevent  the  nuiltiplicatiou  of  this  parasite  dogs  should 
be  prevented  from  feeding  uiion  the  offal  of  slaughter- 
houses. .  Daniel  E.  Salmon. 

VEVEY,  SWITZERLAND.— Vevey,  situated  on  the 
northeastern  shore  of  Lake  Geneva,  four  miles  west  from 
Montreux,  has  an  admirable  jiosition  and  a  mild  climate, 
but  is  less  favorably  situated  than  the  latter  resort  in  re- 
spect to  protection  from  the  north  and  northeast  winds, 
and  has  a  more  changeable  temperatm-e.  Its  altitude  is 
1.2.10  feet  above  sea  level.  It  is  a  town  of  about  8,000 
inhabitants,  and  is  renowned  for  its  lovely  views  of  lake 
and  mountain,  its  charming  walks  and  excursions,  and 
its  cleanliness.  Some  one  has  called  it  Dutch  in  cleanli- 
ness, French  in  gayety  and  love  of  pleasure,  and  Swiss  in 
its  sentiment.  Together  with  the  other  towns  in  this 
protected  region,  it  has  been  called  the  "  Nice  of  .Switzer- 
land." 

It  is  recommended  as  a  favorable  place  for  the  "after- 
cure  "  to  those  who  have  been  taking  the  waters  at  Aix- 
les-Bains.  Vichy,  Carlsliad.  and  other  spas.  It  is  also  a 
good  place  for  a  re-sidence  liefore  anil  after  the  Riviera 
season.  Autumn  is  con.sidered  the  best  season,  at  which 
time  one  can  take  the  grape  cure,  for  a  description  of 
which  tlie  reader  is  referred  to  the  article  Meran,  in 
Volume  V.  of  this  H.\ndbook.  In  the  summer  the  milk 
cure  and  lake  baths  are  used. 

The  water  supply  comes  f)'om  the  moiuitains,  and  is 
said  to  be  unexcelled.     The  mortality  is  very  low. 

In  winter  the  mean  temperature  never  goes  below  32.5° 
F.,  and  in  summer  rarely  above  8G'  F.  Tlie  average 
mean  monthly  temperature  is  as  follows:  January.  32.5'' 
F. ;  February,  3.5°  F. ;  March,  40.6'  P.;  April,  44.9"  F. ; 
May,  49.6°  F. ;  June,  57.2°  F. ;  July,  58.8°  F. ;  August, 
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58.9°  F. ;  September,  54.2'  F. ;  October,  49'  F.  ;  Novem- 
ber. 39.3°  F. ;  December,  33.4°  F.  The  yearly  average 
is  4G  F.  The  average  Dumber  of  rainy  days  for  the  year 
is  sixty,  and  of  sno\v\-  davs,  seven.  Fog  is  rare.  The 
"Rise"  or  cold  north"  wind  is  often  felt  here  and  pro- 
duces trying  changes  of  temperature. 

On  account  of  the  cliangeal)le  temiierature  this  resort 
is  not  to  be  recommended  for  pulmonary  tuberculosis, 
but  is  favorable  for  convalescents,  for  jiersons  sulT'ering 
from  general  debility  or  from  some  nervous  aft'cction, 
for  cei-tain  cases  of  digestive  disturbances,  and  for  those 
who  for  any  reason  aie  "run  down."  Higher  latitudes 
can  easily  be  reached  by  means  of  a  funicular  railway, 
and  one  can  go  from  Vevey  to  the  castle  of  Chillon  by 
electric  railway.  Within  easy  distance  of  Yevey  are  very 
many  walks  and  excursions"  through  vineyards,  parks, 
and  "gardens,  alTording  exiendcil  and  tine  views.  One 
also  can  make  excursions  on  the  lake,  and  there  are  boats 
for  rowing.  The  accommodations  are  excellent,  abun- 
dant, and  not  expensive:  pen.sious  abound.  There  are 
good  physicians,  and  an  English  church. 

Vevey"  is  easily  reached  in  about  twenty-two  hours 
from  London,  either  by  rail  or  by  boat  from  Geneva,  or 
from  other  points  on  the  lake. 

Lausaime,  ten  or  fifteen  miles  farther  west,  possesses  a 
climate  somewhat  similar  to  that  of  Vevey.     It  is  cold  in 


and  possessing  a  mild  climate.  Spring  and  autumn  are 
the  best  seasons.  Here  one  can  take  the  grape  cure,  and 
also  employ  the  saline  springs  which  are  used  in  the  form 
of  baths  and  douches,  excellent  facilities  ffir  which  are 
aflforded  at  the  Grand  Hotel  des  Salines.  (See  Bex  in 
Vol.  I.  Edicard  0.  Otis. 

VIBURNUM  0?\}\.K}S.— Cramp  Bark.  "The  bark  of 
Viburiinin  OpuliisL.  (fam.  Cnprifoliaceir),"  U.  S.  P.  This 
is  a  large  shrub  growing  in  the  northern  parts  of  Europe, 
Asia,  and  America.  It  produces  red  fruits  and  in  one  of 
its  cultivated  forms  is  the  snowball  tree  of  our  gardens. 
The  bark  is  thus  described  in  the  Pharmacopa'ia; 

"In  flattish  or  curved  bauds,  or  occasionally  in  quills, 
sometimes  30  cm.  long,  and  from  1  to  1.5  mm.  thick; 
outer  surface  ash-gray,  marked  with  scattered,  somewhat 
transversely  elongated  warts  of  a  brownish  color,  due  to 
abrasion,  and  more  or  less  marked  with  blackish  dots, 
and  chiefly  in  a  longitudinal  direction  with  black,  irregu- 
lar lines  or  thin  ridges;  underneath,  the  easily  removed 
corky  layer  of  a  pale  brownish  or  somewhat  leddish- 
brown  color;  the  inner  surface  dingy  white  or  brownish; 
fracture  tough,  the  tissue  separating  in  layers;  inodor- 
ous; taste  somewhat  astringent  and  bitter."" 

It  is  identical  in  composition  and  properties  with  the 
next,  but  is  rather  more  frequently  used  for  abdominal 


Fk;.  .5fei.— View  of  Vevey  as  seen  from  the  Eastern  End  ol  tlie  Lake  of  (ieneva. 


winter  but  sunny,  and  is  exposed  to  the  northerly  and 
southwesterly  winds.  The  town  is  inllv,  and  is  1,700 
feet  above  sea-levei.  The  esijeeial  features  of  this  place 
are  the  inexpensive  living  and  the  excellent  schools. 

Of  all  these  resorts  on  the  northern  shore  of  Lake 
Geneva,  Montrcux  possesses  the  best  climate  and  has 
the  most  iirotecliou  from  the  north  winds.  Vide  Mon- 
trenj;  in  Volume  V.  of  this  II.vndhooic. 

In  the  Rhone  Valley,  to  the  eastward,  are  several  re- 
sorts of  value,  such  as"AigleLes-Bains,  a  hvdrotherapeu- 
tic  establishment;  Champrev;  Sierre;  and  particularly 
Bex,  beautifully  situated  in  the  midst  of  the  mountains 
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cramps.     The  dose  is  4-8  c.c.  (fl.  3  i.-ij.),  and  it  is  com- 
monly eiven  in  the  form  of  the  official  fluid  extract, 

H.  H.  Bushy. 

VIBURNUM  PRUNIFOLIUM.— /,Yarf:/7(nr.  "Thebark 
of  ]'iliiin(iiiji  jiniiiifiiliiiui  h.  (fam.  CdprifoiiaeciT),"  V.  S. 
P.  This  species  is  a  shrub  lU'  small  tree  growing  from 
Connecticut  to  Illinois  and  southward,  with  oval,  obtuse 
or  slightly  pointed,  finely  .serrated  leaves,  and  sessile 
cymes  of  small  white  flowers.  The  stem-bark  is  in  thin 
pieces  or  quills,  glossy  externally,  of  a  purplish-brown 
color,  with  scattered  warts  and  minute  black  dots;  when 


J 


REFERENCE   HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Vibiiruuin  Opnlns. 
Viohj. 


•collected  from  old  wood  it  is  gra3Msli-browD ;  the  inner 
surface  of  the  stem-bark  is  smooth  and  varies  in  color 
from  white  to  a  pale  rust-brown;  fracture,  short;  odor, 
peculiar,  somewhat  like  that  of  valerian;  taste  astringent 


Fig.  5033.— Floweriug   Brancli    of   Viburnum    Pninifollum. 
third  uatural.) 
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and  bitter.  The  root  bark,  which  is  very  superior,  is  in 
small,  chip-like,  curved  pieces,  of  a  deep  rust-brown  and 
much  more  bitter. 

It  appears  probable  that  a  large  part  of  this  bark,  espe- 
cially that  coming  from  the  Southern  States,  is  derived 
from  one  or  two  closely  related  species  which  have  ap- 
parently the  same  properties. 

Besides  tannin  and  several  organic  salts,  it  contains  the 
bitter  glucoside  vibtn-uu)  and  valerianic  acid,  the  latter 
probably  derived  from  the  former.  There  is  also  some 
resin. 

Viburnum  is  mildly  diuretic  and  strongly  antispas- 
modic, and  is  used  almost  wholly  as  a  uterine  sedative. 
This  use  is  chiefly  in  the  prevention  of  threatened  mis- 
carriage, for  which  it  is  one  of  the  most  generally  useful 
drugs,  b\it  it  also  extends  toother  spasmodic  and  painful 
uterine  conilitions.  The  dose  is  1-4  c.c.  (tl.  3  i-i.),  and 
the  official  fluid  extract  is  commonly  employed. 

n.  U.  Rmby. 

VICHY.  FRANCE.— This  far-famed  resort,  the  most 
frequented  in  France  if  not  in  all  Europe,  is  situated  in 
the  great  central  plain,  on  the  right  bank  of  the  Allier 
River,  at  an  elevation  of  about  750  feet  above  sea-level. 
It  is  easily  reached  from  Paris,  lying  almost  due  south  at 
a  distance  of  about  230  miles.  It  has  a  permanent  popu- 
lation of  13,000,  augmented  by  from  50,000  to  00,000 
visitors.  In  the  season,  wljich  extends  from  May  to  Oc- 
tober, it  becomes  a  sort  of  second  Paris  in  the  character  of 
its  amusements  and  attractions.  Tlic  climate  is  mild  and 
much  like  that  of  Paris;  during  July  and  the  tijst  part 
August,  however,  the  weather  is  often  very  hot.  In  the 
city  there  is  a  park  with  central  garden  containing  the 
largest  bath  establishment  in  France;  there  is  al.so  a 
casino  with  a  fine  theatre,  readiug-roonls,  etc.     Indeed, 


every  effort  is  made  to  render  the  resort  most  attractive 
to  the  visitor,  as  well  as  hygienically  wholesome. 

The  waters  are  those  known  as  thermal  alkaline,  differ- 
ent springs  differing  from  one  another  chiefly  in  the  tem- 
perature, wiiich  varies  from  57°  to  113°  F.',  and  in  the 
amount  of  free  carbonic  acid  gas.  Some  contain  a  very 
little  iron.  There  are  fourteen  regular  springs  which 
constitute  the  principal  group  of  the  Vichy  wafers,  and 
others  in  the  neighborhood.  The  most  important  and 
best  known  of  the  Vichy  waters  are  the  Grande  Grille, 
Celestins,  Hripital,  Puits-Chomel,  Lucas,  Mesdames, 
Pare,  Lardy,  Puits-Carre,  and  Larband. 

The  following  is  tlie  composition  of  the  three  first 
named  of  these  springs  according  to  Cyr  in  Jaccoud's 
'■  Noveau  Dictionaire  de  Medecine  et  de  Chirurgie  Pra- 
tiques," given  in  grams  per  litre: 


Solids. 

Grande 
Grille. 

Celestins. 

Hopital. 

4.8,S.3 
..3.i2 
.31)3 
.013 
.434 
.004 

Trace. 
.291 
.130 
.(KB 

Trace. 
.534 
.070 

5.103 
.315 
..328 
.005 
.463 
.004 

Trace. 
.291 
.091 
.002 

Trace. 
534 

PotassiUTii  bii'arhi>nate 

440 

Mairnpsium  hirarttonate 

Strontium  liicaibonate 

Cah'iuiii  tiicai'honate 

.200 
.005 
570 

Ferri  tus  1  lira  il>i  mate 

ManrranoMs  iii<'ailH)nate 

Sodiiiiii  sulpliate 

SoditHii  jiliospiiate 

.004 

Trace. 

.291 

046 

.002 

Sodium  chloride 

.f\is 

Silica 

0(30                (i^ 

Total  solids 

T.006 
lOr.G" 

7.195 

7  155 

Temperature  (Fahrenheit) 

Sfi» 

The  waters  are  used  both  for  drinking  and  for  Ijaths. 
There  are  several  large  bathing  establishments  equipped 
with  every  hj'drotherapeutic  appliance;  vapor  baths, 
thermal  mineral  -  water  baths,  douches,  inhalations, 
douche  massage,  and  carbonic-acid  baths  and  douches. 
The  water  is  clear,  and  the  taste  of  the  Grande  Grille  is 
not  disagreeable.  The  waters  are  generally  taken  in 
small  doses,  100-400  gm. — varying  according  to  the  in- 
dividual and  his  malady — before  meals.  The  waters  of 
the  different  springs  are  not  drunk  indiscriminately,  but 
each  according  to  the  malad_y:  thus,  for  example,  the 
Grande  Grille  is  for  hepatic  troubles;  the  Celestins,  for 
gout;  and  so  on.  It  is  well  for  the  patient  to  consult  one 
of  the  local  physicians  as  to  the  kind  of  waters  he  should 
take  and  the  method  to  be  pursued  in  their  use;  and  one 
is  at  no  loss  to  find  a  medical  adviser  here,  for  there  are 
said  to  be  about  a  hundred. 

The  affections  for  wiiich  these  waters  are  most  fre- 
cjuently  recommended  are  various  dyspeptic  conditions 
— the  indigestion  of  chronic  alcoholism,  chronic  catarrhal 
gastritis  or  enteritis  in  which  there  are  no  very  acute 
symptoms;  hepatic  conditions — gallstones.  "In  the  lat- 
ter affection,  the  physicians  at  Vichy  claim  for  the  waters 
an  absolutely  ciuative  power,  asserting  that  thej'  not 
only  prevent  the  formation  of  gall  stones,  but  even  re- 
lieve the  pain  of  an  acute  attack,  restore  the  appetite, 
and  cause  the  jaiuidice  to  disappear."  Even  when  sur- 
gical interference  is  considered  necessar}-,  it  is  advised  to 
try  the  waters  before  an  operation,  if  one  can  delay  with- 
out danger,  and,  if  an  operation  has  been  performed, 
to  follow  it  by  a  course  of  the  waters.  In  gout,  rheu- 
matism, uric-acid  diathesis  and  diabetes,  these  waters 
have  been  found  to  be  beneficial.  In  certain  pelvic  dis- 
orders of  women  they  are  also  said  to  be  of  value.  At 
least  one-half  of  all  the  patients  who  frequent  this  spa 
are  said  to  be  dysiiejjtics. 

A  course  of  these  alkaline  waters  is  somewhat  severe, 
and  one  should  possess  a  certain  amount  of  con.stitutional 
vigor  to  take  tliem  with  advantage.  An  after-cure  in 
Switzerland  or  elsewhere  in  a  tonic  climate  should  follow 
the  Vichy  "cure." 

The  accommodations  are  excellent,  and  there  is  an  Eng- 
lish church  service. 
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The  waters  are  largely  exported,  and  can  be  had  in  al- 
most every  civilized  land.  Artificial  Vichy,  a  more  or 
less  perfect  coimterpart  of  the  natural  water,  is  likewise 
evcrvwliere  to  l)e  liad. 

For  an  extended  aeeoiiiit  of  Vicliy,  its  various  bath  es- 
tablislinients,  and  indications  for  the  use  of  its  waters, 
the  reader  is  referred  to  "Stations  HydroOIinerales,  Cli- 
mater'iiiues  et  .Marilimes  de  la  France,"  Paris,  1900. 

Edimrd  0.  Otis. 

VICKSBURG,  MISSISSIPPI.— This  city,  picturesquely 
situated  on  a  hi^li  blulf  overlooking  the  Mississippi  River, 
is  about  eciuidistant  from  Jleniphisand  New  Orleans.  It 
is  not  a  lualth  resort,  but  is  mentioned  here  and  a  chart 
of  its  climate  is  given  as  illustrating  the  climate  of  the 
lower  Jlississippi  valley.  The  city  is  the  largest  in  the 
State,  with  a  population  of  about  fifteen  thousand,  and 
is  commercially  important.  It  is,  however,  best  known 
historically  from  the  important  part  which  it  played  in 
the  Civil  War.  Besides  the  attraction  of  its  fine  situation 
on  the  river,  it  is  also  worthy  of  a  visit  from  the  fact  that 
it  contains  the  largest  national  cemetery  in  the  coimtry — 
asa<land  forcible  reminder  of  the  intense  struggle  that 
took  place  about  it. 

Clim.\te  ok  Vicksbcrg,  Miss.,  Lat.  32°  22',  Loxo.  90°  .53'.    Period 
OF  Observation,  Twelve  Years. 


Temperature  (Degrees 
Falir.).— 

Average  or  normal . . 

Mean  of  warmest 

Mean  of  coldest 

Average  daily  range. 

Highest  or  ma.xinium 

Lowest  or  minimum. 
Humidity.— 

Average  relative 

Precipitation. — 

Average  in  inches — 
Wind,— 

Prevailing  direction.. 

Average  tiourly  veloc- 
ity in  miles 

■Weather. — 

Av,  No.  clear  days... . 

Av.  No.  fair  days 

Av.  No.  clear  and  fair 
days 


48.1° 
58.4 
40.7 
1.5.7 
80,0 
10.0 

71.4S 

5.37 

N. 

5.9 

6.9 
9.9 

16.8 


,59.1° 
H9.8 
.51.9 
17.9 
85.0 
.0 

64.4% 

6.83 


10.2 
10.6 


20.8 


■.3.4= 
83.5 

til. 3 
95.0 
46.0 

67.2^ 


5.18 

S.E. 

5.2 

12.6 
U  7 

24.3 


83.8' 
92.3 
73.2 
19.1 
100.0 
63.0 

73^ 

4.0 

S.W. 

4.0 

10.0 
14.9 

24.9 


■9.7= 
85.0 
66.1 
18.9 
.0 
48.0 

71. 9« 

4.06 

N. 

3.9 

12.0 
11.3 

23,2 


60.2° 
66.4 
46.8 
19.6 
84.5 
33.0 

70.8^ 

6.5 

S.E. 

6.2 

9.5 
11.1 

20.6 


50.4°  65.6' 


69.  .5? 
15.76 
S.E. 


23.1 
30.0 


53.1 


1.6^ 

60.09 

S.E. 

5.4 

122,8 
142.8 

365.4 


Referring  to  the  table,  the  reader  will  oliserve  that  the 
climate  is  quite  semi-tropical — mild  in  winter  and  hot 
during  a  long  summer.  There  is  a  large  amount  of  rain 
quite  evenly  scattered  throughout  the  year,  although 
rather  more  falls  in  the  spring.  Attention  is  called  to 
the  small  wind  velocity,  there  being  considerably  greater 
freedom  from  wind  in  this  valley  station  than"  at  New 


Orleans  at  the  mouth  of  the  river,  and  at  various  other 

coast  stations  at  this  latitude  or  lower.  There  is  a  fair 
amount  of  sunshine,  although  the  numlier  of  clear  and 
fair  days  in  this  portion  of  the  "sunn}'  South  "  onl_y  ex- 
ceeds the  number  in  Boston,  for  example,  by  twenty- 
eight,  and  New  York  by  fourteen. 

Attention  is  also  called  to  the  similarity  of  this  climate 
to  that  of  the  region  represented  by  Little  Rock,  Ark. 
In  the  latter  there  are  the  same  freedom  from  wind,  alioiit 
the  same  rainfall,  and  almost  identically  the  same  num- 
ber of  clear  and  fair  days.  The  yearly  temperature  is 
also  cpiite  similar,  though  somewhat  lower.  It  may  be 
added  that  the  climate  of  this  region,  represented  by 
Vicksburg,  is  regarded  as  a  healthful  one. 

Edward  0.  Otis. 

VICTORIA,  AUSTRALIA.— It  is  hardly  to  be  supposed 
that  an  invalid  from  any  part  of  Europe,  or  of  the 
United  States,  or  of  Canada,  would  seek  residence  in  so 
remote  a  country  as  Australia,  and  yet  it  will  be  of  inter- 
est to  .give  a  brief  summary  of  the  climate  of  this  portion 
of  that  country,  containing,  as  it  does,  the  most  populous 
city  of  Australia,  Melbourne;  for  the  traveller  or  the 
merchant  may  have  occasion  to  visit  this  portion  of  the 
world,  if  the  invalid  does  not.  and  it  may  be  of  service  to 
him  to  know  something  of  the  climatic  conditions  he  is 
to  encounter. 

Victoria  exhibits,  in  its  physical  features,  the  three 
divisions  or  regions  common  to  the  whole  island  conti- 
nent: a  littoral  region  of  si.xty  or  more  miles  in  breadth; 
a  mountain  range  apiiro.ximately  parallel  to  the  coast,  or 
from  one  to  five  thousand  feet  in  elevation;  and  beyond 
these  mountains  lies  the  great  inland  basin,  the  home  and 
origin  of  the  hot  winds.  Of  the  peculiarities  of  the  cli- 
mate of  the  great  inland  basin  or  plains,  perhaps  suffi- 
cient mention  has  been  made  under  the  article  A'lstrcdin 
in  Volume  I.  of  tlie  II.vndbook.  and  it  will  be  sufficient  to 
repeat  liere  that  the  climate  of  these  vast  plains  is  char- 
acterized by  heat  and  dryness.  The  summers  are  hot, 
the  thermometer  frequently  rising  to  110'  F.,  but  the 
dryness  of  the  air  makes  the  heat  more  endurable.  The 
other  seasons  of  the  year  are  "delightful."  "In  winter 
there  is  a  little  morning  frost,  but  the  midday  is  always 
warm.  Autmnu  and  spring  present  an  almost  ideal  i)er- 
fection  of  climate"  (Lindsay).  This  is  the  great  sheep- 
grazing  eoimtrv,  the  home  of  the  "squatter." 

The  highland  or  mountain  region  exhibits  the  charac- 
teristic climatic  features  of  altitudes:  the  range  runs 
across  the  whole  breadth  of  tlie  colony,  is  well  wooded, 
and  the  higher  portions  are  often  covered  with  snow. 
The  existence  of  this  mountain  range  is  the  one 
topographical  feature  of  the  countrj',  says  Richards, 
demanding  attention  on  the  part  of  any  one  desiring  to 
understand  the  chief  cause  for  such  local  modifications 
as  exist  in  the  general  climate  of  the  colony. 

Of  the  coast  region  the  climate  of  Jlelboiirne  can  be 
taken  as  fairly  representative,  as  well  as  representing  in 


Climate  of  Melbourne,  Victoria. 


Latitude,  37°  49'  S. ;    Longitude,  9h.  39m.  .54s.  E.- 
vation,  Twenty-Six  Tears. 


-Period  of  Obser- 


Tempenitiire  (Degrees  Fahr.). — 

Average  mean  temperature 

Average  iiia.xiiiiuiii  foi-  period  lSSO-84 

Averagi-  minimum  for  period  1880-*^ 

Average  daily  range 

Highest  or  ina.xiiiuim 

Loivest  or  minimum 

Huniidity— 

Avirage  mean  relative 

Precipitation — 

Average  in  inches 

■Wind- 
Prevailing  direction 

Avenige  hourly  velocity  in  miles  (1867-83). 
■Wealher  - 

Avenipe  number  days  of  rain 

Percentage  of  cloudiness 


Jan. 

March. 

May. 

July. 

August. 

Oct. 

Nov. 

Dec. 

66.6° 

63.8° 

.53.3° 

47.8° 

50.2° 

.57.0° 

60.9" 

63.7° 

79.9 

75.5 

61.9 

.55.4 

.59.9 

68.1 

70.7 

73.7 

55.2 

.5.5.3 

47.2 

41.0 

44.5 

46.9 

51.1 

53.2 

24.7 

30.2 

14.7 

14.4 

15.4 

19.3 

19.6 

30.5 

111.2 

104.6 

82.1 

66.1 

74.7 

95.8 

103.3 

110.7 

42.3 

37.1 

31.8 

37.0 

38.3 

•33.1 

38.1 

40.0 

64» 

68!8 

78^ 

80^ 

'oi 

70* 

67:« 

6ii 

1.80 

2.13 

2.16 

1.78 

1.89 

3.88 

2.44 

2.36 

S. 

S. 

N. 

N. 

N. 

S. 

S. 

S. 

and  S.  W. 

and  S.  E. 

and  N.  E. 

and  N.  E. 

and  N.  E. 

and  S.W. 

and  S.  W. 

and  S.  W. 

U.O 

9.6 

9.5 

10.1 

10.7 

11.3 

11.1 

11.3 

7 

8 

13 

13 

14 

13 

11 

9 

.53 

52 

64 

64 

61 

80 

59 

0.J 

Tear. 


7W 


N.  S.  W. 

and  S. 

10.50 

134 

.58 
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a  general  way  the  climate  of  the  whole  colony,  and  a 
study  of  tlie  chart  of  Melbourne,  herewith  given,  will 
serve  to  demonstrate  the  leading  climatic  charaeteiistics. 

In  the  tirst  place  it  is  to  be  borne  iu  mind  that  Aus- 
tralia is  south  of  the  equator,  and.  hence,  the  seasons  are 
reversed  from  those  iu  north  latitude;  their  summer  is 
our  wintci',  iind  so  on  for  the  other  seasons.  Whereas 
the  mean  summer  temperature  is  the  same  as  that  of 
middle  Europe,  it  will  be  seen  that  it  is  subject  to  great 
variabilil_y.  The  hot  winds  blowing  from  the  desert  of 
central  Australia  producesudden  great  elevatiousof  tem- 
perature, rapidly  followed  by  a  fall  produced  by  a  change 
in  tlie  direction  of  the  wind.  These  hot  squalls,  as  they 
may  be  called,  produced  by  the  hot  north  winds,  ide  ac- 
companied b_y  dust  and  b}-  a  very  considerable  fall  in  the 
humidity;  indeed,  the  heat  and  dryness  are  so  intense 
that  on  one  occasion  apples  were  literally  roasted  on  the 
trees.  The  highest  mean  temperature  occurs  in  January, 
and  the  lowest  from  the  middle  of  July  to  the  beginning 
of  August. 

The  winter  is  usually  chai'acterized  by  frequent  rains 
and  high  winds.  Ice  and  frost  infrequently  occur  at 
this  season,  and  at  Melbourne  the  temperature  seldom 
falls  much  below  the  freezing  point. 

The  aulumn  season  (March,  April,  and  May)  is  con- 
sidered "the  most  genial  and  beautiful  jiortion  of  the 
year";  the  temperature  is  moderate,  the  north  winds 
grow  cooler,  and  vegetation,  which  lias  been  withined  liy 
the  snnnner's  dryness  and  heat,  bursts  forth  again  as 
soon  as  the  moisture  returns. 

Tlie  S|iring  (September,  October,  and  November)  re- 
sembles in  cliaracter  the  autumn;  the  weather  is  usually 
mild  and  even  (piite  warm.  Sometimes  there  is  a  large 
rainfall  in  October  and  November;  or  there  may  be  con- 
siderable diiiiiiiution  of  rain  at  the  beginning  of  October, 
and  in  November  the  dry  and  even  hot  northerly  winds 
may  blow  and  i>arch  the  vegetation. 

In  brief,  the  climate  of  tliis  region  is  characterized  bj' 
high  temperature  and  frequent  dust  storms,  comparative- 
ly mild  winters,  and  agreeable  climatic  conditions  in 
spring  anil  autumn. 

Sudden  and  extreme  variability  of  temperature  is  not 
uncommon,  especially  iu  summer.  The  rainfall  varies 
largely  in  different  seasons — from  nineteen  to  thirty-two 
inches.  The  percentage  of  cloudiness  appears  "to  be 
pretty  high,  though  in  general  cloudless  sunsliine  is  one 
of  the  features  of  the  Australian  climate.  The  wind 
velocity  is  considerable,  and,  as  has  been  mentioned,  the 
hot  north  wind  of  the  summer  is  a  veritable  furnace 
blast, 

Melbourne  itself,  a  city  of  about  500,000  inhabitants, 
including  its  suburbs,  lies  at  the  head  of  Port  Philip  Bay, 
and  is  spread  out  over  a  large  area.  There  are  wide 
streets,  numerous  parks,  squai'es,  and  gardens,  and  many 
fine  public  buildings.  The  number  of  suburban  towns 
and  the  great  expanse  of  the  city  are  a  striking  feature 
of  the  place.  Melbourne  apjiears  to  be  a  healthy  place 
of  residence.  In  rural  Victoria  pulmonary  tuberculosis 
is  not  very  frequent,  but  iu  Melbourne,  as  in  all  large 
centres  of  jKipulation  the  world  over,  this  disease  is 
prevalent.  In  the  coast  region  rheumatism  and  cardiac 
affections  are  said  to  be  common.  Malaria  docs  not  pre- 
vail in  Austiiilia.  Etiirard  0.  Otis. 

VICTORIA  MINERAL  SPRINGS.— Custer  County, 
Nebraska. 

Post-Office. — New  Helena.     Hotel  built  rcceutl}-. 

New  Helena  is  reached  b}'  the  Burlington  and  Missouri 
Railroad.  The  springs  are  seven  in  number,  and  are  at  a 
level  of  2,000  feet  above  tide  Avater,  in  a  level  prairie 
country  having  tine  roads.  It  is  said  that  an  average  of 
three  hundred  and  lifty  clear,  sunny  days  in  the  year 
may  be  counted  upon  in  this  region.  The  accommoda- 
tions for  visitors  are  limited  at  present,  but  improve- 
ments are  at  this  time  lieing  added.  The  springs  were 
discovered  in  1888.  and  it  is  stated  that  no  two  of  them 
are  exactly  alike.  The  largest,  known  as  the  "Magnesia  " 
Spring,  is  used  for  bottling.     Each  spring  has  a  different 


tlow,  yielding  from  twelve  hundred  to  three  thousand 
gallons  per  hour.  An  analysis,  made  in  1888,  resulted 
as  follows  (we  are  unable  to  secure  the  name  of  tjie 
analyst);  One  United  States  gallon  contains  (solids);  Cal- 
cium carbonate,  gr.  15.63;  magnesium  carbonate,  gr. 
11.27;  iron  carbonate,  gr.  0.08;  .sodium  sulphate,  gr.  2.16; 
calcium  sulphate,  gr.  18.03;  magnesium  sulphate,  gr. 
12.06;  potassium  sulphate,  gr.  1,46;  ammonium  sul- 
phate, gr.  0.23;  sodium  chloride,  gr.  1.20;  litliia,  iodine, 
and  bromine,  traces.     Total,  02.18  grains. 

.  The  water  has  an  unvarying  temperature  of  5.")"  F.  It 
is  coming  into  considerable  use  as  a  commercial  water, 
and  iu  addition  to  table  and  domestic  use  it  is  recom- 
mended for  stomach  and  kidney  disorders. 

James  K.  Crook. 

VICTORY  STRONTIA  SPA.  — Pul-in-Bay  Island, 
Ohio.  This  mineral  well  is  located  on  the  spacious 
grounds  of  the  palatial  Hotel  Victory,  sixty  miles  by 
steamer  on  Lake  Erie  from  Detroit,  forty  miles  from 
Toledo,  and  twenty-two  miles  from  Sandusky.  The 
Avell  is  four  hundred  and  ninety  feet  deep,  and  is 
.sheathed  with  an  iron  casing  for  about  two  hundred  feet. 
The  water  ri.ses  to  a  level  of  twenty -five  feet  from  the 
ground  surface  and  its  supply  appears  to  be  practically 
inexhaustible.  The  following  analysis  was  made  by  G. 
A.  Kirchniaier,  Ph.D.,  cbemist  to  the  Ohio  Dairy  Food 
Commission:  One  L'nited  States  gallon  contains  (solids): 
Strontium  sulphate,  gr.  33.7.5;  calcium  sulphate,  gr. 
65.98;  magnesium  carbomite,  gr.  14.35;  calcium  carbo- 
nate, gr.  25.69;  iron,  gr.  0.20;  sodium  chloride,  gr.  1.13; 
potassium  chloride,  gr.  0.91;  .silica,  gr.  0.14:  alumina, 
gr.  O.OS.     Total  solids,  142.22  grains.  " 

This  anah'sis  is  chiefly  noteworthy  on  account  of  the 
large  quantity  of  the  comparatively  rare  ingredient  of 
strimtium  which  it  exhibits.  The  therajieutical  relations 
of  this  agent  have  not  yet  been  fully  outlined.  Some  of 
the  saltsof  strontium  have  been  found  topo.ssess  a  useful 
application  in  chronic  gouty  manifestations,  in  mu.scular 
and  in  subacute  articular  rheumatism,  and  in  diabetes. 
3Iore  recently  it  has  been  employed  with  apparent  ad- 
vantage in  parenchymatous  nephritis.  Some  observers 
have  recommended  strontium  as  a  valuable  intestinal 
antiseptic,  and  useful  in  tlatuleiit  dyspepsia,  with  fer- 
mentative changes  iu  the'  alimentary  tract.  Aside  from 
the  possession  of  this  ingredient  the  waters  of  the  Victory 
Sjia  would  ajjpear  to  possess  useful  properties  as  a  mild 
saline  laxative  and  antacid.  The  fortunate  location  of 
the  well  so  near  the  big  summer  hotel,  whose  name  it 
bears,  will  no  doubt  serve  to  bring  it  to  speedy  notice. 

James  K.  Crook. 

VILLACABRAS  SPRINGS,  SPAIN.— The  springs  of 
Villacabras  are  situated  iu  the  province  of  Madrid, 
Spain,  and  are  owned  by  a  French  company  which  ex- 
ports this  water  under  the  above  name.  It  is  a  natural 
niiiicral  purgative  water,  and  is  said  to  have  neither  a  re- 
pulsive smell  nor  a  bitter  taste,  and  to  be  painless  in  its 
action. 

The  analysis,  made  by  Prof.  C.  F  Chandler,  of  New 
York,  is  as  follows: 

In  one  L'nited  States  gallon  there  are  (solids):  Sul- 
phate of  soda,  gr.  9,340.5765;  sulphate  of  potash,  traces; 
suli)hate  of  magnesia,  gr.  213.3164;  sulphate  of  lime.  gr. 
119.0627;  sulphates  of  iron  and  alumina,  traces;  chlor- 
ide of  sodium,  gr.  50.9641;  silica,  gr.  2.2219.  Total, 
9,726.1416  grains. 

As  will  be  seen  from  the  above,  the  "Glaubei's  salt" 
is  the  ])rincipal  ingredient  of  this  water,  and  the  one 
upon  which  its  purgative  action  depends.  The  dose  is, 
as  a  laxative,  from  four  or  five  tablespooufuls;  as  a  pur- 
gative, half  a  tumblerful  or  more.  The  effect  of  the 
water  is  said  to  be  increased  if  it  is  diluted,  and  it  is 
therefore  recommended  that  iu  intervals  between  the 
doses  some  light  liquid  nourishment  or  plain  water  be 
taken. 

Villacabras  water  can  be  recommended  for  those  con- 
ditions which  require  a  non-stimulating  laxative  or  pur- 
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gative,  such  as  hepatic  torpor,  chronic  coustipatiou,  gas- 
tro-iiUcstinal  catarrh,  etc.  It  is  also  recoiiiuiended  fur 
children  and  persons  of  delicate  taste  on  account  of  its 
freedom  from  objectional  odor  and  bitter  taste. 

Edward  0.  Otis. 

VIOFORM,  iodochloroxychinolinc,  is  an  antiseptic 
powder  recommended  b}-  Tavel.  Bischler,  and  others  as 
an  efficient  and  odorless  substitute  for  iodoform. 

W.  A.  Bastedo. 

VIRGIN  HOT  SPRINGS— Washington  County,  Utah. 

P()ST-l.)FFR'ic.— Washington.  Visitors  accommodated 
in  ranches  near  bj'. 

These  springs  are  located  on  the  Rio  Virgin,  four  miles 
south  of  Tosnerville.  The  nearest  railroad  station  is  at 
Milford,  Beaver  County,  eighty  miles  distant,  by  private 
conveyance.  The  elevation  here  is  3.^00  feet  above  the 
sea-level.  The  surrounding  country  is  of  a  rugged, 
mountainous  character.  According  to  Mr.  Thomas  Judd, 
of  St.  Grcorge,  "Washington  County,  the  rainfall  does  not 
exceed  three  and  one-half  inches  annually.  The  air  is 
mild,  sweet,  and  balmv.  even  during  the  winter  months. 
On  February  27th,  1896,  the  date  of  3tr.  Jndd's  letter, 
almond  and  "apricot  trees  were  in  full  bloom  in  the  open 
air.  The  springs  are  six  in  number,  and  supply  a  stream 
large  enough  to  run  a  grist  mill.  The  temperature  of 
the  water  is  130°  F.  No  anal.ysis  has  yet  been  made. 
The  springs  have  not  l)een  much  improved  as  yet,  but 
are  resorted  to  by  the  .settlers  for  rlieumatism,  skin  dis- 
eases, and  other  affections.  It  is  the  intention  of  the 
present  owners  to  put  the  springs  into  proper  shape  as  a 
health  resort  as  soon  as  the  railroad  has  been  completed 
to  within  a  reasonably  accessible  distance. 

James  E.  Crook. 

VIRGINIA  BEACH,  VA.     See  Old  Point  Comfort. 

VIRGINIA  HOT  SPRINGS.  See  Hot  Springs,  Bath 
County,  Va. 

VISCERA,  HOLLOW,  AND  BONY  SINUSES,  MEAS- 
UREMENTS OF. — The  formation  of  a  standard  of  meas- 
urements of  the  hollow  viscera  of  the  human  subject  is 
attended  with  the  difficulty-  that  the  viscera  themselves 
vary  in  size,  even  in  the  same  individual  at  different 
times.  A  cavity  or  tube  with  soft,  yielding,  elastic, 
muscular  walls,  allowing  expansion  and  contraction 
within  wide  limits,  must  be  always  changing  in  size  with 
the  changes  in  its  solid,  liquid,  or  gaseous  contents. 
There  cannot,  therefore,  be  any  fixed,  determinate  stand- 
ard; but  the  size  must  be  said  to  be  about  thus  and  so, 
varying  not  only  with  the  conditions  just  stated  but  with 
the  development  of  the  individual.  Any  consideration 
of  dilatations  due  to  obstruction  below,  or  of  abnormal 
contractions  due  to  disease  of  the  part  itself,  is  outside 
the  scope  of  this  article ;  but  these  variations  illustrate 
well  the  degree  which  expansion  or  contraction  may  at- 
tain. 

The  basis  of  this  article  is  mainly  the  work  of  previous 
investigators,  supplemented  by  some  of  my  own.  In 
determining  what  should  be  considered  hollow  organs 
there  was  some  difficulty,  since  all  the  vascular  and  mu- 
cous canals  might  be  included.  I  decided  to  limit  the 
article  to  the  subjects  mentioned  below;  and,  at  the  sug- 
gestion of  the  editor.  I  have  added  the  maxillary  sinus. 
For  measurements  of  the  nose,  mouth,  heart,  and  womb 
and  its  appendages,  I  would  refer  to  the  special  articles 
in  this  IIandbook,  and  to  monographs  and  text-books 
treating  of  those  organ:  Much  valuable  information  is 
obtainable  from  Cruveilhier,  Cloquct,  Quain,  Allen,  Hol- 
den,  Mackenzie,  Todd  and  Bowman,  and  Richardson. 

Measurements  of  diameters  may  be  understood  as  in- 
cluding the  walls  of  the  cavity  or  canal,  which  are  usu- 
ally so  llrin  as  practically  not  materially  to  alter  what,  at 
the  best,  are  variable  results.  In  some  cases,  as  in  the 
investigations  of  Mackenzie  on  the  oesophagus,  plaster- 
of-Paris  was  run  into  the  viscus  and  allowed  to  harden. 
The  measurements  were  then  taken  upon  the  mould. 


Whatever  material  is  used  for  filling  or  injection,  it  will, 
of  course,  be  necessary  to  support  the  organ  in  water  or 
other  fluid,  to  prevent  misshapement;  I  suspect  that  even 
then  the  best  obtainable  results  would  be  only  approxi- 
mately correct. 

The  p^iarynx  is  a  bag-like  canal,  closed  above  but  con- 
tinuous below  with  the  oesophagus,  communicating  in 
front  with  the  nose,  fauces,  and  larynx,  and  lying  at  the 
back  against  the  first  five  cervical  vertebra?.  Its  oesopha- 
geal end  is  usually  opposite  the  cricoid  cartilage  in  front 
and  the  body  of  the  fifth  cervical  vertebra  behind.  Its 
length  and  diameters  vary  according  as  the  organ  is  in  a 
state  of  rest,  or  as  deglutition  or  speech  is  taking  place. 

It  is  subdivided  into  three  portions :  A  nasal  portion, 
or  naso-pharynx  ;  a  buccal  and  guttural  portion,  or  oro- 
pharynx ;  and  the  huyngo-pharynx.  In  the  modulation 
of  the  voice  the  oro-pharynx  is  tiie  part  almost  exclusive- 
ly affected;  in  deglutition,  movements  of  both  oro-  and 
laryngo-pharyux  take  place. 

The  length  is  usually  stated  to  be  from  4  to  4.5  in.  (10 
to  11.5  cm.)  which  may  be  increased  to  5.5,  or  even  6.5 
in.  (14  to  16.5  cm.),  by  distention,  or  reduced  to  2.5  in. 
(6.5  cm.)  in  the  greatest  possible  contraction.  Macken- 
zie gives  the  maximum  length  at  about  5,  and  Allen  at 
5.5  in.  (12.5  to  14  cm,).  Allen  gives  the  length  of  the 
naso-pharyux  at  1.5  to  3  in.  (4  to  5  cm.). 

The  breadth  varies  in  different  parts.  The  superior 
transverse  diameter,  measured  between  the  posterior  mar- 
gins of  the  internal  pterygoid  plates,  is,  according  to 
Slackenzie,  1.6  in.  (4  cm.),  to  Cruveilhier,  1  in.  (2.5  cm.), 
and  to  Allen,  8  lines  (16  mm.).  This  diversity  of  meas- 
urements shows  well  the  great  variation  in  size  in  differ- 
ent subjects. 

The  diameter  of  the  buccal  portion,  taken  between  the 
posterior  extremities  of  the  alveolar  borders,  is,  according 
to  Cruveilhier,  about  2  in.  (5  cm.),  but  may  be  reduced 
to  1  inch  by  tlie  contraction  of  the  constrictors. 

The  widest  part  of  the  laryngo-phaiynx,  opposite  the 
greater  cornua  of  the  hyoid  bone,  measures  2  in.  (5  cm.). 
Cruveilhier,  however,  measuring  between  the  summits  of 
the  greater  cornua,  found  but  1  in.  and  2  lines  (3  em.); 
and  between  the  superior  cornua  of  the  thyroid  cartilage, 
1  in.  and  3  or  3  lines  (3  cm.).  [A  comparison  of  hyoid 
bones  from  different  adults  has  given  me  distances,  be- 
tween the  summits  of  the  greater  cornua,  varying  from 
\-^\  in.  (33  mm.)  to  IfJ  in.  (41  mm.)]. 

The  narrowest  jjart,  opposite  the  cricoid  cartilage,  is 
about  1  in.  (3.5  cm.).  Cruveilhier  gives  the  breadth  in 
the  interval  between  the  inferior  cornua  of  the  thyroid 
cartilage  as  about  11  or  12  lines  (2.5  cm.) ;  muscular  con- 
traction here  may  obliterate  the  cavity. 

The  antero-posterior  diameter  varies  less  than  the  ver- 
tical or  transverse.  It  is  increased  when  the  larynx  is 
carried  upward  and  forward,  and  diminished  when  it  is 
carried  upward  and  backward;  it  may  be  said  to  depend 
generally  on  the  length  of  the  basilar  process  of  the  occip- 
Ttal  bone.  Mackenzie  gives  it  as  i  in.  (20  mm.)  for  the 
naso-pharynx. 

The  wsopliagus  varies  in  length  according  to  the  stature 
of  the  individual.  The  canal  extends  from  opposite  the 
fifth  cervical  vertebra  to  the  level  of  the  tenth  thoracic. 
In  the  adult  male  it  is  from  9  to  11  In.  (33  to  28  cm.)  in 
length. 

The  diameter  varies  at  different  levels.  It  is  narrow- 
est at  the  beginning,  opposite  the  cricoid  cartilage,  and 
becomes  narrowed  also  somewhat  in  passing  through  the 
diaphragm.  Allen  states  that  it  is  narrowed  at  the  be- 
ginning of  the  thoracic  portion,  being  there  1  in.  (2.5 
cm.)  in  diameter.  Moutonand  Mackenzie  made  elaborate 
measurements,  which  show,  among  other  things,  that  the 
transverse  diameter  is  much  greater  than  the  antero-pos- 
terior. A  comparison  shows  the  transverse  diameter  at 
the  beginning  of  the  canal  to  be  from  4  to  1  in.  (21  to  25 
7nm.);"6  inches  below  this  point,  f  to  |  in.  (18  to  21  mm.). 
It  then  steadily  increases  until  it  reaches  1  in.  (25  to  27 
mm.).  It  is  from  f  to  1  in.  (16  to  25  mm.)  where  the 
tube  passes  through  the  diaphragm,  and  then  slightly  in- 
creases. 
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The  antero-postcrior  diameter  at  its  origin  is  S  to  f  in. 
(10  to  14  mm.);  at  oue-tliird  of  its  lengtli.  below,  A  to  f 
in.  (1'3  to  19  mm.);  at  a  point  two-thirds  of  the  way 
down,  f  to  I  in.  (15  to  20  mm.);  at  the  lower  end,  i  tol 
in.  (14  to  2.")  mm.). 

The  metliod  of  examination  is  to  1311  the  oesophagus 
with  phister-ofParis  and  measure  the  mould. 

The  stomach  is  very  mobile  and  distensible,  is  subject 
to  prolonged  distention,  and  may  also  contract  much 
when  empty.  It  is  much  larger  in  those  who  eat  but 
one,  and  that  a  full,  meal  a  day.  In  certain  diseased 
conditions,  as  in  stricture  of  the  pylorus,  it  may  become 
enormously  distended.  In  long-continued  abstinence  it 
becomes  much  contracted.  As  the  result  of  the  action  of 
strong  acids,  it  is  said  to  have  contracted  to  the  size  of  an 
ordiuarjf  gall  bladder. 

Its  length,  from  the  cardiac  cul-de-sac  to  the  pylorus, 
is  from  9  to  13  in.  (23  to  30  cm.);  Todd  gives  it  as  from 
13  to  15  in.  (33  to  40.5  cm.).  The  widest  diameter  is  be- 
tween 4  and  5  in.  (10  to  12.5  cm.);  at  the  pylorus  it 
measures  2  in.  (5  cm.),  and  for  the  whole  organ  4  in.  (10 
cm.).  The  total  surface  is  about  H  square  foot;  capac- 
ity, about  175  cub.  in.  or  5  pints  (2.5  litres);  Allen  esti- 
mates the  cajiacity  as  62  ounces.  The  greatest  circum- 
ference is  13  in.  {33  cm.);  the  smallest,  3  in.  (7.5  cm.). 

The  smart  intestine.  It  is  probably  impos.sible  to  meas- 
ure the  length  of  the  small  intestine  witli  anything  more 
than  an  approach  to  acciu'acy.  because  of  its  convoluted 
shape.  After  the  mesentery  is  cut  away  preliminary  to 
the  measurements  the  intestine  becomes  lengthened  im- 
mediately on  manipidalion,  so  that  the  length  is  greater 
than  it  was  before  tlie  section.  The  calibre,  too,  is  very 
variable,  according  to  the  increase  and  decrease  of  gas- 
eous and  other  contents.  Its  length  is  usually  stated  at 
20  to  25  ft.  (6  to  7.5  metres). 

Its  calibre  gradually  diminishes  from  the  beginning  to 
its  point  of  junction  with  the  large  intestine.  Some  of 
the  older  anatomists,  as  Cruveilhier,  stated  incorrectly 
that  the  intestine  was  funnel-shaped.  Sometimes,  in  ob- 
struction of  the  bowel,  it  becomes  enormously  dilated  ; 
and  at  other  times  may  be  exceedinglj^  contracted. 
When  distended  it  is  cylindrical;  when  empty  it  may  be 
elliptical. 

The  duodenum  extends,  in  the  shape  of  a  horseshoe, 
from  the  pyloric  end  of  the  stomach  to  the  left  side  of 
the  second  lumbar  vertebra,  opposite  the  superior  mesen- 
teric artery  and  vein.  It  is  named  from  its  length,  which 
is  eiiual  to  the  breadth  of  twelve  lingers.  Most  authors 
give  tlie  length  as  from  10  to  12 in.  ^25  to  30  cm.);  Cru- 
veilhier and  Richardson  make  it  8  or  9  in.  (20  to  22.5 
cm.).  It  may  be  subdivided  into  four  portions.  The 
first,  the  ascending  or  hepatic,  extends  horizontally  back- 
ward and  to  the  right,  and  joins  the  second  portion  near 
the  neck  of  the  gall  bladder;  it  is  about  2  in.  (5  cm.) 
long.  The  second,  or  vertical  portion,  uniting  at  an  an- 
gle with  the  first,  descends  vertically  and  a  little  toward 
the  left,  as  far  as  the  third  lumbar  vertebra.  Its  length 
is  from  2  to  3  in.  (5  to  7.5  cm.).  The  third,  or  lower 
transverse  j^ortion,  directly  continuous  with  the  second, 
is  the  longest  and  narrowest  of  the  three;  its  length 
being  from  3  to  4  in.  (7.5  to  10  cm.),  or,  according  to 
Todd,  5  in.  (12.5  cm.).  The  fourth  or  second  ascending 
portion  ascends  vertically  by  the  left  side  of  the  spine, 
and  is  1  in.  long,  (2.5  cm.). 

The  calibre  of  the  small  intestine  is  1^  to  2  in.  (3  to  5 
cm.).  My  own  measurements  in  the  adult  have  given  l^t 
to  IJ-  in.  (28  to  31  mm.),  and  in  the  new-born  infant  } 
in.  (6  mm.).  The  circumference,  as  measured  liv  Cru- 
veilhier, wasfrom  5  toG^  in.  (12.5to  16  cm.)at  the  begin- 
ning of  the  small  intestine,  4J  in.  (10.5  cm.)  at  the  mid- 
dle, 3i  in.  (nearly  9  cm.)  a  little  above  the  ileo-colic 
valve,  and  ii  in.  (11.5  cm.)  at  the  valve  itself. 

The  Uirr/e  intestine,  after  removal  from  the  cadaver, 
may  readily  be  measured  along  its  tapes.  Its  length  is 
from  4  to  6  ft.  (1.2  to  1.8  luetr'e).  Distention  is  said  to 
diminish  the  length. 

Its  diameter  gradually  diminishes  from  its  beginning  to 
the  end,  except  that  there  is  a  considerable  dilatation  just 


ove  tlie  anus.     In  a  general  way,  it  may  be  stated  to 
from  li  to  2t  in.  (3.5  to  7  cm.). 
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The  measurements  of  the  individual  parts  are  as  fol- 
lows: 

The  e(^cu7n  is  the  largest  part  of  the  large  intestine  (it 
is  small  in  the  carnivora,  large  in  the  herbivora).  Its 
length  is  three  or  four  fingers'  breadth,  from  2  to  4  in. 
(5  to  10  cm.).  Its  diameter  is  about  the  same  as  the 
length.  Cruveilhier  made  two  measurements  of  its  cir- 
cumference, the  cajcuni  being  moderately  distended; 
just  below  the  ileo-colic  valve  it  measured  11  in.  and  3 
lines  (28.5  ciu.);  in  another  subject,  9i  in.  (16.5  cm.). 

The  rermiform  appendix  varies  greatly  in  length,  being 
from  1  to  6  in.  (2.5  to  15  cm.).  Its  diameter  'is  usually 
given  as  that  of  a  crow  quill  or  goose  quill— about  one- 
third  of  an  inch  (8  mm.).  It  is  a  little  wider  at  the  cacal 
junction. 

The  ascending  colon  is  about  8  in.  long  (30  cm.);  the 
transverse  colon,  12  in.  (30  cm.);  the  descending  colon, 
II  in.  (27.5  cm.);  and  the  .sigmoid  flexure,  22  in.  (56  cm.). 
Cloquet  states  that  the  transverse  colou  is  longer  and 
larger  than  the  ascending  and  descending  portions,  which 
are  about  equal  to  each  other.  The  diameter  of  the  as- 
cending portion  is  less  than  that  of  the  ca>cura,  and 
greater  than  that  of  the  transverse  colon.  The  circum- 
ferences of  the  parts,  according  to  Cruveilhier,  are  as 
follows:  The  ascending  colou  and  right  half  of  the  arch, 
8  in.  9  lines  (22  cm.)  in  one  subject,  5  in.  (12.5  cm.)  in 
another;  of  the  left  half  of  the  arch  and  descending 
colon,  6  in.  (15  cm.)  in  one,  and  5A  in.  (14  cm.)  in  the 
other.  The  sigmoid  flexure  was  5^  in.  (13.5  cm.)  in  cir- 
cuiuference.  My  own  measurements  give  a  diameter  of 
from  li  in.  (40  mm.)  to  2i  in.  (6.5  cm.)  for  the  ascending 
and  transverse  portions  and  sigmoid  tlexure,  and  f  inch 
(18  nun.)  for  the  descending  portion,  which,  in  my  ex- 
perience, is  generally  collapsed.  In  the  infant,  at  term, 
the  diameter  of  the  colon  was  1  in.  (3.5  cm.). 

The  rectum  is  from  6  to  8  in.  long  (15  to  20  cm.).  The 
first  portion,  from  opposite  the  sacro-iliac  joint  to  the 
middle  of  the  sacrum,  is  about  3  in.  (7.5  cm.)  long;  the 
second  portion,  to  the  end  of  the  coccn'x,  2^  to  3  in.  (6.5 
to  7.5  cm.);  the  third  portion,  1  to  li  in.  (2.5  to  4  cm.). 
Its  diameter  in  the  upper  part  is  the  same  as  that  of  the 
colon,  gradually  increasing  downward  and  finally  con- 
tracting suddenly.  Quaiu  saj's  that  the  upper  part  is 
narrower  than  tlie  sigmoid  flexure.  According  to  Cru- 
veilhier the  circumference  is  3  in.  (7.5  cm.);  in  the  lower 
part.  4  to  5  in.  (10  to  12.5  cm.). 

The  gait  bladder  is  from  3  to  4  in.  long  (7.5  to  10 
cm.);  and  its  diameter,  at  the  widest  part,  is  from 
1  to  li  in.  (2.5  to  4  cm.);  in  the  infant,  at  term,  A  in. 
(13  mm.).  Its  capacity  is  i  to  li  ounce  (48  cc);  it 
varies  very  much,  and  in  some  diseases  may  amount  to 
6  ounces  (192  cc). 

The  ureter  measures  13  to  18  in.  (30  to  45  cm.)  in 
length.  In  diameter  it  is  equal  to  a  crow  quill  or  goose 
c[uill ;  the  most  contracted  portion  is  in  the  substance  of 
the  bladder. 

The  urinary  bladder  is  of  a  somewhat  pyramidal  shape ; 
in  a  fairly  dilated  condition  it  measures  about  5  in.  by  3 
in.  (13.5  by  7.5  cm.) :  and  its  capacity  is  about  1  pint  (0.5 
litre),  or,  according  to  Allen,  from  6  to  13  ounces  (0.3  to 
0.4  litre). 

The  female  bladder  is  broader  transversely  and  more 
capacious  than  the  male.  This  may  be  partly  due  to  the 
fact  that  women  are  more  influenced  b}'  the  customs  of 
society  than  are  men;  and  it  is  broader,  also,  more  often 
in  women  who  have  borne  children.  The  bladder  is  said 
to  be  relatively  larger  before  than  after  birth,  and  rela- 
tively smaller  in  children  than  in  adults.  This  also  may 
be  due  to  habit. 

The  temperament,  nature  of  diet,  temperature  of  the 
air,  and  position  of  the  body,  all  may  affect  the  size  of 
the  bladder. 

The  ragina  of  the  unimpregnated  woman  averages  4 
in.  (10  cm.)  in  length  on  the  anterior  wall  and  5  to  6  in. 
(13.5  to  15  cm.)  on  the  posterior  wall ;  according  to  Allen, 
the  tube  is  2A  in.  (6.5  cm.)  long,  its  posterior  wall  being 
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5  lines  (12  mm.)  lougcr  tliiin  the  auterior.  The  walls  may 
be  seiiarated  in  the  virgin  about  1  in.  {'i.5  cm.). 

The  li(i-i/ii.r  is  said  to  be  one-third  larger  in  the  male 
adult  than  in  the  female.  The  average  length  of  the 
vocal  cords  is,  in  the  male,  7  lines  or  |  in.  (14  mm.);  in 
the  female,  o  lines  (10  mm.).  The  measurements  in  a 
number  of  male  subjects  did  not  vary  the  twelfth  of  an 
inch.  In  females  the  cords  are  about  oue-fourth  shorter 
than  in  the  male.  The  average  length  of  the  glottis  is, 
in  the  male,  11  lines  (23  mm.);  in  the  female,  8  lines  (16 
mm.).  The  transverse  diameter  of  the  glottis  is,  in  man, 
3  to  4  lines  (6  to  8  mm.);  in  woman,  3  to  3  lines  (4  to  6 
mm.).  Mackenzie  gives  the  diameter  as  A  in.  (13  mm.); 
iu  boys  it  is  much  less. 

The  trachea  extends  from  ojiposite  the  fifth  cervical 
vertebra  to  the  second  or  tliird  thoracic.  Its  length  is 
from  4  to  o  in.  (10  to  12.5  cm.),  varying  with  the  eleva- 
tion and  depression  of  the  larynx  and  the  extension  and 
flexion  of  theneck.  There  is  adifference  of  from  2  to  2A 
in.  (.5  to  T..5  cm.)  between  full  extension  and  extreme  con- 
traction, the  contraction  being  limited  by  the  contact  of 
tlie  rings. 

Its  [tiameter  is  directly  related  to  the  capacity  of  the 
Itmgs,  and  is  greater  in  the  male  than  iu  the  female ;  it  is 
about  the  same  throughout  its  whole  extent,  varying  ac- 
cording to  age  and  individual  peculiarities,  and  is  from 
f  to  1  m.  (\%io  2.5  mm.).  In  a  man,  aged  about  ninety, 
whose  trachea  I  measured,  it  was  wider  in  the  middle 
(namely,  IJ  in.  or  31  mm.)  than  above  or  below,  where  it 
was  1  "in.  (25  mm.);  antero-posteriorly  the  upper  part 
measured  1  in.  (2.5  cm.),  the  lower  part  f  iu.  (18  mm.). 

The  liyltt  bronchus  is  about  1  iu.  long  (2.5  cm.);  the 
left.  2  iu.  (5cm.).  The  right  ismuch  wider  than  the  left, 
its  diameter  being  nearly  as  great  as  that  of  the  trachea 
itself.  In  one  woman  whose  trachea  I  measured,  the 
diameter  was  10  lines  (20  mm.);  the  right  bronchus  was 
8,  the  left  5  lines  (16  and  10  mm.). 

The  maxillary  sinus,  or  antrum  of  Highmm'e,  varies 
greatly  in  capacity ;  it  is  relatively  small  in  the  young 
and  large  in  the  old.  In  a  number  of  skulls  of  adults  I 
found  it  to  vary  on  the  two  sides.  From  its  irregular 
shape  I  made  no  attempt  to  take  its  diameters,  but  only 
its  capacit)',  which  I  obtained  by  crowiling  raw  cotton 
against  its  connecting  foramina  and  tilling  the  sinus  with 
mercur_y.  In  many  measurements  the  capacity  was 
found  to  be  from  10  to  12  c.c.  (3  iiss.  to  iij. ) ;  in  a  few 
it  was  as  low  as  8.5  c.c.,  and  in  others  as  high  as  15  c.c. 
(2.7  and  3.75  drachms). 

The  external  amlitoi-y  meatus  consists  of  a  bony  and  of 
a  cartilaginous  portion.  According  to  some  authors  these 
are  nearly  equal  in  length ;  others,  as  Allen,  state  that  the 
bony  portion  is  twice  the  length  of  the  other.  The  entire 
canal  is  about  f  to  li  in.  (18  to  37  mm.)  in  length,  a  little 
longer  on  the  floor  than  on  the  roof,  because  of  the  oblique 
direction  of  tlie  tympanic  membrane,  the  anterior  wall 
and  floor  extending  3  or  4  lines  (0  to  8  mm.)  farther 
inward. 

The  diameter  varies  ver_y  much.  In  some  subjects  the 
end  of  the  little  finger  can  be  pa.ssed  in  for  quite  a  dis- 
tance ;  iu  others  the  canal  will  hardly  admit  a  goo.se  quill. 
It  is  not  of  equal  diameter  throughout,  being  narrowest 
about  the  middle,  although  Allen  states  that  it  is  widest 
at  the  junction  of  the  bony  and  cartilaginous  portions. 
The  external  portion  is  flattened  from  before  backward, 
so  that  the  vertical  diameter  (nearly  |  in.  or  11  mm.)  is 
nearly  double  the  antero-posterior  (|  in.  or  6  mm.).  The 
middle  portion  is  more  cylindrical.  The  internal  portion 
is  flattened  from  above  downward,  making  the  antero- 
posterior diameter  (;■  in.  or  9  mm.)  greater  than  the  verti- 
cal (J  in.  or  7  to  8  mm.). 

The  ti/injiajiic  caii'ty  communicates  in  front  with  the 
Eustachian  tube,  and  behind  with  the  mastoid  cells.  Its 
diameters  are  as  follows:  Antero-posterior,  about  j  in. 
(12  mm.);  Toynbee  says,  fin.  (18  mm.);  the  transverse 
diameter  varies,  in  dilferent  portions,  from  ^Jj- to  +  in.  (2 
to  12  nuu.),  it  is  narrowest  in  the  middle;  the  vertical 
diameter  is  J  to  A  in.  (6  to  12  mm.). 

The  Eustachian  tube  connects  the  tympanum  with  the 


pharynx.  It  consists  of  an  osseous  and  a  cartilaginous 
porti<m.  The  osseous  portion  varies  veiy  much  iu  length, 
according  to  different  observers,  ranging  frcnu  i-  to  1  in. 
(12  to 25  mm.);  Allen  says  14  lines  (about  28mm.).  The 
length  of  the  cartilaginous  portion  is  about  1  in.  (25 
mm.);  total  length  of  tube  about  11  iu.  (37  mm.);  Toyn- 
bee and  Cruveilhier  say  2  in.  (.50  nmi.). 

The  pharyngeal  oritice  is  wide  and  dilatable;  elliptical 
in  shape;  about  A  iu.  (12  mm.)  in  diameter.  The  re- 
mainder of  the  tube  is  so  constricted  that  it  barely  admits 
an  ordinary  probe.  Saj.ipey  gives  its  vertical  diameters 
as  follows:  T3-mpanic  orifice,  5  mm.;  at  osseo-cartilagi- 
nous  junction.  3  nun. ;  iu  middle  of  tube,  4  to  5  mm.  ;  at 
pharyngeal  orifice,  6  to  8  mm.  Transverse  diameters: 
Middle  of  osseoiis  portion,  3  mm. ;  osseo-cartilaginous 
junction,  1  to  2  mm. ;  middle  of  cartilaginous  portion,  3 
mm. ;  at  pharyngeal  orifice,  5  to  6  nun. 

The  nidstoid  celts  vary  very  much  iu  size  in  different 
individuals  and  at  different  ages,  being  always  .small  in 
j'outh.  In  some  individuals  the}-  occupy  the  entire  inte- 
rior of  the  bone  behind  the  external  auditory  meatus  for 
H  iu-  (37  mm.)  and  have  a  vertical  diameter  of  2  in.  (50 
mm.).  They  are  usually  subdivided,  and  communicate 
auteriorly  with  the  tympanic  cavity. 

The  nasal  duct,  including  the  lachrj-mal  sac.  is  about 
1  in.  long  (25  nmi. ),  the  sac  and  duet  proper  being  nearly 
equal  in  length,  namely,  about  i  in.  each  (12  mm.).  The 
duct  proper  is  directed  downwai'd,  backward,  and  a  little 
outward;  is  rather  ovoid  in  section;  its  diameter  varies 
greatly  and  is  smaller  than  that  of  the  sac;  it  varies  also 
on  the  two  sides  of  the  saiue  individual.  The  upper  part 
averages  about  |  in.  (2  to  3  mm.);  the  lower  part  is  about 
0.5  mm.  wider.  Noyes  found  in  one  case  that  the  duet 
on  one  side  was  round  and  ^  in.  (3  mm.)  in  diameter;  on 
the  other,  oval,  and  -J  in.  (6  mm.)  in  diameter.  The  nasal 
terminus  is  somewhat  dilated. 

The  frontal  sinuses  vary  much  in  size  in  different  in- 
dividuals, and  ou  the  two  sides  of  the  same.  They  are 
alwa_vs  small  in  youth.  The  right  and  left  are  generally 
entirely  separate,  but  sometimes  cotnmunicate  through  a 
small  opening.  They  are  often  subdivided  into  smaller 
cavities. 

My  own  measurements  of  capacity  gave  the  following 
results:  The  right,  i  to  H  drachms  (l|to  6  c.c.) ;  the  left, 
J  to  I  drachm  (i|  to  4fi  c.c).  As  showing  the  difference, 
sometimes,  between  the  two  sides,  I  found  iu  one  case 
that  the  left  .sinus  was  to  the  right  as  70  to  95.  Perhaps 
the  best  idea  of  the  size  which  they  sometimes  attain  is 
formed  from  the  fact  that  the  larvte  of  insects,  living  cen- 
tipedes, musket  balls,  etc.,  have  been  foimd  in  these 
sinuses.  Daniel  8.  Lamb. 

VISION,  PHYSIOLOGY  OF.— In  order  to  read  with 
profit  a  i)reseutation  of  the  phj'siology  of  vision  one 
shoidd  be  thoroughly  conversant  with  the  anatomy  of 
the  eye.  with  the  general  principles  of  refraction,  and 
with  the  application  of  those  principles  to  the  dioptrics 
of  the  eye. 

The  reader  is  referred  to  the  excellent  articles  of  Dr. 
Baker  and  Dr.  Gradle  on  the  anatomy  of  the  ej'c  (Vol. 
IV.,  p.  63)  and  the  dioptrics  of  the  eye" (Vol.  IV.,  p.  83). 

Vision  comprises  two  distinct  phases  of  activity:  1. 
Optical,  in  which  phase  the  eye  as  an  optical  instrument 
focusses  upon  the  retina  images  of  objects.  2.  Sensari/, 
in  which  the  sensorium  is  made  conscious  of  the  form  and 
color  of  the  image  through  the  neuro-epithelial  cells,  rods 
and  cones,  and  the  two  orders  of  sensory  neurones. 

A.  VisDAL  Optics  :  Tue  Eve  as  an  Optical 
Instrument. 

Possessing  a  lens  with  an  adjustable  focal  distance,  a 
diaphragm  with  an  adjustable  aperture,  a  pigment  lining 
for  absorption  of  dispersed  light,  and  a  screen  for  the  re- 
ception of  the  image,  the  eye  must  at  once  be  recognized 
as  a  typical  optical  instrument.  Used  as  it  is  for  viewing 
distant  objects  whose  image  is  infinitestimal  compared 
with  the  object,  the  eye  resembles  a  telescope.     But  the 
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adjustable  diaphragm  in  front  of  the  lens  and  the  screen 
for  the  reception  of  tlie  image  are  points  which  make  it 
more  strongly  resemble  the  photographic  camera. 

All  of  '.he "optical  instruments  consist  of  two  distinct 
mechanisms:  (1)  ^-1  refmefii-e  upparntnK  for  focussing  the 
rays  of  light,  (2)  «  directire  appfirntnn  for  directing  the 
axis  of  the  instrument  at  the  object  whose  image  is  to  be 
viewed. 

1.  Visual  Refraction:  The  Refeactive  Appa- 
KATUS  OF  THE  Eye. — Before  entering  upon  the  considera- 
tion of  this  topic  it  might  be  interesting  to  note  that  tlie 
mechanical  and  thermal  stimuli  of  one's  environment  are 
quite  unmodified  jireparatory  to  their  stimulation  of  the 
sensory  end-organs,  and  the  pressures  and  tensions  and 
temperature  act  directly  upon  the  sense  organs  trans- 
mitted practically  unmoditied  through  the  sui)crficial 
layers  of  the  cuticle.  The  chemical  agents,  however, 
which  serve  to  stimulate  the  sensorj-  nerves  of  smell  and 
taste  must  enter  into  solution  before  the  end-organs  are 
stimulated.  Furthermore,  the  vibrations  of  ponderable 
matter  must  be  condensed  and  intensiticd  b)'  the  trans- 
mitting apparatus  of  the  ear  before  they  can  sufficiently 
stimulate  tlie  end-organs  of  hearing. 

Finally,  the  vibrations  of  the  imponderable,  luminifer- 
ous  ether  can  only  be  recognized  as  light  by  the  primi- 
tive eye  spots  of  the  ctKlenterates  and  echinoderms. 
Nature  has,  through  the  lapse  of  ages,  evolved  a  visual 
sense  organ  which  is  able  to  recognize  not  only  the  dif- 
ference between  light  and  darkness,  but  also  to  perceive 
the  form  and  color  of  distant  objects.  In  order  to  accom- 
plish this  rays  of  light  are  focussed  into  a  clearly  defined 
image  through  the  refractive  apparatus  of  the  eye. 

{(I)  Application  of  tlie  Laws  of  liefraction  to  tlie  Mam- 
malian Ei/e.^See  Eye,  Dioptrics  of,  by  Gradle,  Vol.  IV. 

{b)  The  Optic  Disc  or  Blind  Spot.—{\)  The  location  of 
the  blind  spot  may  he  determined  as  follows  (Marriotte's 
experiment):  On  a  white  card  make  a  black  cross  and  a 
circle  about  three  inches  a])art.  Closing  the  left  eye,  hold 
the  card  vertically  about  ten  inches  from  the  right  eye  so 
as  to  bring  the  cross  to  the  left  side  of  the  circle.  Look 
steadily  at  the  cross  with  the  right  eye,  when  both  tlie 
cross  and  the  circle  will  be  seen.  Gradually  bring  the 
card  toward  the  eye,  keeping  the  axis  of  vision  fixed 
upon  the  cross.  At  a  certain  distance  the  circle  will  dis- 
appear, i.e.,  when  its  image  falls  upon  the  entrance  of 
the  optic  nerve.  On  bringing  the  card  nearer,  tiie  cir- 
cle reappears,  the  cross  of  course  being  visible  all  the 
time. 

(2)  The  outline  of  the  blind  spot  may  be  determined  as 
follows:  Make  a  cross  on  tire  centre  of  a  sheet  of  white 
paper  and  place  it  on  the  table  about  30  cm.  from  the 
cornea;  close  the  left  eye  and  look  steadily  at  the  cross 
with  the  right  eye.  Wrap  a  penholder  in  white  paper, 
leaving  only  the  ti]i  of  the  pen  point  projecting;  dip  the 
latter  in  ink,  or  dip  the  point  of  a  white  feather  in  ink, 
and  keeping  the  head  steady  and  the  axis  of  vision  lixed, 
place  the  pen  point  near  the  cross  and  gradually  move  it 
to  the  right  until  the  black  becomes  invisible.  Mark  this 
spot.  Carry  the  blackened  point  still  further  outward 
until  it  becomes  visible  again.  Mark  this  outer  limit. 
These  two  points  give  the  outer  and  inner  limits  of  the 
blind  spot.  Begin  again,  moving  the  pencil  first  in  an 
upward,  then  in  a  downward  direction,  in  each  case 
marking  where  the  pencil  becomes  invisible.  If  this  be 
done  in  several  diameters  an  outline  of  the  blind  spot  is 
obtained,  even  little  prominences  showing  the  retinal 
vessels  being  indicated. 

(3)  Tlie  size  of  tlie  optic  disc  may  be  readily  determined 
by  using  the  formula  given  below.  Let  x  equal  the  long 
axis  of  the  disc  to  he  determined;  a,  equal  the  long  a.xis 
of  the  map,  as  measured;  d,  the  distance  from  the  nodal 
point  to  the  sheet  of  white  paper  upon  which  the  map  of 
the  white  disc  was  drawn ;  /,  equal  the  distance  from  the 
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(f)  Accommodation. — See  Eye,  Dioptrics  of,  hy  Gradle, 
Vol.  IV. 

Vol.  VIII.— 10 


(rf)  Imperfections  of  the  Refractive  Apparatiisof  the  Eye. 
— It  will  be  remembered  that  the  sole  function  of  the  eye 
as  a  refractive  apparatus  is  to  focus  rays  from  any  ob-  ■ 
ject,  near  or  far,  upon  the  retina;  that  when  the  accom- 
modative apparatus  is  at  rest  the  image  of  an  object  6 
metres  or  more  distant  is  formed  upon  the  retina  in  the 
normal  eye.  The  distance  of  the  image  depends,  then, 
upon  the  focal  distance,  but  the  principal  focal  distance 
depends  in  turn  upon  the  radius  of  curvature,  the  index 
of  refraction,  and  the  location  on  the  optical  axis  of  the 
elements  of  the  dioptric  .system.  In  the  nature  of  the 
case  tlie  index  of  refraction  cannot  change  perceptibly. 
In  the  principal  imperfections  of  the  refractive  apparatus 
of  the  eye  the  position  of  the  elements  of  the  dioptric 
system  ujioii  the  optical  axis  is  faulty.  If  the  screen 
(retina)  is  too  far  back  the  rays  will  come  to  a'focus  be- 
fore reaching  the  retina.  The  subject  will  attempt  to 
correct  the  difficulty  by  bringing  the  object  near  to  the 
eye,  thus  increasing  the  conjugate  focal  distance  until 
tive  image  falls  upon  the  retina.  This  bringing  of  the 
object  near  to  the  eye  is  a  sign  of  a  condition  of  the  eye, 
which  has,  in  consequence,  been  called  "  iintr-sightediuss." 
or  wytypin,  and  it  may  be  corrected  by  placing  before  the 
eyes  concave  or  divergent  lenses  which  enable  the  sub- 
ject to  see  distant  objects. 

The  retina  may  be  too  close  to  the  nodal  point ;  that  is, 
the  eyeball  may  "be  flattened  in  the  antero-posterior  diam- 
eter. In  that  case  rays  of  light  from  a  distant  object 
would  not  be  brought  to  a  focus  by  the  time  they  reach 
the  retina.  The  subject  will  attempt  to  correct  the  diffi- 
culty by  bringing  into  action  the  accommodative  appa- 
ratus of  the  eye,  thus  bringing  the  focus  nearer  to  the 
nodal  point  until  it  falls  upon  the  retina  and  the  object 
is  clearly  seen.  This  condition  is  called  "far-sightedness  " 
or  hjjpermetropia.  The  oculists  correct  it  by  placing  be- 
fore the  eyes  convex  or  convergent  lenses  which  enable 
the  subject  to  see  distant  objects  without  the  help  of  ac- 
commodatiim. 

The  radius  of  curvature  of  the  cornea  may  be  different 
in  different  planes.  If  the  radius  is  shorter  in  the  hori- 
zontal than  in  the  vertical  plane  the  rays  which  lie  in 
that  ])lane  will  be  focu.ssed  nearer  to  the  nodal  point  than 
will  those  which  lie  in  the  vertical  plane.  It  must  be 
evident  that  the  eye  would,  under  such  conditions,  be 
quite  uuable  to  focus  both  horizontal  and  vertical  lines 
at  the  same  time.  Bringing  the  object  nearer  does  not 
relieve  the  subject;  using  the  accommodation  does  not 
help  the  condition.  It  is  held  by  some  ophthalmologists, 
however,  that  a  modified  accommodative  act  may  con- 
tract the  ciliary  muscles  in  one  place  more  than  in  an- 
other and  thus  correct  or  at  least  partially  correct  the 
condition. 

The  most  effective  way  of  relieving  the  condition  with- 
out artificial  means  is  for  the  subject  to  bring  the  eyelids 
very  close  together,  leaving  only  a  narrow  horizontal 
slit."  In  this  way  all  of  the  rays  are  cut  out  except  those 
in  one  plane,  and  if  these  do  not  fall  upon  the  retina 
when  the  eye  is  at  rest,  the  subject  may  bring  the  object 
nearer  to  the  eye  or  may  use  the  accommodation.  This 
coiiflition  of  the  eye  is  called  by  the  oculists  astirimutism, 
and  it  is  corrected  by  placing  before  the  eyes  i)lano-con- 
vex  or  plano-concave  cylindrical  lenses  which  change  the 
curvature  of  the  refracting  surface  in  one  plane  only. 
It  is  only  necessary  to  adjust  the  axis  of  the  cylinder  at 
such  an  angle  as  to  increase  the  curvature  in  the  plane 
where  it  is  smallest  (or  decrease  it  through  the  use  of 
plano-concave  cylinders  in  the  plane  where  it  is  greatest) 
to  put  the  dioptric  system  into  approximately  perfect 
condition. 

2.  ViSLWL  Mech.\nics. — As  the  telescope  or  the  cam- 
era must  be  provided  with  a  directive  apparatus  by 
means  of  which  the  direction  of  its  optical  axis  may  be 
changed,  so  the  e3'e  is  provided  with  an  apparatus  for 
changing  the  direction  of  the  line  of  vision.  In  directing 
the  vision  from  one  point  or  object  to  another  the  axis  of 
the  eye  is  turned  upward  or  downward,  outward  or 
inward,  or  is  circumducted,  in  short,  the  axis  of  the  eye 
has  an  absolutely  universal  motion  within  its  limits. 

241 


Vision. 
Vlhioii, 


REFERENCE  HANDBOOK   OF  THE  jMEDICAL  SCIENCES. 


((«)  Monoculnr  Fixation.— T\\ii  term  monocular  fixation 
is  used  to  designate  tlie  mecliauieal  adjustment  of  tlie 
eye  to  bring  the  ima.ee  of  the  object  upon  tlie  macula 


Jnfertor 
Oblique  ^ 
(s)        ■ 


Fig.  3023.— DiaRram  to  Illustrate  the  Directions  toward  which  the  Optical  Axis  is  Directed  or  In- 
clined by  the  ri>ntractii>u  nf  the  Individual  Muscles.    MM'  is  the  median  line;  B,  the  right 


The  lower  part  of  the  object  being  focussed  upon  the 
upper  segment  of  the  two  I'etiu.-e,  and  the  right  part  of 
the  object  being  focussed  ujjon  the  left  part  of  the  two 
retrutc,  that  is  upon  the  median 
segment  of  the  right  retina  and 
the  external  segment  of  the  left 
retina. 

It  is  evident  that  we  have  to 
deal  with  a  complex  mechanical 
action:  (1)  With  double  monocu- 
lar fixation,  and  (2)  with  converg- 
ence of  the  visual  axes  of  the  eyes. 
If  one  refers  to  Waller's  diagram 
he  can  readily  tabulate  the  mus- 
cles involved  in  directing  the  two 
eyes  in  any  particvilar  direction. 
If  in  Fig.  .5024  the  object  0  move 
toward  the  right  eye  along  the 
visual  axis  OSF  the  fixation  of 
the  right  eye  will  not  need  to  be 
readjusted.  If,  however,  the  vis- 
vial  axis  of  the  left  eve  OJ\''F  fol- 


eye,  and  L  the  left  one.    The  numbers  in  parenthesis  (3,  4,  and  6)  indicate  the  innervation  of    low  the  movement  of  the  object, 
the  muscle,    (.\fter  Waller.)  jj  ^jn  i,j^^,g  j^  deflect  to  the  right, 

thus  making  a  greater  angle  ( <F 
Om)  with  the  median  line  (mm')  than  existed  before. 
This  increase  of  the  angle  of  convergence  is  brought  about 
by  the  internal  rectus.  If  through  weakness  or  through 
paralysis  this  muscle  is  unable  to  rotate  the  eye  far 
enough  to  bring  the  points  0,  iV',  and  F'  into  a  straight 
line,  then  the  retinal  image  would  not  fall  upon  the  field 
(a'b'c'd')  and  there  would  be  a  double  visual  sensation, 
"double  vision,"  or  diplopia.  Failure  for  any  other  rea- 
son to  produce  perfect  binocular  fixation  leads  to  the 


lutea,  the  most  sensitive  portion  of  the  retina.  If  one 
studies  the  movements  of  one  eye  (the  other  being  shaded) 
he  will  find  that  it  readily  follows  the  movements  of  an 
object  held  in  front  of  it,  however  quickly  or  through 
whatever  angles  or  directions  it  may  be  moved  by  the 
observer.  The  directive  apparatus  of  the  eye  consists  of 
the  six  muscles  described  in  the  article  on  anatomy, 
moving  the  eye  about  three  different  axes  of  rotation: 

(1)  A  horizontal  axis  about  which  the  eye  rotates  up- 
ward and  downward :  (2)  a  vertical  axis  about  which  the 
eye  rotates  from  right  to  left ;  and  (3)  a  longitudinal  a.xis 
which  coincides  pi'acticall}-  with  the  physiological  axis 
or  line  of  visionand  about  which  the  eye  rotates  (slightly) 
when  the  obliijue  muscles  are  in  action.  These  three 
axes  are  rather  arbitrarily  located.  Inasmuch  as  the  eye 
is  a  spherical  body  resting  in  a  hollow  spherical  socket, 
and  inasmuch  as  it  rotates  freely  in  any  direction  about 
the  intersection  of  the  three  assumed  axes,  it  issomewhat 
simpler  to  take  a  central  point  of  rotation  about  which 
the  eye  may  rotate  in  any  direction  whatsoever  under  the 
action  of  one  or  more  of  its  six  muscles. 

Waller's  excellent  diagram  (Fig.  5023)  given  in  the  ac- 
companying figure,  will  enable  the  student  to  interpret 
the  mechanism  of  the  directive  power  of  the  eye.  Take, 
for  example,  the  moveinent  of  the  optical  axis  of  the 
right  eye  outward  or  away  from  the  median  line  in  the 
horizontal  plane.  This  movement  is  accomplished  by 
the  external  rectus  innervated  by  the  sixth  nerve.  Again, 
take  the  movement  of  tlie  axis  of  the  eye  upward  in  the 
vertical  plane.  It  is  evident  that  the  superior  rectus 
alone  cannot  accomplish  this;  but  that  that  muscle  must 
act  in  conjunction  with  the  inferior  oblique.  In  a  simi- 
lar manner  movement  vertically  downward  requires  the 
combined  action  of  the  inferior  rectus  and  the  superior 
oblique. 

In  general  the  contraction  of  a  single  muscle  causes  a 
rotation  of  the  eye  in  the  direction  indicated  in  the  dia- 
gram for  that  muscle;  while  rotation  in  any  other  direc- 
tion than  the  six  which  are  indicated  by  the  arrows  re- 
quires the  interaction  of  two  mtiscles,  and  frequently 
the  coordinative  influence  of  two  nerves.  To  circumduct 
the  eye,  sweeping  its  axis  around  a  circle  requires  the 
action  of  all  of  the  muscles,  acting  two  or  three  at  a  time ; 
an  action  the  exactness  of  adjustment  and  the  complexity 
of  coordination  of  which  must  compel  the  admiration  of 
any  student  of  mechanics. 

(A)  Binociilur  Firation. — This  expression  is  used  to 
designate  the  coordinated  binocular  movement  which 
results  in  directing  the  physiological  axes  of  both  eyes 
upon  the  same  object.  If  the  object  fixed  by  both  eyes 
be  a  small  one,  its  image  falls  upon  the  fovea  centralis;  if 
it  be  a  large  one,  it  will  be  disposed  about  that  point  sym- 
metrically, as  shown  in  Fig.  5024. 


Fig.  .50a(.— Diagram  showing  the  Symmetrical  Correspondence  of  the 
Retinal  Field.  iV",  Nodal  point;  F.  fovea  centralis.  The  observer 
is  supposed  to  be  looking  down  upon  the  optical  apparatus  from 
above.  Note  that  the  hue  ('  TK  which  is  on  the  lower  side  of  the 
object,  is  the  upper  side  of  the  image  :  and  that  the  line  li  D.  which 
is  the  right  side  of  the  object,  is  the  left  side  of  the  image,  which 
brings  it  at  the  inner  segment  of  the  right  retina  and  the  outer 
segment  of  the  left  retina. 


same  derangement  of  vision.  This  is  the  principal, 
though  not  especially  frequent  imperfection  of  the  direc- 
tive or  mechanical  apparatus  of  the  organ  of  vision,  and 
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is  often  corrected  by  oculists  tbrougli  the  use  of  pris- 
matic lenses  which  bend  the  optical  axis,  bringing  the 
image  upon  the  proper  field  of  the  retina. 

B.  Visual  Sensation.     The  Eye  as  the  Sense 
Organ  of  Vision. 

The  retina  is  the  end-organ  of  vision;  its  function  is  to 
receive  the  impression  of  the  image  focussed  upon  its 
surface  by  the  optical  ai^paratus  and  to  transmit  tlie  im- 
pression to  the  brain.  About  all  that  can  be  said  is  that 
the  lights,  shades,  and  colors  of  the  retinal  image  excite, 
in  the  neuro-epithelial  cells,  metabolic  changes  which  are 
infiueuced  more  or  less  by  the  action  of  the  light  upon 
the  pigments  in  the  associated  tissues.  The  neuro-epi- 
thelial cells  are  composed  of  an  efferent  element  repre- 
sented by  the  cones  or  rods  of  the  external  layer  of  tlie 
retina  that  is  the  scene  of  the  metabolic  changes  referred 
to  above.  The  chemical  changes  start,  along  the  afferent 
element  (dendrite)  toward  the  cell  body,  an  impulse  whicli 
is  transmitted  by  the  efferent  element  (ueurile)  to  the 
first  neurone  of  the  cerebral  layer  of  the  retina,  thence 
by  the  second  neurone  to  the  sensorium  of  the  brain. 

The  phases  of  visual  sensation  whicli  seem  most  profi- 
table briefly  to  discuss  are  retinal  stimulation,  retinal, 
irritability,  and  visual  sensations. 

I.  Retinal  Stimulation. — .1.  The  Stimuli. — (ii)  T/ie 
kinds  I'f  KtiiniiH  which  lead  to  visual  sensation  are  limited 
normally  to:  (1)  Diffuse  light  in  its  various  colors,  and 
(2)  imagesof  objects.  Ineithercasethestimuiusis  light, 
but  it  seems  expedient  in  view  of  what  is  to  follow  to 
differentiate  between  the  light  in  general  and  images  of 
objects.  The  retina,  in  common  with  all  highly  special- 
ized ti.ssues,  responds  to  all  stimuli  with  the  .same  general 
sen.sation.  If  one  press  upon  the  side  of  the  eyeball  a 
ring  of  light  will  be  seen  upon  the  opposite  segment  of 
the  retina.  The  retina  is  stimulated  under  the  finger,  but 
it  is  rel'erred  to  the  opposite  side.  When  a  mechanical 
shock  to  the  head  makes  one  "see  stars"  these  luminaries 
are  real  sensationsdue  to  the  mechanical  stimulus.  Elec- 
tricity may  also  produce  the  sensation  of  light. 

Light  being  a  mode  of  undulatory  motion,  it  ma_y  vary 
in  two  ways:  (1)  In  the  number  of  vibrations  per  lunt 
time.  (2)  in  the  amplitude  of  the  vibrations.  The  first 
variation  is  comparable  to  the  variation  in  the  pitch  of 
sounil  and  leads  to  the  color  scale;  the  second  variation 
is  comijarable  to  loudness,  and  is  recognized  in  the  inten- 
sity of  the  sensation. 

(b)  The  duration  of  the  stimulus  may  be  very  short. 
An  electric  spark  whose  duration  is  less  than  a  millionth 
of  a  second  is  long  enough  to  produce  a  sensation 
(Waller).  The  sensation  which  a  stimulus  calls  forth  is 
of  much  longer  duration  than  the  stimulus  itself.  This 
is  made  evident  when  one  looks  at  a  rapidly  rotating 
wheel;  a  spoke  occupies  a  particular  position  for  only  an 
infinitesimal  fraction  of  time,  yet  it  calls  forth  a  sensa- 
tion. In  the  position  which  the  spoke  takes  during  the 
next  infinitesimal  unit  of  time  another  sensation  is  in- 
duced; but  the  sensation  of  the  previous  stimulus  persists 
and  the  two  sensations  blend.  The  result  of  this  blend- 
ing of  the  imagesof  the  rotating  spokes  is  to  produce  the 
effect  of  a  solid  wheel.  In  a  similar  way  if  a  linninous 
body  be  attached  to  the  rim  of  the  rotating  wheel  the 
sensation  which  it  produces  will  not  be  a  point  of  light, 
but  a  more  or  less  elongated  line  of  light.  The  faster 
the  rotation  of  the  wheel  the  longer  the  arc  of  light  until 
finally  the  sju'cd  of  the  rotation  maj'  be  great  enough  to 
extend  the  line  of  light  around  the  whole  circumference 
of  the  circle  in  a  solid  ring  of  light.  Carpentier  saj-s  that 
an  interval  of  0.02"  of  a  second  must  elapse  between  two 
flashes  of  light  in  order  that  both  can  be  seen  separately. 

B.  The  IrritdbiUti/  of  the  Retina. — 1.  Factors  Involred 
in  lietinal  Irritahility. —  {a)  The  structure  (f  the  retina 
bears  an  important  relation  to  its  irritability.  The  two 
kinds  of  neuro-epithelial  cells — the  rods  and  the  cones — 
are  not  eqtially  distributed  over  the  retina.  There  are 
no  rods  in  the  macula  lutea ;  this  portion  of  the  retina 
possesses  the  cones  only.     The  macula  lutea  is  especially 


sensitive  to  the  fine  lines  of  images  focus.scd  upon  it;  i.e., 
it  is  the  only  portion  of  the  retina  from  which  om:  may 
receive  a  clearly  defined  image.  Tliat  portion  of  the- 
retina  outside  of  the  macula  Vutea  is  only  faintly  sensi- 
tive to  form,  but  is  very  sensitive  to  light  and  responds 
to  very  slight  modifications  in  the  intensity  of  the 
stimulus. 

(b)  The  retinal  pigments  bear  some  relation  to  the  irri- 
tability of  the  retina.  Melanin  or  f  uscin  is  the  brownish- 
black  pigment  which  makes  up  the  pigment  layer  of  the 
retina.  This  pigment  seems  to  form  a  stock  from  which 
other  pigments  may  be  replenished.  liliodopsin.  or  "  s«>- 
iial purple,"  is  found  in  the  rods,  and  is  therefore  absent 
from  the  macula  lutea.  Cliromophanes  are  red,  green, 
and  yellow  oil  globules  found  in  the  cones.  The  chromo- 
phanes  are  not  found  in  the  eyes  of  mammals. 

(c)  Varyiny  irritability  of  different  areas  of  the  retina 
is  probably  due  to  varying  distribution  of  the  rods, 
cones,  and  pigments.  The  following  facts  are  important 
in  this  connection:  1.  The  macula'lutea  is  the  area  of 
clearest  definition  of  form ;  it  is,  in  fact,  the  only  area 
sensitive  to  the  fine  structural  details  of  an  image.  3. 
Tlie  macula  lutea  possesses  cones  but  no  rods,  and  in  its 
most  sensitive  area — the  fovea  centralis — the  cones  are 
brought  into  special  prominence  by  the  thinning  out  of 
all  the  other  elements.  3.  The  jiortiou  of  the  retnia  most 
sensitive  to  variations  of  the  intensity  of  diffused  liglit  is 
that  portion  outside  of  the  macula.  4.  The  portion  of 
the  retina  outside  of  the  macula  is  richly  studded  with 
rod.i,  and  each  rod  possesses  its  supjily  of  rhodopsin. 
A  solution  of  rhodopsin  bleaches  in  the'light.  The  ret- 
inal image  may  be  acutally  "fixed"  by  treating  with 
four-per-ceut.  solution  of  potassium  alum,  the  retina 
which  has  ju.st  been  removed  immediately  after  thorough 
exposure  following  rest  in  the  darkness.  The  "fixed" 
image  is  called  an  optogram. 

These  facts  seem  to  justify  the  conclusion  that  the 
cones  are  the  structui'es  which  receive  form  pictures,  and  the 
pigmented  rods  are  the  striietures  which  receive  light  and 
color  impressions. 

3.  Direct  and  Indirect  Vision. — These  terms  designate 
respectively  the  central  field  of  clear  definition  and  the 
surrounding  field  of  indistinct  definition.  One  may  get 
a  very  good  idea  of  the  difference  between  direct  andin- 
direct  vision  by  holding  before  one  eye  (the  other  being 
shaded)  at  a  distance  of  'SO  cm.  a  jirinted  page.  Direct 
the  line  of  vision  ata  small  word;  the  surrounding  words 
will  be  recognized  for  a  distance  of  perhaps  3  em,  in  any 
direction,  but  by  studying  the  sensation  very  carefully, 
keeping  one  particular  letter  constantly  fixed  in  the  line 
of  vision,  that  one  letter  is  the  only  letter  upon  the  page 
that  is  absolutely  clearly  defined.  The  image  of  that 
letter  lies  upon  the  centre  of  the  fovea  centralis,  the  two 
a<ljacent  letters  lie  upon  the  slanting  sides  of  the  fovea, 
their  definition  is  only  slightly  less  distinct  than  that  of 
the  central  letter.  The  form  of  the  next  adjacent  words 
can  be  made  out  with  suflicient  clearness  to  enable  the 
observer  to  say  definitely  what  the  words  are,  but  he 
would  be  quite  unable  to  detect  any  slight  typographical 
imperfection  in  the  words.  The  field  of  direct  vision 
may  lie  taken  to  be  that  which  is  focussed  upon  the 
macula  lutea  which  is  1.25  mm.  in  diameter,  subtending 
about  five  degrees  of  angle  at  the  nodal  point. 

(a)  Indirect  Monocular  Vision..  The  field  of  indirect 
vision  includes  all  of  the  visual  field  outside  of  that  of 
direct  vision.  The  accompanying  figure  (Fig.  502.5) 
shows  the  field  of  indirect  vision  for  white  light  bounded 
by  the  shaded  portions  of  the  figure.  Note  in  the  centre 
tlie  five-degree  circle  of  direct  vision  within  which  the 
form  and  structural  features  of  objects  are  clearly  de- 
fined. Note  the  blind  spot  (S)  at  the  right  of  the  macula 
in  the  figure,  and  showing  that  theoptic  nerve  enters  the 
eye  to  the  median  side  of  the  fovea  located  from  13.5°  to 
17.3°  from  the  centre  and  a  little  above  the  horizontal 
line  from  the  fovea.  Note  that  the  boundary  of  the  field 
for  the  indirect  vision  of  the  white  light  crosses  the 
upper  vertical  meridian  at  55°,  the  median  meridiau  at 
60°,  the  lower  vertical  meridiau  at  70°,  and  the  external 
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mericliaa  beyond  90°.  The  determination  of  the  line 
bounding  tlie  field  of  vision  is  culled  perimetry,  the  record 
and  the  instrument  used  in  getting  it  a  perimeter.  The 
field  for  vellow  lit;ht  is  within  that  for  white,  the  field 


Fig.  5023.— Perimeter  Chart  with  Tracings.    (Krapart.) 

for  blue  light  is  within  that  for  yellow,  the  field  for  red 
light  still  farther  withdrawn  from  the  periphery,  and  the 
field  for  green  very  much  smaller  than  that  for  red. 
Perimetry  has  considerable  clinical  importance  because 
in  certain  pathological  conditions  the  perimeters  are 
considerably  modiHed  cither  by  being  generally  con- 
tracted or  by  being  dotted  with  islands  of  total  or  partial 
blindness. 

(b)  Indireet  Binocular  Vision.  To  determine  just  what 
the  field  of  indirect  binocular  vision  is  one  has  only  to 
find  the  overlapping  areas  of  indirect  monocular  vision 
when  both  eyes  are  directed  to  the  same  point.  The  ac- 
companying figure  (Fig.  .5025)  is  for  the  right  eye.  If 
one  trace  upon  tlie  same  chart  the  field  sensitive  to  white 
light  in  the  left  eye,  the  open  external  end  of  the  field 
will  extend  olf  to  the  left  and  the  circular  median  end  to 
the  right,  reaching  the  G0°  circle.  The  right  aud  left 
perimeters  will  thus  overlap  in  an  almost  circular  area 
bounded  right  and  left  by  the  60°  circle,  above  by  the  .5.5° 
circle,  and  below  by  the  70°  circle.  The  field  thus 
bounded  is  that  for  binocular  imlirect  vision  for  white 
light. 

II.  Visual  Sens.^tions. — (A.)  Fundamental  Sensations. 
— The  sensations  which  light  induces  in  the  sensorium 
may  not  be  so  easily  differentiated  as  are  those  of  sound, 
but  they  are  closely  analogous  to  soimd.     In  sound  we 
differentiate    pitch,    loudness,    and   quality,    dependent 
respectively  ujjon  number  of  vibrations 
per  unit  of  time,  upon  the  amplitude 
of  the  vibrations,  and  upon  combina- 
tions of  overtones;  in  light  we  differ- 
entiate colrir,   intensiti/,  and  form,  de- 
pendent respectively  upon  number  of 
vibrations  per  unit  of  time,  upon  the 
amplitude  of  the  vibrations,  and  upon      ^"'' 
combinations  of  intensities  (lights  and 
shadows). 

1.  Form.  The  sensation  of  detail  in 
structure  is  clearest  at  tlie  fovea  centralis,  and  decreases 
progressively  in  every  direction  from  that  ])oint  in  the 
retina.  That  this  specialization  of  form-sensation  is  in 
some  way  conne<-ted  with  the  fact  that  of  the  rods  and 
cones  cones  only  are  iiresent  in  the  macula,  and  these  are 
brought  into  special  prominence  in  the  fovea,  has  been 
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suggested  above.  But  the  color  sensation  is  also  in- 
duced by  stimulation  of  the  fovea,  though  Kiihne  aud 
others  show  that  differentiation  of  color  is  less  acute  at 
the  fovea  than  in  areas  outside  of  it. 

3.  Intensiti/.  Intensity  depends  upon  the  amplitude  of 
the  vibration  of  the  medium,  which  last  transmits  the 
light  to  the  eye.  As  in  the  case  of  intensity  of  sound, 
this  may  depend  upon  the  amplitude  of  vibration  of  the 
sonorous  or  the  luminiferous  body,  or  upon  the  summation 
of  the  effects  of  .several  vibrating  bodies.  The  sound  ]iro- 
duced  Ijy  two  sonorous  bodies  of  the  same  pitch  ami  ampli- 
tude will  be  more  iutense  becau-se  of  the  summation  of  the 
undulations;  in  the  same  way  the  ligiit  produced  by  two 
candles  W'ill  be  more  iutense  than  that  produced  by  one. 

The  sensation  induced  by  lights  of  varying  intensity 
is  not  commensurate  with  the  intensity,  but  obeys 
Weber's  law  of  sensation:  "The  smallest  "change  in  the 
magnitude  of  a  stimulus  which  oue  can  appreciate 
throtigh  a  chauge  in  one's  sensation  always  bears  the 
same  proportion  to  the  whole  magnitude  of  the  stimu- 
lus "  (as  formulated  by  Foster).  Applied  to  vision,  the 
proportion  is  1  to  100,  that  is,  0.1  candle  power  added  to 
or  subtracted  from  a  10  candle-power  light,  1  candle 
added  to  or  subtracted  from  a  100  candle-power  light, 
and  10  candles  in  a  1,000  candle-power  light  can  be  de- 
tected, and  so  on. 

3.  Color.  Color  depends  upon  the  number  of  vibra- 
tions of  a  luminous  body,  as  pitch  depends  upon  the 
number  of  vibrations  of  a  sonorous  body.  The  white 
light  that  comes  from  the  sun  may  be  readilj'  decomposed 
into  a  number  of  principal  colors  aud  an  innumerable 
number  of  intermediate  mixtures.  The  principal  colors 
have  the  following  rate  of  vibration;  Red,  393  trillions 
of  vibrations  per  second',  orange,  .533  trillions ;  yellow, 
.563  trillions;  green,  607  trillions;  blue,  6.53  trillions;  in- 
digo, 676  trillions;  violet,  757  trillions.  These  vibrations 
range  in  wave  lengths  from  0.00000766  mm.  to  about  half 
of  that  length. 

The  colors  named  above  are  the  principal  or  the  clearly 
pronounced  colors  of  the  spectrum.  From  three  of  these 
all  other  colors  may  be  produced  ;  these  three  are  the  fun- 
damental or  primary  colors :  red,  green,  violet.  Tlie  ac- 
companying figure  (Fig.  5026)  shows  graphically  the 
relation  which  these  colors  bear  to  each  other.  Not  only 
does  a  combination  of  all  of  the  colors  produce  white, 
but  a  combination  of  certain  of  the  colors  in  pairs  pro- 
duces white ;  these  pairs  are  called  complementary  colors : 
(1)  Red  ami  greenish-blue;  (2)  yellow  and  indigo;  (3) 
orange  aud  cyan  blue;  (4)  violet  and  greenish-yellow. 

How  the  different  colors  can  stimulate  the  retina  has 
been  the  subject  of  considerable  controversy. 

(a)  The  Toung-Helmholts  tiieory  Husurnvs  that  there  are 
in  the  retina  three  different  kinds  of  sensory  elements 


(Greenish.bluc) 
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Fig.  5026. -Geometrical  Color  Tahle. 

which  respond  to  the  three  different  primary  colors — red, 
green,  and  violet — and  that  "every  eolor  of  the  spectrum 
e.rritcs  oil  of  the  elements,  some  of  them,  feebly,  others 
strongly"  {jAindois).  The  perception  of  color  is  then  a 
resultant  of  the  combined  sensations  brought  to  the  sen- 
sorium bv  the  three  sets  of  elements. 
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(J)  The  Heriiig  theory  is  based  upon  the  ]5rinciples  of 
metabolism  aud  upon  the  color  law  of  Grassman:  "If 
two  simple  but  non-coraplementary  spectral  colors  be 
mixed  with  each  other  they  give  rise  to  the  color  sensa- 
tion, which  may  be  represented  by  a  color  lying  in  the 
spectrum  between  both  aud  mixed  with  a  certain  cjuan- 
tity  of  white";  i.e.,  every  color  sensation  except  those  of 
the  primary  colors  may  lie  produced  by  a  color  of  the 
spectrum  plus  white.  "  Hering  assumes:  (1)  That  light 
produces  metabolism  in  the  retina;  (O)that  the  metabolic 
processes  are  in  part  anabolic  and  in  part  katabolic ;  (3j 
that  white,  red,  and  yellow  sensations  are  katabolic,  i.e.. 
accompanied  by  disintegration  and  fatigue;  and  that 
black,  green,  aud  blue  sensations  are  anabolic,  i.e.,  ac- 
companied by  integration  and  rest;  (4)  these  metabolic 
processes  are  assumed  to  be  paired — i.e.,  white  and  black 
sensations  affect  the  same  visual  substance  in  opposite 
directions.  Red  and  green  stimulate  another  visual  sub- 
stance, and  yellow  and  blue  stimulate  a  tliird.  Now, 
according  to  Grassman's  law  of  color  sensation;  Any 
color  .sensation,  except  that  of  a  primary  color,  may  be 
produced  by  a  color  of  the  spectrum  plus  white.  Hering 
assumes  that  white  visual  substance  is  katabolized  not 
only  when  one  sees  white,  but  incidentally  in  all  color 
sensations  except  primary  ones. 

((•)  The  FrankUn  (heoi-ji  is  not  antagonistic  to  either  of  " 
the  foregoing,  but  rather  supplementary.  It  is  based 
upon  the  facts  of  comparative  physiology,  and  assumes 
that  the  rudimentary  eye  distinguishes  between  light  and 
dark  only,  and  possesses  neither  form  nor  color  senses; 
so  that  the  fundamental  point  of  departure  is  a  sensation 
of  simple  light  or  dark  (Hering's  wliite  aud  black  sensa- 
tion) produced  by  stimulation  of  a  fundamental  ^^  rimial 
r/irii/."  which  causes  an  accentuatif>n  of  either  the  white 
or  the  black  in  it  (presumably  by  moditications  iu  the 
metabolism  set  up).  This  theory  assumes  that  the  3'ellow- 
blue  substance  was  next  developed  and  the  red-green  last. 

The  adherents  of  either  the  Young-Helmholtz  or  the 
Hering  theory,  especially  the  latter,  may  well  accept  the 
Franklin  theory  as  supplementary,  as  it  accounts  easilj' 
for  the  fact  that  red-green  color-blindness  is  most  com- 
mon, and  yellow-blue  blindness  rather  rare,  while  inabil- 
ity to  see  black  and  white  is  found  ouly  iu  cases  of  con- 
genital, total  blindness.  Furthermore,  reference  to  the 
perimeter  chart  shows  that  white-black  covers  the  largest 
area  of  the  retina,  yellow-blue  an  area  within  that,  while 
red-green  is  smallest  and  quite  near  the  centre. 

B.  iSernndai-y  Seiisalionti. — 1.  Afler-imayes.  If  one  fix 
the  gaze  upon  a  brightly  illuminated  figure  or  pattern 
for  fifteen  seconds  and  then  direct  it  toward  a  plain  sur- 
face the  image  of  the  pattern  gazed  at  will  be  seen  upon 
the  plain  background  of  the  second  field  of  vision.  If 
the  after-image  has  the  same  colors  as  the  first  it  is  called 
a  pii.sitiFe  after-imnge.  Positive  after-images  are  usually 
caused  bj' strong  stimuli  of  short  duration  rather  than  by 
moderate  stimuli  of  long  duration.  If  the  after-image  is 
in  tlie  complementary  color  of  the  original  pattern  it  is 
called  a  aegatire  after-imn'je.  If  one  gaze  intently  at  a 
green  pattern,  then  turn  to  a  red  field,  the  pattern  appears 
deep  red  upon  the  red  field.  It  will  also  appear  red  upon 
a  neutral  field.  Begative  afier-iniagea  a  re  a  sign  of  retinal 
fatigue. 

2.  Contrast.  Contrast  is  the  accentuation  of  a  color 
sensation  through  contiguity  or  succession  of  another 
color,  especially  a  complementarj'  color.  A  piece  of 
note  paper  ma)'  look  white  upon  a  black  backgrotnid, 
but  if  it  is  put  upon  a  really  white  background  it  will  lie 
seen  to  be  far  from  white.  In  a  similar  manner  blue  or 
yellow  accentuate  each  other,  as  do  red  and  green.  Vari- 
ous other  combinations  have  this  reciprocal  effect.  If 
the  effect  is  produced  by  looking  at  the  two  contrasting 
colors  at  the  same  time,  the  sensation  is  called  simulta- 
neous contrast ;  if  b}'  looking  at  the  contrasting  colors  one 
after  another,  it  is  called  successiec  contrast. 

C.  Color-blindness. — Of  the  male  population  four  per 
cent,  or  five  per  cent.,  and  of  the  female  population 
about  one  per  cent,  are  unable  to  differentiate  certain 
colors.     Such  persons  are  called  "color-blind." 


1.  Complete  Color-blindness  [Achrontatopsif).  Individ- 
uals thus  afflicted  can  distinguish  lights  and  shades,  but 
have  no  color  sense  whatever.  According  to  the  Hering 
theory,  they  lack  both  the  red-green  and  the  yellow-blue  ' 
visual  substance;  according  to  the  Franklin  "theory  they 
represent  cases  of  arrested  development  of  color  sense  in 
a  condition  representing  a  very  primitive  condition  w'hen 
only  the  fundamental  color  substance  is  present. 

3.  Telloic-blue  Blindness.  In  this  condition  the  blue 
end  of  the  spectrum  is  absolutely  dark,  and  the  yellow 
may  be  more  or  less  illuminated,  but  void  of  color.  This 
represents  also  an  arrest  of  development;  but  this  arrest 
occurs  after  considerable  progress  has  been  made. 

3.  Sed-green  Blindness.  This  is  by  far  the  most  common 
form  of  color-blindness,  and  as  assumed  by  the  Franklin 
t  heory  to  represent  the  last  step  in  the  development  of  the 
color  sense  and.  therefore  the  first  to  fail  in  case  of  an  ar- 
rest of  development. 

4.  Acquired  Color-blindness  may  result  from  disease  of 
the  retina. 

5.  Normal  Color-blindness  exists  iu  the  periphery  of  the 
retina.  Passing  from  without  inward  the  outermost 
sensation  is  that  of  white  (and  black);  the  next  that  of 
yellow  and  blue,  followed  by  red  and  green  (see  Perim- 
etry, on  page  244). 

III.  Visual  Pi:i!ceptions  akd  Judgments. — One  may 
have  a  sensation  of  black  lines  upon  a  white  stirfacc  with- 
out perceiving  iu  the  lines  a  letter  or  word.  The  retlno- 
cerebral  apparatus  brings  to  the  sensorium  of  the 
imtutored  savage  the  same  sensations  as  it  does  [  1  the  sen- 
sorium of  the  scholar.  The  savage  "  senses"  a  written  word 
uiion  a  ))age,  but  does  not  perceite  it ;  on  the  other  hand, 
the  scholar  may  "sense"  the  twigs  upon  the  forest  path 
without  perceiving  in  their  position  and  condition  the 
track  of  an  animal.  Simple  sensation  involves  nothing 
higher  than  the  sensorium.  There  is  no  reason  to  believe 
that  the  sensorium  brings  to  the  consciousness  of  different 
individuals  different  sensations.  Perception  involves  cer- 
ebration in  the  interpretation  of  sensations.  Perception 
involves  previous  knowledge  or  memory  of  the  same  or 
related  sensations.  Effectual  perception,  like  effectual 
marksmanship,  depends  upon  the  man  behind  the  Instru- 
ment. 

Visual  perception  is  the  seeing  with  understanding.  Vis- 
ual judgments  are  based  upon  visual  perceptions  and  rep- 
resent conclusions  reached  after  comparison  of  previous 
perceptions. 

(a)  Acuteness  of  Vision. — It  is  frequently  necessary  to 
test  the  acuteness  of  vision  tlirough  a  comparison  of  vis- 
ual perceptions.  An  individual  whose  acuteness  of 
vision  is  in  question  presents  himself  to  the  ophthalmol- 
ogist for  examination.  If  the  subject  is  schooled  iu  in- 
terpreting dim  and  distorted  iiuages,  he  may  mislead  the 
observer  for  a  few  moments  with  his  acute  perception,, 
but  the  faulty  sensation  mu.st  sooner  or  later  reveal  itself. 
The  observer  will  present  to  the  subject  a  series  of  letters- 
in  unusual  combinations,  so  that  there  will  be  no  way  in 
which  he  can  get  a  clew  for  his  judgment  to  work  upon. 

To  be  more  concrete;  The  acuteness  of  vision  is  tested! 
by  reading  letters  of  various  heights  at  various  distances.. 
The  normal  eye  (emmetropic  eye)  should  see  clearly  at 
6  metres — the  oculists'  infinity — letters  which  subtend 
an  angle  of  5';  i.e.,  letters  IJ  cm.  in  height.  At  12  me- 
tres the  normal  e^'e  should  distinguish  and  name  letters 
which  are  2^  cm.  in  height.  These  letters  subtend  an 
angle  of  .5' — the  minimum  angle  of  clear  vision.  If  the 
individual  can  see  at  6  metres  what  he  should  see  at  12- 
metres,  he  is  credited  with :  Vision  =^;  if  he  can  see  at 
6  metres  what  he  should  see  at  30  metres,  he  is  credited 
with:  Vision  =  tj%.  If  by  cultivation  the  visual  power 
has  been  brought  up  above  the  average  so  that  he  can  see 
at  6  metres  what  the  average  eye  must  bring  to  3  metres 
to  see,  he  will  be  credited  with-  Vi-sion  =  ^. 

The  acuteness  of  vision  varies  much  with  the  habits 
and  employment  of  the  individual.  Persons  employed 
at  fine  close  work  acquire  a  microscopic  vision — i.e., 
ability  to  see  and  interpret  the  minutest  detail  of  struct- 
ure.     Persons    employed    in   vocations   which    require 
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loug-tl>st{»iu-e  vision  acquin?  tolositipic  eyes — i.e.,  ability 
to  stv  ami  iiitcrprvt  structure  of  Uistaut  objects.  Sailors 
iUiil  rauiieuu'U  p<>ssess  this  ability  to  a  marked  degree. 

(?>>  Vifni.ii  EftiimittS'. — 1.  hJiU'imile  of  Distoiief.  This 
juagmeut  is  l>tise<l  upon  a  oonibiuatiou  of  at  least  two 
sen^ttions  or  jn'rceptions:  (<i1  Sens;itiou  of  the  aeconiino- 
dalion  ivquiretl  to  toons  the  image  of  the  object  upon  the 
retimi;  ^?.>  the  sens;ition  of  the  convergence  requiRtl  to 
tUr^H't  the  two  visual  Hues  at  the  same  objt>ct  in  the 
bimx^ular  vision.  These  sens;>i  ions  are  examples  of  mus- 
cular st'use.  One  estimates  these  muscvilar  efforts  in- 
stinctively. UjHin  these  iustiaetive  estimates  one  b;ises 
his  judgment  of  the  distance  of  iin  object.  But  other 
considerations  may  enter  in  to  assist  in  the  estimate  of 
distauct.  For  example,  a  movement  of  the  head  or  Ixxly 
caus»'s  a  displacement  of  nearer  objects  in  the  background 
fomuHl  by  morv  distinct  objects:  one  learns  by  expe- 
rience how  much  this  displacement  sliould  be  for  given 
distjiucrss,  and  lijtses  his  judgment  accordingly.  The 
known  size  of  an  object  is  an  important  facwr  in  the 
estimate  of  its  distance.  In  this  estinuite  one  instinc- 
tively me;«s<!r<^<  the  image  and  compares  it  with  the  image 
of  the  >.  ■  at  a  short  distjuiee. 

3.  }■:•  -  .V .     This  judgment  is  bstsed  upon  two 

percepii>!!>;  ^  The  size  of  the  image,  and  (0)  the  dis- 
tance of  the  object.  Vario<is  other  considerations  may 
eater  in  to  motlify  the  judgment. 

The  subject  of  visual  illusions  belongs  more  properly 
to  psychology  than  to  physiology.  :ind  will,  therefore, 
not  be  discusseti  here.  mujfieid  S.  HaU. 

VITAL  STATISTICS.— Vital  statistics  constitute  the 
science  of  numliers  as  applieil  to  the  life  history  of  com- 
muuities  ^Xe  wsholme).  The  French  term  "  demographie  ~ 
is  nearly  syaonymotis  with  vital  statistics.  One  of  the 
highest  living  authorities  ^Korosi)  defines  vital  statistics 
as  the  science  of  the  physiovl  life  of  human  society. 

The  principtjl  data  with  which  vital  statistics  are  con- 
cerned ai«  the  following:  (1)  Popiilarion:  (2)  mairiages; 
(3)  births:  (41  sickness ;1(o)  desrths. 

The  significance  or  value  of  vital  statistics  lies  very 
largely  in  the  relation  of  these  data  to  e:ich  other  and  to 
the  vari  '•-:  <•''  r'-nips  into  which  they  arc  usually  class- 
ified: r  sexes,  ages,  conjugal  condition,  resi- 
dent*. I  ,  .  race,  season  of  the  year.  and.  in  the 
case  of  deatiis  and  sickness,  the  causes  of  the  same. 

In  the  following  psiper  ujxin  vital  statistics  the  writer 
has  made  free  ule  of  the  data  which  were  obtainable 
frv-ira  the  Xew  England  States,  and  especially  from  the 
St-.'  ■  ""^  vssachusetts.  since  these  Stiites  consritute 
a'.:     -  .':y  grvup  of  States  in  the  Union  which  have 

ha,.  ..  :,.....  complete  system  of  registration  during  a 
period  of  several  years,  Maine  l>eing  the  last  one  of  Ihe 
Xew  £n^l:ind  States  to  adopt  a  svstem  of  registration, 
which  she  did  in  1S95. 

R'?fen?!H>?  is  also  made  to  the  Tital  statistics  of  other 
St,.    -  :ntries  as  occasion  retjiiiTes. 

s. — An  accurate  kuowleilge  of  the  nnmber 
of  -.^t  "    ■.  forms  the  basis  of  ail  vital  siaristics, 

FV)r  ex  .  mparison  of  the  numbers  of  deaths  in 

any  gi  ""'v  with  thoise  in  any  other  commu- 

nity hi~        -  unless  the  number  living  in  each 

commu:  oh  these  deaths  occurred  is  also 

known. 

Our  knowledge  of  the  numbers  of  the  people  living  in 
any  civilized  country  is  obtained  from  the  census,  an 
Miumeraiioo  made  -.it  stated  periods,  usually  at  ten-year 
intervals  In  too-'  -  -■-  -  the  first  census  was  taken  in 
Sweden  in  1T49-  -    ^^csus  of  the  United  States 

■was  taken  in  lT»i .  :„.  n.-st  in  England  in  1S*1.     Few 

ceasus  eniimeraiions  were  made  in  any  conuitry  with 
sufficient  details  as  —  ;-.r?.  ?<?x.  and  lace  to  sarisfy  the 
parposes  of  sanit.  ■    interested  in  life  insur- 

ance, until  the  la:  :.:neteenth  century. 

In  the  United  ^  "sus  is  taken  decennially 

during  the  nKail  the  years  divisible  by  teii. 

It  is  especiaUr  dc^...j. .,  ._  .j  ociuntry  where  the  popula- 
tion K  subject  to  constant  changes  in  consequence  of  the 


variable  factor  of  migration  that  census  enumenuions 
should  be  made  ofteucr  than  once  in  ten  years.  Hence  a 
few  States  (Massachusetts.  Kliode  Island",  and  Michigan" 
take  an  iuteruiediate  census,  which  gives  the  advantage 
of  a  new  staning-poiut  from  which lo  make  estimates  of 
liopulation  in  iuterceusitl  years. 

Various  methods  are  adopted  for  estimating  the  popu- 
lation in  intercensal  yeai's: 

1.  In  a  community  where  a  strict  record  of  emigration 
and  immigration  is  kept,  and  a  complete  system  of  regis- 
tration of  birihs  and  .leaihs  is  also  enforced,  the  popu- 
lation may  be  accurately  calculated  by  balancing  the 
difference  between  the  births  and  deaths  and  the  increase 
or  decrease  due  to  migration.  This  is  done  in  the  city  of 
Berlin  and  in  Xew  Zealand,  but  is  impracticable  in  most 
countries  on  account  of  the  deficiency  in  the  necessary 
data. 

2.  Other  methods  occasionally  adopted  consist  of  esti- 
mates based  upon  the  number  of  assessed  jioUs  in  a  city, 
the  number  of  names  in  a  city  directory,  the  number  of 
children  of  cert;un  ages  enrolled  in  the  schools,  or  the 
number  of  new  inhabited  houses.  None  of  these,  how- 
ever, can  be  deemed  to  be  reliable. 

3.  1iVe  may  assume  that  the  annual  increase  during  the 
present  decside  will  be  one-tenth  of  the  total  increase  in 
the  last  deciide.  By  this  metluxl  a  city  of  oO.CK'O  inhab- 
itants iu  ISOO.  iucri'asins  to  60.(XIO  in  1900.  should  have 
63.01H1  in  1905  and  TO.OOO'in  1910.  By  this  method,  how- 
ever (that  of  arilhmerical  progression),  no  allowance  is 
made  for  the  fact  that  the  increase  increases.  There  is  a 
steadily  increasing  mmiber  of  persons  each  year  who 
attain  marriageable  agt-s  and  become  parents. 

■i.  The  method  now  generally  adopted  in  most  coim- 
tries  is  that  which  is  advised  and  employed  by  the  regis- 
trar-general of  England,  which  assumes  that  the  sjme 
rate  of  increase  wifl  continue  as  that  which  prevailed  in 
the  preceding  periotl,  i.e.,  that  the  population  increases 
in  geometrical  progression. 

The  following  example  illustrates  this  principle:  If 
the  census  population  of  a  city  was  50.000  in  1S90  and 
had  increased  to  (50,000  in  1900,  what  is  its  estimated 
population  in  1905? 

Find  the  rate  of  increase  from  1890  to  1900. 

If  P  =  itie  popDtation  at  tbe  census  of  l^SO.  and  if  P>  =  ihe  popula- 
tion at  ilie  census  of  191W.  and  if  R  =  the  rate  of  ii^Tease :  then 
P'  =  P-^  K»  in  Ux-  ii«^  year. 
Lioc  P'-  =  kisr  P  +  10  loe  R. 
A*I«?  P'  —  loe  P  >  =  log  R. 
tTTSiolS  -  4.fi^9TO0       v™,,,      ,      „ 
TT =  .iXCSlSl  =  lop  R. 

Then  P  „M  =  P  „„  R». 

LoK  P  .».s  =  i.TTSloiS  ^  5(.(»raiSl1  =  l.a~419  =  log  of  65.7^,  the 
esdmatied  mean  population  for  1905. 

In  the  foregoing  formula  r  may  be  taken  as  the  ratio 
of  increase.  R  being  equivalent  to  1  -J-r. 

Bv  the  same  methoil  the  same  citv  should  have  an  es- 
timated popuiarion  of  T2.00<)  in  1910.  instead  of  70.000 
which  wotUd  rKult  from  the  applicarion  of  the  arithmet- 
ical method. 

None  of  the  foregoing  methods  can  be  depended  upon 
to  give  accurate  results  in  all  cases,  since  irregtdarities 
affecting  the  different  factors  Tvhich  control  the  popula- 
tion are  always  likely  to  occur.  In  one  decade  a  town 
may  experience  a  lapid  growth  in  consequence  of  immi- 
gration, prosperous  times,  and  a  high  birth  rate,  wiiile 
in  the  nest  decade  one  or  all  of  these  factors  may  be  de- 
cidedly changed.  A  quinquetmial  census  is  very  desir- 
able, especially  in  American  States,  where  migration  is 
an  imporiiint  though  very  variable  factor. 

HigiftntHcn  itf  Mttrriiiffe*.  Birtiit,  and  Dtfitht. — Unfor- 
ttinately.  in  by  far  the  majority  of  the  Stales  of  the 
Union  no  complete  system  of  registrarion  exists,  and 
consequently  no  accurate  knowledge  of  the  vital  statistics 
of  such  States  can  be  had  until  state  legislation  shall 
have  so  far  advanced  as  to  make  registration  compubory. 

A  law  was  enacted  in  the  ilassachusetts  colony  in 
1639.  leqtming  legistration  of  marriages,  births,  and 
deaths,  but  it  ~was  not  until  moie  than  two  centttries 
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1840  liaving  been  seriously  depletctl  by  the  migration  of 
persons  of  young  and  iirciducing  ages,  so  that  the  ratio 
of  women  aged  til'teeii  to  forty-iive  was  considerably 
below  the  average.  The  years  to  which  these  ligurcs 
apply  are  the  five  years  1883-y7,  the  approximate  mean 
population  of  the  period  being  that  of  the  census  of  188.5. 
The  mean  annual  births  for  the  live  years  (1883-87)  con- 
stitute the  other  factor. 

On  the  other  hand,  if  a  population  with  an  unusually 
high  birth  rate  be  considered,  like  that  of  Holyoke,  other 
conditions  are  found  to  prevail.  In  Holyoke,  during  the 
same  live  years  (1883-87),  the  mean  annual  birth  rate  was 
43.3  per  thousand,  or  twice  that  of  Bradford  and  nearly 
thrice  that  of  Nantucket,  wliile  the  birth  rate  per  thou- 
sand women  of  child-liearing  ages  (147.7  per  tliousand) 
was  also  twice  that  of  those  towns  during  the  .same  jie- 
riod.  In  tliis  instance  the  high  birth  rate  was  iindotibt- 
edly  due  to  the  existence  among  the  population  of  a 
large  number  of  Frencli  Canadians  of  young  and  produc- 
ing ages,  whose  fecundity  is  proverbial.* 

The  birth  rate  in  most  civilized  countries  in  the  past 
half-century  has  shown  a  gradual  tendencj*  to  decline 
(see  table  on  page  263).  This  diminution  appears  to  have 
been  caused  in  most  countries  by  postponement  of  mar- 
riage to  more  mattn-e  years  and  b}'  a  larger  proportion 
of  celibacy.  In  France  this  diminution  has  become  so 
serious  as  to  reduce  the  liirth  rate  in  a  few  recent  j-ears 
to  a  lower  point  than  the  death  rate,  and  to  awaken  ap- 
prehensions as  to  the  future  stability  of  the  population. 

The  chief  cause  of  the  diminution  of  the  birth  rate, 
according  to  Newsholme,  is  "the  deliberate  and  volun- 
tarv  avoidance  of  child-bearing  on  the  part  of  a  steadily 
increasing  number  of  married  persons." 

StiUhirths. — The  term  births  as  heretofore  used  im- 
plies living  births.  Stillbirtlis,  in  conformity  to  general 
usage,  are  considered  in  a  separate  category,  since,  as 
births,  they  add  nothing  to  the  living  population,  never 
having  lived  in  the  sense  of  having  a  separate  existence. 
For  similar  reasons,  as  deaths  they  subtract  nothing  from 
the  living  population  and  arc  not  included  in  the  death 
rate. 

The  deaths  of  still-born  males  are  usually  from  2h  to 
50  per  cent,  greater  in  number  than  those  of  females. 
In  the  forty  years  1850-9.')  there  were  registered  in 
Massachusetts  31,050  male  still-born  children  and  21,202 
females  of  the  same  class.  These  all  together  constituted 
2.96  percent,  of  all  births  living  and  dead  in  the  same 
period. 

Sex  nf  Lhinr/  Birt/is.— The  ratio  of  males  to  females 
among  all  births,  living  and  dead,  varies  in  different 
countries  within  quite  narrow  limits,  and  is  usually  from 
104  to  107  males  to  each  100  females. 

The  following  tigures  show  the  relation  of  the  sexes  at 
birth  in  different  countries  for  a  ten -year  period  (1871-80): 

Births  of  Males  to  1,000  Females. 


German  Empire* l,flC2 

SwitzerlamJ 1,063 

Austria 1,067 

Italy 1,071 

France 1,063 

Bel^rium 1,058 


Holland l.OK! 

England  t 1,038 

Denmark 1,058 

Sweden 1,060 

Norway 1,061 

Massachusetts  i 1,066 


*  The  Dffures  for  the  German  Kmpire  are  for  the  years  1872-80. 
+  Stillbirths  not  imiuciecl  in  the  Bgures  for  England,  which  prob- 
ably accounts  for  its  dillcrcnce  from  the  other  figures. 
t  The  statistics  for  Ma.ssacluiselts  are  for  the  forty  years  1856-95. 

The  foregoing  figures  are  the  average  results  of  over 
.50,000,000  births  which  occurred  in  the  countries  named. 
This  difference  in  the  number  of  each  sex  at  birth  par- 
tially disappears  in  the  first  years  of  life  in  consequence 
of  tlie  higher  mortality  of  boys. 

Pliirid  /jY)-M.«.— Plural  births  occur  with  considerable 
regularity,  those  of  twins  constituting  from  a  little  less 
to  a  little  more  than  one  per  cent,  of  all  births,  while 
triplets  constitute  a  little  more  than  one-one  hundredth 

♦The  birth  rate  of  some  of  the  lower  counties  of  Eastern  fanada 
In  recent  years  has  been  as  high  as  fifty-eight  to  sixty  per  one-thousand 
JDhabitants. 


of  one  per  cent,  of  all  births.  The  following  observa- 
tions of  liirths  in  several  countries  show  .slight  differences 
in  these  ratios ;  they  are  the  result  of  observations  upon 
over  twenty  million  births  in  the  countries  named : 

Ratio  op  Plural  Births. 


Twins  in  1,000 
lal)ors. 

Triplets  In  1,000 
labors. 

13.3 
13.2 
12.4 
11.7 
12.1 

9.8 
14.4 

9.2 

0.13 
.13 
.16 
.15 
.15 
.11 

Prussia  * 

A  ustria  * 

Italy* 

Massachusetts,  1856-95 

13 

*  "Die  Bewegung  der  Bevolkerung,"  Bern,  1885. 

Illegitimacy. — In  all  countries  where  registration  exists 
a  certain  proportion  of  the  births  are  found  to  be  illegiti- 
mate. 

So  far  as  the  States  of  the  Union  are  concerned,  there 
is  no  very  definite  information  to  be  had  upon  this  point. 

From  such  sources  as  are  obtainable  it  does  not  appear 
probable  that  the  percentage  of  illegitimacy  iu  the  United 
States  is  as  great  as  that  of  other  countries.  The  stalls 
tics  of  the  large  cities,  and  especially  of  those  which  con- 
tain foundling  asylums  and  lying-in  hospitals,  show 
larger  percentages  than  the  rural  districts. 

The  following  table  presents  the  illegitimate  birth 
rates  deduced  from  over  thirty  million  births  in  the  coun- 
tries named : 

1LLEGITI5IACT   IN   DIFFERENT  COUNTRIES.* 


The  German  Empire 

Austria 

Italy 

France 

Belgium 

Holland 


88 
140 
73 
74 
75 
32 


England 

Denmark 

Sweden 

Norway 

Switzerland 

Massachusetts    (1856-91) 


■ass 


103 
101 
85 
50 
13 


*  "  Die  Bewegung  der  Bevolkerung  in  der  Schweiz,"  Bern. 

Deaths. — Death  rates  are  calculated  in  proportion  to 
every  thousand  of  the  living  population,  the  unit  of 
time  being  a  year.  This  unit  is  employed  when  death 
rates  for  shorter  periods  (a  week  or  month)  are  stated. 
The.y  represent  the  number  who  would  die  out  of  each 
thousand  of  the  population  if  the  same  death  rate  were 
to  continue  throughout  the  year. 

The  following  is  the  best  plan  for  obtaining  the  weekly 
death  rate  with  accuracy: 

The  correct  number  of  weeks  in  a  j'ear  being  52.18,*if 
the  population  of  a  city  is  250,000  and  the  number  of 
deaths  in  a  given  week  is  95,  then  the  death  rate  for 
that  week  is  19.8; 


250,000 
52.18 


=  4,791. 


1,000 
4,791 


=  0.2087 


0.3087  is  the  factor  by  which  the  deaths  for  each  week, 
in  the  case  of  city  of  350,000  inhabitants,  must  be  mul- 
tiplied. 

Therefore,  95  X  0.2087  =  19.826  or  19.8.  This  is  the 
crude  death  rate. 

Various  corrections  are  required  to  insure  accuracy, 
the  most  important  factors  being  the  deaths  iu  public  in- 
stitutions, visitors,  and  the  influence  of  age  and  sex,  all 
of  which  vary  in  different  communities.     The  inmates  of 

*  More  accuratiily  .52.17747,  leap  years  being  reckoned ;  but  53.18  Is 
sufficiently  accurate  for  practical  purposes. 
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a  public  iustitution.  liospital,  asylum,  sanitarium,  prison, 
or  state  almshouse  in  a  given  eity,  town,  or  district  may 
consist  almost  wholly  of  persons  belonging  to  other  dis- 
tricts. All  deaths  of  outsiders  occurring  in  such  institu- 
tions should,  therefore,  be  subtracted,  and  all  deaths  of 
iuhabitauts  occurring  in  outside  institutions  should  be 
added  in  estimating  the  death  rate.  The  living  popula 
tion,  so  far  as  it  is  derived  from  outside  soiu'ces,  should 
also  be  excluded,  as  well  as  the  deaths  of  such  pei'sons, 
in  making  up  an  estimate  of  death  rates,  in  order  to  make 
the  death  rate  approximately  correct.  In  mauj-  of  the 
Rocky  jNIountain  health  resorts,  as  well  as  others  of  the 
South  and  AVest,  it  is  also  customary  to  exclude  the 
deaths  of  visitors  in  making  up  the  death  rate. 

The  Rdation  of  the  Death  Rate  to  the  Birth  Beite.  —  Vi\\\\v. 
a  high  birth  rate  in  a  single  year  may  be  contributory  to 
a  high  death  rate  iu  the  same  year  and  year  following, 
it  does  not  follow  that  a  continuousl}'  high  birth  rate 
will  be  productive  of  a  correspondingly  high  death  rate. 
It  is  true  that  the  death  rate  of  children  under  live  is  very 
much  higher  than  that  of  the  general  population,  but 
if  a  high  birth  rate  continues  for  several  j'ears  it  then  in- 
creases the  ratio  of  the  total  population  at  ages  wheu  the 
mortality  is  at  its  lowest  point,  and  thus  lowers  the  gen- 
eral death  rate. 

The  Effect  of  Aye  and  Sex  Distribution  upon  the  Jka-th 
Bate. — Two  cities,  towns,  or  districts  which  are  entirely 
alike  in  their  climate,  density  of  populatiou,  and  .sanitary 
conditions  may  have  very  different  death  rates,  on  ac- 
count of  differences  in  the  age  and  sex  constitution  of 
their  populations. 

The  population  under  five  }'ears  of  age  may  have  a 
death  rate  of  60  per  1,000,  and  that  of  persons  over 
sixty-flve  years  of  age  may  be  as  high  as  80  or  90  per 
1,000,  while  that  of  adults  from  twenty  to  sixty  3'ears  of 
age  may  be  only  13  per  1,000.  It  is  therefore  plain  that 
a  predominance  of  children  under  five  years  of  age,  or  of 
persons  over  sixty-live,  uill  raise  the  general  death  rate, 
while  an  excess  of  persons  between  twenty  and  sixty  will 
lower  it. 


Massachusetts— Deaths    to    1.000    Living    at    Each   of   Tex 
Groups  of  ages,  1899-iaoi. 
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Again,  an  excess  of  males  will  tend  to  raise  the  death 
rate,  while  an  excess  of  females  lowers  it,  since,  as  shown 
in  the  accompanying  tables,  the  death  rate  of  females  at 
all  ages  except  from  ten  to  twenty  years  is  less  than  that 
of  males.  While  it  is  proper,  therefore,  to  compare  the 
death  rate  of  a  given  city  for  anj^  year  with  that  of  a 
previous  year,  provided  there  were  no  material  changes 
in  tin  population  in  the  intervening  years,  it  is  not  safe 
to  compare  the  general  or  crude  death  rates  of  one  city 
with  those  of  another  without  taking  account  of  the 
differences  in  the  ages  and  sex  constitution  of  the  popu- 
lations of  such  cities.  It  is  for  this  reason  that  the  death 
rates  of  the  older  cities  of  the  Atlantic  coast  cannot  safely 
be  compared  with  those  of  newly  settled  Western  dis- 
tricts, where  young  adults  between  the  ages  of  fifteen 
and  forty-five  are  iu  excess  of  numbers. 


In  the  following  table  the  age  and  sex  constitution  of 
two  cities  are  compared  with  that  of  the  State  at  large, 
as  an  illustration  of  these  differences.  In  the  State  at 
large  the  sexes  in  1900  were  in  the  ratio  of  48. To  jier 
cent,  of  males  to  51.25  females,  or  l.Ool  females  to  1,000 
males,  while  that  of  Boston  was  in  the  proportion  of 
1,040  females  to  1,000  males,  and  that  of  Salem  1,109  fe- 
males to  1,000  males. 

Census  of  1900.    Age  Distribution. 


Massachusetts 

BOSTON. 

Salem. 

Males. 

Fe- 
males. 

Males. 

Fe- 
males. 

Males. 

Fe- 
males. 

Under  5  years. . . 

.505 

501 

510 

512 

530 

.520 

5  to  10  years  . . . 

457 

456 

437 

435 

506 

473 

10  to  15  years  . . . 

407  • 

411 

378 

377 

411 

427 

]h  tu  20  years  ... 

411 

437 

am 

397 

405 

449 

20  to  25  years  . . . 

461 

534 

467 

565 

449 

519 

25  to  35  years  . . . 

931 

995 

1,076 

1,074 

842 

920 

35  to  45  years  . . . 

704 

708 

780 

744 

6:jl 

710 

45  to  55  years  . . . 

470 

493 

462 

478 

448 

523 

.55  to  65  years  . . . 

293 

3-34 

2.53 

289 

286 

377 

All  over  65  years 

231 

286 

148 

213 

220 

328 

Unknown 

23 

11 

35 

14 

13 

13 

4,875 

5,125 

4,902 

5,098 

4,741 

5,259 

10,000 

10,000 

10,000 

In  Newton  there  were  1,234  females  to  1,000  males, 
but  in  Gloucester  the  males  predominated,  there  being 
only  873  females  to  1,000  males  in  that  city.  These  dif- 
ferences are  determined  largely  by  the  character  of  the 
industries  conducted  iu  the  different  cities. 

With  reference  to  ages,  there  were  in  Massachusetts  in 
1900  52.45  per  cent,  of  the  population  between  twenty 
and  lifty-five  years  of  age,  in  Boston  56.46  at  the  same 
ages,  but  in  Salem  only  50.43  per  cent. 

Again,  there  were  in  Massachusetts  11.36  per  cent,  of 
persons  over  fifty-tive  years  of  age,  in  Boston  9.03  per 
cent.,  and  in  Salem  12.11  per  cent. 

In  Boston  the  children  under  fifteen  co.nstituted  26.49 
per  cent,  of  the  populatiou,  but  in  Holyoke  those  of  the 
same  age  were  33.13  per  cent,  of  the  population. 

All  these  differences  have  an  effect  upon  the  death  rate 
according  to  the  preponderance  of  persons  at  healthy 
ages. 

Method  of  Correction  for  Age  and  Sex  Distribution. — 
The  method  shown  in  the  following  table  has  been 
adopted  by  the  registrar-general  of  England,  and  has 
been  indorsed  by  other  statisticians,  notably  by  Korosi, 
whose  method  requires  less  calculation  since  he  advises 
only  four  age  periods  for  correction  instead  of  eleven,  as 
in  the  English  tables.  The  periods  recommended  by 
Korosi  are  as  follows:  All  under  one  year;  all  from  one 
to  twenty  years;  all  from  twenty  to  fifty  years;  all  over 
fifty  years.  He  also  advises  that  the  ])opulation  of  Swe- 
deu  be  taken  as  a  standard  of  distribution,  Sweden  being 
a  very  healthy  population.  Dr.  Ogle  suggests  the  adop- 
tion of  a  combined  standard,  made  from  the  seven  prin- 
cipal European  nations.  The  English  tables  employ  the 
population  of  England  and  Wales  as  a  standard,  and  iu 
the  following  table  (on  page  250)  the  writer  has  referred 
each  of  the  cities  to  the  population  of  Massachusetts  as  a 
staudard  of  comparison. 

In  the  following  table  the  sta7tdard  deeith  rate  signifies 
the  death  rate  at  all  ages,  calculated  on  the  hypothesis 
that  the  rates  at  each  of  the  ten-age  periods  in  each  city 
were  the  same  as  those  of  the  States  during  the  three 
years,  1899-1901.  The  death  rate  at  all  ages  iu  the  State 
during  that  period  having  been  17.48  per  1,000. 

The  factor  for  correction  is  the  figure  by  which  the 
crude  or  recorded  death  rate  should  be  multiplied,  in 
order  to  correct  for  variations  of  sex  and  age  distri- 
bution. 

The  corrected  death  rate  is  the  recorded  death  rate  mul- 
tiplied by  the  factor  for  correction. 
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The  comparatire  mortiditii  figure  represeuts  the  cor- 
rected death  rate  in  each  city,  as  eompurcd  with  the 
recorded  death  rate  iu  the  State  in  1900  taken  as  1,000. 

KECORnKD  AXD  TOKRECTED  DEATH  HATES  PER  1,0(10  PERSONS 
LiVl.S-G  TN  M.VSS.M-llUSETTS  CITIES  OF  MORE  THAN  2.1,000  I.V- 
HABITANTS   IN    liK-W. 


Cities  in  the  order  of  tlielr 
corrected  death  rates. 

•=2 
II 

Factor  for ' 
correction  for 
sex  and  age 
distribution. 

't- 

IIS 

Comparative 

mortality 

figure. 

1. 

2. 

3. 

*• 

5. 

17.48 

16.27 
17.03 
17.06 
17.07 
17.30 
17.03 
17.77 
10.80 
17.3.3 
10.54 
17.31 
17.95 
16.58 
16.89 
IB.O?- 
16.26 
17.07 
16.09 
15.90 
15.55 

1.000 

1.074 
1.027 
1.024 

989 
l.OIO 
1.027 

1184 
1.040 
1.009 
1.056 
1.010 

974 
1.056 
1.035 

i.as8 

1.075 
1.024 
1.086 
1.099 
1.124 

18.23 

13.85 
14..'i3 
15.01 
15.55 
15.67 
15.67 
16.42 
15.91 
17.00 
16..54 
18.93 
19.86 
18.33 
19.43 
19.48 
20.08 
21.19 
20.40 
21.53 
21.96 

18.23 

14.87 
14.92 
15.37 
15.38 
15.83 
16.09 
16.16 
16..55 
17.15 
17.47 
19.12 
19.34 
19.36 
20.tM 
21.19 
21  ..59 
21.70 
23.15 
2=3.66 
24.68 

1.000 

816 

Maiden 

Ne\vt(»n 

818 
843 
844 

868 

Fitchburg 

883 
886 

908 

941 

958 

1.049 

1.061 

Worcester* 

1.063 
1.103 

Lowell 

1.162 

Boston  *   

1.184 

New  Bedford       

1.190 

1.215 

Fall  River 

Holyoke 

1.297 
1.354 

*  Correction  has  been  made  in  the  four  cities  of  Worcester,  Taunton, 
Chi'lsca  and  Boston  for  deaths  ot  non-residents  occurring  in  sixteen 
piililic-and  iiriviite  insiituii'nis,  119  deaths  In  Worcester,  79  in  Taunton, 
9ti  iu  Chelsea,  and  419  in  Boston. 

The  figures  in  the  last  column  may  be  read  as  follows : 
After  making  approximate  correction  for  differences  of 
age  and  sex  distribution,  the  same  number  of  living  per- 
sons that  gave  1,000  deaths  in  Massachusetts  in  1900  gave 
816  in  Brockton,  1,184  in  Boston,  1,354  iu  Holyoke,  etc. 

The-tii-st  column  in  the  table  is  obtained  by  assuming 
that  the  mean  mortality  in  Massachusetts  iu  1899-1901 
prevailed  iu  each  of  the  twenty  cities  in  the  list. 

The  age  and  sex  distribution  of  each  city  at  the  last 
census  (1900)  being  known,  the  mean  mortality  in  Massa- 
chusetts (1899-1901)  is  applied  to  the  population  thus 
constituted,  producing  as  a  result  the  series  of  death 
rates  in  column  1.  The  differences  between  the  cities  in 
this  column  are  consequently  caused  only  by  the  differ- 
ence in  age  and  sex  distribution.  As  an  example  of  the 
method  of  obtaining  these  standard  death  rates,  the  fig- 
ures for  Boston  may  be  taken  (see  the  following  table). 
Here  the  total  population  of  Boston  in  1900  was 
560,892.  The  whole  number  of  calculated  deaths  was 
9,132.     The  standard  death  rate  for  that  year  was  there- 

9,122X1,000       ,.„„  ,  ..,,  ,  .     ., 

fore  - — -„,r..f,^ —  =  16.36  per  1,000,  as  shown  m  the 
o60,892 

foregoing  table. 

Now  the  mean  annual  death  rate  of  Massachusetts  for 
the  three  years  1899-1901  was  17.48.  This  ought  to  be 
the  same  as  the  calculated  death  rate  for  Boston,  which 
was  obtained  by  applying  the  mean  annual  death  rate  of 
the  State  at  the  different  age  groups  to  the  population  of 
Boston  at  these  age  groups. 

But  this  standard  death  rate  of  Boston  was  lower,  as 
shown  in  the  table,  which  arises  from  the  fact  that  the 
distribution  of  age  and  sex  in  the  Boston  population  is 
more  favorable  than  that  of  the  State  at  large  (see  table, 
page  249). 

i'he  standard  death  rate  being  lower  for  Boston,  must 
be  raised  in  order  to  bring  it  into  comparison  with  the 
death  rate  of  the  State ;  that  is,  it  must  be  Increased  in 

the   proportion  of   16.26  to  17.48.     This  fraction  |^^ 

=  1,075.     This  number  1.075  is  the  factor  for  correction 


for  age  and  sex  distribution  by  which  the  crude  or  re- 
corded death  rate  of  Boston  must  be  multipHed  in  order 
that  it  may  be  comparable  with  tliat  of  the  Stale. 

By  multiplying  tlie  recorded  death  rates  in  column  3 
by  the  factors  for  eorrection,  the  corrected  death  rates 
are  obtained  as  given  in  column  4.  These  are  the  death 
rates  which  would  have  been  recorded  iu  each  city  had 
its  population  been  identical,  so  far  as  age  and  sex  dis- 
tribution are  concerned,  with  that  of  the  State. 


Mean  Annual  Death 
Rate  in   Massachc- 

Population  of 

Calculated 

Deaths  in 

Boston 

(1900). 

SETTS,   1899-1901,    PEIl 

Boston  in 

1,(KI0  Living  at  Each 

1900.           [ 

GROtP   OF   AGES. 

Ages. 

1 

a; 

i 

« 

V. 

rt 

a 

1 

"3 

a 

3J 
fa 

0-5   years.. 

58.41 

48.00 

28,628 

28,733 

1,673 

1.379 

5-10      "   ,. 

4.74 

4.60 

24,495 

24,401 

116 

112 

10-15      "    .. 

2.84 

2.88 

i\:M'. 

21,160 

60 

61 

1:3-20      "    .. 

4.70 

4.43 

lo.'.iri:-, 

22,2S<I 

94 

99 

30-25      "    .. 

6.71 

5.94 

SO.l'.i'.l 

:il,iii;i 

176 

188 

25-85      •'    .. 

7.9() 

7.31 

60,362 

60,243 

481 

4t0 

3.>4S      "    .. 

10.48 

9.42 

43.74S 

41,717 

4.58 

393 

4.5-55      "    . . 

16.31) 

14.30 

25,910 

26,816 

421 

381 

.5.5-65      '•    .. 

30.96 

26.51 

14,145 

16,231 

438 

4:50 

65  and  over.. 

88.60 

82.78 

8.301 

11,919 

735 

987 

Unknown ... 

1.967 

SOI 

274,923 

285,970 

4,652 

4,470 

560,892 

9,122 

This  principle  n  vital  statistics  is  specially  applicable 
to  those  towns  from  which,  iu  consequence  partly  of 
local  conditions,  the  young  and  vigorous  portion  of  the 
population  has  emigi'ated,  as  iu  the  case  of  Nantucket, 
Mass.,  which  in  1840  had  a  population  of  9,012;  but  this 
number  had  diminished  to  3,143  in  1885.  Of  this  popu- 
lation of  3,143,  only  43.8  per  cent,  were  between  the 
ages  of  twenty  and  tifty-five,  when  the  death  rate  is  low, 
as  compared  with  52,4  per  cent,  at  the  same  ages  in  the 
State  at  large.  The  percentage  of  the  population  who 
were  over  fifty -five  (at  which  ages  the  death  rate  is  high) 
was  29.G,  as  compared  with  only  11.4  in  the  Stateat  large 
in  the  same  census  year.  As  a  cousequenee,  Nantucket 
in  that  year  should  be  credited  with  a  standard  death 
rate  of  27.03,  a  factorfor  age  and  sex  correction  of  0.733. 
The  crude  or  recorded  death  rate  of  the  town  w;is  33.74 
per  thousand,  the  corrected  death  rate  24.73,  and  the 
comparative  mortality  figure  1,261. 

According  to  F.  L. "Hoffmann,  the  fallacy  of  disregard- 
ing the  effect  of  age  distribution  is  shown  in  a  recent 
United  States  Government  rejiort,  wherein  it  is  stated 
that  "the  significance  of  the  annual  rate  of  death  from 
disease  in  the  Philippines  (17,2  per  thousand)  may  be 
better  appreciated  by  conipaiison  with  the  rates  iu  some 
of  our  well-known  American  cities.  Mr.  Root  gives  a 
table  showing  the  annual  <leath  rates  of  Washington, 
Boston,  etc.,  together  with  the  mortality  rate  from  dis- 
ease of  soldiers  in  the  Philippines.  Even  a  moment's 
reBeetiou  would  liave  made  it  clear  that  a  comparison  of 
the  death  rate  of  soldiers,  mostly  of  ages  from  eighteen 
to  thirty,  could  not  properly  be  made  with  the  mortality 
of  the  general  population  at  all  ages.  Even  a  compari- 
son with  the  general  death  rate  of  cities,  at  ages  from 
fifteen  to  forty -five,  which,  according  to  the  then  avail- 
able census  of  1890,  was  10.9  per  thousand,  would  not 
have  been  accurate,  in  that  soldiers  represent  a  carefully 
selected  class  of  physical  risks  iu  contrast  to  the  general 
population,  which  includes  the  sick  aud  otherwise  physi- 
caliy  impaired.  The  only  accurate  method  of  compari- 
son Which  could  have  beeu  suggested  to  the  Secretary  of 
War  by  the  surgeon-general  of'the  army  would  have  been 
the  average  mortality  rate  from  disease  of  soldiers  in  tlie 
United  States  army   previous  to   the  war  with  Spain. 


250 


REFERENCE  HANDBOOK  OF  THE  MEDICAL  SCIENCES. 


Vila!  Slatisfics, 
Vital  Ntatlstlrs. 


But  by  this  metlicxl  the  aigmneut  advanced  by  Mr.  Root 
eould  not  have  been  proven,  for,  according  to  the  annual 
reports  of  the  surgeon-general,  the  mortality  of  soldiers 
from  disease  during  the  live  years,  1891-95,  was  at  the 
rate  of  4.3  per  thousand,  while  during  1896  the  rate  was 
3.8,  and  during  1897  it  was  3.1.  In  other  words,  the 
mortality  of  soldiers  in  the  Philippines  from  disease  was 
four  times  as  great  as  the  mortality  from  disease  of 
United  States  soldiers  under  conditions  of  peace."  (F.  L. 
Hoffmann,  in  Transactions  of  American  Statistical  Asso- 
ciation, December,  1903,  p.  198.) 

Infant  JIoktality. — The  mortality  of  infants  under 
one  year  of  age  should  not  be  compared  with  the  general 
population,  since  the  relative  number  of  living  infants 
varies  much  in  different  communities.  A  more  correct 
method  is  to  compare  the  deaths  of.  infants  one  j'ear  old 
with  the  living  infants  of  the  same  age.  It  has  not  been 
found  practicable,  however,  by  ordinar}'  census  methods 
to  find  the  number  of  infants  with  accuracy.  This  is 
shown  by  the  census  figures  of  almost  any  State  or  coun- 
try for  the  first  five  years  of  life. 

For  example,  the  figures  for  Massachusetts  in  the  state 
census  of  18S5  and  the  United  States  census  of  1900  were 
as  follows: 


NUMBKR   OK  CHILDRE.X    LITIXG  AT   CERTAIN   AGES. 


Years. 

State  Census 
m«o). 

U.  S.  Census 
(1900). 

35.888 
27.327 
40.3o:s 
38.061 
36,706 

60.492 

.53.943 

2-3      '■    

.56.357 

3-4      "    

56.678 

4-.5      "    

54,867 

In  the  foregoing  table  the  numbers  of  children  found 
who  were  under  two  years  of  age,  but  over  one  year, 
were  less  in  each  census  tlian  those  who  were  a  year 
older  as  well  as  less  than  those  who  were  a  year  younger. 
But  since  immigration  does  not  largely  affect  the  num- 
bers at  these  early  ages,  we  should  naturally  expect  to 
find  a  diminishing  series  beginning  with  the  first  year  of 
life,  the  deaths  making  the  nurabeis  for  each  successive 
year  of  life  le.ss  and, less.  This  error  appears  in  the 
eighth  census  also,  and  in  order  to  obtain  the  number  of 
infants  under  one  year  ci'rrectly  it  is  necessary  to  calcu- 
late a  redistribution  of  these  early  years,  or,  what  is  pref- 
erable, to  use  the  births  as  a  standard. 

For  the  purpose  of  greater  accuracy,  the  deaths  under 
one  year  occurring  in  a  calendar  year  should  be  com- 
pared with  the  birtiis  of  an  eai'lier  period,  since  many  of 
the  infants  under  one  year  dying  in  any  year  were  born 
in  the  previous  year.  For  this  reason  it  is  customary  to 
employ  as  a  standard  of  comparison  the  births  occurring 
in  a  year  ending  with  .June  3()th,  and  to  compare  with 
this  number  the  deaths  under  one  year  occurring  in  the 
calendar  year  ending  December  31st. 

Upon  this  basis,  tlie  infant  mortality  of  Massachusetts 
during  the  twenty  years,  18(56-75,  was  150.3  per  thou- 
sand births,  and  "that  of  the  succeeding  twenty  years, 
1876-95,  was  161.3  per  thousand,  the  mean  of  the 
forty-year  period  being  156.7.  The  births  eniploj-ed 
in  this  calculation  were  those  which  occurred  during 
the  period  beginning  .luly  1st,  1855.  and  ending  June 
30th,  1895;  and  the'deatlis  under  one  year  were  those 
wliich  occurred  in  the  fort}-  calendar  years,  1856-95,  in- 
clusive. 

The  infant  mortality  of  the  five  following  vears.  1896- 
1900,  was  respectively  167.7,  148.1,  149.1,  148.0.  and  159. 
The  infant  mortality  "of  cities  is  usually  greater  than  that 
of  the  rural  districts.  In  Massachusetts,"in  the  ten  years 
1881-90,  the  infant  mortality  of  the  cities  was  174.9  per 
thousand  births,  and  that  of  the  rural  districts  was  139,5. 
The  following  table  presents  the  infant  mortality  of  sev- 
eral countries; 


IXFAX-T  Mortality.*    Dkaths  U.ndee  One  per  1,000  Births. 


Ireland.. 

Sweden 

Scotland 

■Engriand. 

Belffiuni 

Fr.Hiice.. 

HoUaiiU 


S 

■^x. 

§ 

at  2 

X 

•Hfe-^ 

^  rt 

1884-88 

94 

1881-90 

9" 

1885-90 

120 

188.5-91 

144 

lSSl-91 

1.59 

1S8.5-90 

165 

1885-90 

179 

Italy, 
Prussia 
Hungary. 
Austria  . . 
Saxony... 
Bavaria  .. 


*  From  paner  by  Dr.  Eross,  in  Koch's  Zeitscbrltt  f.  Hvpiene,  vol.  19, 
1896,  p.  371. 

An  important  factor  in  relation  to  infant  mortality  is 
the  method  of  feeding.  The  best  information  upon  this 
point  comes  from  the  city  of  Berlin,  where,  for  several 
years,  all  infants  have  been  classified  with  reference  to 
the  method  of  feeding,  so  that  the  ratio  of  deaths  of  each 
class  could  be  estimated. 

The  results  of  these  observations  extending  over  a 
series  of  years  were  as  follows.  ^.Mortality  jier  thousand 
infants  under  one  year  old  in  Berlin:*  Among  those  who 
were  fed  cm  the  mother's  milk  only,  7.4  per  1,000;  on 
mother's  milk  and  cow's  milk,  31.4  per  1,000;  on  cow's 
milk  alone,  43.1  per  1.000;  on  milk  substitutes,  67.7  per 
1,000;  on  cow's  milk  and  milk  substitutes,  135.7  per 
1,000.  These  figures  are  the  result  of  observations 
upon  65,730  deaths  of  infants  under  one  year  old  in 
Berlin. 

The  liealth  commissioner  of  Buffalo  claims  a  large 
reduction  in  the  infant  mortality  (^f  that  city  b}-  the 
suppression  of  the  sale  of  nursing-bottles  having  long 
tubes  attached  and  by  other  ordinances  of  a  similar 
character. 

Effect  of  Intemperance  and  Poverty  vpon  Infant  Ilortnl- 
ity. — It  is  liardly  necessary  to  assert  the  effect  of  these 
factors  in  the  causation  of  infant  mortality.  In  every 
country  tiic  records  show  their  damaging  eft'ects.  Cities 
in  which  intoxicating  liquors  are  freely  sold  underlicense 
laws  have  a  higher  infant  mortality  than  those  cities  in 
which  such  .sale  is  forbidden  by  the  popular  vote.  In 
the  census  year  1895,  the  infant  mortality  in  the  seven- 
teen cities  of  ^Massachusetts  in  which  licenses  were 
granted  was  174  per  1,000  births,  while  in  the  cities  in 
which  no  licenses  were  permitted  the  infant  mortality 
was  only  133  per  1.000.  In  this  estimate  no  account  was 
taken  of  those  few  cities  in  which  the  sentiment  of  the 
voting  population  was  so  equally  balanced  that  a  change 
from  license  to  no  license,  or  ince  versa,  took  place  during 
the  year  in  question. 

The  effect  of  poverty  is  shown  in  Dr.  Billings'  census 
volume  relating  to  the  vital  statistics  of  certain  cities, 
w'lierein  tlie  mortality  of  children  under  five  years  of  age 
in  one  ward  of  a  certain  city  inhabited  by  a  poor  class  of 
residents  was  157.1  per  1.000  living  of  the  same  age. 
while  a  neighboring  wealthy  district  had  a  mortality  of 
only  40.4  for  the  same  class. 

Again,  the  average  pay  of  shoemakers  is  from  sixty  to 
ninet)'  per  cent,  greater  than  that  of  cotton  and  woollen 
operatives.  The  infant  mortality  of  the  three  shoe-manu- 
facturing cities  of  Lynn,  Haverhill,  and  Brockton  for  the 
ten  years  1881-90  was  146.1,  while  that  of  the  cotton  fac- 
try  cities  Fall  River,  Lowell,  and  Lawrence  for  the  same 
period  was  337  per  1.000  births. 

Effect  of  nif/h  Birth  AV?c— That  a  high  birth  rate  is 
not  necessarilv  a  concomitant  of  high  infant  mortality 
is  shown  by  "Dr.  H.  May  in  a  letter  to  Public  Health 
(March,  1903),  in  which  "he  shows  that  while  the  birth 
rate  had  fallen  in  each  of  the  following  large  cities,  the 
infantile  mortality  had  risen. 


*  International  Statistical  Bulletin,  vol.  ii.,  No.  2.  p.  14. 
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City. 

Birth  Kate. 

5|i 

43.0 
27.0 
25.0 
20.5 

INFANTILE 
MORTALITY. 

1876. 

1901. 

1876. 

1901. 

Salford 

49.3 
39.8 
42.8 
36.3 

29.2 
29.1 
32.1 
28.5 

189 
180 
160 
146 

204 

199 

187 

England  and  Wales 

151 

Densitii  of  population  has  an  iiiflueuce  upon  tht-  death 
rate.  Xiio  death  rate  of  rural  districts  is  lower  than  that 
of  oitius,  as  a  general  rule.  The  urban  districts  of  Eng- 
land in  18fl9  had  a  death  rate  of  19.2  per  1,000,  T\-hilc  that 
of  the  rural  population  was  only  16.3.  In  Massachusetts 
the  death  rates  in  1890  and  1900  in  the  urban  and  rural 
populations  were  respectively  20  and  18.5  per  1.000  in 
the  urban  districts  and  17.8and  17.3  in  the  rural  districts. 
It  is  only  wlieu  the  density  has  reached  a  certain  degree 
of  intensity  that  it  beginsto  assert  an  appreciable  effect. 
Even  theii  it  is  what  is  implied  in  or  is  an  attendant 
upon  aggregation,  rather  than  the  aggregation  itself, 
that  is  harmful.  Poverty  and  intemperance  are  usually 
greater  in  densely  populated  districts  than  elsewhere, 
with  their  accompaniments  of  deficient  food  and  cloth- 
ing and  bad  housing.  Hence  the  excess  of  phthisis  in 
tenement-houses,  and  especially  in  those  tenements  con- 
sisting of  two  or  three  rooms  only.  Newsholme  says 
that  "  the  true  density  that  should  be  considered  is  the 


while  the  death  rate  meanwhile  has  declined  from  22.. 5 
to  19.1  per  1,000  in  the  same  time.  In  New  England  the 
density  increased  from  7.5.8  in  1890  to  90.2  per  square 
mile  in  1900,  while  the  death  rate  decreased  as  follows: 
In  1892,  19.9;  in  1893-97,  18.3;  in  189.8-1900,  17.3. 

With  Newsholme,  therefore,  we  are  led  to  believe 
"  that  either  the  relationship  between  density  of  popula- 
tion and  mortality  is  accidental  rather  than  essential,  or 
that  countervailing  influences  are  at  work." 

While,  tlierefore,  this  strict  mathematical  formula  may 
be  applicable  to  the  densely  crowded  portions  of  large 
cities  when  compared  with  each  other,  it  does  not  neces- 
sarilj'  apply  when  the  condition  of  one  district  is  com- 
pared with  its  own  condition  at  an  earlier  period  when 
the  density  was  much  less.  Nor  can  it  be  employed  in 
comparing  the  populations  of  cities  and  districts  in  the 
United  States,  without  careful  correction  forage  and  sex 
distribution. 

In  the  three  States  of  Maine,  New  Hampshire,  and 
Vermont,  with  an  average  density  of  population  of  30.3 
per  square  mile,  the  death  rate  in  the  nine  years  1892- 
1900  was  16.90;  but  in  the  three  States,  Massachusetts, 
Rhode  Island,  and  Connecticut,  with  an  average  density 
of  296.. 5  per  square  mile,  the  death  rate  in  the  same  pe- 
riod was  18.5.5  per  1,000. 

To  a  certain  degree  the  number  of  rooms  occupied  by 
a  given  number  of  people  bears  a  definite  relation  to  the 
deusit)-  of  population  as  well  as  to  its  social  condition, 
and  hence  has  a  direct  effect  upon  the  death  rate,  as 
shown  in  the  following  table  for  the  city  of  Glasgow ;  * 


size  of  houses. 

Census 

population 

(1901). 

Deaths 
FROM  ALL  Causes. 

Infectious  Diseases. 

Phthisis. 

Respiratory  Diseases 
Including  Ceoup. 

Deaths. 

Death  rate. 

Deaths. 

Death  rate. 

Deaths. 

Death  rate. 

Deaths. 

Death  rate. 

One  room 

104,128 
348,731 
151,7.54 
136,511 

3,405 
7.418 
2,081 
1,533 

32.7 
21.3 

13.7 
11.2 

771 

1,578 

290 

139 

7.4 
4.5 

1.9 
1.0 

247 
620 
178 
99 

2.4 

1.8 
1.2 

.7 

792 

1,600' 

362 

272 

7.6 
4.6 

2.4 

Four  rooms  and  more 

2.0 

20.6 

3.8 

1.8 

4.3 

number  of  persons  to  each  room,  not  the  number  of  per- 
sons on  a  given  area"  ("The  Vital  Statistics  of  the  Pea- 
body  Buildings,"  Royal  Statistical  Society,  February, 
1891). 

Dr.  Farr  had  proposed  an  extremely  mathematical  rule 
or  formula  for  the  calculation  of  the  death  rates  of  popu- 
lations of  different  density,  stating  at  first  that  the  mor- 
tality increases  in  proportion,  not  to  the  density '  of 
population,  but  to  the  sixth  root  of  the  density.  This 
formula  he  afterward  changed  to  the  eighth  root  approx- 
imately, or,  more  exactlj',  to  0.11998. 

By  "this  formula  if  d  and  d'  =  density  of  population 
of  two  places,  and  »i  and  wd  =  mortality  of  population, 

m'        *./  d        , 
then  —  =     ^  —r  and 
m  d 

m   :  m  : :      ■\/  d'    •    '\/  d 

In  345  English  districts  which  had  a  mortality  of  19.2 
per  1,000,  the  density  was  186  persons  per  square  mile. 
What  was  the  mortality  in  9  of  these  districts  which  had 
a  high  densit}'  of  -1.499  per  square  mile? 


m 


".74,499 

186 


28.6 


So  closely  was  the  ratio  found  to  be  followed  in  places 
whose  sanitary  conditions  were  fairly  the  same,  and 
whi(  h  differed  only  in  density  of  population,  that  Dr. 
Farr  proposed  that  in  any  sanitary  inquiry  the  influence 
of  density  should  first  be  discovered  by  means  of  tlie 
foregoing  formula,  and  that  the  effect  of  other  influences 
above  or  below  this  should  then  be  investigated.  But 
the  death  rate  has  declined  in  recent  years,  as  density  has 
increased.  In  England  the  density  of  population  has 
increased  from  307  per  square  mile  in  1851  to  497  in  1891, 


The  Ejfeet  of  Occupation  vpon  Mortality. — The  occupa- 
tion or  calling  in  which  persons  are  engaged  has  an  in- 
fluence upon  the  health  and  consequent  length  of  life  of 
those  who  are  thus  emplo3-ed,  some  occupations  being 
more  favorable  to  healtli  than  others. 

Various  methods  have  been  adopted  for  measuring  the 
comparative  healthfulness  of  occupations.  For  several 
years  it  was  customary  in  some  of  the  older  States  to 
give  the  mcnn  ar/e  at  death  of  persons  engaged  in  differ- 
ent occupations  and  thus  to  compare  them  with  each 
other.  This  method,  however,  is  entirely  fallacious. 
For  example,  the  average  age  at  death  of  judges  in 
Massachu.se tts  was  65.9  years,  of  clerks  36.4  years,  and 
of  students  23.7  years.  These  figures  obviously  have  no 
value  as  determining  the  comparative  length  of  life  or 
healthfulness  of  the  persons  engaged  in  these  employ- 
ments. 

Nor  is  it  a  strictly  correct  method  to  compare  the  num- 
ber d\-iug  in  anj'  given  occupation  with  the  number  en- 
gaged in  such  occupation,  since  the  persons  entering 
upon  the  duties  of  one  occupation  may  do  so  at  a  much 
earlier  or  later  age  than  those  entering  another  occupa- 
tion which  may  be  compared  with  it. 

According  to  Newsholme,  f  the  only  trustworthy 
method  is  to  compare  the  mortality  of  those  engaged  in 
one  occupation  and  of  a  given  age,  with  the  mortality  of 
those  engaged  in  another  occupation  and  of  a  correspond- 
ing age. 

The  circumstances  which  render  certain  occupations 
injurious  to  the  health  of  persons  engaged  in  them  are 
overcrowding    and    defective   ventilation,    extremes  of 


*  "The  Death  Rate  in  One-Apartment  Houses,"  by  A.  K.  Chalmers,. 
M.D.,  Medical  Officer  of  Health  of  Glasgow.  1903. 

*  ■■  Vital  Statistics,"  third  edition,  page  172. 
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heat  and  cold,  inhalation  of  noxious  vapors,  and  espe- 
cially of  dust,  both  organic  and  inorganic,  exposure  to 
lead  "and  other  poisons,  mental  anxiety,  and  exposure  to 
intemperance. 

Observations  upon  the  mortality  of  occupations  in 
American  communities  are  generally  untrustworthy  and 
inaccurate ;  first,  because  of  wrong  methods  adopted  ;  and 
second,  because  of  the  shifting  and  unstable  character  of 
persons  employed,  as  compared  -nith  those  engaged  in 
foreign  industries. 

The  following  table,  constructed  by  Dr.  Tatham  from 
the  registrar-general's  returns  of  England  for  the  years 
1890-92,  may  be  deemed  accurate  for  English  occujja- 
tions.  It  embraces  the  statistics  of  death  of  61,31.5 
men  who  were  engaged  in  the  occupations  named  in 
the  table. 


Occupations. 


Clergyman,  priest 

Lawyer,  solicitor 

Physician,  siirpeon 

Commercial  traveller 

Farmer,  frrazier 

Agricultural  laborer 

Fisherman 

Innkeeper,  bartender,  etc 

Innkeeiier's  servant 

Grocer 

General  shopkeeper 

Printer 

Butcher 

Corn  miller 

Hatter 

Baker,  confectioner 

Tailor 

Hairdresser 

Shoeijiaker 

Tanner 

Currier 

Tool,  scissors,  file,  .saw,  needle  maker 

Blacksmith 

Copper,  lead,  tin,  zinc  worker 

Bricklayer,  m.nson 

Carpenter,  inincr 

Plumber.  i«iiiilcr.  glazier 

Woollen  'ipcr;ilives 

Cotton.  Ilax.  linen  operatives 

Wool.  silk,  coitnn  dyer  and  printer. 

Potter,  ciirtlieuware  maker 

Coal  miner 

Tin  miner 

Glass  maker 


S5 


4.86 
5.33 
6.69 
6.09 
4.39 
5.54 
9.13 
15.21 
15.(16 
5.40 
8.89 
9.1U 
7.53 
5.07 
6.96 
6.49 
6.86 
9.41 
7.66 


8.36 
5.80 
7.43 
6.55 
5.78 
7.04 
0.99 
7.13 

in.90 
8.19 
6.29 
8.U6 

11.33 


«3    « 


4.23 
10.67 
14.92 
13.63 

7.03 

9.14 
10.60 
23.32 
24..-)2 

8.62 
14.03 
14.40 
15.66 

9.33 
15.35 
11.00 
13.67 
13.01 
11.35 

6.40 
13.67 
18.38 
10.81 
13.98 
13.45 

9.36 
14.;9 
11.99 

i3.as 

10.14 
19.58 
9.63 
14.33 
17.88 


g£ 


.5.18 
17.73 
31.04 
21.41 
11.20 
13..56 
18.61 
34.,H4 
35.34 
14.34 
19.93 
21  ..")<> 
23.tw 
1S.!I0 
31.75 
32.18 
21.98 
23.28 
19..85 
18.69 
22.16 
32.93 
20.74 
24..5.5 
32.04 
17.19 
25.13 
20..58 
2.5.11 
38.05 
42.97 
19.43 
3:3.20 
32.1.1 


10.52 
34..50 
34.16 
39.28 
23.97 
24.83 
a).65 
.53.18 
.53,(18 
34.92 
32.59 
43.39 
43.33 
:is.S3 
43.'.I0 
35.45 
37.59 
39.113 
a5.25 
32.78 
40.62 
.57.52 
39.4.") 
46.03 
40.33 
32.15 
45.58 
4:3.76 
55.06 
57.93 
75.13 
43.79 
66.09 
60.79 


333 

831 

986 

961 

563 

6i;6 

815 

1,042 

1,659 

004 

973 

l.UlHi 

1,1190 

843 

1,109 

9;m 

989 
1,099 

930 

7.50 

998 
1,413 

914 
1,123 
1.001 

783 
1,120 

996 
1,176 
1,;370 
1,706 

9;i5 
1,409 

904 


In  the  foregoing  table,  the  first  four  columns  of  figures 
present  the  death  rates  at  four  different  ages  of  persons 
engaged  in  the  spccitied  occupations.  For  example,  the 
death  rate  of  clergymen,  twenty-five  to  thirty -five  years 
of  age,  is  4.86  per  "l.OOO;  of  innkeepers  of  the  same  age, 
15.21  per  1,000.  The  figures  in  the  last  column  should 
be  read  as  follows:  The  same  number  of  men  (aged 
twenty-five  to  sixty-five  years)  that  would  give  1,000 
deaths  among  all  liiales  (as  a  standard  of  comparison) 
would  give  53:3  among  the  clergy.  56:3  among  farmers, 
1,642  among  innkeepers  and  bartenders,  1,413  among 
steel  grinders,  etc. 

When  the  mortality  of  persons  indifferent  occupations 
is  distributed  according  to  the  causes  of  death,  we  find 
more  specific  results  of  the  effect  of  such  industries  on 
the  health  of  the  employed.  The  highest  mortality  from 
cancer  among  occupied  males  is  found  among  chimney- 
sweeps. For  phthisis  the  lowest  mortality  is  found 
among  clergymen,  railway  engineers  and  stokers,  fanners 
and  coal  miners:  and  the  highest  among  steel  grinders, 
lead  miners,  cosfermongers.  and  hotel  servants.  Pneu- 
monia causes  a  low  mortality  among  teachers  and  the 
clergy,  and  a  high  mortality  among  hotel  servants,  dock 
laborers,  iron  \\-orkeis,  and  coal  heavers.  Diseases  of 
the  liver  cause  low  mortality  among  the  clergy  and  rail- 
way porters,  and  liigli  mortality  among  lawyers,  brewers, 
physicians,  and  publicans. 


The  following  table  *  is  interesting  as  showing  the  ef- 
fects of  dust-laden  air  in  different  occupations: 


Occupation. 

Phthisis 
and  diseases 

of  the 

respiratory 

sy.stem. 

Occupation. 

■s  i    fe  „■ 

ipfl 

100 
133 

US 

166 
166 
177 
177 
202 
304 
313 
213 
244 
247 
249 

KKl 

Iron  miner 

Quarryman 

Zinc  worker 

201 

366 

Coal  miner 

Iron  and  steel  worker. 
Gunsmith 

293 

294 

307 

Copper  worker 

317 

319 

Glass  worker 

335 

Carpet  and  rug  maker. . 

Bricklayer,  mason 

Cotton  worker 

Lead  worker 

Chimney-sweep 

File  maker 

373 

Tin  miner 

Cutler,  scissors  maker 
Potter,      earthenware 

400 
407 

4.53 

This  table  is  to  be  read  as  follows:  In  each  100  deaths 
of  agriculturists  out  of  a  given  number  employed  in  such 
occupations,  there  would  be  133  deaths  of  iron-miners 
emplo}'ed  in  that  occupation,  etc.  Dr.  Ogle  points  out 
that  the  dust  of  coal  and  wood  is  least  injurious,  that  of 
metals  and  stone  most  injurious,  while  flour  dust  and 
that  of  textile  factories  occupy  an  intermediate  position 
in  their  effects  upon  health. 

Lead  Pouoninff. — The  mortality  of  all  males  from  lead 
poisoning  being  taken  as  1,  that  of  printers  is  3,  lead 
miners  5,  gasfitters  6,  coachraakers  7,  copperworkers  8, 
glassmakers  13,  potters  17,  painters  and  glaziers  18, 
plumbers  31,  file-makers  75,  and  lead  workers  311. 

AlcoIioUsm. — The  returns  under  tliis  head  are  usually 
imperfect,  but  since  the  intemperate  use  of  alcoholic 
drinks  damages  most  of  the  viscera,  the  excess  of  deaths 
from  nervous  diseases,  phthisis,  kidney  diseases,  gout, 
and  suicide  in  different  occupations  forms  an  index  of  the 
effect  of  alcoholism  upon  health. 

In  the  following  table  the  mortality  of  occupied  males 
between  twenty-five  and  sixty-five  years  of  age  from 
each  cause  of  death  is  taken  as  100,  and  the  mortality  in 
each  industry  is  reduced  to  a  figure  proportional  to  that 
standard  ;  f 


a  ^    ■ 

a 

lis 

€5S 

o 

.22  .a 

hvH 
?  =  > 

:; 

!^ 

.IBs 

its* 

y. 

O*" 

.Sd-S- 

^  e3  O 

■< 

CJ 

m 

p. 

Occupied  males 

100 

100 

100 

100 

100 

100 

100 

100 

Coachman,  cabman . . 

153 

215 

123 

300 

100 

143 

124 

133 

Costermonger 

163 

277 

107 

1.50 

170 

100 

2:39 

171 

165 

233 

137 

12(1 

,50 

116 

123 

Fisliuiouger 

168 

315 

144 

1.50 

1U9 

1.50 

86 

130 

188 

22:3 

141 

4.50 

135 

164 

1,4 

141 

Hairdresser 

175 

269 

130 

41H) 

109 

35U 

149 

78 

Dock  laborer 

195 

4(K) 

96 

13U 

139 

loV 

176 

166 

Chininev-sweep 

200 

4i>4 

78 

100 

331 

141 

144 

228 
2.50 

269 
315 

307 
319 

3IJ0 
.500 

128 
1.53 

164 
131 

10;j 
148 

117 

190 

420 
733 

815 
708 

230 
744 

5.50 
600 

133 
195 

179 
339 

35 1 
140 

188 

Innkeeper 

330 

The  Causes  op  Death.— These  are  usually  stated 
either  in  proportion  to  the  number  of  deaths  from  all 
causes  or  as  a  ratio  of  the  living  population.  The  latter 
is  the  preferable  method. 

The  first  plan  may  be  adopted  when  it  is  desired  'to 
ascertain  the  proportional  share  of  any  given  cause  of 
death  in  the  total  mortality,  but  for  general  ]5urposes 
the  population  should  be  the  standard  of  comparison.  _ 

For  a  half  century  or  more  diseases  have  been  classified 
in  most  English-speaking  countries  in  accordance  w-ith 


*  Newsholme's  "  Vital  Statistics,"  third  edition,  p.  183. 
t  Newsholme's  "  Vital  statistics,"  third  edition,  p.  184. 
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the  plan  proposed  by  Dr.  William  Farr,  about  the  mid- 
dle of  the  last  centiiry.  The  priiieipal  i,n'oups  of  this 
system  were  termed  the  zymotic,  coiisliliitional,  local, 
developmental,  and  violent  classes  of  disease  or  causes 
of  death.  The  progress  of  medical  science,  however, 
has  demanded  a  change,  and  the  Bertillon  system  of 
classification  has  in  many  countries  superseded  the 
system  of  Dr.  Farr.  According  to  this  new  system,  the 
groups  of  cau.ses  of  death  are  as  follows:  (1)  General 
diseases;  (2)  diseases  of  the  nervous  system ;  (3)  diseases 
of  the  circulatory  system;  (4)  diseases  of  the  respiratory 
system;  (.5)  diseases  of  the  digestive  system;  (6)  diseases 
of  the  genito-m-inary  system;  (7)  cliildbirth ;  (8)  diseases 
of  theskin;  (!))  diseases  of  the  locomotor  system;  (10) 
malformations;  (11)  early  infancy  ;  (12)  old  age;  (13)  vio- 
lence; (1-t)  ill-defined  di.seases. 

These  changes  in  classification  do  not  in  the  least  inter- 
fere with  the  study  of  se)iarate  causes  of  death,  when  it 
is  desirable  to  compare  their  present  and  jjast  incidence 
u|)on  the  population. 

A  general  consideration  of  the  principal  infectious  dis- 
eases sliows,  in  nearly  all  nations  or  communities  in 
which  registration  records  are  kc])t.  a  remarkable  de- 
crease, while  the  diseases  of  special  organs,  or  local  dis- 
eases as  they  have  usually  been  termed,  together  with 
cancer,  have  shown  a  decided  increase.  In  Massachu- 
setts, for  example,  the  grou]i  of  diseases  embracing 
smallpo.x,  measles,  scarlet  fever,  diphtheria,  tyiihoid 
fever,  cholera  infantum,  consumption,  whooping-cougli. 
dysentery,  and  the  diseases  incident  to  childbirth  had 
decreased  from  a  mean  of  81.7  per  10.000  living  in  the 
five-year  period  1856-60  to  50. .5  per  10.000  in  the  five- 
year  period  1891-95;  while,  on  the  other  hand,  the  group 
embracing  pneumonia,  kidney  diseases,  heart  diseases, 
brain  diseases,  and  cancer  liad  also  increased  from  a 
mean  of  37.7  per  10.000  in  the  five-year  period  1856-60 
to  68.8  in  the  period  1.891-95. 

Longstaff,  in  his  "Studies  of  Statistics."  sliows  that 
similar  changes  have  taken  place  in  England. 

Tiihcrciiloxis. — This  disease,  which  until  a  quite  recent 
period  has  been  for  at  least  a  half-century  and  probably 
much  longer  the  most  destructive  disease  of  the  luiman 
race,  has  shown  a  steady  decline  in  mortality  in  those 
countries  where  records  have  been  kept.  In  England 
this  decrease  has  been  from  a  mortality  of  2.579  per  mil- 
lion living  among  males  in  the  period  1851-60  to  1,487 
per  million  in  1901,  and  from  2,774  among  females  to 
1,0.54  in  the  same  time.  This  shows  a  greater  fall  among 
feiuales  than  among  males,  and  the  same  is  true 
of  Massaclnisetts,  where  the  phthisis  death  rate 
fell  among  males  from  3,166  per  million  in  1851 
to  1,690  in  1902.  and  among  females  from  4,600 
per  million  in  1851  to  1,.504  in  1902.  The  death 
nite  for  both  se.xes  from  this  cause  declined  still 
further  to  1,595  per  million  in  1902. 

Newsholme  says,  in  treating  of  this  remark- 
able decrease:  "It  is  possible  that,  owing  to  more 
accurate  statement  of  causes  of  death,  there  has 
been  considerable  transference  from  phthisis  to 
diseases  (other  than  phthisis)  of  the  respiratory 
organs:  The  term  phthisis  is  now  not  so  loosely 
used  as  formerly,  when  any  chronic  chest  affec- 
tion received  this  name.  But  that  this  is  by  no 
means  a  coniiilete  explanation  of  the  decrease  in 
phthisis  is  evidenced  by  the  fact  that  while  the 
mortality  fiom  phthisis"  has  decreased  at  all  age 
groups,  the  mortality  from  respiratory  diseases 
lias  only  increased  under  five  and  over  seventy- 
five  years  of  age.  Furthermore,  the  mortality 
from  phthisis  chiefly  takes  place  between  ths 
ages  of  fifteen  .-uid  iifty-five  years,  while  that 
from  res|.)iratory  di.seases  is  very  low  during 
these  years  and  greatest  at  the  extremes  of 
life." 

A  circular  of  the  imperial  board  of  health  of 
Germany  published  in  1896  states  that  out  of 
each  thousand  deaths  during  the  wage-earning 
period  of  life  (fifteen  to  sixty  years)  there  were 


from  tuberculous  diseases  in  Vienna  459  deaths,  in  Paris 
400,  in  Belgium  371,  in  Bavaria  359,  in  the  German 
empire  322,  in  Denmark  297.  and  in  England  223. 

Tj/p/ioid  Fci'cr. — As  an  index  of  the  sanitary  condition 
of  a  community,  the  death  rate  from  typhoid  fever  hoUls 
high  rank,  and  especially  as  a  proof  of  the  purity  of  the 
public  water  supply.  Since  the  general  introduction  of 
public  water  supplies  in  cities  and  towns,  the  death  rate 
from  this  disease  has  steadily  fallen. 

Ages.  The  highest  relative  mortality  from  this  disease 
is  at  the  ages  fifteen  to  thirty  years  in  both  sexes. 

Seasons.  Typhoid  fever  proves  most  destructive  in 
the  mouths  of  Septemlier,  October,  and  November, 
the  number  of  deaths  from  this  cause  in  New  Eng- 
land ocoirring  after  September  1st  in  each  j'ear  being 
usually  about  as  many  as  those  which  precede  that 
date. 

In  those  cities  in  which  pu''  ic  water  supplies  have 
been  introduced,  the  typhoicl  _.eath  rate  has  fallen  from 
31  per  10,000  in  JIuuich  to  6.3,  in  Dantzic  from  9.9  to  2.4, 
in  Berlin  from  9.2  to  2.9,  in  Vienna  from  12  to  2.1,  in 
London  fiom  10.2  to  4.5,  and  in  Lawrence,  Mass.,  from 
13.4  to  1.6,  the  periods  which  elapsed  varying  from  five 
to  fort.v  years.  In  Lawrence  the  death  rate  from  this 
cause  fell  within  a  few  weeks  after  the  introduction  of 
filtered  water  from  10.5  in  1892  to  4.8  in  1894,  the  filter 
being  introduced  in  1893. 

The  general  decline  in  this  death  rate  in  Massachusetts 
is  illustrated  by  the  following  diagram  and  table,  in 
which  the  typhoid  death  rate  is  compared  with  the  per- 
eentage  of  the  jKiinilatioii  not  supplied  irith  jiubli'e  leeiter, 
since  it  is  among  this  portion  of  the  population  that 
typhoid  fever  largely  occurs.  jMauy  people  even  in 
large  cities  still  derive  their  water  supply  from  polluted 
sources,  wells,  springs,  and  canals  in  manufacturing 
cities. 

Typhoid  Fever  in  Massachusetts. 


Period. 


18.56-t).5. 
1866-75. 
1876-S5. 
1886-95. 
ISXIl.... 


Death  Rate  from  Ty- 
phoid Fever,  per 
100,000. 


92.9 
80.8 
47.4 
36.4 
19.5 


Percentage  of  Popu- 
lation Not  Sup- 
plied with  Public 
Water. 


75.4 
58.9 
31.7 
13.9 
8.5 


1S50-' 
100 


'65 


1866-"73 


]876-'85 


1886-'93 


60 


40 


Q     SO 


^^^ 

"^■v^ 

\ 
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^^ 

.  Death-rate  from  Typhoid.fever  per  100,000. 

-  Percentage  of  population  not  supplied  "with  Public  Water. 

FIG.  5027. 
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Scarlet  Fever.— This  disease  proves  most  destructive  in 
the  second,  third,  fourth,  and  fifth  years  of  life.  Tliree 
times  as  manj-  die  of  it  in  the  first  five  years  of  life  as  iu 
the  second  five  years,  and  about  fifteen  times  as  many  as 
in  the  period  ten  to  fifteen  years. 

The  death  rate  of  tlie  two  se.xes  is  nearly  equal,  and 
the  number  dying  in  the  first  half  of  the  year  is  consid- 
erably greater  than  those  who  die  in  the  second  half. 

The  death  rate  from  this  cause  declined  in  England 
from  over  9  per  10.000  in  1866-70  to  2  in  1891-95.  It 
also  declined  still  further  to  117  per  million  in  1899, 
which  was  the  lowest  death  rate  in  that  country  from 
this  cause  on  record.  A  similar  decline  has  been  observed 
in  many  other  countries,  and  may  undoubtedly  be  at- 
tributed to  tlie  introduction  of  more  efficient  methods  of 
isolation  and  control  of  infectious  diseases. 

Measles. — The  deaths  from  this  disease  are  also  greatest 
in  number  in  infancy  and  childhood,  the  mortality  in  the 
first  five  years  of  life  being  eight  or  ten  times  as  great  as 
in  the  second  five  years.  The  deaths  of  the  two  sexes 
from  this  cause  are  nearly  equal.  (In  JIassachusetts  in 
twenty  years  there  were  4,01.')  deaths  of  males  and  3.934 
of  females  from  measles.)  The  deaths  from  this  cause  in 
the  first  si.x  months  are  usually  greater  in  number  than 
those  which  occur  in  the  last  si.x  months  of  the  year.  > 
The  death  rate  from  this  cause  has  declined  in  most 
countries,  but  not  so  decidedly  as  in  scarlet  fever. 

In  England  it  was  315  per  raiUion  in  1899,  or  the  low- 
est rate  recorded  since  1881. 

In  Massachusetts  it  was  159  per  million  in  the  twenty 
years  1856-75,  and  only  90  per  million  in  the  twenty 
years  1876-95. 

W/Mopiiiff-Couffh. — This  disease  is  more  fatal  in  the  first 
year  of  life  than  in  any  succeeding  year.  More  females 
die  of  it  than  males,  and  the  death  rate  from  this  cause 
has  diminished,  the  rate  in  England  in  1899  having  been 
319  per  million,  or  the  lowest  yet  recorded  except  that 
for  1895,  whicli  was  316.  That  of  Massachusetts  had  de- 
clined from  220  per  million  in  the  twenty  years  1856-75, 
to  140  in  the  twenty  years  1870-95. 

Diphtheriii. — The  fl'gures  for  diplitheria  are  now  usu- 
ally considered  together  with  those  of  membranous  croup. 
The  mortalitv  is  greatest  in  the  second,  third,  fourth,  and 
fifth  years  of'life,  tliat  of  the  third  and  fourth  years  com- 
bined being  slightly  greater  tlian  those  of  the  second  and 
fifth  years.  The  death  rates  of  the  sexes  are  nearly  the 
samein  diphtheria,  but  of  the  deaths  registered  as  from 
croup  those  of  males  are  slightlj'  in  excess. 

The  effect  of  seasons  upon  the  prevalence  of  this  dis- 
ease is  quite  uniform  and  well  marked,  the  lowest  death 
rate  usually  occurring  in  midsummer  (June  to  August), 
after  which  the  rate  rapidly  rises  to  November,  and  con- 
tinues at  a  high  rate  until  January  or  February,  after 
whicli  the  decline  is  more  gradual  than  tlie  rise  in  the 
autinnn.  There  is  reason  to  believe  that  the  rapid  rise 
in  autunm  as  related  to  the  opening  of  the  schools  is 
more  than  a  meie  coincidence. 

Its  prevalence  from  one  period  to  another  for  a  long 
series  of  years  has  been  quite  irregular  as  shown  by  the 
following  figtn-es  for  Massachusetts,  embracing  the 
statistics  of  64,281  deaths  from  this  cause: 


2s 

Five-Tear 

3£-3 

-2-= 

Five-.vear 

periods. 

^tS 

periods. 

a*"  ■5 

1^- 

■a 

ca 

•3 

Q  E. 

1866-1860. . . 

2.949 

4.9 

1881-1885. . . . 

8,944 

9.5 

1861-186.1. . . 

7,710 

13.3 

1886-1890.... 

8,a57 

8.4 

1866-1870... 

3,064 

5.3 

1891-1895. . . . 

7,653 

B.4 

1871-1875. . . 

5,038 

6.4 

1896-1900. . . . 

6,331 

4.7 

'.876-1880. . . 

13,876 

15.8 

Massachusetts  it  was  28.3  per  cent,  for  the  four  years 
1891-94,  but  this  percentage  has  been  cut  down  to  13.1 
per  cent,  for  the  seven  years  1895-1901,  and  in  1901  it- 
was  only  10.5  per  cent.  The  meaning  of  these  figures, 
according  to  the  Tliirty-third  Annual  Keportof  thc'^ State 
Board  of  Health  of  JIassachusetts  is  a  saving,  in  the 
seven  years,  of  10.697  lives,  and  even  if  all  sources  of 
error  were  to  cut  down  this  figure  by  one-half  "the  re- 
sult would  be  the  saving  of  more  than  5,000  lives  by  the 
use  of  antitoxin  in  the  seven  years  189.5-1901." 

There  has  also  been  a  decided  reduction  in  the  death 
rate  from  dysentery  and  from  puerperal  fever  and  the 
diseases  incident  to  childbirth,  these  latter  being  coinci- 
dent with  the  introduction  of  antiseptic  methods  in  the 
management  of  the  lyiug-in  chamber. 

In  Prussia  the  death  rate  of  women  in  childbirth  has 
been  diminished  from  81.8  per  ten  thousand  births  in 
the  five  years  1856-60  to  43.3  iu  the  three  years  1891-93, 
or  nearly  one-half.  The.se  figures  are  the  results  of  ob- 
servations upon  over  44,000,000  cases  of  labor,  and  296,- 
867  deaths  in  childbirth.* 

Smallpox. — The  statistics  relating  to  this  disease  and 
its  relation  to  the  practice  of  vaccination  may  be  found 
fully  stated  in  the  article  on  Vaccination. 

Oilier  causes  of  death  from  which  the  death  rate  has  in- 
creased. The  foregoing  causes  of  tleath  in  which  the 
death  rate  has  fallen  during  the  past  half-century  are  of 
the  infectious  class,  and  are  mainly  the  diseases  of  chil- 
dren and  young  adults.  Had  the  death  rate  from  all 
other  causes  remained  stationary  this  decided  fall  in  that 
of  infectious  diseases  would  have  caused  a  material  re- 
tluctlon  in  the  general  death  rate,  an  observation  which 
applies  to  most  countries  where  vital  statistics  are  care- 
fully recorded.  But  the  death  rate  from  most  of  the 
diseases,  usually  known  as  local  diseases,  has  increased 
iu  a  ratio  nearly  equal  to  the  decline  in  infectious  dis- 
eases. For  example,  Longstall  in  his  "  Studies  of  Statis- 
tics," p.  330,  presents  the  following  table,  which  may  be 
tenned  the  balance  of  mortality : 


The  death  rate  from  each  of  the 
followlnK  diseases  per  tuillion 
living  has  risen,  18.50-54  to  1875- 
79,  as  follows : 

Lung  diseases 1,213 

Heart  diseases 696 

Brain  diseases 378 

Kidney  diseases 229 

Liver  diseases 32 

Cancer 191 

Diphtheria 69 

Tabes  mesenterica 65 

Whooping-cough 45 

Rheumatism 45 

2,963 

Balance,  a  fall  per  million 
of 1,049 


With  reference  to  the  fatality  of  this  disease  (ratio  of 
deaths  to  cases)  a  marked  change  has  taken  place  since 
the  general  introduction  of  antitoxin  treatment  in  1894- 
95.  Previous  to  its  introduction  the  fatality  of  diphtheria 
ranged  from  25  to  40  per  cent,  iu  different  localities.     In 


The  death  rate  from  each  of  the 
following  diseases  per  million 
Inhabitants  has  fallen  from  the 
Ave  years  1850-54  to  the  Bve 
years  1875-79,  as  follows : 

Phthisis 694 

Developmental  diseases 617 

Fever  (mostly  typhoid) 569 

Dropsy 405 

Convulsions 342 

Cholera 287 

Smallpox 197 

Scarlet  fever 173 

Tuberculous  meningitis HI 

Sudden     death    (cause    un- 
known)      101 

Diarrhoea 85 

Disease  of  stomach  and  in- 
testines      68 

Measles 64 

All  other  causes 299 

4.012 

There  are  several  points  of  interest  in  the  foregoing 
table : 

1.  Most  of  the  destructive  Infectious  diseases  are  found 
in  the  column  of  those  in  which  the  death  rate  has  fallen, 
while  the  local  diseases,  or  diseases  of  special  organs,  are 
found  in  the  other  column  of  causes  in  which  the  death 
rate  has  risen. 

2.  The  former  class,  including  phthisis,  are  chiefly  dis- 
eases of  children  and  young  adults,  while  the  latter,  the 
local  diseases  and  causes,  are  diseases  of  advancetl  life. 

3.  The  decided  fall  in  some  instances  may  be  taken  as 
an  evidence  of  more  exact  diagnosis  of  disease,  as  in  the 
case  of  "dropsy,"  a  symptom  only  which  is  now  misre 
commonly  certified  under  its  correct  title  of  heart,  kid- 
ney, or  liver  disease,  hence  the  lessened  number  of  cases 
atftributed  to  this  indefinite  cause. 

•Dr.  H.  B.  Brennecke.  in  Vierteljahrssehrift  t.  oft.  Gesunclheits- 
pflege,  1897,  p.  81,  vol.  xxix. 
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4.  The  fall  in  the  death  rate  from  typhoid  fever  "  is 
■without  doubt,"  as  Lonsstaff  states,  "the  great  triumph 
of  the  sauilaiT  rel'nriiuTs, "  Undoubtedly,  a  large  share 
of  the  fall  in  phthisis,  smallpox,  scarlet  fever,  and  mea- 
sles may  reasonably  be  attributed  to  the  same  cause. 

5.  The  steady  rise  in  the  death  rate  from  cancer  has 
given  occasion  for  comment  and  investigation  in  all 
countries  where  registration  of  deaths  is  made. 

The  following  figures  show  the  increase  of  cancer  in 
the  countries  and  cities  named :  * 

Vari^m?  Countries. 

In  Germany,  while  the  populatton  increased  from  1890  to  1900  14.18 

per  cent ,  Vancer  IniTeased  in  10  states  In  a  shorter  period  (1892-93 

to  1.S9S-99)  -MM  per  cent. 
In  Ireland  cancer  increased  with  a  diminishing  population  from  5.8 

per  10,0110  In  lb97  to  6.5  in  1901,  or  in  absolute  numbers,  2,635  to  2,893 

deatlis. 
In  .\ustria  from  5.4  ppr  lo.fxm  tn  1.891  to  T.n  in  1900. 

■■  Bavaria  from  S.9  per  Ki.i iii  INd  to  9.0  in  1900. 

"  Holland  from  7.9  per  lii,(Kin  in  isui  to  9.3  in  1900. 

"  Italy  from  4.3  per  lii.ikiii  in  is;)!  to  r,.-'  in  liKX). 

"  Norway  from  a.l  per  lii.iiiiii  in  ls9l  to  9.2  in  1900. 

"  Knglaiid  from  5.1  per  Kumo  in  l.'<.'<u  to  S.3  in  1899. 

"  Switzerland  from  11.4  per  lO.OUU  in  1889  to  13.3  in  1898. 

"  230  cities  of  France  from  8.4  per  10,000  in  1887-90  to  11.0  In  19(XI. 

ifcw  England  StatcK. 

"  Maine  from  fi.l  per  lO.OlKI  in  1S91  to  7-i)  in  1900. 

"  New  Hampshire  from  5  il  per  lo.OflO  in  1.891  to  7.1  in  1900. 

"  Vermont  from  ."i,.">  i«-r  lu.uiKi  ni  1891  to  8..",  in  1900. 

"  Ma.ssai-liiiseits  from  ILI  per  lo.iKin  in  1.S91  to  7.1  in  1900. 

"  Rhode  Island  fir>m  5.1  per  lO.IKXl  lu  1891  to  11.8  in  1900. 

'•  Connecticut  from  5.2  per  10,000  in  IS'Jl  to  ti.li  in  1900. 

Various  Cities. 

"  Boston  from  6.9  per  10,01X1  in  1891  to  8.1  in  1900. 

"  Brussels  from  3.4  per  1(1.090  in  1891  to  4.4  in  1900. 

"  Breslan  friim  XM  per  lo.niil  in  1891  to  10.8  m  1900. 

'■  Copeiiluii-'en  fron,  i:!.ii  per  lii.oiio  in  1,891  to  1:1.9  in  1900. 

"  Munieh  from  12.7  per  lii.diKi  in  l.-<91  to  11.9  in  19U0  (14.8  iu  1897). 

"  New  York  from  5.4  per  lii.(«iii  m  l.siH  to  11.7  in  1900. 

"  Paris  from  10.0  per  lO.lKlii  in  l.soi  t(,  111.5  in  1900. 

"  St.  Petersburg  from  9.9  per  l(i,(i(ii)  in  1891  to  lO.O  in  1900. 

"  Vienna  from  10.4  per  10,000  in  1891  to  12.1  In  1900. 

Tlie  Relation  of  Sen.^on.'s  to  the  Death  Rate. — Seasons 
liave  an  influence  upon  the  mortality  of  popidations. 
In  temperate  climates,  having  a  wide  difference  between 
the  temperature  of  summer  and  winter,  a  very  cold  win- 
ter usually  increases  the  mortalitj'  of  aged  people,  while 
an  unusually  hot  summer  increases  the  infant  mortality. 
The  effect  of  seasons  may  be  shown  by  dividing  the  year 
into  four  ipiarters  and  stating  the  death  rate  in  each. 
For  this  purpose  the  Registrar-General  of  England  re- 
estimates  the  population  for  each  quarter,  allowing  for 
increase.  Dr.  Bockh,  of  Berlin,  makes  a  new  estimate 
for  eacli  mouth  in  stating  a  monthly  death  rate. 

Monthly  Deaths  i.v  Ninety  Cities  and  Large  Towns  in  Massa- 
chusetts IN  1901. 


ill 

1^ 

a 

li 

January  

February  

March 

April 

May 

3.742 
3.517 
3,832 
3.40(i 
3,063 
2,886 
3,250 

120.7 

125.6 

i;b.6 

113.5 
98.8 
96.3 

104.8 

108.8 
113.2 
111.4 
102.3 
89.1 
86.7 
94.5 

August 

September  . . . 

October 

November  . . . 
December — 

3,683 
.3,514 
3,178 
3,127 
3.296 

118.8 
117.1 
102.5 
104.2 
106.3 

107.1 
105.6 
92.4 
94.0 
95.9 

July 

40,494 

110.9 

100.0 

In  order  to  show  the  relative  incidence  of  disea.se  in 
each  month,  the  writer  hasadopted  the  following  method, 
which  corrects  the  effect  of  the  varving  length  of  the 
months. 

Divide  the  whole  number  of  deaths  in  the  year  by  365, 
to  obtain  a  daily  standard  (in  leap  year  366). 

*  The  figures  are  from  the  MItlhcihmgen  .lus  Kaiserlichen  Gesund- 
heilsamte,  vii.,  p.  130.  and  "  rebersicht  iiher  Verhreitung  der  Krebs- 
krankheit  am  Ende  lies  19.  .lahriiunderts  In  einigen  ausserdeutschen 
Gebleten."  by  Dr.  Rahts,  and  from  the  Registrar-General's  Report 
upon  Cancer  In  Ireland,  Dublin,  1903. 


Also  divide  the  number  of  deaths  iu  each  month  by  the 
number  of  days  in  the  month. 

Divide  the  dttily  number  of  deaths  in  each  month  by 
the  daily  number  for  the  whole  year  and  multiply  by  10(j. 

By  this  method  the  intensity  of  the  death  rate  iii  eacli 
month  may  be  compared  with  that  of  the  year,  and  with 
that  of  each  of  the  other  months. 

By  quarters  of  the  year  the  highest  mortality  in  the 
Germau  Empire,  Austria,  Switzerland,  and  France  was 
in  the  first  quarter,  l)ut  in  Italy  the  highest  mortality 
was  in  the  third  quarter.  In  Massaehus'etts  during  the 
forty  years  (1856-95)  the  highest  mortality  was  in  tlie 
third  (luarter. 

With  reference  to  the  different  diseases  or  causes  of 
death  considerable  variations  arc  found  when  these 
causes  are  compared  with  each  other. 

The  following  table  presents  the  relative  monthlj'  in- 
cidence in  the  mortality  from  eight  different  diseases  in 
Massachusetts  for  the  twenty  years  1876-95.  These  ob- 
servations are  made  from  291,223  deaths  from  the  speci- 
fied diseases  which  occurred  during  the  period  named 
(1876-9.5). 

Table  showing   the  Comparative  Mortality  by  Months  of 
each  of  Eight  Diseases  in  Massachusetts  (1876-95). 


January  

February  

Marcli    

April 

May 

June 

July 

August 

September 

October 

Noyember 

December 


Mean 100.0 


94.8 
103.4 
116.1 
166.7 
183.9 
169.0 
138 
5.5.2 
33.7 
30.3 
49.7 
70, 


143.2 
131.0 
129.1 
121.5 
130.1 
91.9 
63.9 
.56.0 
55.7 
78.8 
105.3 
114 


100.0 


124.0 

106.1 
89.4 
90.4 
92.4 
83.7 
68.3 
65.8 
86.3 
125.1 
134.7 
134.1 


100.0 


79.3 
67.3 
64.6 
67.7 
63.8 
56.8 
64.7 
125.0 
190.8 
181.3 
136.4 
102.3 


100.0 


17.9 

19.4 

19.7 

19.8 

23.7 

35.3 

187.9 

416.5 

382.5 

115.5 

35.0 

18.8 


100.0 
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4 

5.3 

6.0 

9.4 

39.5 

382.8 

443.8 

316 

56.3 

12.9 

5.5 


100.0 


o  a 
US 


104.9 
104.2 
109.5 
110.4 
105.6 
94.6 
93, 
94.3 
95.8 
95.8 
93.8 
97 

100.0 


0)  a 


100.0 


These  figures  are  to  be  read  as  follows:  Assuming  a 
monthlv  standard  mean  of  100  throughout  the  year,  there 
were  94.8  deatlis  from  measles  iu  January,  103.4  in  Feb- 
ruary. 116.1  in  March,  etc. 

Vital  Statistics  as  Tests  of  the  Comparative  Healthful- 
ne.8S  of  Conimunities. — 1.  The  general  death  rate  is'the 
test  most  commonl}- applied  for  determining  the  compar- 
ative health  of  different  communities.  It,  however,  has 
certain  limitations.  It  ma}' be  tru.sted  forconiparing  the 
health  of  a  cit_v,  town,  or  district  for  any  given "j-ear 
with  that  of  the  same  community  for  a  preceding  year  or 
period.  But  when  comparison  with  other  districts,  cities, 
or  towns  is  to  be  made,  erroneous  conclusions  may  be 
drawn. 

(a)  Because  of  differences  in  the  age  and  sex  distribu- 
tion of  the  population  of  the  places  compared  with  each 
other  (see  page  250). 

(b)  There  may  be  public  or  private  institutions  in  tlie 
city  or  town  in  which  ileaths  of  persons  other  than  resi- 
dents occur.  Correction  for  these  should  be  made.  For 
example,  in  a  small  town  iu  Massachusetts  iu  1900  hav- 
ing a  population  of  3.683,  the  deaths  were  453,  giving 
the  enormous  death  rate  of  123  per  thousand  of  the  ]50]i- 
Illation ;  402  of  these  detiths  occurred  in  a  state  institu- 
tion, leaving  for  the  town  a  death  rate  of  about  19  only. 

((')  Occupation  aiul  social  conditions  have  a  decided 
effect  upon  the  death  rate.  In  the  manufacturing  com- 
munities in  which  different  industries  are  conducted,  one 
iu  which  the  wages  iire  liigli  and  the  other  iu  which  they 
are  low,  the  death  rate  of  the  well-paid  population  is 
usually  comparatively  low. 

2.  The  death  rate  from  the  principal  infectious  diseases 
is  often  quoted  as  an  inde.x  of  sanitary  condition,  the  dis- 
eases embraced  in  such  a  general  statement  being  mea- 
sles, diphtheria,  scarlet  fever,  whooping-cough,  typhoid 
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fever,  cholera  inlautum,  and  tuberculosis.  In  conse- 
quence of  the  different  methods  by  which  such  diseases 
are  spread  tlie  methods  of  jirevention  also  differ,  and  are 
more  susceptible  of  application  in  some  diseases  than 
they  are  in  others. 

For  example,  a  high  death  rate  from  tj'phoid  fever  in 
a  town  would  indicate  a  greater  neglect  of  sanitary  pre- 
cautions than  a  high  death  rate  from  influenza.  In  pre- 
senting the  death  rates  from  jtreventable  or  communica- 
ble diseases  it  is  better  to  state  the  death  rate  of  each  oue 
separatelj'  than  to  give  an  average  of  several,  since  the 
latter  method  is  apt  to  conceal  the  effects  of  epidemics 
from  special  causes. 

3.  The  infant  mortality  constitutes  a  delicate  test  of 
sanitarj'  conditions,  but  should  not  be  quoted  as  the  only 
test  or  index.  It  should  alwajs  be  based  upon  the  num- 
ber of  births,  and  not  upon  the  census  enumeration 
(see  page  2.51). 

4.  A  more  exact  method  when  all  the  data  are  com 
plete  is  to  construct  a  life-table  by  which  the  expecta- 
tion of  life  may  be  comjiared  in  different  districts,  as  well 
as  among  different  classes  of  population.  Those  of  in- 
surance companies  may  be  compared  with  each  other,  or 
with  a  general  average  of  several  companies;  but  these, 
are  obtained  from  a  large  number  of  lives  selected  b}'  in- 
dividual examination,  and  shoidd  theoretically  give  more 
favorable  results  than  those  constructed  from  the  general 
population.  The  dilTerenee,  however,  between  the  ex- 
pectation of  insured  lives  and  that  of  the  general  popu- 
lation at  the  same  ages  is  less  than  might  at  first  thought 
have  been  expected. 

These  tests  of  the  health  of  a  community,  and  espe- 
ciall_y  the  general  death  rate,  are  most  trustworthj'  when 
the  experience  of  a  given  comiuunity  or  district  for  a  cer- 
tain year  is  compared  with  its  experience  in  a  previous 
j'ear  or  number  of  years,  autl  least  trustworthy  when 
comparing  its  experience  with  that  of  other  communities 
or  districts. 

Effect  of  Sanitary  Improvemeiila  upon  the  Death  Rate. — 
The  most  convincing  proof  of  the  effect  of  sanitary  meas- 
ures in  lowering  the  death  rate  is  shown  in  the  Reports 
of  the  Registrar-General  of  England,  as  well  as  in  the 
Ninth  Report  of  the  Privy  Council  of  the  same  country. 
In  the  Registrar's  Report  for  ISHl  he  says:  "There  is 
nothing  in  the  series  of  reports  issued  by  this  office  that 
comes  out  more  distinctly  and  unmistakably  than  the 
wonderful  effect  which  the  .sanitary  operations  of  the  last 
decade  have  had  in  saving  life.  The  Public  Health  Act 
came  into  operation  in  1873.  The  average  annual  death 
rate  for  the  immediately  preceding  ten  years  (1862-71) 
had  been  22.6,  and  tliere  were  no  indications  whatsoever 
of  any  tendency  of  the  rate  to  fall  lower.  Indeed,  in 
1871,  the  final  year  of  this  period,  the  rate  was  exactly 
the  average,  viz.,  22.6.  The  act  came  into  force,  and  at 
once  the  rate  began  to  fall,  and  continued  to  fall  year  by 
year  \vith  almost  unbroken  regularity,  until  in  1881  it 
was  no  more  than  18.9.  Once  only  in  the  ten  years  that 
had  elapsed  since  the  act  came  into  operation  was  the 
rate  as  high  as  the  average  of  the  previous  decades.  .  .  . 

"  Had  the  fall  in  the  death  rate  been  limited  to  a  single 
year  or  to  two  years,  or  even  to  three,  it  might  have  been 
argued  by  sceptical  persons  that  the  improvement  was 
due  to  a  succession  of  seasons  favorable  to  health,  or  to 
other  causes  unconnected  with  sanitary  administration, 
and  that  the  setting  in  of  the  fall,  coincidentl_v  with  the 
coming  into  operation  of  public  health  measures  was  no 
more  than  casual;  but,  in  face  of  a  fall,  lasting  for  ten 
years  in  succession  and  increasing  each  year  in  aiuonnt, 
no  one  can  seriously  maintain  such  a  position.  There 
can  be  no  real  doubt  that  the  saving  effected  in  life  was 
the  direct  product  of  the  money  and  labor  expended  in 
sanitary  improvements." 

A  similar  effect  has  been  observed  in  many  large  cities 
following  the  introduction  of  purer  water  supplies  and 
other  sanitary  improvements,  notably  in  Hamburg,  Paris, 
Munich,  Vienna,  Berlin,  Chicago,  and  in  Lawrence. 

Fallacies  in  Vital  Stati.stics. — For  the  purpose  of  avoid- 
ing serious  errors  iu  the  use  and  interpretation  of  vital 
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statistics  Quetelet  has  proposed  the  following  excellent 
rules : 

1.  Never  have  preconceived  ideas  as  to  what  the  fig- 
lu'es  are  to  prove. 

2.  Never  reject  a  number  that  seems  contrary  to  what 
you  might  expect,  merely  because  it  departs  to  a  great 
extent  from  the  apparent  average.  (Any  unusual  de- 
]iartiu-e  from  an  apparent  average,  however,  should  lead 
the  statistician  to  make  a  careful  revision  of  his  figures 
with  the  object  of  correcting  possible  errors.) 

3.  Be  careful  to  weigh  and  record  all  the  possible  causes 
of  an  event,  and  do  not  attribute  to  one  what  is  reall}'  the 
result  of  the  combination  of  several. 

4.  Never  compare  data  which  have  nothing  iu  common. 
Errors  from  paucity  of  data  often  occur  in   medical 

writings  where  statistics  are  employed.  A  small  number 
of  observations  is  not  .sufficient  to  establish  a  couclusion. 
The  degree  of  approximation  to  the  truth  may  be  esti- 
mated by  means  of  Poisson's  formula: 

/i  —  the  total  number  of  cases  recorded  in  two  groups. 

m  =  the  number  in  oue  group. 

n  =  the  number  in  the  other  group. 

Hence  /i  =  to -f-  ?!, 

The  extent  of  variation  in  the  proportion  of  each  group 
to  the  whole  will  vary  within  the  proportions  represented 

bv 


'"    ■   n     /  2  m-  n         ,  n.       „     /  2  i 
y  —  +  2  1/ ^— ,  and 24/  — 


The  larger  the  number  of  the  total  observations  (")  the 


less  will  be  the  value  of  2 


V 


2  m  n 


and  the  less  will  be 


the  limits  of  error  in  the  simple  proportion 

/^ 
Thus,  out  of  150  cases  of  diphtheria  18  died,  a  fatality 
of  12  per  cent.     The  possible  error  is  determined  by  the 
second  half  of  the  above  formula. 


=  2j/ 


2  X  18  X  132 


'•V 


4,752 


=  0.0756, 


1503  "  y    3,875,000 

i.e.,  the  possibility  of  error  =  0.0756  of  unity  or  7.56  per 
cent.  In  other  words,  in  a  second  series  of  cases  of  diph- 
theria under  the  same  conditions  as  the  foregoing,  the 
fatality  may  vary  from  4.44  to  19.65  per  cent.,  an  indefi- 
nite result  which  indicates  that  the  first  sc<ries  cannot  be 
depended  upon  as  establishing  more  than  a  prima-facie 
case  iu  favor  of  any  special  method  of  treatment  that 
may  have  been  adopted.  If  15,000  cases  and  1,800  deaths 
are  taken  the  limits  of  error  are  comparatively  small. 

The  steady  decrease  in  the  limits  of  possible  error  as 
the  number  of  recorded  facts  increases  is  shown  in  the 
following  table,  where  in  the  first  line  there  are  7  recov- 
eries (70  per  cent.)  out  of  10  cases,  and  in  the  last  line 
700,000  out  of  a  million  cases.  In  the  first  instance  the 
absurdity  of  drawing  conclusions  from  a  siuall  number 
is  shown,  since  the  possible  recoveries  are  actually  greater 
than  the  whole  number  of  cases: 


Total 
number  of  cases. 

Number 
of  recoveries. 

Possible  number  recovering  out 
of  100,000  oases  according  to 
Poisson's  formula. 

10 

100 

l.lKKl 

KI.IKKI 

100,1  Km 
I.IWMKXI 

7 

70 

700 

7,000 

70,000 

700,000 

29,020  or  110,980. 
.57,(01  or    73,000. 
66,0IW  or    74,000. 

68,700  or  ri,aio, 

69,600  or    70,400. 
69,870  or    70,130. 

An  instance  illustrating  this  fallacy  occurs  in  a  recent 
work  upon  vaccination,  in  which  the  author  makes  the 
following  statement : 

A  certain  Society  for  the  Relief  of  the  Blind  publishes 
the  names  of  fifty  people  seeking  relief,  and  states  the 
causes  of  their  blindness:  "One  of  these  people  was 
blind  from  having  had  smallpox.  Smallpox  hence  ap- 
peal's to  occasion  two  per  cent,  of  the  blindness  at  the 
piesent  tiiue" 

The  fallac}'  of  this  statement  appears  upon  the  appli- 
cation of  the  foregoing  rule,  since  the  limits  of  error 
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allow  a  variation  of  5.6  per  cent,  in  either  direction,  or 
from  —3.6  to  +7.6  per  cent  ,  whieli  renders  the  obser- 
vation comparativelv  valueless.  If.  on  the  other  hand, 
the  minibcr  of  the  iiliud  were  500. 000.  and  tliosc  out  of 
this  number  who.se  blindness  was  caused  by  smallpox 
were  2  per  cent.,  or  10.000.  the  limits  of  error  would  only 
be  0.000.")6  in  either  direction,  or  O.Ofifi  of  one  per  cent., 
leuvinj;  a  variation  of  9,730  to  10.280  only. 

Enin  from  Inminparability  of  Data. — The  data  to  be 
compared  should  be  strictly  of  a  comparable  natuie. 
The  conclusion  that  a  certain  remedy  is  valuable  in  the 
treatment  of  some  definite  diseases  is  not  demonstrated 
by  the  fact  that  the  fatality  in  a  series  of  cases  thus 
treated  is  si.\  per  cent.,  while  in  another  series  treated 
without  this  remedy  it  is  twelve  per  cent^,  unless  it  is 
shown  that  the  ages  and  other  previous  conditions  of  the 
patients  in  the  two  cases  are  not  widely  dilTerent,  and 
unless  the  numbers  constituting  the  series  are  sufficiently 
great  to  avoid  the  fallacy  due  to  paucity  of  data. 

Errors  from  the  Composition  of  iiuto.— These  are  among 
the  mostcommon  of  all  statistical  errors,  and  show  the 
fallacy  of  dealing  with  average  rates  by  any  shorter 
method  than  that  of  dealing  with  the  sums  of  the  num- 
bers to  be  compared. 

For  example,  the  death  rate  of  Boston  in  the  census 
year  1900  was  20.81  per  one  thousand.  That  of  Chelsea 
was  19.02,  of  Revere  14.14,  and  of  Winthrop  7.59. 

If  these  death  rates  are  averaged  as  follows: 


20.81 

19.02 

14.14 

7.59 

4)61.56 

15.39 

the  resulting  death  rate  of  these  four  municipalities  (Suf- 
folk County)  is  15.39,  and  very  man}'  instances  are  to  be 
found  in  which  this  erroneous  method  is  employed. 

The  only  correct  method   of  obtaining  the  combined 
death  rate  is  as  follows: 


Cities  and  towns. 

Populations. 

Deatlis,  1900. 

560,892 

10,395 
6,058 

11,671 

Chelsea 

648 

147 

Wintlirop 

46 

611,417 

12,512 

Therefore 


18,512  X  1.000 
611,417 


:  20.46,  the  true  death  rate  of  the  County. 


The  error  arises  from  the  fact  that  the  largest  city  in 
the  group  is  given,  in  the  first  calculation,  only  as  much 
prominence  in  obtaining  the  result  as  each  of  the  others, 
namely,  one-fourth  of  the  whole,  whereas  its  population 
constitutes  over  ninety -three  per  cent,  of  the  whole. 

EiTors  from  Stating  Deatlis  as  a  Ratio  of  the  Total 
Deaths. — There  is  nothing  erroneous  |)«' «<' in  stating  the 
deaths  at  any  age  as  a  percentage  of  the  total  number  of 
deaths,  or  the  deaths  from  any  special  cause  as  a  percen- 
tage of  the  deaths  from  all  causes.  It  is  a  useful  and,  in 
fact,  the  only  method  practicable  when  it  becomes  neces- 
sary to  state  the  proportion, of  one  of  these  to  the  other. 
But  beyond  this  such  method  cannot  be  trusted.  For 
example,  the  proportion  of  fatal  accidents  in  Massachu- 
setts, in  1900.  among  boys  under  five  years  of  age  was 
14.5  per  cent,  of  all  fatal  accidents  among  males,  and  that 
of  girls  of  Die  .same  age  was  24.3  of  all  fatal  accidents  of 
females.  From  these  figures,  however,  it  cannot  be  in- 
ferred that  girls  are  more  liable  to  fatal  accidents  than 
boys,  since  the  contrary  is  the  fact,  the  actual  numbers 
being  205  such  deaths  among  boys  under  five,  and  126 
among  giris.  The  only  reasonable  conclusion  is  that  at 
higher  ages  females  are  much  less  subject  to  fatal  acci- 
dents tlian  males.     When  stated  as  a  ratio  of  the  living 


population  of  the  same  ages,  the  deaths  by  accident  of 
boys  under  live  were  fourteen  per  ten  thousand,  and 
those  of  girls  of  the  same  age  were  only  nine  per  ten  thou- 
sand. 

Life  Tables. — The  usefulness  of  life  tables  is  twofold. 
They  constitute  the  basis  of  life  insurance,  and  serve  as 
an  index  of  the  sanitary  condition  of  the  community  out 
of  whose  data  they  are  constructed. 

Life  tables  differ  for  the  same  group  of  jiopulation  from 
year  to  year,  and  they  also  differ  when  calculated  from 
the  statistics  of  different  portions  of  a  group  of  inhabi- 
tants, as,  for  example,  those  of  a  large  city,  compared 
with  those  of  any  of  the  outlying  districts  beyond  its 
borders. 

The  work  of  constructing  a  life-table  for  any  American 
State  or  city  is  necessarily  less  satisfactory  in  its  results 
than  the  work  of  making  a  similar  table  for  any  of  the 
civilized  nations  or  communities  of  Europe,  since  most 
foreign  populations  are  more  stationary  than  those  of 
America. 

The  essential  data  for  constructing  a  life-table  are  the 
number,  ages,  and  sexes  of  the  living,  and  the  same  data 
for  the  dying. 

1 .  Theoretically,  the  best  method  of  constructing  a  life- 
table  would  be  to  observe  a  large  number  of  children,  all 
born  on  the  same  day,  through  life,  entering  in  a  column 
{headed  Ix)  the  numlier  who  remain  alive  at  the  end  of 
each  successive  year,  until  all  have  died;  and  in  a  second 
colume  (rfj.)  the  number  dying  before  the  completion  of 
each  year  of  life.  Therefore,  dx  represents  the  number 
out  of  Ix  persons,  attaining  the  precise  age  x.  who  die 
before  reaching  the  age  .r  +  1.  Therefore  dx  =lx  —lx  + 
1,  and  the  number  dying  between  the  ages  .r  and  .x-\-\  is 
equal  to  the  difference  between  the  numbers  livingat  the 
ages  X  and  x-\-\.  It  is  not  practicable  to  observe  a  body 
of  children  throughout  life  in  this  manner,  so  that  other 
methods  must  be  adopted. 

2.  It  is  not  necessary  to  assume,  as  in  the  preceding 
case,  that  all  the  persons  have  been  born  on  the  .same  day. 
If  we  could  trace  a  large  number  of  children  throughout 
life,  without  reference  to  the  dates  of  birth,  a  life^table 
could  be  constructed,  if  the  number  of  the  living  and  dy- 
ing in  each  year  of  life  were  known. 

The  great  life  insurance  companies  employ  a  method 
somewhat  similiar  to  this,  in  which  tables  are  constructed 
from  the  results  of  watching  a  large  number  of  insured 
lives  from  the  time  of  insurance  to  death.  These,  how- 
ever, differ  from  the  general  population,  in  that  they  are 
selected  lives,  among  whom  unfavorable  risks  are  weeded 
out  by  medical  examination.  The  result  of  this  process 
does  not,  however,  present  such  striking  differences  from 
the  general  population  as  might  at  first  sight  be  expected. 

3.  The  common  method  of  constructing  a  life  table 
consists  in  taking  the  experience  of  several  years  and 
comparing  the  numbers  of  deaths  of  persons  at  different 
ages  with  the  living  at  the  same  ages  as  determined  by 
the  census.  For  example,  in  the  United  States,  and  es- 
pecially in  States  where  reliable  registration  of  births  and 
deaths  is  made,  the  results  of  the  decennial  census  enu- 
merations may  be  employed  together  with  the  deaths 
occurring  in  the  intervening  years.  By  this  means  the 
disturbing  effect  of  an  epidemic  year  may  be  minimized. 
By  this  method  results  are  obtained  which,  being  wholly 
based  upon  recent  observations,  are  more  correct  than  if  a 
million  persons  were  observed  from  liirth  to  death ;  since 
in  the  latter  case  the  conditions  which  determined  the 
rate  of  mortality  might,  before  the  whole  series  became 
available,  have  undergone  very  great  changes,  which  for 
practical  purposes  would  render  the  table  valueless. 

Dr.  Farr's  English  life  table  No.  3  was  based  upon  the 
registered  deaths  in  England  <luring  the  seventeen  3-ears 
1838-54,  and  on  the  two  census  enumerations  of  1841  and 
1851.  Many  other  life  tables  of  English  cities  and  dis- 
tricts have  been  made  since  that  time  and  were  con- 
structed upon  similar  principles. 

The  life  table  constructed  by  the  writer  upon  the  ex- 
perience of  the  population  of  Massachusetts  was  based 
upon  the  deaths  which  occurred  in  the  five  years  1893- 
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97,  and  upon  tlie  State  census  of  1895,  the  uiiddle  year 
of  tliis  period. 

There  are  certain  conditions  which  aflect  the  accuracy 
of  life  tables,  and  particularly  American  life  tables, 
which  may  be  enumerated  as  follows: 

1.  Tin'  Influence  of  Mif/i-iilioii. — The  increase  or  decrease 
in  the  population  depends  upon  two  factors,  migration 
and  the  ilillerence  between  ihe  numbers  of  births  and 
deaths.  In  many  of  the  States  the  gain  by  immigration 
is  much  greater  than  the  gain  by  natural  iucreiise  of 
birtlis  over  deaths.  Moreover,  the  increase  b\'  immigra- 
tion is  not  uniform  from  year  to  year,  nor  is  it  equally 
distributed  at  the  different  age  periods,  fully  one-half  of 
the  immigrants  being  between  tifteen  and  thirty  years  of 
age,  while  the  numbers  at  the  extremes  of  life  are  com- 
paratively small. 

2.  Defects  of  ihe  Ceiitiiis. — Mr.  H.  Gannett,  in  a  paper 
contributed  to  t!ie  American  Statistical  Association 
(Publicatitms,  vol.  iv.,  p.  99)  estimates  a  "shortage  in 
the  census  of  1S90  of  negro  children  of  about  a  quarter 
of  a  millinu,"  and  of  native  white  children  "about  the 
same."  If  this  be  correct,  the  entire  shortage  in  the  total 
population,  including  that  of  foreign  whites,  must  leave 
a  million  unaccounted  for  in  the  United  States.  In  States 
with  complete  registration  it  is  possible  to  supjily  tJie 
deficiency  for  the  first  four  or  five  years  of  life  with  a 
reasonable  degree  of  accuracy  from  the  registered  births. 

3.  The  Pmctice  of  IncorrecUy  Reporting  the  Aj/en  of  the 
Livini]  and  the  Dcud. — This  error  is  of  two  kinds:  (n) 
Greater  numbers  of  persons  are  reported  at  the  even  ages, 
20,  30,  40,  etc.  (both  living  and  dead)  than  at  19,  21,"29, 
31,  etc.,  in  consequence  of  the  common  habit  of  using 
round  numbers  instead  of  accurate  ages.  This  may  be 
partly  eliminated  bv  emploving  the  periods  S.'i-H.'i.Sr)— to, 
etc.,  "instead  of  20-30,  30-40,  etc.  (/>)  The  habit  espe- 
cially among  unmarried  females  of  understating  the  ages 
of  the  living.  This  appears  to  a  greater  or  less  degree  to 
be  a  common  practice  in  all  countries  where  census  enu- 
merations are  taken. 

4.  Veferls  in  Birth  and  Death  Registration. — These  de- 
fects depend  upon  the  want  of  tlioroughness  with  which 
the  laws  relating  to  birth  and  death  registration  are  ex- 
ecuted, and  also  upon  the  efficiency  of  such  laws  to  secure 
the  desired  results.  In  some  of  the  older  States  the  birth 
and  death  returns  are  undoubtedly  collected  with  a  rea- 
sonable degree  of  completeness,  and  in  such  States  life 
tables  may  be  made  from  tlie  returns  of  the  whole  jiopu- 
lation. 

The  following  statement  by  Newsholme  in  the  chapter 
on  vital  statistics  in  his  "  Hygiene  and  Public  Ilealtli" 
presents  in  a  condensed  manner  the  general  princiiiles 
involved  in  the  con.struction  of  a  life  table: 

"It  is  usual  to  start  with  1,000,000  or  100,000  chil- 
dren at  birth  and  to  makea  se|iarate  table  for  the  jiropor- 
tionate  number  of  males  and  females  at  birth.  Thus  in 
Brighton  in  1881-90  these  were  in  the  proportion  of 
51,195x48,80.5.  Starting  with  51,195  male  infants  at 
birth,  and  multiplying  this  number  by  .84608,  the  proba- 
bility of  surviving  one  year,  we  obtain  51,195  X  .84608 

Brighton  Life  Table,  Males. 
(Based  on  the  mortality  of  the  ten  years  ISSl-OC) 


Sum  of  the  number 

Mean  after 

Dying 

Bom,  and 

life    lived   at  each 

life  time  (ex- 

Age. 

in  earh  year 

surviving  at 

age,  .r  +  1,  and  up- 

pectation of 

of  life. 

each  age. 

ward    to    the    last 

life)  at  each 

rf,. 

K- 

age  in  the  table. 

age. 

n^  -f  1. 

ex°. 

0 

7.880 

51,195 

2,206,174 

43.59 

1 

2,863 

43,3)5 

2,162,859 

.50.43 

2 

996 

40,452 

2,182,407 

52.96 

3 

733 

39  450 

2,082.951 

63.29 

4 

440 

"vi 

3:3,783 
""39 

2,044,3-J8 

53  29 

97 

43 

1.60 

98 

7 

17 

26 

1.53 

99 

4 

10 

16 

1.48 

=  43,315.  For  the  second  year  of  life  the  probability  of 
surviving  was  .93398;  lience  the  number  of  survivors  is 
43,315  X  .93398  =  40,452,  etc.  The  general  arrangement 
is  sliown  in  the  preceding  example  of  a  fife  table,  which 
only  i>reseuts  the  data  at  or  near  tlie  two  extremes  of  life, 
the  iuterincdiaie  figures  having  been  omitted  from  con- 
siderations of  space, 

The  43,315  males  surviving  to  the  end  of  the  first  year 
of  life  out  of  51,195  born  will  each  have  lived  a  complete 
year  in  the  first  year,  or  among  them  43,315  years.  Sim- 
ilarly tlie  40,452  males  will  live  among  them  40,452  fur- 
ther complete  years,  and  so  on,  until  all  the  males  started 
with  become  extinct  at  age  105.  Evidently,  therefore, 
the  total  number  of  complete  years  lived  by  the  51,195 
males  started  with  at  birth  n'ill  be  43.315  +  40,452  -|- 
39,4.56  -I-  38,723  -1-  .  .  .  -)-10-|-6-f-4-|-3-f-2  +  l  = 
2,206,174  years,  this  sum  being  obtained  by  adding  to- 
gether the  numbers  living  at  each  age  beyond  the  age  in 
question  down  to  its  last  item.  This  number  of  years  is 
lived  by  51,195  males.  Hence  the  number  of  complete 
years  lived  by  {i.e.,  the  expectation  of  life  of)  each  male 

2  206  174" 
=     '.,  .',,-     =  43.09  years.     This  is  termed  the  curtate 
01,195 

expectiition  of  life.  It  deals  only  with  the  complete  years 
of  life,  not  taking  into  account  that  portion  of  life"  time 
lived  by  each  person  in  the  year  of  his  death,  whicli 
may  be  assumed  to  be,  on  an  average,  half  a  year. 
Hence  the  complete  expectation  of  life  according  to  the 
above  table  is  43.59  j'ears. 

The  materials  for  the  construction  of  a  life  table  are 
illustrated  in  the  following  table,  from  whicli  the  Massa- 
chusetts Life  Table  (1893-97),  published  in  the  Thirtieth 
Annual  Report  of  the  State  Board  of  Health  for  1898,  was 
constructed : 

Population  op  Massachusetts,  1885,  and  Deaths,  1893-97. 


Population,  1895. 

DEATHS,  1893-97. 

Age  perioiis. 

Total. 

Males. 

Females. 

Total. 

Males. 

Fe- 
males, 

0  to    5 

»  235.647 

3-24,119 

203,900 

225,881 

265,983 

465,943 

341,5:35 

245  586 

1.67.651 

90,088 

35,405 

6,183 

308 

3,014 

*  118,453 

112,896 

101,574 

110,565 

183,692 

227,6:M 

168,997 

118.417 

72,766 

41,040 

15,460 

2,180 

1,554 

« 117,194 

111,823 

101,326 

115,316 

142,291 

8:J8,3I3 

172,.538 

127,169 

84,885 

49.048 

19,945 

3,943 

231 

1,460 

78,779 

6,730 

3,460 

6,305 

9,982 

20,148 

18,8.32 

19,377 

28,3:34 

85,561 

20,547 

7,105 

!>59 

496 

48,710 
3,345 
1,666 
8,899 
4.899 

10,103 
9.610 
9,896 

11,278 

12,694 

9,676 

2,713 

152 

378 

36  069 

6  to  10 

3,385 
1,805 

10  to  15  

15  to  20 

3  406 

20  to  25 

25  to  35 

5.083 
10  045 

35  to  45 

9,228 

45  to  55       

9,483 

55  to  65             

11  056 

65  to  75       

12^867 

75  to  85 

10,872 

85  to  95 

4,392 

407 

Age  unknown... 

118 

Total 

8,600,183 

1,214,701 

1,285.482 

*The  population  fiirun's  in  this  line  (0-5)  were  not  used  in  the  con- 
struction of  till*  life  labl"',  but  the  Ilgures  employed  were  estimated 
from  the  regi.^tercd  births  and  the  deaths  under  Ave  years  of  age. 

In  the  English  life  tables  it  has  been  customary  to 
estimate  the  population  at  the  middle  of  a  given  year  for 
life-table  purposes,  the  census  being  taken  on  April  1st. 
In  Massachusetts  the  census  has  usually  been  taken  so 
near  the  middle  of  the  year  (about  June  1st),  that  the 
slight  error  arising  from  the  difference  between  this  date 
and  the  middle  of  the  year  may  practicall_v  be  disre- 
garded. 

The  deaths  in  any  year  are  distributed  throughout  the 
year,  and  it  is  plain  that  the  deaths  registered  at  any 
age  .;•  will  not  have  occurred  at  the  precise  age  .r.  but 
some  will  have  just  attained  that  age,  and  others  will 
have  been  close  upon  .;■-(- 1.  Now  it  is  assumed  that 
these  deaths  at  age  .f  occur  at  equal  intervals  throughout 
the  ensuing  year,  an  assumption  which  is  approximately 
correct  except  for  the  first  two  years  of  life.  It  is  there- 
fore customary  to  distribute  the  deaths  in  the  first  year 
of  life  by  months,  and  then  to  calculate  the  mean  from 
this  distribution. 
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Massachusetts  Life  Table. 
(Based  on  the  Mortality  of  the  Five  Years  1893-97.) 


Table  No.  l.—MaUs. 

Table,  N( 

.  2.~Females. 

Age. 

lli 

C 

S  JJ 

lei 

llli 

Pfi 

o  g  a 

111 

Age. 

OS'S 

a 

III 

0 

iM=:  «S 

111 
|a  = 

X. 

d_,.. 

I,. 

p.- 

Qr 

^z- 

'   X. 

d,. 

^r 

P.- 

Qr 

E.- 

0 

8,849 

51.350 

46,343 

2,263,907 

44.09 

0 

7,151 

48,650 

43,907 

2,267,469 

4661 

1 

1,7M 

42,501 

41,604 

2,317,564 

52.18 

1 

1,662 

41,499 

40,668 

2,223,562 

53.58 

2 

818 

40,707 

40,298 

2,175,960 

53.48 

2 

763 

39,837 

39,455 

2.182.894 

&4.79 

3 

559 

39,889 

39,609 

2,135,662 

53.54 

3 

544 

39,074 

38,802 

2,143,4:39 

54,83 

4 

424 

39,330 

39,118 

2,096,053 

53.29 

4 

385 

38,530 

38,337 

2,104,637 

54,62 

6 

316 

3^,906 

38,748 

2,056,935 

52.87 

5 

318 

38,145 

37,986 

2.066,300 

64,17 

6 

252 

38  590 

38.464 

3.018,187 

52.30 

6 

250 

37,827 

37,702 

3,028,314 

53,62 

7 

205 

38,3:38 

38.235 

1,979,723 

51.04 

7 

806 

37,577 

37,474 

1,990,612 

52,97 

8 

170 

3.f,133 

38.048 

1,941,488 

50.91 

8 

170 

37,371 

37,286 

1,953,138 

52.26 

9 

146 

37,96:3 

37,890 

1,903,440 

50.14 

9 

147 

37,201 

37,137 

1,915,852 

51,50 

10 

133 

.37,817 

37,753 

1,865,550 

49.33 

10 

129 

37,054 

36,990 

1,878,725 

50,70 

11 

110 

37,694 

37.639 

1,827,795 

48.49 

11 

113 

36,925 

36,868 

1,841,7:35 

49,88 

12 

104 

37,584 

:i7.533 

1,790.156 

47.63 

12 

113 

36,813 

36,756 

1,804,867 

49,03 

13 

111 

37,480 

37,434 

1,753,634 

46.76 

13 

123 

:36,699 

36,637 

1,768,113 

48,18 

14 

135 

37.369 

37,301 

1,715.209 

45.90 

14 

146 

36,576 

36,603 

1,731.475 

47,34 

15 

159 

37,2,34 

37.154 

1,077,899 

45.06 

15 

172 

36.430 

36,344 

1,694.972 

40,53 

16 

181 

37,075 

36,9SI 

1,640,745 

44.36 

16 

195 

36,258 

33,160 

1,658.628 

45,74 

17 

195 

36,894 

36,796 

1,603,761 

4:3.47 

17 

206 

36,063 

35.960 

1,622,468 

44,99 

18 

211 

36,699 

36,593 

1,566,905 

42.70 

18 

218 

36,867 

.35,748 

1.586,508 

44,24 

19 

226 

36,488 

36,375 

1,530,;372 

41.94 

19 

230 

36.639 

35,524 

1,550,760 

43,51 

20 

241 

36,262 

36,141 

1,493,997 

41.20 

20 

241 

36,409 

35,288 

1,615.236 

42,79 

21 

255 

36,021 

35,893 

1,457,856 

40.47 

21 

251 

35,168 

35,042 

1,479,948 

42.08 

22 

268 

:35,766 

35.632 

1,421,963 

39.76 

22 

255 

34,917 

34,790 

1,444.906 

41.38 

23 

280 

35,498 

35.358 

l,386,:33l 

39.05 

23 

261 

34,663 

34,531 

1,410,116 

40.68 

24 

289 

35,218 

a5,073 

1,350,973 

38.36 

24 

265 

34,401 

34,268 

1,375.585 

39.99 

25 

296 

34,829 

34,781 

1,315,900 

37.67 

25 

269 

34,136 

34,001 

1,:341,317 

39.29 

26 

301 

:S4,C33 

34,482 

1,281.119 

36.99 

26 

274 

33.867 

33,730 

1,307,316 

:38.60 

27 

305 

34,333 

34,179 

1,246.087 

36.31 

27 

278 

33,593 

33,454 

1,273,586 

37,91 

28 

309 

34,027 

:33,872 

1,213,458 

35.63 

28 

282 

33,315 

33,174 

1,240,132 

37,28 

29 

313 

33.718 

33,560 

1,178,586 

34.95 

29 

286 

33,033 

32,890 

1,206,958 

36,54 

30 

316 

33,403 

33,245 

1,146,026 

34.28 

30 

290 

33,747 

32,002 

1,174,068 

35,85 

31 

318 

33,087 

32,928 

1,111,781 

33.60 

31 

294 

32.457 

32,310 

1.141,466 

36,17 

32 

319 

32,769 

32,609 

1,078,85.3 

32.93 

33 

297 

33,163 

32,014 

1,109,156 

34,48 

33 

319 

32.450 

:32,290 

1.046,244 

32,24 

33 

301 

31,866 

31,715 

1,077,142 

.33,80 

34 

320 

32,131 

31,971 

1,013,954 

31.56 

34 

302 

31,565 

31,414 

1,046,427 

3:3,12 

35 

322 

31,811 

31,650 

981,983 

30.87 

35 

300 

81,263 

31,110 

1,014,013 

32.43 

36 

325 

31,4,S9 

31,325 

950,333 

30.18 

36 

308 

30.957 

30,803 

982,903 

31.75 

37 

328 

31,164 

31,000 

919,007 

29.49 

37 

312 

30,649 

30,493 

952,100 

31.06 

38 

331 

30,8:i6 

30,670 

888,007 

28.79 

38 

315 

30,.337 

30,180 

931,607 

30.38 

39 

334 

80.505 

30,338 

857,3:37 

28,10 

39 

318 

30,032 

39.863 

891,427 

29,69 

40 

337 

30,171 

30,003 

830,999 

27,41 

40 

320 

29.704 

29,644 

861,564 

2s),00 

41 

341 

39,8.34 

29,662 

796,997 

26,72 

41 

324 

29,384 

29,322 

832,020 

28,31 

42 

346 

29,493 

29.320 

767,334 

26,02 

42 

326 

39,060 

28,897 

802,798 

27.62 

43 

352 

29,147 

28.971 

738,014 

25,32 

43 

329 

28,734 

28,570 

773,901 

26.93 

44 

.359 

28,795 

38,615 

709,043 

24.62 

44 

332 

23,406 

28,239 

746.331 

26.24 

45 

368 

28,436 

28,252 

680,428 

23,93 

45 

335 

28,073 

27,905 

717,092 

25,54 

46 

379 

28,068 

27,878 

652,176 

23.24 

46 

346 

27,738 

27,565 

689,187 

24,85 

47 

393 

27,689 

27.492 

624,298 

22,55 

47 

354 

27,392 

27,215 

661.623 

24,15 

48 

410 

27,296 

27,091 

596.806 

21.86 

48 

367 

27,038 

26,854 

6:34,407 

23,46 

49 

429 

26,886 

26,671 

569,715 

21,19 

49 

379 

26.671 

26,481 

607,563 

22,78 

50 

448 

26,457 

26,233 

54:3,044 

20.58 

50 

395 

26,292 

26,094 

581.072 

22,10 

51 

466 

26,009 

35,776 

516,811 

19.87 

51 

410 

25.897 

25,692 

654,978 

21.43 

53 

483 

25,543 

35,301 

491,035 

19.22 

52 

423 

25,487 

25,275 

629,286 

20.77 

53 

502 

25.060 

24,809 

465,734 

18,58 

53 

4:37 

25.064 

24,845 

604,011 

20.11 

54 

520 

24.558 

24,298 

440,925 

17,95 

54 

457 

24.627 

24.398 

479.166 

19,46 

55 

539 

24,038 

23,768 

410,627 

17,33 

55 

476 

2-4,170 

2:3,932 

464,768 

18,81 

56 

561 

23.499 

23.318 

392.859 

16,72 

56 

494 

23,691 

23,447 

430.836 

18,18 

57 

585 

22,938 

32,645 

369,641 

16,11 

67 

612 

23,200 

22,944 

407.389 

17,56 

58 

608 

23,  .353 

22,049 

346.996 

15,53 

58 

630 

23,688 

22,433 

3»4.445 

10,95 

59 

636 

21,745 

21,42^ 

324,947 

14,94 

59 

550 

32,168 

21,883 

362,022 

16,34 

60 

659 

31,109 

30,780 

303,520 

14,38 

00 

672 

21,608 

21,322 

340,139 

15  74 

61 

677 

20,450 

20,111 

282,740 

13.83 

61 

588 

21,036 

20,742 

318,817 

15,16 

62 

691 

19,773 

19,427 

263,629 

13.28 

62 

606 

20,448 

20,145 

298,075 

14.58 

63 

709 

19,082 

18.727 

24:3,202 

12.75 

63 

625 

19,842 

19,530 

277.9.30 

14,01 

64 

729 

18,373 

18,008 

224,475 

12.22 

64 

644 

19,217 

18,895 

238,490 

13,45 

65 

748 

17,644 

17,270 

206.467 

11.70 

65 

665 

18,573 

18,340 

239,505 

12,90 

66 

769 

16,896 

16,511 

189,197 

11.20 

66 

689 

17,908 

17,563 

221,265 

13,.36 

67 

789 

16,137 

15,732 

172,686 

10.71 

67 

715 

17,219 

16,861 

303,702 

11.83 

68 

810 

15,338 

14,933 

156,954 

10.23 

68 

743 

16.504 

16,132 

180,841 

11.32 

69 

827 

14,528 

14,114 

142,021 

9,78 

69 

771 

15,761 

15,375 

170,709 

10.83 

70 

840 

13,701 

13,281 

127.907 

9,34 

70 

793 

14,990 

14,593 

155,.3.34 

10,36 

71 

845 

12,861 

12,438 

114,626 

8,91 

71 

800 

14,197 

13,792 

140.741 

9,91 

72 

»47 

13,016 

11,593 

102,188 

8,50 

73 

821 

13,388 

12,977 

136.949 

9,48 

73 

842 

11,169 

10,748 

90,596 

8,11 

73 

825 

12,667 

12,154 

113,972 

9,07 

74 

831 

10.327 

9,911 

79,848 

7,73 

74 

824 

11,742 

11,330 

101,818 

8  67 

75 

810 

9,496 

9,088 

69,9.37 

7.36 

75 

818 

10,918 

10,609 

90,488 

8,29 

76 

794 

8,680 

8,283 

60,849 

7.01 

76 

806 

10,100 

9,697 

79,979 

7,92 

77 

769 

7.886 

7,501 

52,566 

6.67 

77 

790 

9,294 

8,899 

70,282 

7.56 

78 

741 

7.117 

6.746 

45,065 

6.33 

78 

768 

8,604 

8,120 

61,383 

7.22 

79 

707 

0,370 

6,033 

38,319 

6.01 

79 

742 

7,736 

7,366 

63,263 

6.89 

80 

672 

5.669 

5.3.33 

82,297 

5.70 

80 

711 

6,994 

6,038 

45,898 

6.66 

81 

6.32 

4,997 

4,683 

26.964 

5.40 

81 

678 

6.283 

5,944 

39.260 

6.25 

82 

590 

4,365 

4,070 

32.281 

6.10 

82 

640 

5.606 

5,285 

33,316 

5.94 

83 

405 

3,775 

3,503 

18.211 

4.82 

83 

600 

4.965 

4.665 

28.031 

6,65 

84 

499 

3,229 

2,980 

14,709 

4.56 

84 

,559 

4,365 

4,085 

23.360 

5.65 

85 

452 

2,730 

3,504 

11,729 

4.30 

85 

518 

3,806 

,3,547 

19,281 

5.07 
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Tabic  No.  l.—Makn. 

Table  No.  s.—Fcmalet:. 

Age. 

c  „  to 
OS'S 

S 

be  . 

I'll 

1^ 

Population 
or  years  of  life 
lived  in  each 

year  of  age. 

Years  of  lite 
lived  in  and 
above  eaeli 
year  of  age. 

Expectation  of 
life  al  cacli 
year  of  age. 

Age. 

:3 

OS'S 

a 

III 

C3 

Population 

or  years  of  life 

lived  in  eacb 

year  of  age. 

Years  of  life 
lived  in  and 
above  each 
year  of  age. 

si -3 

X. 

a^. 

'x- 

^. 

Q.r 

^\- 

.(■. 

<'r- 

■{r- 

n- 

c.- 

^'.- 

86 
87 
88 
89 
90 
91 
98 
93 
94 
95 
96 
97 
98 
99 
100 

402 
353 
.307 
363 
230 
181 
146 
110 
88 
66 
48 
83 
23 
15 
9 

3,378 

1,876 

1,583 

1,316 

953 

733 

653 

406 

390 

20J 

136 

88 

55 

32 

17 

2,073 

1.700 

1,370 

l,0iM 

tM3 

642 

479 

348 

246 

169 

112 

71 

43 

24 

13 

9,235 

7,1.53 

5,453 

4,083 

2,999 

2,156 

1,514 

1,035 

687 

441 

272 

160 

89 

46 

22 

4.05 
3.81 
3.58 
3.36 
3.15 
2.94 
2.74 
3.55 
3.37 
2.18 
2.00 
1.S3 
1.62 
1.44 
1.29 

86- 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

476 
434 
33.3 
351 
310 
270 
232 
194 
160 
129 
100 
77 
65 
40 
27 

3,288 

3,812 

2,378 

1,985 

1,634 

1,324 

1,054 

822 

628 

468 

339 

239 

162 

107 

67 

3,050 

2,595 

2.181 

1,810 

1,479 

1,189 

938 

725 

548 

403 

289 

200 

134 

87 

53 

15,734 

12,684 

10,089 

7,908 

6,098 

4,619 

3,430 

3,492 

1,767 

1,219 

816 

,537 

327 

193 

106 

4.79 
4.51 
4M 
3.98 
3.73 
3.49 
3.25 
3.03 
2.81 
3.60 
2.41 
2.20 
2.02 
1.80 
1.58 

jVlASSAcnnsETTS  Like   Table. 

Tablc'Xo.  s. 

(Based'  on  the  lldrtality  of  tlio  Five  Years  1893-97.) 


m^. 

Px- 

Age. 

.r. 

'»x- 

P.r 

Age. 
X. 

ANXFAL  Mortality 

PER  Unit  at  Each 

Yeak  of  age. 

Probability 

OF  LiTiXG  0.\K  Year 

FROM  Each  Age. 

Annual  Mortality 

PER  U.MT  AT  Each 
Year  of  Age. 

Probability 

of  Living  One  Year 

from  Each  age. 

Males. 

Females. 

Males. 

Females. 

Males.    Females. 

Males. 

Females. 

0 

1 

0.19095 
.04313 
.02030 
.01411 
.01084 
.00815 
.  .00655 

0.16887 
.04087 
.01933 
.01403 
.01004 
.00835 
.00603 
.00350 
.00456 
.00396 
.00349 
.00300 
.00307 
.00336 
.00400 
.00473 
.00539 
.00373 
.00610 
.00047 
.0068.3 
.00716 
.00733 
.00766 
.00773 
.00791 
.00812 
.00831 
.00,'-50 
.00870 
.00890 
.00910 
.00938 
.00949 
.OOOIil 
.00984 
.01000 
.01023 
.01044 
.01063 
.01083 
.01109 
.01138 
.01153 
.01176 
.01200 
.01265 
.01.301 
.01.367 
.01431 
.01514 

0.82569 
.95778 
.97990 
.98599 
.98922 
.99188 
.99347 
.99464 
.99556 
.99616 
.99675 
.99709 
.99722 
.99703 
.99640 
.99573 
.99511 
.99471 
.99435 
.99381 
.99935 
.99292 
.99351 
.99313 
.99179 
.99153 
.99131 
.99112 
.99092 
.99072 
.99054 
.99039 
.99036 
.99017 
.99004 
.98988 
.98968 
.98948 
.98937 
.98905 
.i-8681 
.98857 
.98827 
.98792 
.98753 
.98706 
.98650 
.98581 
.98498 
.98404 
.98:307 

0.84939 
.95995 
.98085 
.98607 
.99001 
.99168 
.9«339 
.994.52 
.99.546 
.09600 
.99652 
.99095 
.99693 
.99665 
.90601 
.99.528 
.99464 
.9y439 
.99393 
.99356 
.99320 
.99286 
.99368 
.99349 
.99230 
.99213 
.99192 
.99170 
.99154 
.991:34 
.99114 
.99094 
.99077 
.99055 
.99IM:i 
.99031 
.99005 
.989,82 
.98962 
.98942 
.98923 
.98897 
.98878 
.98855 
.98831 
.9,8802 
.987.'^3 
.9.8708 
.98643 
.98579 
.98498 

,51 

63 

0.01808 
.01909 
.0302:3 
.03140 
.08868 
.02416 
.08533 
.02757 
.02968 
.03171 
.03366 
.03557 
.0:3786 
.04048 
.04331 
.04657 
.05015 
.05424 
.05859 
.06325 
.06794 
.07307 
.07634 
.08385 
.08979 
.09586 
.10358 
.10984 
.11740 
.12601 
.1:3496 
.14496 
.1,5591 
.16745 
.18051 
.19403 
.30765 
.22409 
.24871 
.36097 
.38193 
.80480 
.33333 
.:35778 
.39053 
.438.57 
.46479 
.5.3488 
.63500 
.69830 

0.01596 
.01674 
.01759 
.01873 
.01989 
.03107 
.033:31 
.02364 
.02513 
.08683 
.028:35 
.03008 
.03200 
.03408 
.03646 
.0:3933 
.04241 
.04606 
.05015 
.054:34 
.05866 
.06.327 
.06788 
.07273 
.07784 
.08312 
.08877 
.094.58 
.10075 
.10711 
.11406 
.13110 
.12863 
.1:3684 
.14604 
.1.5607 
.16724 
.18019 
.19.392 
.20960 
.32708 
.34733 
.26759 
.29197 
..32010 
.W602 
.38500 
.41045 
.45977 
.60943 

0.98208 
.98109 
.97997 
.97888 
.97753 
.97613 
.97450 
.97280 
.97075 
.96878 
.96689 
.96505 
.96385 
.96032 
.95761 
.95449 
.95107 
.94719 
.94307 
.93869 
.9.3430 
.93951 
.92466 
.91953 
.91407 
.90853 
.90248 
.89588 
.88911 
.88146 
.87357 
.86483 
.85586 
.84549 
.83440 
.83314 
.81188 
.79a50 
.78356 
.76915 
.75390 
.7.3551 
.714:30 
.69665 
.67324 
.64706 
.62286 
.57798 
.63381 
.48573 

0.98417 
.98340 
.98266 
98144 

o 

,53 

3 

54 

4 

55 

.98031 
.97915 

5 

.56 

6 

57 

.00536 
.00447 
.00386 
.00326 
.00392 
.00377 
.00297 
.00:362 
.00438 
.00489 
.00530 
.00577 
.00621 
.00667 
.00710 
.00752 
.00792 
.00824 
.00851 
.00873 
.00892 
.00913 
.00933 
.00950 
.00966 
.00978 
.011988 
.01001 
.01017 
.01037 
.01058 
.01079 
.01101 
.01133 
.01150 
.01180 
.01215 
.01255 
.01303 
.013.59 
.01430 
.01513 
.01608 
.01708 

.97664 
.97618 

8 

59 

9 

60 

10 

01 

62 

.97205 

11 

12 

63 

13 

64 

96648 

14 

65 

96419 

15 

66 

96162 

16 

67 

95848 

17 

18 

09 

95106 

19 

70 

94710 

ao.... 

71 

.94:301 

21 

72 

.93867 

as 

73 

93435 

23 

.92983 

24 

75 

92508 

26 

76 

.92020 

26 

78 

27 

90969 

28 

79 

.90408 

29 

80 

.89834 

30 

81 

t-3 

89309 

31 

.88581 

32 

83 

87915 

33 

84 

.87193 

34 

85 

86390 

35 

.85523 

36 

87 

84567 

37 

88 

.8:3470 

38 

89 

.82322 

39 

90 

.81028 

40 

91 

.79607 

41 

42 

93 

93 

.77989 
70:399 

43 

94 

.74.'22 

44 

95 

72406 

45 

96 

.70502 

46 

97 

98 

67715 

47 

66944 

48 

99 

.63617 

49 

100 

.59399 

50 
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Olio  lumilrcil  thousuiu]  iiifiiiits,  followed  through  their 
first  year  of  life  (in  the  period  1893-97)  iu  Jhissachusetts. 
yieUfed  90.2^M  years  of  life.  To  ohtaiu  this  mean  of  the 
infants  living  tlinuigliout  the  lirst  year,  the  following 
method  was  employed: 

All  of  tlio  deaths'of  infants  under  one  month  old  wliich 
oceurnid  in  the  years  1898-97  were  tabulated  from  tlie 
mortality  i-eturus"  in  the  oHice  of  the  secretary  of  stale, 
also  those  of  infants  whodied  in  the  second  and  the  third 
mouths  of  life  separately,  then  those  of  infants  wjio  died 
in  the  three  suceeediug"  months  of  life  (fourth  to  sixth) 
in  one  group,  and  then  those  who  died  in  the  succeeding 
si.\  months  in  another  group.  From  these  data,  and  from 
the  births  registered  in  the  five  years  ending  with  June 
3(lth.  1897,  llie  figures  for  the  tirs't  year  of  life  were  cal- 
cidated  after  the  method  shown  by  Dr.  Farr  in  his  life 
table  No.  3,  page  x.\iii. 

The  foregoing  mean,  90,250  (46,343  males  and  43,907 
females)  (the  arithmetical  mean  of  the  series  'o,  lj\,  l^, 
.  .  .  /i ),  is  u.sed  as  the  first  term  of  column  P  (see  fore- 
going table,  p.  260).  All  of  the  succeeding  terms  in  the 
colunui  for  the  years  1,  2,  3.  4.  etc.,  are  the  means  of 
the  terms  in  the  preceding  column  l^,  using  the  formula, 

„    _  ljc-\-]£  +  , 
^'  -  2~  ■ 

In  these  tables  Column  ;r  presents  the  ages  from  birth 
up  to  one  liundred  years. 

Column  rfx  presents  the  numbers  of  those  dying  in  each 
age  of  life. 

Column  Ix,  Table  1,  presents  the  survivors  out  of 
51,350  males  at  birth  at  each  age  of  life.  {The  females 
were  48,650,  which  added  to  the  number  of  males  makes 
100,000.) 

Column  Pj-  presents  the  population  maintained  bj-  the 
nuinliers  in  (tolumn  1^.  beginning  with  46,343  males  (and 
43,907  females),  in  all  90,250  persons. 

Column  Qj;  shows  the  aggregate  number  of  years 
which  the  pensonsat  each  age  in  the  table  will  live,  until 
their  extinction  by  death. 

Column  -Ex  =  -7-  is  the  mean  future  life  time  of  the 

persons  living  at  each  age  in  the  table,  the  expectation 
of  life. 

In  the  third  table,  the  mortality  column  presents  the 
mortality  per  unit  of  the  population  at  each  age  of  life, 
the  figures  being  obtained  by  dividing  the  deaths  at  each 
age  by  population  at  such  ages,  the  proper  corrections 
and  interpolations  having  been  made,  either  by  the 
analytical  method  described  by  Dr.  Farr  in  his  English 
]..ife  Table,  No.  3,  p.  xxv.,  or  by  the  less  accurate  method 
known  as  the  graphic  method  described  by  Jlr.  George 
King  in  the  Journal  of  the  1/i.stitiile  of  Achiaries  {Octo- 
her,  1883)  and  in  Newsholme's  "Vital  Statistics,"  3d  edi- 
tion, p.  266.  From  this  column  (nix)  the  probability  of 
living  at  each  yearof  age  (/i^)  is  obtained  by  the  formula 

^'^  ~  o   I   „,''  applied  to  each  year  of  the  series. 

Column  Ix  is  obtained  by  the  formula  ?x  X  Px  =  ?x  -|-  1 . 

and  column  Px  is  obtained  by  the  formula   "^      ./  '^  '' 

From  tliese  tables  it  appears  that,  out  of  100,000  chil- 
dren born  alive  in  Massachusetts  during  the  years  1893- 
97,  16,000  or  nearly  one-sixth  die  before  arriving  at  the 
age  of  one  year;  78,963  or  nearly  four-fifths  attain  the 
age  of  three  years;  77,051  survive  the  age  of  five  years, 
or  seventy-seven  percent.;  50,124  or  a  little  more  than 
one-half  attain  the  age  of  fifty-three  years;  24,993  or 
nearly  one-fourth  live  to  the  age  of  .seventy-two  years. 

Tliese  figures  jirescnt  very  decided  diiTe"rences"as  com- 
pared with  those  which  were  published  for  the  same  State 
in  1855  by  Mr.  E.  B.  Elliott.*  In  that  report  it  was 
shown  that  the  numbers  dying  liefore  the  close  of  the 
first  year  out  of  100,000  born  were  15,510,  or  nearly  the 
same  as  those  for  the  year  1895  for  the  same  age.     At  the 


•Slxteentli  Itciristraticjn  Rfixirt.  Massactiusetts,  1837. 


end  of  three  years  the  survivors  were  only  74  par  cent 
instead  of  79  per  cent,  as  in  1895,  and  one-half  had  died 
before  the  close  of  the  forty-first  year,  instead  of  surviv- 
ing to  the  fifty-third  as  in  1895. 

Since  the  numbers  of  each  sex  arc  unequal  at  birth,  the 
males  continue  in  greater  numbers  until  the  fifty-third 
ycttr,  when  the  greater  death  rate  of  the  males  has  re- 
duced their  numb(;r  below  that  of  the  females,  and  the 
females  continue  in  excess  throughout  the  remainder  of 
life.  Observing  the  tables  more  closely,  it  appears  that 
the  comparative  intensity  of  the  death  rate  of  the  sexes 
varies  at  different  points  of  the  table.  For  the  first  five 
years  the  death  rate  of  males  exceeds  that  of  females. 
From  age  five  to  age  nineteen  inclusive  the  rate  of  fe- 
males exceeds  that  of  males,  and  from  age  twenty  to  the 
end  of  life  the  death  rate  of  females  is  tess  than  that  of 
males. 

In  table  3  are  presented  two  columns,  in  which  are 
shown  the  probability  of  living  one  year  from  each  age 
and  the  mortality  per  unit  of  the  population  at  each  year. 
At  birth  the  probability  of  living  a  year  is  for  males 
0.82569  and  for  females  0.84939,  that  of  boys  at  birth 
being  about  the  same  as  for  men  of  eighty-six,  and  that 
of  girls  about  the  same  as  that  of  women  at  eighty-six 
or  eight_y -seven.  The  probability  of  living  a  year  is  at 
its  highest  point  for  boys  at  age  twelve  (0.99722)  and  for 
girls  it  is  about  the  same  for  age  eleven  as  for  age  twelve 
(0.99695  and  0.99693). 

A  coni]iarison  of  death  rates  at  different  periods  pre- 
sents certain  points  worthy  of  notice. 


St?     /ba 


^000 
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FIG.  5(128. 


262 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


vital  Statistics. 
Vital  Statistics. 


Death  Kates  at  Different  ages  of  Life.  Massachusetts,  at 
Two  Periods,  1865  and  1895. 


Ages. 

All  ages... 

Under  5  . 

5-10 

10-15 

15-20 

aO-30 


1865. 

1895. 

30.64 

19.0 

68.6 

64.5 

9.6 

6.3 

5.1 

3.2 

9.6 

5.3 

12.6 

V.l 

1 

Ages. 

31I-4U 

40-50 

50-60 

60-70 

70-80 

All  over  80 


1865. 


U.7 
11.9 
17.5 
33.9 
70.5 
168.3 


189.5. 


13.6 
30.4 
39.4 
82.4 
184.6 


The  death  rate  of  chikireu  under  five,  and  especially 
of  those  under  cue  year  of  age,  has  not  undergone  very 
marked  changes,  but  that  of  all  ages  from  live  to  forty 
has  very  perceptibly  diminished,  while  that  of  ages  above 
forty  has  increased.  This  result  has  been  produced  by 
the  "great  reduction  in  the  number  of  deaths  from  infec- 
tious diseases,  including  consumption,  which  occur  in  the 
eaiiy  period  of  life,  from  two  3-ears  up  to  thirty.  By 
this  means  a  much  larger  ratio  of  the  population  than 
formerh'  survives  to  live  throughout  the  useful  and 
wage-earning  period  of  life.     This  causes  a  material  in- 


crease in  the  number  of  years  lived  at  the  later  ages  of 
life. 

These  persons  being  spared  from  the  diseases  incident 
to  childhood  naturally  increases  the  relative  mortality 
from  the  diseases  of  adult  life  and  old  age. 

This  decided  increase  in  the  number  of  survivors 
throughout  tlie  useful  ages  of  life  has  a  marked  eft'ect 
upon  the  vitality  of  the  population.  It  is  undoubtedly 
due  in  no  small  degree  to  the  increased  attention  which 
has  everywhere  been  given  In  the  past  twenty-five  years 
to  public  hygiene. 

The  accompanying  diagram  represents  the  numbers  of 
survivors  at  the  different  ages  of  life  in  Sweden,  Eng- 
land, Spain,  and  Massachusetts  out  of  10.000  at  birth. 
Those  of  Massachusetts  are  presented  for  two  periods 
1893-97  and  1855,  showing  the  marked  changes  which 
have  taken  place.  Sweden  is  selected  because  it  has  a 
low  death  rale  and  is  often  selected  as  a  standard  of  a 
healthy  population.  Spain,  on  the  contrary,  has  a  high 
death  rate,  which  is  chiefly  due  to  excessive  mortality  in 
the  early  years  of  life.  (See  table  on  p.  264  and  diagram 
on  p.  262.) 

In  consequence  of  the  close  contiguity  of  the  lines  in 


Principai.  Vital  St.vtistics  of  the  Si-x  New  England  St.vtes  (For  the  Nine  Years  1893-1900). 


Mean  annual   population    of    the 
period  (esUmated). 


Marriages  and  rate  per  1,(XX)  pop- 
ulation  

Living  biilhs  and  rate   per   1,000 

population 

Deaths  and  rate  per  l,UO0  po|iula- 

tion 

Deaths  under  one  year  and  rate 

per  1.00(1  births 

Deatlis  ti-om  consumption,  and  rate 
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Intern.\tional   Vit.\l    St.vtistics. 
Births  per  1,000  of  the  Population  in  Certain  Countries. 
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Average  of  twenty-flve  years,  1875-1899  . . 
1900 
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28.7 
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Deaths  per  1,000  of  the  Population  in  Certain  Countries. 

Average  of  twenty-five  years,  1875-1899  . .    19.3 
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Marriage  Rates  (1900).     (Persons  Married  per  1,000  of  the  Population.) 
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♦Spain,  average  ol  twelve  years  (1888-99). 
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the  first  live  j-ears  of  life,  tlie  figures  for  the  first  five 
years  are  given  upon  n  separate  diagram,  in  wliich  the 
divisions  representing  the  age  periods  are  increased  ten- 
fold. 

Tlie  jireceding  tables  present  tlie  Vital  Statistics  of  the 
si.\  New  England  States,  for  the  nine  years  1892-1900. 
The  populations  which  are  given  for  each  State,  and  for 
the  whole  district,  are  the  mean  annual  populations  of 
the  uinc-vcar  period. 

Tlie  Tables  of  International  Vital  Statistics  contain 
the  birth  and  death  rates  for  the  twenty-five  years,  1875- 
■99.  and  for  the  year  1900,  and  the  marriage-rates  (per- 
sons married  per  1,000  living)  for  the  year  1900  in  the 
principal  countries  of  Europe. 

Data  for  Constructiox  of  Diagram  op  Scrvivors.  Table 
Showing  survivors  at  Different  Ages  of  Life  Out  of  10,()00 
Born. 
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i,a33 
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80 
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85 
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149 

90 

375 
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330 
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40 

95 

14 

93 

20.5 

100 

.9 

14 

2.2 

♦Flfty-nfth  Report  of  Registrar-General,  Supplement,  vol.  1.,  p.  xiv.; 
,vol.  X..  part  i.,  p.  75. 
t  Sixteenth  Registration  Report,  Massachusetts,  1857: 
$  Bulletin  de  Tinstitut  international  de  statistique. 

Samuel  W.  Abbott. 
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VITILIGO.— This  affection  of  the  skin,  which  is  like- 
wise known  by  the  name  of  leucoderma,  consists  in  the 
development  of  whitened  areas  upon  various  portions  of 
the  body,  but  especially  upon  the  face,  neck,  and  hands. 
It  is  due  to  localized  loss  of  pigment  iu  rounded  or  ovoid 
patches  of  various  size,  having  sharply  defined  margins 
and  siiriduiided  by  more  or  less  deeply  pigmented  skin 
which  gradually  shades  off  into  the  normal.  The  char- 
acteristic features  of  the  whitened  spots  are,  that  their 
border  is  usually  convex,  giving  the  impression  that  they 
e.xtend  into  their  darkened  surroundings,  or  that,  in  their 
advance,  they  drive  the  pigment  before  them;  that  there 
is  no  change  in  the  structure,  sensations,  or  secretions  of 
the  affected  areas;  and  that  their  tendency  is  to  persist 
and  to  increase  in  extent,  being  little  affected  by  any  treat- 


ment. It  is  an  acquired  condition  which  comes  on  usually 
in  youth  or  early  adult  life  without  previous  ill  health  or 
prodromes,  although  iu  some  instances  it  has  been  known 
to  follow  local  injury;  and  sometimes  it  develops  in  the 
neighborhood  of  a  pigmented  mole.  The  dark-skinned 
races  are  rather  more  subject  to  vitiligo  than  those  of  fair 
skin  and  light  hair,  and  it  is  not  so  vei-y  rarely  seen  in 
the  negroes  of  this  country,  iu  wliom  the  contrast  be- 


Fig.  5029.-ViUligo. 

tweenthe  perfectly  white  spots  and  the  normal  skin  pro- 
duces a  striking  effect.  I  have  seen  instances  iu  which 
much  diseomforl  of  mind  was  occasioned  by  the  fact  that 
the  white  patches  were  merging  into  each  Other  until  ex- 
tensive regions  of  the  body  had  lost  their  pigment,  and 
the  negro  was  fearful  that  he  was  "turning  into  a  white 
man."  The  hair  may  lose  its  pigment  in  the  same  way 
as  the  skin,  and  rounded  or  irregular  tufts  of  gray  may 
appear  upon  the  head.  In  white  races  the  affected- re- 
gions are  often  more  noticeable  in  the  summer  time,  when 
the  surrounding  pigmentation  becomes  deeper 

The  (liar/iwsi'is  of  vitiligo  is  not  dillicult,  although  it  is 
liitble  to  be  confounded  with  morphu^a,  chloasma,  tinea 
versicolor,  syphilitic  pigmentations,  macular  leprosy, 
and  albinism.  One  chief  point  by  which  it  is  distin- 
guished from  other  conditions  is  the  normal  condition  of 
the  skin,  ajutrt  from  its  loss  of  pigment.  In  morphoea 
there  are  structural  changes.  In  tinea  versicolor  the 
patches  are  inflammatory  and  itch_y,  and  from  them  there 
can  be  scraped  scales  which  show,  under  the  microscope, 
the  charactei-istic  groups  of  spores,  although,  when  cir- 
cumscribed areas  of  healthy  white  skin  are, enclosed  in 
the  brownish  patches  of  this  disease,  vitiligo  may  be 
closely  simulated;  but  the  margins  will  be  found  irregu- 
lar instead  of  clean-cut.  In  chloasma  thci-e  is  increased 
pigmentation  of  the  patch  itself  and  the  circumference  is 
the  part  which  appears  white.  The  distinction  has  been 
made  that  iu  vitiligo  the  margin  of  the  white  area  is  con- 
vex toward  that  which  is  pigmented,  while  in  chloasma 
it  is  concave ;  but  in  some  instances  the  patches  run  to- 
gether iu  such  a  way  that  this  distinction  becomes  more 
theoretical  than  apparent.  Syphilitic  pigmentations,  es- 
pecially about  the  neck  in  women,  may  persist  after  other 
manifestations  have  disapjieared  and  may,  in  some  in- 
stances, be  mistaken  for  vitiligo.  In  the  macular  form 
of  lepra  the  patches  of  white  skin  liave  an  irregular  out- 
line, not  so  abrupt  as  in  vitiligo,  and  the  tinge  is  rather 
grayish  than  dead  white;  then,  too,  the  skin  is  either 
thickened  or  atrophied  and  ana'Sthesia  or  impaired  sensa- 
tion is  present.  Finally,  in  albinism  we  have,  as  in  viti- 
ligo, an  absence  of  normal  pigment,  but  in  the  former  it 
is  a  congenital  defect  anil  the  whole  surface  of  the  body, 
including  the  hair  and  eyes,  may  be  devoid  of  pigment. 


26+ 


REFERENCE    HANDBOOK   OF  THE  IVffiDICAL  SCIENCES. 


Vitiligo. 
Vitreous  Body* 


Tlie  pathology  of  vitiligo  is  obscure.  Leloir  has  de- 
sciitjc'd  a  pareuchyraatous  neuritis  iu  wliicli  the  a.\is 
cyliuJer  liad  disappeared,  tiie  myelin  slieatli  had  broken 
down,  and  the  nerve  fibre  had  become  transformed  into 
an  empty  primitive  sheath,  whose  nuclei  had  prolife- 
rated. The  affection  begins  as  a  hyperpigmentation  in 
areas  which  run  into  one  another  aud  assume  a  poly- 
cyclic  character,  the  pigment  becoming  absorbed  from  tlie 
centre  and  deposited  in  excess  in  the  marginal  epidermis, 
the  connective-tissue  cells,  aud  about  the  vessels  and  hair 
follicles. 

The  etiology  of  vitiligo  is  not  well  understood,  but  the 
cause  of  the  condition  is  usually  ascribed  to  perverted  in- 
nervation. It  is  probable  that  the  disappearance  of  the 
pigment  from  one  spot  and  its  increased  deposit  in  a 
neighboring  part  is  due  to  atrophy  in  the  former  and  to 
hypertrophy  in  the  latter,  both  changes  being  eifected 
through  the  agency  of  the  sympathetic  nervous  system. 
Sometimes,  though  rarely,  the  projier  proportion  of  pig- 
mentation is  spontaneously  restored,  but  in  the  majority 
of  instances  the  affected  areas  tend  to  increase  in  extent 
and  the  condition  to  assume  marked  chronicity.  When 
large  areas  of  surface  are  involved  the  term  leucoderma 
becomes  appropriate. 

The  freiitiiieni  is  unsatisfactory.  Some  reports  of  suc- 
cess from  electricity  have  been  made.  Local  applications 
for  the  removal  of  "surrounding  pigmentation  are  resorted 
to  with  the  view  of  rendering  the  white  regions  less 
noticeable.  The  internal  administration  of  nerve  tonics, 
especially  strychnine  and  arsenic,  has  been  advised. 
Blistering  the  patches  to  excite  a  depo.sit  of  pigment  has 
been  tried,  but  the  results  are  not  brilliant.  If  the  spots 
are  located  upon  the  face  or  other  exposed  part,  aititicial 
staining  may  be  eraploj'ed,  and  dyes  used  to  restore  the 
color  of  the  hair.  Chmies  Wnrrenne  Allen. 

VITREOUS    BODY     OR     HUMOR.— An.\tomy.— The 

vitreous  body  is  a  transparent,  semifluid,  colorless  mass, 
of  soft  gelatinous  consistence,  subglobular  in  form,  which 
fills  tht'posterior  four-fifths  of  the  interior  of  the  eyeball ; 
it  is  bouuded  by  the  optic-nerve  entrance  and  retina  be 
hind,  by  the  retina  on  each  side,  and  in  front  by  the  lens 
and  its" suspensory  ligament  which  fit  into  a  depression 
known  as  the  patellar  fossa.  It  serves  as  a  support  to 
the  tunics  of  the  eyeball,  and,  of  lesser  importance,  as  a 
clear  refractive  medium;  its  index  of  refraction  is  slightly 
greater  than  that  of  distilled  water.  Chemically,  it  con- 
sists of  98. .5  per  cent,  water  and  1.5  per  cent,  solids. 

There  has  beeu  much  discussion  regarding  the  struct- 
ure of  the  vitreous.  When  the  fresh  substance  is 
thrown  upon  a  muslin  filter,  the  greater  part  passes 
through  as  a  watery  liquid,  a  very  small  proportion  re- 
maining behind — demonstrating  the  existence  of  a  siip- 
jwrUn;/ frameirork  and  a  fluid  portion.  It  is  quite  gener- 
ally held  that  there  is  a  very  delicate  fibrillar  reticulum, 
in  which  are  scattered  a  few  round  or  branched  cells  of 
the  connective-tissue  type,  most  abundant  iu  the  periph- 
ery, and  often  a  variable  number  of  migratory  leucocytes. 
The  cells  are  known  as  Htreous  corpuscles  ;  they  are  often 
ditticnlt  to  recognize;  they  are  peculiar  in  exhibiting  large 
vacuoles  which  push  the  nucleus  to  one  side,  and  in  pre- 
senting a  number  of  budlike  swellings  (Fig.  5030). 

The  vitreous  body  is  enclosed  in  a  delicate,  .structure- 
less, glassy  membrane,  the  hyaloid  membrane,  which  lies 
in  close  apposition  with  the  entire  inner  surface  of  the 
retina;  it  cau  be  readily  separated  from  the  latter,  except 
posteriorly  where  the  retinal  vessels  of  fa'tal  life  have 
entered,  and  anteriorly  at  the  patellar  fossa.  At  the  ora 
serrata,  the  hyaloid  membrane  splits  into  two  layers ;  the 
first,  the  hyaloid  membrane  proper,  exceedingly  delicate. 
which  is  continued  over  the  anterior  surface  of  the  vitre- 
ous body;  and  the  second,  which  blends  with  the  poste- 
rior layer  of  the  suspensory  ligament  of  the  lens. 

The  central  portion  of  the  vitreous  body  is  penetrated 
by  a  channel  (hyaloid  canal,  canal  of  Stilling,  canal  of 
Clor/uet,  central  canal);  this  is  filled  w'ith  fluid,  is  limited 
by  a  wall  of  extremely  delicate  homogeneous  membrane, 
and  extends  from  the  disc  to  the  posterior  pole  of  the 


lens;  it  is  about  2  mm.  in  diameter,  with  a  slight  dilata- 
tion at  both  ends.  Thiscanal  conveys  the  hyaloid  branch 
of  the  central  artery  to  the  lens  during  fa?tal  life;  in  the 
adult  it  forms  part  of  the  posterior  lymph  passages  of  the 
eyeball,  having  its  outlet  in  the  lymph  spaces  of  the  optic 
nerve. 

The  adult  vitreous  has  no  blood-vessels,  its  nourish- 
ment being  received  from  the  surrounding  structures, 
particularly  the  uvea;  hence  diseases  of  the  retina, 
choroid,  and  ciliary  body  almost  always  implicate  the 
vitreous.  Vitreous  humor  is  never  regenerated  after 
loss ;  the  diminution  in  volume  is  compensated  for  by 
the  addition  of  aqueous.  If  the  escape  of  vitreous  is 
small,  no  injurious  effects  follow;  if  large,  the  conse- 
quences are  serious — the  globe  softens,  shrinkage  results, 
and  sight  is  lost. 

DrSE.iSES  OP   THE   VlTREOfS  BoDY. 

CoNGEKiTAL  ANOMALIES. — 1.  Persistent  Hyaloid  Ar- 
tery.— During  fcetal  life  the  hyaloid  artery,  a  branch  of 
the  central  artery  of  the  retina,  passes  through  the  cen- 
tral canal  of  the  vitreous  from  the  optic-nerve  entrance 
to  the  posterior  pole  of  the  lens;  it  usually  begins  to 
shrivel  during  the  sixth  month  and  has  generally  disap- 
peared at  the  end  of  fcetal  life.  Sometimes  this  process 
of  obliteration  fails,  and  a  greater  or  lesser  remnant  of 
the  artery  persists  during  life.  This  can  be  seen  with 
the  ophthalmoscope  as  a  graj'ish  cord  or  thread  which 
arises  from  the  optic  disc  and  stretches  into  the  vitreous 
for  a  variable  distance ;  it  may'  terminate  by  a  free  ex- 
tremity in  the  vitreous,  or  may  traverse  the  latter  and  be. 
attached  to  the  posterior  pole  of  the  lens,  the  attachment 
to  the  lens  being  marked  by  a  small  opacity  (congenital 
posterior  polar  cataract) ;  or  the  thread  may  be  attached 
to  the  lens  with  its  free  end  floating  in  the  vitreous;  or 
the  vestige  may  be  represented  by  an  irregular,  minute 
deposit  of  connective  tissue  upon  the  disc.  In  rare  in- 
stances the  persistent  artery  continues  to  carry  blood. 
Vision  is  generally  good,  but  sometimes  such  eyes  are 
amblyopic  or  present  other  congenital  defects. 

3.  Opacity  of  the  Walls  of  the  Hyaloid  Canal. — In  un- 
usual instances  the  walls  of  the  hyaloid  canal  are  abnor- 
mally opaque,  causing  some  interference  with  central 
acuteness  of  vision;  this  anomaly  is  visible  with  the  oph- 
thalmoscope as  a  grayish,  tubular  cord  extending  from 
disc  to  lens. 

HvALiTis  (Inflammation  of  the  Vitreous). — This  term 
includes  two  types;  first,  a  purulent  inflammation  (sup- 
puratire  hyalitis),  and  second,  a  form  characterized  by 
the  occurrence  of  opacities  in  the  citreous.     As  will  be 


Fig.  oftSO.— Cells  of  the  Vitreous  Humor.     fScliwalbe.)    a  and  d 
witbout  vacuoles  ;  h,  c,  c,  f,  (/,  vacuolated. 

readily  understood  by  considering  the  avascular  and  al- 
most structureless  nature  of  this  tissue,  inflammations  of 
the  vitreous  are  rarely  primary ;  they  generally  accom 
jiany  or  are  the  result  of  inflammation  of  the  retina  and 
uveal  tract. 


265 


^'itreous  Body. 
Vitreous  Body. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL  SCIENCES. 


Suppttrative  hyalitis  is  an  infective  inflammation  of  the 
vitreous,  which  is  jicnerally  merely  part  of  a  purulent 
clioroiilitis  or  panop'litliulraitis.  It  iscaused  by  infection, 
the  result  of  a  peuetratiug  wound,  a  foreign  body,  or  an 
iridochoroidilis  followiiig  an  operation  upon  the  globe; 
it  may  arise  in  the  course  of  the  exanthemata,  erysipelas, 
relapsing-  fever,  meningitis  and  cerebro-spinal  meningitis, 
infective  blood  diseases,  and  lengthy  debilitating  fevers; 
it  may  follow  metastatic  choroiditis  after  inflammation  of 
the  cord  in  the  newly  born  child. 

Since  the  alfection  is  generally  secondary  to  inflamma- 
ti(m  of  other  structures,'symptoms  of  tiic  primary  disease 
will  be  present,  such  as  posterior s.yuechia'  and  otiier  evi- 
dences of  iridocyclitis.  If  the  media  are  clear,  the  puru- 
lent exudate  is  readily  seen  as  a  yellowish  reflex  shining 
through  the  pupil,  and  the  ophthalmoscope  detects  the 
presence  of  an  opaque  mass  which  maybe  circumscribed, 
but  is  usually  diffuse. 

When  it  is  more  or  less  circumscribed,  the  condition 
presents  appearances  which  are  very  much  like  those  of 
glioma  of  the  retina,  and  as  a  matter  of  fact  it  is  known 
&S.  psemlotilioniii.  It  can  generally  be  distinguished  from 
a  true  glioma  by  the  history  of  the  case,  by  the  presence 
of  the  signs  of  iritis  or  uveitis,  and  by  the  diminished  ten- 
sion. The  disease  tends  to  run  a  chronic  cour.se.  In  rare 
instances,  when  circumscribed,  and  especially  when  of 
traumatic  origin,  purulent  hyalitis  may  lea\e  a  more  or 
less  useful  eyeball.  But  in  the  great  majority  of  cases, 
and  in  every  instance  in  which  pauophtlialmitis  exists, 
sight  is  lost;  the  retina  becomes  detached,  the  soft  eye- 
ball shrink.s,  and  an  atrophied  globe  results ;  enucleation 
then  becomes  necessary,  especially  if  the  shrunken  organ 
menaces  the  safety  of  the  other  eye.  No  method  of  treat- 
ment will  prevent  such  a  result.  If,  during  the  course 
of  a  debilitating  fever,  suppurative  hyalitis  is  detected 
early,  it  may  be  possible  to  save  some  vision  in  the  af- 
fected eye  by  vigorous  supporting  treatment  of  the  gen- 
eral condition.  Intra-ocular  injections  of  chlorine  water 
have  been  recommended  (Berry). 

Opacities  in  the  Vitkeous  may  be  fixed,  but  they 
are  usually  movable.  They  vary  in  size  from  fine  dust- 
like deposits  [hyalitis  punctata)  to  large  masses.  They 
may  have  any  shape:  dust,  specks,  threads,  flakes,  bands, 
or  irregular  membranous  masses.  They  maj'  be  entiiely 
free  or  may  present  one  or  more  attachments  to  envelop- 
ing tunics.  In  the  great  majority  of  instances  the  affec- 
tion is  secondary  to  diseases  of  neighboring  structures. 

The  opacity  causes  an  impairment  of  the  transparency 
of  the  vitreous.  It  can  be  detected  with  the  oi^hthalmo- 
scope  held  at  a  distance,  the  patient  moving  the  eye  in 
various  directions  and  then  fixing  it.  Under  .such  cir- 
cumstances the  opacity,  if  movable,  will  be  seen  as  a 
dark  object  behind  the  pupil,  upon  the  red  background 
of  the  fundus,  and  will  disappear  from  view  as  it  falls  to 
the  bottom  of  the  vitreous.  The  rapidity  of  movement 
depends  upon  the  consistence  of  the  vitreous.  If  this  is 
normal,  the  movement  is  slow ;  if  it  is  fluid,  the  move- 
ment is  rapid.  By  placing  a  -j-  4  D.  lens  in  the  sight 
hole  of  the  ophthalmoscope  and  getting  closer  to  the  pa- 
tient, then  increasing  the  strength  of  the  lens  to  -\- 16  D. 
and  simultaneously  approaching  the  eye,  successive 
depths  of  the  vitreous  chamber  can  be  focussed  and  ex- 
plored. With  minute  or  very  delicate  opacities,  faint  illu- 
nunation  and  the  jilaue  mirror  of  the  ophthalmoscope 
should  be  employed. 

Opacities  of  tlie  vitreous  are  distinguished  from  opaci- 
ties of  the  cornea  and  lens  by  their  depth,  their  mobility, 
the  gradual  settling  after  the  eye  has  been  moved  and  is 
then  steadied,  and  by  the  fact  "that  they  cannot  be  seen 
by  obliipie  focal  illumination.  Patches  of  choroidal  pig- 
ment arc  dilferentiated  in  like  manner  by  dissimilarity  ni 
shape,  and  Ijy  diflereuce  in  depth  as  measured  by  their 
refraction. 

If  the  symptoms  due  to  disease  of  the  suiTounding 
structures  be  excluded,  the  subjective  manifestations  of 
opacity  of  the  vitreous  are  the  occurrence  of  one  or  more 
spots  in  tlie  field,  and  more  or  less  im|)airment  of  vision, 
the  degree  of  the  latter  depending  upon  the  size,  situ- 


ation, and  densitjf  of  the  opacity ;  patients  may  merely 
complain  of  motes  but  slightly  more  pronounced  than 
the  musciB  volitautes  of  normal  eyes,  or  the  vision  may 
be  almost  or  completely  abolished.  When  the  opacity  is 
situated  deeply  in  the  vitreous,  the  annoyance  of  the 
patient  is  increased  by  the  shadow  which  the  opacity 
throws  upou  the  retina.  Very  often  the  patient  will 
cast  the  opacit\-  out  of  the  line  of  vision  by  a  sudden 
movement  of  the  e_yes  or  head,  and  thus  obtain  unob- 
structed vision  for  a  moment;  in  other  cases  vision  will 
be  improved  after  the  eyes  have  been  kei)t  quiet  for  a 
time,  thus  allowing  tiie  opacity  to  settle.  The  disease 
must  not  be  confounded  with  muscse  volitantes;  the  lat- 
ter are  described  below. 

Opacities  in  the  vitreous  are  very  common.  In  most 
instances  they  depend  upon  some  disease  of  the  choroid, 
ciliary  body,  or  retina.  They  are  frequentl_y  found  in 
high  degrees  of  m}'opia  associated  with  choroidal  disease, 
and  are  then  often  seen  as  flakes  and  threads.  They  are 
not  uncommon  in  syphilitic  chorioretinitis  and  cyclitis, 
in  such  cases  being  usually  dustlike,  with  or  without 
tbreadlikvi  or  shredlike  additions.  Tliey  result  from 
hemorrhages  into  the  vitreous,  and  when  thus  produced 
they  may  constitute  membranous  masses;  occasionally 
the  latter  are  attached  to  the  retina  and  are  accompanied 
by  the  formation  of  new  blood-vessels,  constituting  reti- 
nitis pmliferaus.  In  some  cases  errors  of  refraction  are 
found  in  the  eyes  which  arc  the  seat  of  opacities  of  the 
vitreous;  but  there  is  no  evidence  that  the  two  anomalies 
bear  any  etiological  relationship  except  in  myopia.  Very 
often  the  condition  results  from  retinal  or  choroidal  dis- 
ease, depending  upon  some  disturbance  of  the  general 
health,  of  which  the  following  are  the  most  common  ex- 
amples; Disturbances  of  menstruation,  disorders  of  the 
liver,  debilitating  diseases,  endarteritis,  gout,  malaria, 
and  the  effects  of  the  prolonged  use  of  arsenic.  Finally, 
it  is  not  uncommon  to  find  opacities  of  the  vitreous,  of 
various  shapes  and  sizes,  in  apparently  normal  eyes  of 
health}-  individuals;  in  such  cases  no  cause  can  be  as- 
signed. AMeruid  hi/tilitis  is  the  name  given  by  Benson 
to  a  very  rare  condition,  probably  congenital,  in  which 
the  vitreous  is  filled  with  minute,  light-colored  spheres. 

Treatment  con.sists  in  an  attack  upon  the  causative  dis- 
ease. In  syphilitic  cases  the  usual  treatment  of  this  in- 
fection, especially  if  the  raercur}'  be  given  hypodermi- 
cally,  will  often  cause  a  clearing  up.  Disturbances  of 
the  .system  should  be  corrected  b}'  ajiprojiriate  means. 
High  myopia  requires  proper  correction  with  glasses, 
and  careful  attention  to  general  and  ocular  hygiene. 
Where  no  cause  can  be  assigned,  good  results  sometimes 
follow  the  use  of  iodides,  with  or  without  mercurj-  in 
small  doses.  Small  quantities  of  jaborandi  or  pilocar- 
pine, or  larger  hvpodermic  doses  of  the  latter,  are  useful, 
followed  by  hot  baths,  so  as  to  jiroduce  diaphoresis,  if  the 
patient  is  able  to  tolerate  such  vigorous  treatment.  Ab- 
straction of  blood  from  the  temples  and  the  local  appli- 
cation of  the  galvanic  current  have  been  reported  of 
benefit. 

Large  membrauous  deposits  that  persist  after  every 
other  method  of  treatment  has  failed,  may  sometimes  be 
divided  with  a  narrow  knife  or  a  knife-needle,  providing 
no  active  disease  of  neighboring  parts  exists  and  there  is 
no  blood-vessel  formation.  The  instrument  is  inserted 
in  front  of  the  ecjuator  of  the  eyeball,  just  below  the 
lower  border  of  the  external  rectus  muscle.  In  some 
cases  the  result  of  this  operation  has  been  to  cause  a 
shrinking  of  the  opacity  and  an  improvement  of  vision. 

While  in  syphilitic  cases,  in  examples  of  hemorrhages 
of  small  size,  and  in  a  few  others  in  which  the  opacities 
are  of  limited  extent  and  of  delicate  consistence,  complete 
absorption  takes  place  after  some  months,  in  most  of 
the  instances  of  this  condition  disappearance  is  incom- 
plete or  the  opacities  are  permanent.  There  exists  al.so 
a  tendency  to  rccuri'ence  after  complete  or  incomplete 
absorption.  Not  uncommonly,  when  extensive  opacities 
are  attached  to  surrounding  structures,  shrinkage  takes 
place,  the  retina  becomes  deprived  of  its  natural  support 
and  becomes  detached. 
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Muscle  Yojataktes  {Myodesopsia)  are  the  black  specks 
or  motes  often  seen  iu  tlie  tickl  of  vision,  especially  wlicu 
the  e_ye  is  directed  toward  the  light  or  a  bright  surface. 
They  are  most  often  complained  of  by  myopes.  They 
are  caused  by  the  shadows  which  the  cells  and  migratory 
leucocytes  of  the  vitreous  cast  upon  the  retina.  These 
shadows  usually  have  the  shape  of  dots  or  smail  bubbles, 
isolated  or  collected  into  strings  or  clusters ;  less  frequent- 
ly they  are  of  larger,  fantastic  shapes.  Any  movement 
of  the  eye  sets  them  in  motion.  After  the  eye  ceases  to 
move,  they  continue  to  float  across  the  field,  gradually 
settling  out  of  the  line  of  vision.  This  phenomenon  may 
be  produced  entopically  by  partially  closing  the  lids  or 
by  looking  through  a  small  opening  in  a  card,  and  by 
facing  the  light  or  a  white  surface.  It  is  often  seen 
while  looking  into  the  tube  of  a  microscope. 

Muscte  are  not  true  opacities  of  the  vitreous,  and  con- 
scijuently  cannot  be  detected  with  the  ophthalmoscope. 
They  are  normal  phenomena,  occurring  in  healthy  eyes, 
jierfectly  transparent,  and  not  disturbing  to  vision. 
Present'in  all  eyes,  they  are  usually  disregarded.  AVhen 
noticed  they  cause  annoyance  and  often  anxiety,  which 
is  apt  to  be  aggravated  liy  the  habit  of  the  patient  of 
searching  for  them.  Neither  must  they  be  confounded 
with  scotomata,  which  are  blind  spots  in  the  Held  of  vis- 
ion, due  to  a  loss  of  function  of  certain  portions  of  the 
retina. 

Many  of  the  patients  who  complain  of  muscae  have 
some  error  of  refraction.  The  correction  of  the  latter 
often  gives  relief.  In  any  case  the  patient  should  be  as- 
sured that  the  occurrence  is  devoid  of  significance.  He 
will  then  cease  to  look  for  the  shadows,  and  in  conse- 
quence will  no  longer  be  annoyed  by  them. 

Blood-fciisel  Formation  in  the  Vitreous  (Retinitis  I'ro- 
liferans). — Occasionally  we  observe  dense  grayish  or  blu- 
ish-white membranes,  provided  with  new  blood-vessels, 
which  have  no  apparent  connection  with  the  retinal 
vessels,  attached  to  the  retina  in  the  situation  of  the  op- 
tic-nerve entrance,  projecting  into  the  vitreous,  and  hid- 
ing a  portion  of  Ihe  fundus.  These  represent  the  sequels 
of  previous  pathological  processes — either  hyalitis,  or 
hemorrhages,  or  chronic  retinal  inrtammation.  Examples 
of  the  last  cause  have  been  associated  with  general  disease 
(syphilis,  nephritis,  diabetes,  gout).  The  patliology  is 
oli.scure.  There  is  interference  with  vision,  the  degree 
depending  upon  the  density,  size,  and  position  of  the 
membrane.     The  tissue  is  incapable  of  absorption. 

HEMOKitnAGES  INTO  THE  ViTUEOUs. — These  are  usu- 
ally due  to  rupture  of  some  of  the  vessels  of  the  ciliary 
processes  or  of  the  choroid,  less  freciuentl)'  to  a  break  in 
the  retinal  vessels,  in  consequence  of  injury,  vascular 
disease,  or  alterations  in  the  blood.  Ansemia,  nephritis, 
diabetes,  arteriosclerosis,  m_vopia,  glaucoma,  and  men- 
strual disturbances  are  predisposing  factors.  There  are 
also  some  examples,  genei'ally  in  young  male  adults,  in 
which  hemorrhage  into  the  vitreous  occurs  spontHneonsly, 
and  often  repeatedly.  Such  cases  have  been  attributed 
to  irregularities  of  the  circulation  and  to  gout. 

If  the  hemorrhage  be  recent  and  slight,  a  bright  red 
reflex  is  seen  with  the  ophthalmoscope;  if  greater,  dark 
red  masses  are  observed,  wliich  may  appear  red  at  the 
margins;  if  considerable,  a  large  part  or  all  of  the  vit- 
reous chamber  is  tilled,  and  no  fundus  reflex  is  obtained. 
There  is  always  impairment  of  vision,  but  the  degree 
varies  with  the  amount  and  situation  of  the  extravasa- 
tion. With  large  hemorrhages  sight  is  immediately  re- 
duced to  perce|)tion  of  light. 

Small  hemorrhages  are  often  absorbed  after  some  weeks 
or  months  with  restoration  of  good  vision.  Not  infre- 
quently, however,  the  process  of  absorption  is  incom- 
plete and  opacities  remain.  Large  extravasations  usually 
leave  dense  membranous  opacities  which  cause  serious 
impairment  of  vision.  Such  hemorrhages  necessarily 
produce  considerable  disorgauizatit)n  of  the  vitreous 
structure,  followeil  by  fluidity,  and  not  infrequently  by 
detachment  of  the  retina. 

If  these  hemorrhages  are  seen  earh',  treatment  consists 
in  absolute  bodily  rest  with  the  head  in  an  elevated  posi- 


tion, cold  compresses  on  the  closed  lids,  the  administration 
f)f  cardiac  sedatives  and  ergot,  and  abstraction  of  blood 
from  the  corresponding  temple.  Subsequently  small  dose§ 
of  potassium  iodide  and  mercury,  pilocarpine  sweats,  .sa- 
line cathartics,  hot  compresses  to  the  closed  lids,  and  sub- 
conjunctival injections  of  saline  solution  may  be  used  to 
promote  absorption.  Attention  to  the  general  health, 
avoidance  of  the  stooping  posture,  and  rest  of  the  eyes 
are  also  indicated.  Large  membranous,  non-vascular 
o]iacities  maj'  be  cut  with  a  knife-needle  or  a  narrow 
knife  after  all  inflammation  has  subsided  and  no  tendency 
to  recurrence  of  hemorrhage  appears  to  exist. 

Degenerations  OF  toe  vitreous  comprise:  (1)  Syn- 
chysis;  (2)  sparkling  synchysis;  (3)  fatty  degeneration; 
(4)  detachment;  (.5)  ossification. 

Syiie/n/sis  {fluidity  of  the  ritreous)  is  a  softened  or  fluid 
condition  of  the  vitreous.  This  can  be  diagnosticated  with 
certainty  only  when  vitreous  opacities  exist  and  move 
with  undue  rapidity  during  motions  of  the  eyeball.  The 
condition  is  often  accomjianied  by  tremulousness  of  the 
iris;  but  this  symptom  ma}'  exist  without  fluid  vitreous, 
and  is  no  proof  of  the  existence  of  sj'uchj-sis.  It  is  mere- 
ly an  evidence  that,  owing  to  relaxation  or  rupture  of 
tlie  suspensory  ligament,  the  iris  has  been  left  without 
tlie  support  of  the  lens  upon  which  it  usuallj'  depends. 
The  tension  of  the  eyeball  is  commonly  diminished,  but  it 
may  be  normal,  or  even  increased,  as  in  certain  cases  of 
glaucoma. 

Sj'ncln-sis  occurs  with  high  degrees  of  myopia,  with 
or  without  complicating  choroiditis  and  posterior  staphy- 
loma; with  extensive  vitreous  opacities;  after  ocular  in- 
juries with  extensive  hemorrhage  into  the  vitreous;  and 
with  degenerative  processes  of  the  eye  in  general.  In 
such  cases  the  loss  in  consistence  depends  upon  an  im- 
pairment of  nutrition.  Advanced  age  is  a  predisposing 
factor.  Fluid  vitreous  is  not  infrequently  present  in 
ej'es  that  have  never  suffered  from  any  disease,  and  in 
which  no  definite  cause  can  be  assigned. 

No  treatment  is  of  any  avail.  Recognition  of  the  con- 
dition is  of  practical  importance  when  an  operation  upon 
the  globe,  such  as  cataract  extraction,  or  iridectomy  for 
glaucoma  is  contemplated,  since  it  forms  a  complicating 
circumstance  and  increases  the  liability  to  loss  of  vit- 
reous. 

Synchysis  seintillans  (sparkling  synchysis)  is  the  name 
given  to  a  fluid  vitreous  which  presents  numerous  small 
crystals  of  cholesterin  and  tyrosin.  These  are  seen  to 
move  rapidly  whenever  the  eye  moves,  reflecting  the 
light  of  the  ophthalmo.scope,  and  giving  rise  to  a  beauti- 
ful picture  which  resembles  a  shower  of  brilliant  sparks. 
These  crystals  are  supposed  to  represent  a  degenerative 
change  of  hlood  effused  into  the  vitreous  at  some  previous 
period,  or  else  decomposition  of  the  wandering  cells. 
The  condition  is  not  of  common  occurrence.  It  is  usu- 
ally found  in  old  persons,  and  is  said  to  be  more  common 
among  alcoholics,  in  those  suffering  from  some  general 
disease  of  nutrition,  and  in  choroiditis.  But  clinically  it 
is  met  with  most  frequently  in  eyes  which  are  apparently 
healthy  in  other  respects.  There  is  usually  little  or  no 
reduction  of  vision  if  the  eye  is  otherwise  normal.  Such 
individuals  sometimes  complain  of  seeing  glittering 
flashes  when  the  eye  is  moved.  The  condition  is  not 
amenable  to  treatment. 

Detachment  of  the  vitreous  is  a  serious  condition  which, 
if  it  ever  exists  alone,  cannot  be  recognized  clinically. 
The  support  which  the  vitreous  usually  gives  is  with- 
drawn, and  the  retina  becomes  detached.  This  condition 
folloW'S  traumatism,  especially  perforating  wounds,  also 
cataract  extraction,  choroiditis,  intra-ocular  hemorrhages, 
ir.tra-ocular  growths,  high  deg.-ees  of  myopia,  and  exten- 
sive staphylomata.  After  loss  of  a  considerable  portion 
of  the  vitreous  from  any  cause,  there  is  shrinkage,  de- 
tachment of  the  h3-aloid,  followed  by  that  of  the  retina. 
Detachment  is  not  amenable  to  any  form  of  treatment. 
If  the  eye  remains  quiescent,  no  interference  is  called  for. 
If  symptoms  of  irritation,  pain,  or  sympathetic  disease 
set  in,  enucleation  is  indicated. 

Fatty  degeneration  of  the  vitreous  is  occasionally  met 
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■with  as  an  evidence  of  senile  decay.  The  patient  com- 
plains of  rauseoe  volitantes,  and  the  ophthalmoscope  re- 
veals numerous  -white  glistening  spots  evenly  distributed 
tliniugli  the  vitreous  and  having  a  very  limited  amount 
of  mo'tion  when  tlie  eye  is  moved.  There  is  some  reduc- 
tion in  the  acuteness"of  vision.  The  condition  does  not 
call  for  any  special  treatment. 

Onx/jicK/'iii/i  (if  the  ritreoMs  has  been  described  by  Wit- 
tich  and  VirchJiw  as  a  rai'e  form  of  degeneration,  alvi'ays 
associatrd  with  jihthisis  bulbi  following  a  suppurating 
process  or  hyalitis.  The  vitreous  body  changes  into  a 
solid  fibrous  mass  of  cord-like  shape,  enlarged  at  either 
end.  The  osseous  tissue  is  developed  in  the  anterior  end 
of  this  cord.  The  occurrence  of  this  change  is  doubted 
by  many  authorities. 

"  I'.\n.\"siTES  IN  THE  ViTREODS. — The  presence  ofcutozoa 
in  the  vitreous  is  exceedingly  rare  except  in  north  Ger- 
many. In  nearly  every  instance  the  parasite  has  been 
the  cysticercus  cellulosce.  The  tilaria  sanguinis  hominis 
has  been  seen  in  the  vitreous,  with  certainty,  in  only  a 
single  instance.  The  parasite  found  in  the  vitreous  is 
the  scolex  of  the  lania  solium,  the  eggs  of  which  enter 
the  circulation  from  the  stomach,  and  are  deposited  in 
the  eye  between  the  choroid  and  the  retina.  Perforating 
the  latter  it  escapes  into  the  vitreous. 

When  still  situated  between  the  choroid  and  the  retina 
it  can  be  seen  with  the  ophthalmoscope  as  a  bluish-gray 
opacity  resembling  detachment  of  the  retina.  After  en- 
tering the  vitreous,  if  still  alive,  it  appears  as  a  pale  blu- 
ish or  bluish-gray  cyst  from  which  there  projects  a  short 
wliite  neck  and  a  head.  The  latter  is  provided  with 
minute  suckers,  which  can  sometimes  be  seen  to  move. 
When  this  picture  is  found,  particularly  when  the  head 
is  observed  to  move  in<lepeudently  of  motions  of  the  eye- 
ball, the  diagnosis  can  be  made  with  certainty.  Very 
often,  however,  opacities  of  the  vitreous  are  present  and 
render  the  diagnosis  more  diliicult.  After  the  death  of 
the  parasite  it  becomes  covered  with  lymph  and  thus 
hidden  from  view  with  the  ojihthalmoscoiie. 

Unless  removed  while  still  beneath  the  retina,  there  is 
gradual  loss  of  sight  and  linally  destruction  of  the  eye- 
ball. When  discovered  early,  before  the  entozoon  has 
escaped  into  the  vitreous,  it  may  be  removed  by  forceps 
through  an  incision  in  the  sclera.  Quite  a  numlier  of 
such  operations  have  been  successful  and  have  restdted 
in  the  preservation  of  good  vision.  After  the  parasite 
has  entered  the  vitreous  it  may  also  be  removed,  but 
then  the  preservation  of  sight  cannot  be  hoped  for.  If 
the  attempt  at  removal  be  unsuccessful,  enucleation  is 
indicated.  Charles  H.  May. 

VIVISECTION. — According  to  the  detinition  given  in 
the  C'entury  Dictionary,  vivisection  is  the  "dissection 
of  a  living  body ;  the  practice  of  anatomizing  alive,  or  of 
experimenting  upon  living  animals  for  the  purpose  of 
investigating  some  physiological  function  or  pathological 
process  which  cannot  well  be  otherwise  determined. 
Vivisection  strictly  includes  only  cutting  operations;  but 
the  term  is  extended  to  any  physiological  experimenta- 
tion upon  living  animals.  .  .  .  Vivisection  in  competent 
and  humane  hands,  under  proper  and  reasonable  restric- 
tions, is  fruitful  of  good  results  to  the  sciences  of  physi- 
ology and  pathology." 

The  necessity  for  resorting  to  this  mode  of  experimen- 
tation depends  on  the  fact  that  physiology,  pathology, 
therapeutics,  and  bacteriology  deal  with  the  phenomena 
of  life,  and  in  order  to  study  them  successfully  the  nec- 
essary investigations  must  be  made  during  the  life  of  the 
animal  upon  which  experiments  are  made. 

The  valuable  results  w-hich  have  been  attauied  by  such 
•experiments  constitute  a  large  share  of  the  actual  knowl- 
edge now  possessed  in  these  departments  of  medical 
science.  The  study  of  the  functions  of  circulation,  respi- 
ration, digestion,  the  nervous  system,  the  investigation 
of  infectious di.seases,  the  reproduction  of  bone,  the  action 
of  drugs  and  poisons  and  their  uses  and  antidotes  have 
all  been  greatly  facilitated  by  means  of  vivisection. 

The  discovery  of  the  true  nature  of  rabies,  of  anthrax, 


glanders,  tuberculosis,  the  Texas  cattle  fever,  and  of  liog 
cholera,  is  due  very  largely  to  the  assistance  afforded  by 
animal  experimentation,  in  the  production  of  a  con.stant 
supply  of  diiihtheria  antitoxin  (which  has  .saved  thoti- 
sands  of  human  lives),  animal  experimentation  must  nec- 
essarily be  resorted  to.  At  a  hearing  before  a  legislative 
committee  in  1901,  which  was  considering  the  propriety 
of  legislation  to  restrict  this  practice,  a  witness  said: 
■'  No  father  whose  child  had  been  saved  by  such  means 
would  care  how  many  lives  of  animals  had  been  .sacrificed 
in  the  discovery.  We  cannot  use  the  rabbit  as  a  unit  in 
estimating  the  value  of  our  children's  lives." 

In  a  lecture  before  the  Royal  Society  of  England,  Hux- 
ley stated  "  that  the  discoveries  made  by  Pasteur  ahine 
by  means  of  experimentation  upon  living  animals  would 
have  sutBced  to  pay  the  war  indemnity  paid  by  France 
to  Germany."  By  means  of  inocidations  practised  as  the 
result  of  Pasteur's  ex]ieriments,  the  loss  from  anthrax  in 
France  alone  had  dimiuislied  from  ten  per  cent,  in  sheep 
and  five  per  cent,  in  cattle  to  less  than  one  per  cent,  in 
sheep  and  one-fourth  of  one  per  cent,  in  cattle. 

Galen,  Harvey,  John  Hunter,  and  others  made  use  of 
this  method  in  early  times,  but  it  has  come  largely  into 
use  in  the  last  half  of  the  nineteenth  centur}'. 

Like  very  many  practices  vivisection  is  liable  to  abuse, 
but,  as  Bishop  Lawrence,  of  Massachusetts,  stated  before 
a  legislative  committee  in  1000,  the  subject  "can  be  left, 
with  perfect  confidence  on  the  part  of  the  communit}',  to 
a  profession  that  has  shown  itself  worthy  of  such  con- 
fidence in  its  attitude  toward  humanity,  as  well  as  toward 
the  lower  animals. " 

Within  the  past  thirty  years  vigorous  opposition  has 
been  made,  either  to  prevent  vivisection  or  to  restrict  it 
by  law.  Scarcely  a  year  now  passes  in  which  such  re- 
strictive legislation  is  not  proposed  in  some  form  or  other 
in  one  or  more  States  of  the  LTnion. 

In  order  to  obtain  an  expression  of  opinion  with  refer- 
ence to  the  practice  of  vivisection,  a  circular  was  issued 
by  the  American  Humane  Association  in  1895,  and  sent 
to  many  prominent  jihysicians,  clergymen,  educatois, 
and  others,  and  the  replies  from  these  sources  were  classi- 
fied as  follows : 

Replies  prom  Physicians. 


Total 
number. 

Per  cent. 

For  vivisection  witliout  restriotion 

For  vivisection  restricted  by  utility 

220 
513 
186 
207 
24 

19.1 
44.6 
16.2 

For  total  proliibition  of  vivisection 

18.0 

2.1 

Tntfll 

1,150 

100.0 

REPLIES  FROM  OTHER  PROFESSIONAL  MEN. 


For  vivisection  without  restrictioti. 
For  vivisection  restricted  by  utility 

For  vivisiM'tinii  without  pain 

For  totjil  pi'diiihiiion  of  vivisection. 
Obscure  or  evasive 

Total 


>:    . 

^'2  . 

U   OJ 

^fe 

^b 

WS 

35" 

^co 

0 

34 

4 

189 

84 

03 

116 

49 

26 

144 

52 

a) 

6 

16 

2 

455 

235 

125  1 

100.0 


Thus  far,  while  much  legislation  upon  this  subject  has 
been  proposed,  not  very  many  laws  have  been  enacted. 
After  a  parliamentary  investigation  in  England  a  law 
was  enacted  in  1876  entitled  "An  Act  to  Amend  the  Law 
Relating  to  Cruelty  to  Animals  "  (Chapters  77,  39,  and 
40,  Victoria).  This  act  has  twenty-two  sections,  and 
prohibits  the  jierformance  of  painful  experiments  on 
animals  except  under  restrictions;  with  penalties  of  not 
over  £50  for  the  first  offence  and  not  over  £100  for  the 
second  offence. 
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B}-  Section  3  of  this  act  it  is  provided  that : 

1.  The  experiment  must  be  performed  witli  a  view  to 
the  advancement  of  science  b_y  discovery  of  jjliysioloirical 
knowledge,  or  of  Icuowledge  wliich  will  be  usefvil  for  the 
saving  or  prolonging  of  life  or  of  alleviating  suffering. 

2.  The  experiment  must  be  made  by  licensed  jiersous. 

3.  The  animal  must  be  under  the  influence  of  an  anes- 
thetic. 

4.  Tlie  animal  must  be  killed  if  pain  is  likely  to  con- 
tinue, or  if  serious  injury  is  done  to  the  animal. 

5.  The  experiment  is  not  to  be  performed  in  illustration 
of  lectures. 

6.  It  is  not  to  be  performed  for  the  purpose  of  attain- 
ing manual  skill. 

By  Section  4  the  use  of  urari  is  prohibited. 

By  Section  5  restriction  is  made  as  to  experiments  upon 
dogs,  cats,  horses,  mules,  and  asses. 

By  Section  6  public  exhibition  of  such  experiments  is 
made  illegal. 

Other  .sections  relate  to  the  registration  and  licensing 
of  per.sons  desirous  of  making  experiments  and  the 
method  of  instituting  legal  proceedings. 

The  provisions  of  the  act  do  not  apply  to  invertebrate 
animals. 

By  several  definite  exceptions  the  restrictions  in  Section 
3,  clauses,  1,  3,  4.  and  5,  are  very  much  modified. 

In  a  recent  suit  for  libel,  in  England,  it  was  shown 
that  Dr.  Bayliss,  jirofessor  of  physiology  at  London 
University,  was  charged  by  Hon.  Stephen  Coleridge 
with  cruelty  in  the  conduct  of  certain  physiological  ex- 
periments. Dr.  Bayliss  was  licensed  to  perform  such 
experiments  under  the  English  act  here  referred  to.  Dr. 
Bayliss  sued  Mr.  Coleridge  for  libel,  won  his  suit,  and 
was  awarded  £3,000  damages  {Boston  Medical  and  Surgi- 
cal Journal,  November  26th,  1903). 

Although  legislation  has  been  proposed  in  many  States, 
there  are  but  three  in  which  the  statutes  contain  any  refer- 
ence to  vivisection.  Tliesc  are  New  York,  New  Jersey, 
and  California.  The  law  of  New  York  respecting  cruelty 
to  animals  runs  as  follows: 

"If  any  person  shall  torture,  torment,  deprive  of  nec- 
essary sustenance  ...  or  needlessly  mutilate  or  kill,  or 
cau.se  or  procure"  the  same  to  be  done,  to  "any  living 
creature,  every  such  ofl'ender  shall  for  every  such  offence 
be  guilty  of  a  misdemeanor." 

Following  this  section  there  is  a  paragraph  relating  to 
vivisection: 

"Nothiug  in  this  act  contained  shall  be  construed  to 
prohibit,  or  interfere  with,  any  properly  conducted  scien- 
tific experiments  or  investigations,  which  experiments 
shall  be  performed  only  under  the  authority  of  the 
faculty  of  some  regularly  incorporated  medical  college  or 
university  of  the  State  of  New  York."'  In  California 
the  law  is  substantially  the  same." 

Construing  these  sections  together,  according  to  a 
familiar  legal  principle,  the  law  in  New  Y'ork  and  Cali- 
fornia regarding  vivisection  may  be  stated  as  follows: 
Vivisection  is  lawful  when  performed  under  the  author- 
ity mentioned  and  when  "properly  conducted."  If  im- 
properly conducted,  that  is,  with  the  infliction  of  needless 
or  unjustifiable  suffering,  the  offender  would  be  guilty  of 
a  misdemeanor,  which  is  jninishable  in  New  York  by  fine 
or  imprisonment,  or  botli,  the  maxinnun  penalty  being 
one  year  in  the  county  jail,  including  thirty  days  of  soli- 
tary confinement,  and"  a  fine  of  S250.  In  California,  also, 
fine  and  imprisonment  may  be  imposed  for  this  offence. 
Vivisection  undertaken  without  the  authority  prescribed 
in  the  statutes  is  punishalile  in  like  manner. 
_  In  New  Jersej'  the  law  and  the  penalty  are  substan- 
tially the  same,  except  that  the  authority  under  which 
vivisection  may  there  be  performed,  if  "properly  con- 
ducted," is  that  of  any  "incorporated  medical  society  of 
the  State."  = 

In  all  the  other  States,  with  few  exceptions — and  the 
exceptions,  doubtless,  will  soon  disappear — there  are  laws 
against  cruelty  to  dumb  animals.  In  these  States,  there- 
fore, vivisection — at  least  such  vivisection  as  is  performed 
without  the  use  of  anaesthetics— might  or  might  not  be 


adjudged  to  come  within  the  statute.  In  each  case  there 
would  be  a  question  whether  suffering  bad  been  inflicted 
needlessly  or  cruelly,  aud  each  case  would  be  decided  ac- 
cording to  its  own  circumstances  aud  to  the  views  of  the 
particular  tribunal  before  which  it  came.  lu  the  interest 
both  of  the  medical  profession  aud  of  dumb  animals,  it  is 
to  be  hoped  that  the  statute  of  New  York  will  be  copied 
by  all  the  States,  and  it  would  be  well  if  the  law  were 
somewhat  extended.  In  Great  Britain  the  buildiugs  in 
which  vivisection  may  be  performed  are  licensed.'and 
there  is  an  inspector  to  see  that  the  provisions  of  the 
statute  are  carried  out.  In  this  way,  additional  precau- 
tions are  taken.  It  is  scarcelj'  necessary  to  jioint  out  that 
such  regulations  do  not  hamper  the  competent  and  con- 
scientious surgeon,  and  that  they  tend  to  make  vivisec- 
tion legally  possible  everywhere,  because  they  render  it 
free  from  objection  in  the  view  of  the  people  generall}-. 

Henry  C'hilds  Mericin. 
Revised  by  Samuel  W.  Abbott. 
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VOICE  AND  SPEECH.     See  Lai-ynx,  Physiology  of . 

VOLITION,  DISORDERS  OF.    %ee  Insanity. 

VOLVULUS.  See  Colon  (Surgical)  and  Intestinal  Ob- 
struction. 

VOMITING.     See  Emetics,  and  Stomach,  Diseases  of . 

VOMITING  OF  PREGNANCY.— By  way  of  introduc- 
tion it  may  be  assumed  that  no  more  common  source  of 
discomfort,  distress,  aud  even  danger  besets  the  con- 
dition of  pregnancy  than  the  symptom  which  serves  as 
the  subject  of  this  article.  It  may  be  asserted,  also,  that 
very  few  who  have  not  experienced  it  have  any  adequate 
idea  of  how  distressing  it  may,  and  often  does,  become. 
It  is  doubtless  a  fact  that  the  nausea  accompanj'ing,  or  at 
times  taking  the  place  of,  the  actual  vomiting  is  of  such 
intensity,  is  of  such  a  sickening  and  depressing  charac- 
ter, is  so  much  worse  than  the  ordinary  and  common- 
place nausea  due  to  other  causes,  as  to  be  to  many  the 
hardest  to  bear  of  all  the  trying  experiences  of  the  proc- 
ess of  maternity. 

At  other  times,  it  must  be  admitted,  the  vomiting  is 
eas}',  accompanied  by  little  if  any  nausea,  aud  it  is  a 
noticeable  fact  that  even  in  some  cases  in  which  vomiting 
lias  been  frequent  and  persistent  for  months  the  patients 
have  held  their  flesh  and  strength  to  a  wonderful  degree. 
In  these  latter  cases  the  body  must  hold  its  own  wUb  a 
very  meagre  supply  of  food,  for  to  a  casual  observer  it 
would  appear  that  none  is  retained. 

It  has  been  customary  to  draw  a  line  of  demarcation 
between  the  slight  and  the  .severe  cases,  or  between  those 
which  are  rebellious  to  treatment  and  threaten  life  and 
those  which  do  not.  Tlie  former  have  been  called  the 
"  physiological  "  or  "  simple  "  vomiting  of  pregnane}' ; 
the  latter  the  "pernicious,"  or  "incoercible,"  or  "uncon- 
trollable "  vomiting  of  pregnancy.  The  correctness  of 
these  descriptive  terms  will  be  called  in  question  else- 
where. 

On  the  other  hand.  Dr.  Graily  Hewitt  has  very  proper- 
ly pointed  out  the  important  distinction  which  exists  be- 
tween the  vomiting  of  pregnancy  and  the  vomiting  dur- 
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ing  pregnancy,  the  latter  being  merely  an  accidental 
occurren(X'  intlie  com-se  of  pregnancy,  while  the  former 
Is  a  direct  result  from  the  fact  of  pregnane)'. 

As  regards  the  historj'  ot  this  troublesome  complica- 
tion, it  Is  probabl>'  the  history  of  the  human  race,  for 
from  the  nature  of' the  case  it  n'lust  have  been  a  frequent 
symptom  during  ]>regnancy  at  a  very  early  period  in  the 
history  of  the  world."  What  Hippocrates  and  other  an- 
cient worlhies  iiave  to  say  upon  the  matter,  however,  is 
of  far  less  importance  tlian  the  fact  that  so  many  men  in 
the  presei\t  day  show  plainly  by  their  writings  how  little 
they  understand  either  llie  cause  or  the  treatment  of  the 
trouble.  The  very  multiplicity  of  theories  as  to  the 
caiise,  and  of  reme<lies  for  working  a  cure,  serves  as  a 
stirticient  commentary  upon  the  unsettled  state  of  medi- 
cal opinion  u]ion  one  of  the  most  common  and  ini|iorlant 
symiUoms  which  the  physician  is  called  upon  to  treat. 
It  does  not  seem  right  that  so  simple  and  every-day  an 
experience  as  the  vomiting  of  pregnancy  should  remain 
at  the  present  day  a  matter  ot  mystery,  and  that  its  treat- 
ment should  continue  so  unsatisfactory,  uncertain,  and 
often  futile.  The  writer  believes  that  most  cases  ma)'  be 
ex|ilained  according  to  a  very  simple  theory,  and  his  ex- 
perience demonstrates  that  treatment  along  that  same  line 
may  be  confidently  expected  to  give  prompt  and  complete 
relief  in  the  vast  majority  of  cases. 

Syjipto.ms. — The  most  common  form  of  this  complaint 
is  the  occurrence  of  one  or  more  attacks  of  vomiting  di- 
rectly after  rising  from  bed  in  the  morning.  This  may 
end  the  attack  for  the  day,  or  the  vomiting  may  recur 
during  breakfast  as  well  as  at  intervals  throughout  the 
daj'.  So  frequent  is  this  experience  on  rising  that  the 
affection  has  come  to  be  universally  known  as  "morning 
sickness." 

At  times  vomiting  is  absent,  but  the  patient  experiences 
attacks  ot  nausea  instead.  Either  the  nausea  or  the  vom- 
iting may  begin  before  rising,  at  times  even  awaking 
the  patient  from  her  sleep,  and  may  then  recur  as  above 
stated. 

In  the  severer  forms  of  pregnancy  vomiting  every  at- 
tempt to  take  food  is  followed  by  fresh  paroxysms,  and 
indeed,  not  intrequently,  vomiting  is  wellnigh  constant, 
irrespective  of  anything  which  is  taken  into  the  stomach. 
The  symptoms  maj'  be  so  urgent  that  sleep  is  prevented, 
nutrition  wholly  fails,  loss  of  flesh  and  strength  is  rapid, 
elevation  of  temperature,  .small  and  rapid  pulse,  delirium 
and  death  supervene,  all  in  the  course  ot  a  few  weeks. 

It  has  been  customary  to  divide  these  severe  cases, 
commonly  known  as  the  peruicious  vomiting  of  preg- 
nancy, into  three  stages.  During  the  first  stage  the 
synqitoms  develop  with  more  or  less  rapidity,  as  a  rule 
giving  no  indication  of  the  gravity  of  the  situation  which 
is  to  follow  until,  after  a  period  var3-ingfrom  a  few  days 
to  several  weeks,  the  vomiting  becomes  so  frequent  and 
so  urgent  as  materially  to  affect  the  patient's  strengtli. 
The  threatening  aspect  of  the  case  now  visibly  augments 
from  day  to  day.  Nothing  whatever  is  retained  upon 
the  stomach,  and,  in  defauU  ot  food  or  drink,  vomiting 
of  mucus,  bile,  and  even  blood  continues  at  short  inter- 
vals. 

No  one  can  now  overlook  the  serious  nature  of  the 
complication.  Suffering  and  anxiety  are  plainly  depicted 
in  the  patient's  face,  the  pulse  has  already  become 
markedly  accelerated,  and  then,  with  the  ad  vent  of  fever, 
is  ushered  in  the  second  stage. 

In  this  stage  the  temperature  remains  persistently 
above  100°  F.,  the  pulse  varies  from  100  to  140  per  min- 
ute, the  skin  is  hot  and  dry  except  that  in  some  cases  the 
extremities  remain  cold  and  clammy.  Thirst  is  a  promi- 
nent symptom,  the  mouth  is  parched  and  dry,  the  tongue 
may  be  cracked,  and  sordes  may  appear  upon  the  teeth. 
Ptyalisni  and  jaundice  are  commonly  present.  The  urine 
is  scanty,  often  albuminous  and  tinged  with  bile.  As  a 
rule.  diarrhn?a  exists. 

With  the  onset  of  the  third  stage  most  of  these  symp- 
toms abate,  the  patient  being  able  once  more  to  take  and 
retain  small  amounts  of  food.  The  friends  and  even  the 
physician  may  be  deceived,  thinking  convalescence  about 


to  be  established,  while  in  fact  this  is  merely  the  period 
of  grave  disturbance  of  the  nerve  centres  preceding 
death.  Delirium  is  present,  with  loss  of  one  or  more  of 
the  special  senses.  Neuralgic  pains  arc  commonly  pres- 
ent. The  pulse  remains  between  120  and  140.  "  Coma 
gradually  supervenes  and  continues  until  death. 

Tbe  pericid  (jf  pregnancy  at  wliich  nausea  or  vomiting 
most  frequently  occurs  is  during  the  first  six  or  eight 
weeks,  though  "they  may  appear  at  any  time  up  to  deliv- 
ery. One  case  is  reported  in  which  the  patient  was  mar- 
ried on  IMonday,  began  vomiting  on  the  following  Satur- 
day, and  was  delivered  normally  at  such  a  time  as  to 
establish  the  fact  that  conception  immediately  followed 
marriage.  It  is  probable,  however,  that  discomfort  is 
first  noticed,  in  the  majority  of  cases,  somewhere  near 
tlie  end  of  the  first  month  of  pregnancy.  Beginning  as 
a  slight  nausea  on  rising  in  the  morning,  or  at  tlie  break- 
fast table,  it  may  go  on  to  the  serious  train  of  symptoms 
described  above,  or  after  a  few  days  may  wholly  disap- 
pear. Usually  the  experience  is  one  of  annoyance  rather 
than  of  actual  suffering,  and  rarely  continues  after  the 
fourth  month. 

I)i.\GNOsis.. — The  points  involved  in  the  diagnosis  are, 
Jin-t,  to  determine  the  fact  of  pregnancy;  xervnd,  to  de- 
cide whether  the  vomiting  is  due  to  the  pregnancy  or  is 
simply  incidental  to  it — in  other  words,  whether  we  have 
to  deal  with  the  "  vomiting  of  pregnancy  "  or  the  "  vomit- 
ing during  ju'egnancy  "  :  and  perhaps  I  may  be  permitted 
to  add,  third,  to  ascertain  the  local  cause  of  the  vomiting. 

It  is  by  no  means  easy  to  establish  the  fact  of  preg- 
nancy at  an  early  stage,  and  indeed  it  is  often  impossible. 
Until  after  the  first  catamenial  period  has  passed  it  must 
be  chiefly  a  matter  of  inference,  based  upon  the  oppor- 
tunity wliich  has  been  afforded  for  pregnancy  to  occur, 
and  upon  the  possibility  or  otherwise  of  the  vomiting 
being  due  to  other  causes.  As  soon  as  one  menstrual 
period  has  pas.sed,  or  when  other  signs  of  pregnancy 
have  been  discovered,  the  diagnosis  may  be  made  to  rest 
upon  a  surer  basis. 

The  difficultiesin  the  way  of  deciding  the  second  point 
in  diagnosis  are  usually  less  marked.  The  peculiar  char- 
acteristics of  pregnancy  vomiting  are  usually  sufficiently 
well  marked;  yet  in  some  cases  it  maybe  necessary  to 
avail  one's  self  of  an  eUminative  diagnosis,  making  care- 
ful examination  for  disease  of  stomach,  liver,  kidnej',  or 
other  organ  which  might  be  productive  ot  the  symptoms, 
and  failing  to  find  sucb  cause  the  diagnosis  must  rest 
ujion  the  pregnancy  as  responsible. 

The  diagnosis  of  the  abnormal  conditions  which  serve 
as  a  cause  for  the  vomiting  will  be  considered  under  the 
next  heading. 

Cause. — Here  we  reach  the  great  point  of  difference 
which  exists  between  observers,  and  yet  the  point  upon 
which  it  is  most  important  that  definite  and  correct  views 
.should  exist,  for  upon  it  must  rest  the  most  successful 
treatment.  It  has  been  cu.stomary  to  attribute  the  vomit- 
ing to  a  reflex  irritation  proceeding  in  some  mysterious 
way  from  the  developing  ovum,  but  more  stress  has 
commonly  been  laid  upon  tlie  condition  of  the  patient, 
whether  as  concerning  her  stomach  or  her  nervous  sys 
tem,  which  made  this  irritation  potent  for  evil,  tlian 
upon  the  source  of  irritation  itself.  Moreover,  as  regards 
the  nature  of  this  irritation,  men  have  held,  and  hold  to- 
day, most  divergent  views,  though  it  is  coming  to  be  ad- 
mitted more  and  more  generally  that  its  origin  is  to  be 
found  in  some  abnormal  pelvic  condition. 

My  own  preference  is  to  consider  that  a  number  of 
causes  may  operate  in  different  cases,  or  even  in  the  same 
case,  to  produce  the  sj'mptoms,  and  these  causes  should 
be  classified  as  predisposing  and  exciting. 

As  to  the  predisposing  causes,  the  chief  is  undoubtedly 
that  state  of  exalted  nervous  sensibility  Avliich  shows  it- 
self in  so  many  and  in  such  unmistakable  ways  during 
jiregnancj'.  It  is  a  matter  of  universal  observation  that 
trifling  emotions,  whether  of  fright,  grief,  annoyance,  or 
otherwise,  produce  in  the  pregnant  woman  results  far 
surpassing  those  which  she  would  ordinarily  experience. 
Similarly,  it  is  doubtless  true  that  conditions  giving  rise 
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to  irritation  of  sensory  nerve  fibres  may  produce  cor- 
respondingly exaggerated  results  in  tlie  way  of  reflex 
phenomena. 

Undoubtedly  an  important  factor  in  this  connection 
lies  liidden  in  racial  conditions.  In  no  other  way  can  we 
adequately  explain  the  fact  that  Carl  Braun,  in  his  enor- 
mous experience,  has  never  met  with  a  fatal  result,  nor 
even  with  a  case  sufflcientl}'  serioys  to  require  induced 
abortion,  while  in  France,  England,  and  America  a  fatal 
termination  is  far  from  being  a  rarity.  Hirst,  in  his 
"System  of  Therapeutics,"  shows  a  mortality  of  ninety- 
five  in  two  hundred  and  thirty-nine  cases  reported. 

Other  factors  ma_y  possibly  be  found  in  the  hydra?mic 
condition  of  the  blood :  the  condition  of  fear,  or  at  least 
the  state  of  introspection  and  anticipation  in  which  so 
many  newly  pregnant  women  find  themselves;  the  va- 
rious functional  perversions  of  taste,  smell,  appetite,  and 
digestion ;  and  lastly,  and  more  generally,  in  the  presence 
of  gastric  catarrh  in  more  or  less  marked  degree. 

Far  more  important,  however,  are  the  exciting  causes 
which,  as  has  already  been  suggested,  will  usually  be 
found  in  some  abnormal  condition  of  the  pelvic  organs. 

The  theory  which  has  been  held  in  favor  the  longest  is 
perhaps  that  of  Bretonneau,  who  considered  that  the  dis- 
tention of  the  body  of  the  uterus  by  the  growing  ovum  > 
caused  pressure  upon  or  tension  of  the  nerve  filaments, 
so  setting  up  a  reflex  irritation.  To  a  supertieial  observer 
this  serves  as  a  very  satisfactory  explanation,  yet  it  fails 
utterly  in  many  cases  and  nuist  be  rejected  as  inadequate. 
This  distention  occurs  in  every  case,  and  yet  many  escape 
the  nausea  altogether,  while  others  have  it  in  one  preg- 
nancy and  not  in  another.  Moi'eover,  the  symptoms 
cease  in  most  cases  while  this  distention  is  still  going  on, 
and  often  the  cessation  is  sudden  and  complete. 

Another  theory  rests  upon  the  supposition  of  metritis; 
yet  metritis  is  more  common  in  those  who  have  borne 
cliildreu,  while  the  vomiting  of  pregnancy  is  more  com- 
mon in  priniipara?. 

Still  others,  notably  Veit,  believe  that  endometritis, 
pre-existing  and  aggravated  by  pregnancy,  is  the  source 
of  tlie  reflex  irritation.  That  this  may  be  a  factor  in 
some  cases  is  quite  likel.y,  but  it  can  hardly  explain  the 
phenomena  in  most,  or  even  in  many,  cases. 

There  are  those  who  hold  lacerations  and  erosions  of 
the  cervix  responsible,  but  in  most  eases  such  lesions  do 
not  exist. 

Coming  now  to  the  theory  advanced  and  ably  advo- 
cated by  Dr.  Graily  Hewitt.  I  believe  that  we  find  here 
the  chief,  though  not  the  only,  cause.  He  is  often  quoted 
as  teaching  that  anteflexion  is  the  sole  factor,  but  this 
interpretation  is  far  from  correct.  He  finds  that  "the 
alterations  of  the  uterus  proved  by  recorded  cases  to  be 
most  frequently  present  in  cases  of  severe  vomiting  are: 

"('t)  Marked  flexion  forward  and  backward. 

"('')  Rigidity  of  tissues  of  the  cervix. 

"  ((•)  Impaction  or  detention  of  the  uterus  in  the  pelvis. 

"  These  three  factors  are  most  frequently  associated  in 
various  degrees  of  severity." 

Upon  these  facts  rests  his  theory  that  the  reflex  irrita- 
tion consists  in  "undue  pressure  or  tension  of  the  nerve 
filaments  distributed  in  the  walls  of  the  cervix,  especially 
those  in  the  vicinity  of  (he  internal  OS  ";  .  .  .  "this  press- 
ure or  tension  may  arise  in  any  ease  in  which  that  expan- 
sion process  in  the  tissues  of  the  cervix  whieii  is  natural 
to  pregnancy  is  delayed  or  obstructed  by  the  condition 
iif  the  cervix." 

Now,  if  it  be  borne  in  mind  that  during  the  earl)'  weeks 
of  pregnancy  the  uterus  commonly  gravitates  toward  the 
pelvic  floor,  it  will  at  once  be  seen  that  any  previously 
existing  flexion  must  be  exaggerated.  If  it  be  still 
further  remembered  that  the  normal  condition  of  the 
uterus  is  one  of  moderate  anteflexion,  which  our  modern 
methods  of  dress,  together  with  other  injurious  influences 
of  civilization,  too  often  make  pathological  anteflexion, 
the  preponderance  of  cases  of  anteflexion  in  these  statis- 
tics of  vomiting  of  pregnancy  will  not  be  wondered  at. 

It  will  be  noted,  however,  that  flexion  need  not  neces- 
sarily be   present  in   order  to  explain  the  vomiting   in 


accordance  with  this  theory.  If,  by  reason  of  a  lacera- 
tion of  the  cervix,  with  subinvolution  and  chronic  metri- 
tis as  a  consequence,  the  tissues  at  and  about  the  internal  • 
OS  have  become  so  indurated  as  to  prevent  their  normal 
and  equable  expansion,  injurious  tension  of  tlie  nerve 
filaments  is  produced.  If.  again,  the  uterus  be  held 
down  in  the  pelvis  by  firm  adhesions,  or  by  the  added 
weight  and  bulk  of  a  fibroid,  impaction  and  injurious 
pressure  ai-e  just  as  surely  produced  as  in  the  case  of  a 
flexion.  Other  ingenious  but  less  plausible  theories  have 
been  advanced,  but  aside  from  admitting  the  general  truth 
that  almost  any  form  of  pelvic  disease  may  in  isolated 
and  exceptional  cases  be  a  prominent  factor,  these 
theories  need  not  be  considered  here. 

My  own  belief  is  more  liberal  than  is  that  of  many  who 
have  written  upon  the  subject,  for  while  I  hold  most 
tenaciously  to  the  general  fact  of  a  local  cause  to  be 
found  within  the  limits  of  the  true  pelvis,  I  .vet  admit 
most  of  the  special  theories  above  mentioned.  Most 
prominently  I  should  place  Dr.  Hewitt's  explanation  in 
its  broadest  interpretation,  viz.,  anything  that  prevents 
the  free  and  uniform  expansion  of  the  cer%'ix,  particular- 
ly in  the  immediate  neighborhood  of  the  internal  os. 
•  Following  this  are  to  be  grouped  indifferently  the  va- 
rious factors  of  metritis,  endometritis,  lacerations  and 
erosions  of  the  cervix,  and  the  sundrj'  other  forms  of  pel- 
vic disease  which  may  be  operable  in  rare  cases. 

The  above  represented  the  best  teaching  of  a  dozen 
years  ago,  and  it  is  as  true  to-day  as  when  it  was  v.-ritteu  ; 
but  careful  observation  and  a  considerable  experience 
have  in  tlie  mean  time  served  to  crystallize  and  confirm 
my  beliefs.  I  find  that  in  the  vast  majority  of  the  cases 
anteflexion  is  present  and  the  "impaction  or  detention  of 
the  uterus  in  the  pelvis"  is  the  result  of  contraction  of 
the  utero-sacra  lligaraents.  Schultze  has  well  described 
this  contraction,  due  to  parametritis  posterior,  which 
usually  accompanies  and  aggravates  anteflexion,  but  its 
influence  upon  the  vomiting  of  pregnancy  was,  I  believe, 
first  pointed  out  by  me  some  three  years  ago.  I  am  con- 
vinced that  in  cases  of  this  t3'pe,  "the  degree  of  the  in- 
tractability of  the  vomiting  and  to  a  large  extent  the 
degree  of  its  severity  depend  upon  the  degree  of  contrac- 
tion in  the  utero-sacral  ligaments." 

Having  now  ascertained  that,  whatever  the  degree  of 
pregnancy  vomiting,  it  springs  from  some  abnormal  con- 
dition and  not  at  all  as  a  natural  and  inevitable  result  of 
pregnancy,  we  cannot  escape  the  conclusion  that  there 
can  be  no  such  thing  as  "  physiological  "  vomiting,  and 
that,  therefore,  no  difference  save  one  of  degree  exists 
between  the  light  and  the  severe  cases.  All  vomiting 
during  pregnancy,  as  at  other  times,  is  abnormal  and 
must  be  so  regarded  and  so  treated. 

Ti!E.\T,MENT. — It  having  been  established  that  the  chief 
factor  in  practically  every  case  of  vomiting  of  pregnancy 
is  some  abnormal  condition  of  the  pelvic  organs,  it  fol- 
lows naturally  that  the  most  effective  treatment  must  be 
directed  toward  the  removal  or  cure  of  such  condition. 
And  just  here  it  should  be  urged  that  success  in  treating 
the  vomiting  will  be  in  very  clo.se  ratio  to  the  accuracy 
of  the  diagnosis  of  the  pelvic  cause  and  the  intelligence 
of  the  treatment  applied  to  it.  Let  no  one  who  has  not 
good  cause  to  consider  himself  competent  correctly  to 
map  out  the  true  condition  of  the  pelvic  organs  rest  con- 
tent with  the  delusion  that  there  is  no  pelvic  cause  for 
the  vomiting  because  he  can  find  none.  In  such  a  case 
no  one  but  a  well-trained  gynaecologist  is  competent  to 
pass  final  judgment,  and  it  must  be  confessed  that  even 
he  is  fallible. 

Most  frequent  in  the  list  of  abnormal  pelvic  conditions 
is  anteflexion  of  the  body  or  cervix,  associated  in  most 
eases  with  more  or  less  contraction  of  the  utero-sacral 
ligaments.  For  this  Graily  Hewitt  recommends  gentle 
elevation  of  the  base  of  the  bladder  and  the  superim- 
posed fundus  of  the  uterus  with  the  finger.  Failing 
thus  he  advocates  the  use  of  the  air-ball  pessary,  which 
is  to  be  inflated  after  insertion.  This  pessary  must  be 
perfectly  spherical,  and  must,  when  distended,  meastire 
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not  over  two  and  one-quarter  inches  in  diameter,  the  size 
rarely  needing  to  be  over  two  inches. 

Aseptic  j)ree;ivitious  are  to  be  observed  before  and 
after  insertion,  the  patient  to  maintain  the  horizontal 
position,  and  the  jjessury  to  lie  removed  at  the  end  of 
six  or  eij;lit  hours.  It  may  be  necessary  to  repeat  this 
treatment  dailv-  until  the  position  of  the  uterus  becomes 
permanently  improved.  Care  must,  of  course,  be  exer- 
cised to  prevent  the  induction  of  abortion  by  too  great 
or  too  prolonged  pressure  due  to  the  presence  of  the 
pessary. 

Personajly  I  have  used  this  method  but  once,  in  which 
case  it  (lid  good  service.  I  have  preferred  to  rely  chiefly 
upon  the  freiiucut  use  of  the  knee-chest  position,  digital 
elevation,  and  packing. 

In  fact,  so  common  is  this  condition  as  a  factor,  and  so 
eft'ective  is  the  first  part  of  the  treatment  alone,  that  I  am 
in  the  habit  of  prescribing  it  asa  routine  treatment  in  the 
ordinary  cases  of  pregnancy  vomiting  as  they  present 
themselves  in  the  hospital  clinics  and  in  private  practice, 
and  I  do  not  hesitate  to  assert  that  relief  is  complete  in 
eighty  per  cent,  of  the  cases. 

^'he  patient  is  told  to  assume  a  position  on  her  knees, 
her  hips  high  in  air,  her  chest  touching  the  bed,  emry 
band  being  loose  about  the  waist,  and  then,  either  by  open- 
ing the  vagina  with  the  finger  or  by  introducing  a  glass 
tube,  to  admit  air  to  the  genital  tract.  This  is  done  regu- 
larly night  and  morning,  and  at  any  other  time  when 
nausea  is  felt. 

This  failing,  I  place  the  patient  in  the  knee-chest  posi- 
tion and  pack ;  lightly  at  first,  but  more  firmly  as  she 
becomes  accustomed  "to  it.  At  first  it  is  well  to  pack 
■wholly  in  front  of  the  cervix,  so  as  to  straighten  out  the 
flexion,  but  later  a  few  tampons  are  best  placed  behind 
the  cervix  for  the  purpose  of  stretching  the  utero-sacral 
ligaments  and  so  breaking  up  the  impaction.  Wool  is 
the  only  proper  material  for  this  packing,  as  cotton  soon 
becomes  matted  and  hard ;  and  the  wool  carded  in  sheets 
is  far  more  elastic  and  therefore  better  than  the  fine  tam- 
pon wool.  The  first  one  or  two  pieces  may  be  dipped  in 
a  tenper-cent.  solution  of  ichthyol  in  glycerin,  or  in  any 
bland  antiseptic  solution.  I  am  in  the  habit  of  having 
all  the  tampons  tied  in  a  continuous  string,  like  a  kite- 
tail,  so  that  the  patient  may  be  able  to  remove  them  at 
the  first  sign  of  irritation,  or  in  order  to  use  a  cleansing 
douche  before  the  next  visit. 

In  one  of  tliese  waj'S  most  cases  of  pregnancy  vomiting 
may  be  relieved,  but  there  remain  those  cases  in  which 
other  causes  are  operative. 

Retroversion  and  retroflexion  are  to  be  corrected  by 
the  aid  of  the  knee-chest  position,  bimanual  manipula- 
tion, and  packing  placed  as  higli  up  as  possible  behind 
the  cervix  and  extending  down  to  the  perineum.  Once 
replaced  the  uterus  is  to  be  retained  by  some  form  of 
pessary. 

In  eases  presenting  erosion  of  the  cervix,  and  in  not  a 
few  cases  showing  no  such  sign,  relief  has  promptly  fol- 
lowed the  nitrateof -silver  treatment.  Indeed,  so  success- 
ful has  tills  treatment  proved  in  some  liands  that  it  has 
long  been  a  routine  method  in  the  Vienna  clinics.  It  is 
applied  as  follows:  The  cervix  is  exposed  by  a  cylindri- 
cal glass  speculum,  the  end  of  which  it  just  fills,  and 
after  a  thorough  cleansing  enough  ten-percent,  solution 
of  silver  nitrate  is  poured  in  to  cover  the  exposed  surface. 
After  ten  minutes  this  is  decanted  and  the  mucous  mem- 
brane is  dried.  A  second,  and  even  a  third,  application 
may  be  called  for  after  an  interval  of  two  or  three  days. 

Should  inflanunatory  processes  be  present,  either  in  or 
about  the  uterus,  the  ordinary  measures  of  rest,  hot 
douches,  and  vaginal  medication  are  in  order.  It  is 
probably  in  such  cases  that  benefit  is  had  from  vaginal 
suppositories  or  dressings  of  belladonna,  cocaine,  and 
morjihine 

In  all  the  more  serious  forms  of  the  complication  abso- 
lute rest  in  bed,  in  the  horizontal  position,  is  of  much  im- 
portance Besides  its  general  therapeutic  value  it  per- 
mits the  uterus  more  easily  to  rise  above  the  brim,  and 
aids  us  in  our  endeavors  to  correct  displacements  and 


lesser  mpaction.  Coitus,  and  whatever  may  tend  to 
cause  sexual  excitement  or  otherwise  to  increase  pelvic 
congestion,  must  be  avoided, 

First  discovered  accidentallj',  and  then  practised  em- 
pirically, Copeman's  procedure  has  an  established  place 
in  the  treatment  of  severe  cases.  This  consists  in  the 
careful  dilatation  of  the  cervical  canal  up  to,  but  not 
through,  the  internal  os.  The  index  finger  is  used  by 
preference,  though  Wylie  has  used  a  steel -branched  dila- 
tor. Whether  this  acts  by  separating  constricting  bands 
of  tissue,  by  straightening  flexion,  by  breaking  up  im- 
paction, or  by  some  less  apparent  means,  is  not  as  yet 
agreed,  but  in  many  cases  in  which  abortion  has  not  re- 
sulted, a  cure  has  been  obtained. 

Personally  I  wholly  disapprove  of  this  treatment,  be- 
lieving it  to  be  dangerous  and  irrational.  The  same  ob- 
ject is  much  better  attained  by  the  methods  already 
described. 

Besides  the  local  cause,  however,  it  is  usually  desirable 
to  treat  the  conducting  apparatus  by  which  the  reflex 
stimulus  is  conveyed.  In  other  words,  it  is  well  to  en- 
deavor to  lessen  susceptibility  to  refiex  irritation  by  the 
use  ot  nerve  sedatives,  such  as  bromide,  valerian,  chloral, 
and  even  morphine.  Chloral  in  full  dose  by  rectum, 
night  and  morning,  sometimes  gives  great  relief,  as  does 
also  morphine,  introduced  hj'podermically  or  placed  tiry 
upon  the  tongue. 

Chapman's  ice  bag  to  the  spine  has  occasionally  been 
found  of  service 

Then  comes  the  long  list  of  drugs  for  lessening  the  real 
or  fancied  irritability  of  the  stomach.  These  must  al- 
ways be  of  secondary  importance,  and  yet  where  sj'inp- 
toms  are  trivial  they  may  answer  every  purpose  at  a 
minimum  of  annoyance  to  the  patient,  and  where  the 
outlook  is  grave  we  cannot  afford  to  lose  any  help,  how- 
ever trifling,  which  may  tend  toward  a  cure.  While, 
then,  such  remedies  may  always  be  given  a  i)lace,  reliance 
should  not  be  bestowed  upon  them  to  the  extent  of  wast- 
ing valuable  time,  or  to  the  neglect  of  more  rational 
measures. 

In  not  a  few  cases  gastric  catarrh  plays  a  more  or  less 
important  part  and  claims  attention.  The  ordinary  reme- 
dies may  be  used,  particularly  the  alkaline  salines,  taken 
well  diluted  before  rising.  Cocaine  in  small  doses  fre- 
quently repeated ;  creosote,  or  creosote  and  compound 
tincture  of  iodine  in  equal  parts,  given  in  one-drop  doses 
every  half-hour;  oxalate  of  cerium  in  five-grain  doses 
alone  or  combined  with  bismuth  :  calomel  and  ipecac  in 
minute  doses;  hydrocyanic  acid  ;  tincture  ot  nux  vomica; 
pepsin;  ingluvin;  champagne;  hot  water;  ice — tliese  and 
other  empirical  means  may  be  employed  for  their  direct 
effect  upon  tlie  stomach.  In  recent  years  the  washing 
out  of  the  stomach  has  been  tried  with  manifest  relief  in 
not  a  few  cases. 

The  diet  and  the  mental  surroundings  of  the  patient 
must  be  carefully  guarded.  Our  endeavor  must  be  to 
keep  up  the  strength  at  the  same  time  that  we  spare  the 
stomach  needless  effort  by  giving  the  lightest  and  most 
digestible  foods.  These  are  best  given  in  small  and  fre- 
quent portions,  it  being  borne  in  mind  that  often  food  will 
he  retained  if  given  just  after  a  paroxysm  of  vomiting  has 
spent  itself.  It  must  be  reiuembered  also  that  a  patient 
can  sometimes  retain  and  assimilate  an  article  of  food  for 
which  she  experiences  a  marked  longing,  when  seeming- 
ly more  appropriate  articles  are  at  once  rejected.  The 
simple  expedient  of  giving  a  light  and  easily  digestible 
breakfast  an  hour  before  rising  will  sometimes  .solve  the 
problem  in  those  ordinary  cases  which  are  known  as 
"morning  sickness." 

When,  however,  the  stomach  rebels  to  such  an  extent 
that  the  patient's  strength  perceptibly  fails,  resource 
must  at  once  be  had  to  rectal  alimentation.  Peptonized 
milk,  eggs,  and  predigested  beef  form  the  best  basis  for 
these  enemata,  to  which  may  be  added,  if  necessary,  a 
few  drops  of  laudanum  and  half  an  ounce  of  whiskey. 
Four  injections,  of  four  ounces  each,  given  within 
twenty-four  hours,  can  generally  be  retained,  provided 
that  once  daily  the  lower  bowel  be  well  emptied  by  a 
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cleansing  enema  of  warm  suds.     Life  can  be  sustained 
for  weeks  in  tliis  way  when  all  else  fails. 

Recognizing  the  fact  that  mental  conditions  play  an 
importaiiit  part  in  some  cases,  tlie  jiatient  must  be  cheered 
and  encouraged  at  all  times,  and  so  far  as  possible  all 
causes  of  worr}-,  anxiety,  and  undue  care  must  be  le 
moved. 

We  now  come  to  tliat  class  of  cases  which  resists  all 
the  measures  at  our  command.  The  patient  has  leached 
the  second  stage  described  above,  and  the  question  of 
emptying  the  uterus  presents  itself.  Of  course  it  is  as- 
sumed that  no  one  will  liglitly  decide  upon  tliis  last  re- 
sort witliout  good  and  sufficient  cause;  yet,  on  the  other 
hand,  tliere  is  need  to  urge  the  danger  of  too  long  delay. 
Provideil  a  faithful  trial  has  been  made  of  less  radical 
measures,  and  yet  in  spite  of  them  tlie  gravity  of  the 
symptoms  continues,  let  no  time  be  lost  in  producing 
abortion,  preferably  by  emptying  the  uterus  at  one  sit- 
ting, luuler  ether.  Tlic  reason  for  tlius  urging  against 
delay  lies  in  tlie  fact  tliat  even  abortion  may  fail  to  avert 
tlie  fatal  issue  if  the  third  stage  be  permitted  tirst  to  make 
its  appearand'.  liufiis  A.  Kinf/maii. 

VULVA,  DISEASES  OF.     Sec  Vaginft.  Diseases  of. 

WACONDA  SPRING— Mitchell  County,  Kansas. 

Post-Ofkick. — Cawker  City.     Hotel  and  sanitarium. 

Access. — Trains  on  the  Central  Branch  of  the  Missouri 
Pacilic  Railroad  stop  within  a  few  rods  of  the  hotel. 

This  big  spring  is  located  within  a  tine  curve  of  the 
Solomon  River,  about  three  miles  from  Cawker  City,  and 
at  an  elevation  of  about  3,o00  feet  above  the  level  of  the 
sea.  The  spring  is  contained  in  the  centre  of  a  huge, 
circular  mound  composed  of  hard  rock,  which  rises  to  a 
height  of  thirty  feet  above  the  surrounding  surface. 
Tlie  spring  is  si.vty  feet  in  diameter,  and  is  surrounded 
by  a  natural  platform  of  rock  from  eighty  to  one  hun- 
dred anil  tifty  feet  wide,  and  so  nearly  circular  as  to  ap- 
pear as  if  artiticially  cut.  Tlie  diameter  of  the  base  of 
the  mound  is  one  hundred  and  seventeen  j'ards  from 
north  to  south  and  one  hundred  and  nineteen  yards  from 
east  to  west,  while  its  circumference  is  si.\ty-six  rods.  A 
stone  coping  has  been  placed  around  the  spring,  and  this 
is  surmounted  by  a  light  iron  fence,  to  protect  the  water. 
Within  ten  rods  of  the  spring  asiilistantial  hotel  and  sani- 
tarium, supplied  with  all  modern  comforts  and  conven- 
iences, has  recently  been  erected.  The  water  from  the 
spring  is  supplied  "to  this  building  and  is  utilized  for  the 
bath-liouses,  where  all  varieties  of  hot  and  cold  or  vajior 
baths  will  be  found.  The  surroundings  of  this  resort  are 
very  attractive,  and  the  climate  is  of  a  bracing  and  salu- 
brious character.  The  follow-ing  analysis  of  the  water 
was  made  by  Prof,  G.  E.  Patrick,  of  the  University  of 
Kansas,  at  Lawrence : 

One  United  States  gallon  contains  (solids):  Sodium 
chloride,  gr.  765.70;  sodium  bromide,  gr.  0.23;  sodium 
sulphate,  gr.  183,60;  magnesium  sulphate,  gr.  85.28;  so- 
dium bicarbonate,  gr,  36,92;  magnesium  bicarbonate,  gr, 
27.56;  calcium  bicarliouate,  gr.  31,30;  silicic  acid  and 
nitrous  acid,  traces;  no  organic  matter.  Total.  1,120.65 
grains.  Carbonic-acid  gas,  91  cubic  inches  to  the  gallon ; 
specific  gravity,  1.017. 

The  water  has  a  strong  saline  taste,  and  when  properly 
carbonated  is  clear  and  sparkling.  The  analysis  shows  a 
water  of  great  potency.  It  should  be  fully  possessed  of 
the  ciualities  found  in  the  waters  of  this  class.  Taken  in 
proper  doses  it  is  said  to  stimulate  the  appetite,  to  tone 
up  the  nervous  system,  and  to  invigorate  the  spirits  and 
general  bodily  condition  to  a  remarkable  degree.  It  may 
be  safely  recommended  in  all  cases  in  which  this  class  of 
waters  has  been  found  useful.  It  is  bottled  and  shipped 
to  any  desired  point.  James  K.  Cmok. 

\N AHOO.—(Euo7tyiiius,  U,  S.  P, ;  Spindle  tree.  Burning 
hush,  etc)  The  dried  bark  of  the  root  of  Eiimiytiais 
atfopiirpiireus  Jacq,  (fam,  Celastracece). 

Tliis  plant  is  a  graceful  shrub  or  small  tree  of  the  Mid- 
dle and  Western  States,  and  is  frequently  cultivated  for 
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its  beauty.  It  is  usually  about  eight  to  twelve  feet  high, 
with  oppo.site,  oval-oblong,  poiuted,  serrate  leaves,  and 
small,  regular,  dark  purple  tlowers  in  a.xillary  cymes. 
Sepals,  petals,  and  stamens  usually  four;  the  "latter  in- 
serted on  a  disc  wliich  extends  over  the  ovary ;  pistil 
one:  ovary  three-  to  five-lobed  and  three-  to  five-celled, 
with  several  ovules  in  each  cell;  jjotls  deeply  lobed, 
smooth,  bright  crimson,  drooping  on  long-sleuder  pedun- 
cles. 

The  bark  occurs  in  (|uilled  strips  or  pieces  of  veiy 
irregular  size,  usually  with  a  few-  fine  hair-like  roots  ad- 
hering: bark  1-5  mm,  (Jj-^  in,)  thick;  outer  surface 
ashy  or  pale  brownish-gray,  usually  with  some  small 
dark  patches,  shallowly  fissured  and  ridged,  with  a 
somewhat  scaly  and  soft,  friable  cork;  inner  surface 
whitish  or  slightly  tawny,  indistinctly  short  striate; 
fracture  short,  whitish,  or  "the  inner  layer  pale-brownish 
in  bark  which  has  been  long  kept;  when  it  is  slowly 
broken,  the  fractured  ends  are  held  together  by  fine, 
somewhat  elastic  fibres;  odor  distinct  and  character- 
istic, more  or  less  saponaceous:  somewhat  gummy  in  the 
mouth,  the  taste  sweetish,  bitter,  slightly  acrid. 

The  stem  bark,  which  is  in  long,  tough  strips,  with  a 
dark  gray  or  blackish  cork,  shouUf  be  re.iected. 

The  constituents  of  wahooare  not  very  well  made  out. 
Several  resins,  oil,  wax,  and  numerous  more  ordinary 
substances  have  been  obtained  from  it,  as  well  as  a  glu- 
coside  named  enonymin  :  indeed,  several  "euonymius," 
of  somewhat  different  characters,  have  been  separated  by 
as  nianj'  chemists.  From  all  of  these,  again,  is  to  be  dis- 
tinguished the  resinoid  ''euonymin  "  obtained  by  precipi- 
tating the  tincture.  Of  the  latter  there  are  two  forms; 
the  "brown,"  made  from  the  official  bark,  and  the 
green,  made  from  the  stem  bark,  the  latter  being  inferior. 

Uses,  —  Wahoo  is  a  not  very  certain,  usually  gentle, 
but  sometimes  griping  laxative,  with  a  reputation  as  a 
cliolagogue.  It  may  be  given  in  chronic  constipation, 
or  perhaps  better  in  occasional  attacks  of  constipation 
with  dyspepsia,  heaviness,  and  symptoms  of  diminished 
hepatic  action. 

Dose  of  the  extract  (E.i-tirirtiim  Euonymi,  U.  S.  P.).  1 
or  2  dgm.  (gr.  i.  ad  iij.)  in  pill  form  once  or  twice  a  day. 

Henri/  II.  Rushy. 

WALLERIAN  DEGENERATION.— The  degeneration 
which  occurs  in  the  peripheral  portion  of  a  severed  nerve 
fibre  is  known  as  the  Walleriau  degeneration.  It  is  due 
to  the  separation  of  this  portion  of  the  fibre  from  its  cor- 
responding ganglion  cell,  and  is  usually  explained  as  re- 
sulting from  a  loss  of  trophic  influences,  the  severed  por- 
tion being  cut  off  from  the  source  of  its  nutrition.  The 
fact  that  a  nerxe  when  separated  from  its  trophic  centre 
degenerates  in  the  direct.icjn  in  which  it  normall}'  carries 
impulses  is  known  as  the  ]yalleriiiit,  law  of  ilegenenitwn. 
It  is  also  true  that  the  central  portion  of  a  severed  nerve 
— that  portion  which  retains  its  connection  with  the  gan- 
glion cells — undergoes  retrograde  changes;  but  these 
differ  from  the  changes  seen  in  tlie  Wallerian  degener- 
ation, being  more  of  the  nature  of  a  simple  atrophy. 

The  first  recognizable  change  in  Walleriau  degenera- 
tion is  a  loss  of  the  translucency  of  the  nerve  fibre.  This 
is  followed  by  a  breaking-up  of  the  myelin.  Under  the 
microscope  the  medullary  substance  is  seen  to  be  frag- 
mented into  small  lumps  or  segments  which  become  sep- 
arated from  each  other.  This  is  followed  by  a  complete 
degeneration  of  the  medullary  sheath  in  which  the  latter 
is  distintegrated  into  small  fat  droplets,  the  process  sug- 
gesting an  emulsification.  At  the  same  time  there  is  a 
great  increase  in  the  size  and  number  of  the  nuclei  of  the 
sheath  of  Schwann.  Formerly  it  was  believed  that  the 
neuraxones  degenerated  secondaril}-  to  the  clianges  in  the 
medullary  sheath ;  but  it  has  been  shown  that  the  changes 
in  the  former  occur  coincidently  with  those  of  the  sheath. 
The  neurilemma  finally  becomes  filled  with  the  remains 
of  the  axis  cylinder  and  medullary  sheath,  the  fat  tlrop- 
lets  are  taken  up  by  fat  granule  cells,  and  the  detritus  is 
in  time  absorbed  b}"-  tlie  cells  of  the  neurilemma.  In  the 
neighborhood  of  the  iujuiy  the  nerve  nuclei  become  en- 
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larged  and  show  signs  of  proliferation.  The  neurilemma 
eventually  disiippears,  but  if  the  severed  ends  are  again 
brought  together,  or  if  the  distance  between  the  ends  is 
not  too  great,  the  old  neurilemma  sheaths  may  again  be- 
come neurotized  by  new  axis  cylinders  growing  down- 
ward from  the  central  cut  end. 

Aldred  Scott  Warthin. 

WALLEY'S  HOT  SPRINGS.— Douglas  County,  Ne- 
vada. 

Post-Office. — Genoa.     Hotel. 

This  resort,  formerly  known  as  Genoa  Hot  Springs,  is 
located  about  fourteen  miles  from  Carson  City,  the  capi- 
tal of  the  State.  The  situation  is  picturesque,  having  an 
altitude  of  about  four  thousand  feet,  with  high  moun- 
tains on  the  west  and  a  beautiful  valley  on  the  east. 
The  prevailing  weather  is  clear  and  pleasant,  the  tem- 
perature seldom  exceeding  90°  F.  in  summer  or  falling 
below  zero  in  winter,  jfr.  H.  J.  Walley  furnishes  us 
with  the  following  analysis  made  by  J.  W.  Phillips, 
analytical  chemist  at  the  Nevada  Agricidtural  Experimen- 
tal Station:  One  United  States  gallon  contains  (solids): 
Potassium  .sulphate,  gr.  0.67;  sodium  sulphate,  gr.  12.41; 
calcium  sulphate,  gr.  3.19;  sodium  hyposulphite,  gr. 
0.40;  sodium  bicarbonate,  gr.  0.64;  sodium  biborate,  gr. 
1.45;  sodium  chloride,  gr.  4.78:  silica,  gr.  2.85;  alumina, 
gr.  0.03;  and  traces  of  iron  sulphate,  maguesium  bicar- 
bonate, ammonia,  and  organic  matter.  Total,  35.41 
grains.     Carbonic  acid  gas.  6.48  cubic  inches. 

The  temperature  of  the  several  springs  (six  in  number) 
varies  from  186°  F.  to  160°  F.  The  baths  here  are  stated 
to  be  very  etiicacious  in  the  treatment  of  renal  and  skin 
disea.ses  and  in  rheumatism  of  long  standing.  The  analy- 
sis shows  a  valuable  thermal  water  of  the  saline  class. 

James  K.  Crook. 

WART.     See  Yermca. 

WASATKA  MINERAL  SPRING.— Salt  Lake  County, 
Utah. 

This  spring  is  located  in  the  northern  outskirts  of  Salt 
Lake  City.  "  Wasatka,"  or  the  "Milk  Spring,"  derives 
its  name  from  the  peculiar  soft  and  milk  like  flavor 
of  the  water.  During  the  past  three  or  four  years  this 
water  has  come  into  extensive  use,  and  it  is  said  to  give 
ainple  evidence  of  remedial  value,  besides  furnishing  an 
excellent  table  beverage.  The  following  is  a  recent 
analysis  by  Walter  S.  Haines,  professor  of  chemistry  at 
the  Rush  Medical  College  of  Chicago : 

One  United  States  gallon  contains  (solids):  Sodium 
chloride,  gr.  230.88;  potassium  chloride,  gr.  3.06;  mag- 
nesium chloride,  gr.  21.24;  calcium  chloride,  gr.  11.92; 
lithium  chloride,  gr.  0.12;  ammonium  chloride,  gr.  0.25; 
calcium  sulphate,  gr.  59.50;  calcium  carbonate,  gr.  4.75; 
silica,  gr.  0.75;  iron  and  aluminum  oxide,  gr.  0.03;  so- 
dium borate  and  magnesium  bromide,  traces.  Total, 
332.50  grains. 

The  water  possesses  alterative,  aperient,  and  diuretic 
properties,  and  is  recommended  by  Utah  physicians  in 
functional  diseases  of  the  digestive  organs,  liver,  and 
kidneys.  It  is  bottled  and  shipped  to  many  points  in 
Utah  and  the  adjoining  States.  James  K.  Crook. 

WASHINGTON,    D.    C— Washington  city    (latitude 

35'  53  39"  north,  longitude  77°  2'  48"  west),  the  capi- 
tal of  the  United  States  of  America,  is  in  the  District  of 
Columbia,  on  the  east  bank  of  the  Potomac  River,  about 
one  hundred  miles  from  its  mouth.  The  Anacostia  River 
(or  Eastern  IJranch  as  it  is  sometiines  called),  a  small 
tributary  of  the  Potomac,  bounds  the  city  on  the  south, 
separating  it  and  the  suburb.  Anacostia.  Rock  Creek, 
another  small  stream,  which  Hows  through  the  western 
part  of  the  city,  was  at  one  time  the  boundary  between 
the  cities  of  Washington  and  Georgetown,  but  this  muni- 
cipal distinction  is  now  not  made.  Between  these  two 
streams  is  an  area  of  about  eight  square  miles,  having  a 
general  altitude  of  twenty  to  eighty  feet  above  the  level 
of  the  Potomac  River.     Upon  this" area  the  greater  part 


of  the  city  is  built.  Elsewhere  the  land  rises  to  a  general 
plateau,  averaging  from  two  htindred  to  three  hundred 
ieet  above  the  river  level,  which  also  is  practically  sea- 
level. 

The  District  of  Columbia,  originally  styled  "Federal 
Territory,"  was  laid  out  in  1791  by  commissioners  ap- 
pointed by  President  Washington,  and  in  pursuance  of  an 
act  of  Congress,  which  gave  the  President  the  authority 
to  select  the  site  of  the  national  capital.  At  the  time  of 
the  selection,  the  District  of  Culumbia  was  about  the  cen- 
tre, geographically,  of  the  original  thirteen  States  of  the 
Union.  The  original  territory  had  an  area  of  one  hun- 
dred square  miles,  and  was  ceded,  as  equally  as  the  na- 
ture of  the  site  chosen  admitted  of,  by  the  States  of  Mary- 
land and  Virginia.  Subsequently,  in  1846,  the  part 
given  by  the  State  of  Virginia  was  ceded  back  to  it  by 
the  national  Government.  The  present  area  of  the  Dis- 
trict is  sixty-four  square  miles. 

Washington  has  had  no  corporate  existence  apart  from 
the  Distiict  of  Columbia  since  1874.  From  1802  to  1871 
there  was  a  municipal  form  of  government,  the  chief 
executive  being  a  mayor  elected  by  the  citizens.  From 
1871-74  the  District  and  the  city  had  a  territorial  form 
of  government,  the  chief  executive  being  a  governor. 
Since  1874  the  city  and  District  have  been  governed  by 
three  commissioners,  the  Board  of  Comiiiissioners  of  the 
District  of  Columbia,  appointed  by  the  President  of  the 
United  States  and  confirmed  by  the  L'nited  States  Senate. 
These  officials  are  appointed  for  terms  of  three  j'cars :  two 
must  be  residents  of  the  District  for  three  j'ears  before 
appointment  and  of  opposite  political  parties;  the  third 
must  be  an  officer  of  the  engineers.  United  States  army,  of 
a  rank  not  lower  than  that  of  captain,  and  he  must  liave 
served  at  least  fifteen  years  in  that  branch  of  the  military 
service.  The  Congress  of  the  United  States  legislates 
directly  for  the  District,  and  the  commissioners  execute 
the  laws  so  enacted.  There  is  thus  in  the  capital  of  the 
greatest  republic  of  history  the  spectacle  of  the  citizens 
of  that  capital  without  direct  representation  in  their  own 
eovernmeut.  On  the  whole,  however,  the  plan  works 
Well. 

The  population  of  the  District  of  Columbia,  according 
to  the  census  of  1900,  was  278,718,  of  which  191,532  were 
whites,  86.702  negroes  or  of  negro  descent,  455  Chinese, 
and  29  of  all  other  races.  Within  Avhat  was  the  city  of 
Washington  as  defined  by  its  limits  of  1874,  there  were 
218,196  inhabitants,  in  what  was  Georgetown,  14,973,  and 
scattered  throughout  the  remainder  of  the  District  45,973 
inhabitants,  mostly  located  in  the  suburbs  known  as 
Anacostia,  Brightwood.  Brookland,  and  Teulevtown. 
The  average  death  rate  of  the  District,  including  the  city 
of  Washington,  for  the  last  ten  _years  is  17.57  per  1,000  for 
whites  ancfSO  per  1,000  for  negroes.  The  chief  cause  of 
mortality  is  tuberculosis.  AVhile  there  appears  no  undue 
prominence  of  any  cause,  contrasted  with  neighboring 
cities,  there  are  certain  conditions  which,  if  removed, 
would  greatly  increase  the  longevity  of  the  comiuunity. 
Typhoid  fever  has  now  a  larger  death  rate  than  it  will 
have  when  the  contemplated  water-filtration  plant  is  in 
operation.  Much  improvement  can  lie  made  in  the  sani- 
taiy  requirements  of  house  construction,  especially  in 
the  matter  of  requiring  ample  initial  air  space  in  all 
dwellings,  and  in  the  prevention  of  overcrowding,  par- 
ticularly in  the  houses  perniciously  tolerated  and  still 
permitted  to  be  erected  in  alleys  aiid  courts. 

The  water  supply  of  the  city  is  taken  from  the  Poto- 
luac  River  about  eighteen  miles  above  the  city,  and  is 
convej'ed  in  a  covered  conduit  to  the  distributing  reser- 
voirs. This  conduit  crosses  a  deep  ravine  on  the  famous 
cabin  John  Bridge,  the  largest  single  span  stone  arch  in 
the  world,  two  hundred  and  twenty  feet  from  pier  to 
pier,  fifty-seven  feet  rise,  and  twenty  feet  wide.  The 
distributing  reservoirs  being  at  a  higher  level  tlian  the 
greater  part  of  the  city,  gravit}'  is  sufficient  for  house- 
hold supply.  However,  there  are  several  pumping  sta- 
tions for  such  parts  of  the  city  as  cannot  be  fed  by  grav- 
ity. The  quality  of  the  water  is  soft,  and  during  dry 
weather  the  water  is  clear.     The  water  shed  is  not  thick- 
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ly  populated,  there  being  no  cities  of  r.ny  size  within  the 
area.  So  far,  there  has  been  no  serious  suspicion  of 
tvplioid  or  other  infection  emanating  from  the  city  water 
siippl}'.  From  tlie  frequency  of  rains,  and  the  conse- 
quent turbidity,  many  persons  object  to  using  the  city 
water  on  a'sthetic  grounds.  :ind  they  resort  to  pumps 
within  and  to  springs  outside  tlie  city.  There  is  reason  to 
believe,  from  investigations  made  some  years  ago  by  the 
Medical  Societ}-  of  the  District  of  Columbia,  that  these 
waters  aie  more  dangerous  than  the  less  inviting  Potomac 
water.  Contracts  have  been  awarded  fur  gravity  sand  filter 
beds,  and  when  these  are  constructed  and  in  operation  the 
city  will  have  a  water  supply  of  tmimpeachable  purity. 

Sewage,  botli  house  and  street,  is  removed  by  water 
carriage.  At  present  there  are  several  mains  discharging 
at  different  jioints.  Piaus  are  in  progress  to  converge 
these  mains  to  a  central  pumping  station,  from  which  a 
trunk  .sewer  will  convey  the  total  sewage  acro.ss  Anacos- 
tia  River  and  thence  along  the  Potomac,  to  be  discharged 
into  that  stream  some  miles  below  the  city. 

The  streets  are  wide,  varying  from  si.xty  to  one  hun- 
dred and  twenty  feet,  and  are  paved,  with  few  excep' 
tions,  with  asphalt.  The  street  plan  is  simple.  The  orig- 
inal topograjihic  map  was  designed  by  a  French  engineer 
oflicer.  Major  L'Enfant,  into  who.se  hands  the  work  was 
entrusted  liy  President  Wasliington.  The  centre  of  the 
plan  is  the  Capitol.  Radiating  from  the  Capitol  are 
three  streets,  one  running  north,  called  North  Capitol 
Street,  one  running  east.  East  Capitol  Street,  and  one 
running  south.  South  Capitol  Street.  West  of  the  Capi- 
tol a  Hue  of  parks  extends  to  the  Potomac  River.  These 
streets  and  the  line  of  parks  serve  to  divide  tlie  city  into 
four  sections,  denominated  the  Northeast,  the  Southeast, 
the  Southwest,  and  tlie  Northwest,  respectively.  What 
are  distinctively  named  ntnita  ruu  east  and  west,  and 
north  and  south,  intersecting  each  other  at  right  angles; 
another  class,  called  atenucs,  intersect  the  streets  and 
each  other  obliquely. 

The  east  and  west  streets  on  each  skle  of  East  Capitol 
Street  and  its  westward  park  prolongation  are  designated 
by  the  letters  of  the  alphabet  (cxcei)t  that  there  are  no  J 
aiid  X  streets),  and  the  north  and  south  streets  on  each  side 
of  North  an(l  South  Capitol  streets  are  designated  by 
numbers.  The  avenues  are  named  after  the  dilferent 
States  of  the  Union.  Streets  antl  avenues  receive  in  addi- 
tion tlie  names  of  the  sections  in  which  they  are  located. 
The  city,  however,  has  extended  northward  beyond  the 
original  street  plan,  and,  as  no  provision  had  been  nuide 
for  uniformity  in  naming  tlie  new  east  and  west  streets, 
considerable  cinfusion  has  resulted.  Efforts  are  now 
making  to  rectify  the  oversight.  The  intersections  of  the 
avenues  and  the  streets  afford  many  opportunities  for 
small  parks,  laid  out  in  triangles,  circles,  and  small 
rectangles.  There  are  a  number  of  large  parks:  the  total 
parking  area  being  somewdiat  over  three  thousand  acres. 
A  conspicuous  feature  of  Washington  is  the  great  num- 
ber of  trees  ornamenting  the  streets,  and  so  thick  are 
they  that  their  summer  foliage  shuts  out  the  houses  from 
view. 

As  might  naturally  be  expected  the  city  has  many 
public  buildings.  The  most  imposing  are  the  Capitol, 
the  Library  of  Congress,  the  Treasury,  the  State.  War 
and  Navy  building,  the  Intericu-  Department,  the  Presi- 
dent's House  (or  popularly  the  White  House),  and  the 
Post-office.  The  manj'  ether  public  buildings  are  not 
architectural  I}'  striking  enough  to  be  named. 

The  Capitol,  the  largest  and  most  noticeable  structure, 
has  a  length  of  7.51  feet  4  inches,  and  a  breadth  varying 
from  121  to  350  feet,  and  covers  an  area  of  153, 113  square 
feet.  The  central  part  of  tlie  building  is  surmounted  by 
an  iron  dome,  135  feet  5  inches  in  diameter  at  its  base; 
on  its  top  is  Crawford's  bronze  statue  of  liberty,  19+  feet 
high,  its  crest  towering  287  feet  5  inches  above  the  earth. 
The  body  of  the  central  part  of  the  Capitol  is  built  of  free- 
stone, the  two  wings  of  marble,  and  the  dome,  as  above 
stated,  of  iron.  Tlie  corner-stone  was  laid  September 
ISth,  1793,  by  President  Washington.  The  interior  of 
the  original  building,  at  that  time  only  the  wings,  was 


burned  by  tlie  British  in  1S14.  The  present  central 
structure  was  begun  in  1818.  The  building  as  it  exists 
at  present  was  practically  completed  in  186.5.  The  total 
cost  has  been  somewhat  in  excess  of  §15,000,000.  The 
Library  of  Congress,  just  east  of  the  Capitol,  is  one  of 
the  most  imposing  structures  to  be  found  anywhere.  It 
is  built  of  granite,  covers  about  three  and  three-quarter 
acres  of  ground,  and  cost  $6,3-47,000. 
-  Perhaps  the  most  striking  structure  after  the  Capitol  is 
the  Monument,  situated  about  a  mile  and  a  quarter  west 
of  the  Capitol.  This  is  a  plain,  rectangular,  marble  shaft, 
five  hundred  and  fifty-five  feet  five  and  one-half  inches 
high,  and  is  the  highest  stone  structure  in  the  world.  Its 
interior  is  hollow  and  is  provided  with  a  stairwaj-  and  an 
elevator,  both  leading  to  a  chamber  just  under  the  cap- 
stone. An  excellent  view  of  the  city  and  surrounding 
country  can  be  had  from  tliis  point.  Many  small  monu- 
ments and  statues  ornament  the  different  parks.  Educa- 
tional advantages  are  excellent.  There  are  ample  pub- 
lic schools  and  the  system  of  instruction  is  good.  The 
Columbian  University  and  the  Georgetown  University 
are  old  institutions,  and  offer  first-class  facilities  for  ad- 
vanced instruction  in  all  branches  of  study.  The  Catho- 
lic University  of  America,  a  comparatively  new  school, 
offers  at  present  chiefiy  advanced  instruction  in  theology 
and  philosophy.  The  American  L'niversity,  a  Methodist 
institution,  is  yet  to  be  developed,  but  it  promises  to  be- 
come a  factor  of  educational  importance.  There  are  many 
smaller  colleges  and  universities  so  called.  The  scientific 
work  carried  on  in  the  different  departments  of  the  na- 
tional Government  gives  exceptional  opportunities  for 
post-graduate  work.  The  immense  libraries — the  library 
of  Congress,  that  of  the  Surgeon-General's  offlee,  United 
States  army,  and  of  the  other  departments  and  bureaus  of 
the  Government — afford  better  facilities  for  gainin.g  ac- 
cess to  the  literature  of  science  than  arc  to  be  found  any- 
where else  in  this  country.  There  are  a  number  of  large 
and  well-appointed  hospitals.  From  a  political  and  from 
a  social  view-point  the  advantages  offered  by  the  city, 
being  the  seat  of  the  National  Government,  are  obvious. 

The  facilities  for  living  compare  favorably  with  the 
other  large  cities  of  the  coimtry.  The  markets  are  well 
supplied  the  _year  round  and  prices  are  reasonable. 

'The  climate  is  varialile,  but  on  the  whole  pleasant.  A 
better  idea  can  be  had  of  it  by  consulting  the  table  con- 
tained in  tlie  article  on  Climate  in  Vol.  III. 

IF.  F.  R.  PhilUps. 

WASHINGTON  SPRINGS— Washington  County,  Vir- 
ginia. 

i'osT-OppiCE. — Glade  Springs.     Hotel  and  cottages. 

Access. — Via  Norfolk  and  Western  Railroad  to  Glade 
Springs  depot ;  thence  two  miles  by  hack  or  carriage  to 
springs. 

This  resort  is  ensconced  in  a  delightful  location  among 
the  hills,  at  an  altitude  of  2,250  feet  above  the  sea-lerel. 
The  situation  is  opposite  to  and  faces  the  White  Top 
Mountain,  one  of  the  highest  peaks  in  Virginia.  Close 
by  are  the  Chilhow-ee  Sulphur  Springs,  Seven  Springs, 
aiid  Emory  and  Henry  College.  An  excellent  hotel,  with 
provision  in  various  w-aysfor  the  comfort  and  amusement 
of  the  guests,  is  maintained.  The  springs  are  seven  in 
number,  and  have  an  average  flow  of  thirty  gallons  per 
hour.  The  water  has  a  temperature  of  .51°  F.  We  pre- 
sent analyses  of  the  "Sulphur"  Spring  and  the  "Mag- 
nesia Soda-Iron  ''  Spring,  by  W.  H.  Seamon,  analyst  of 
Crozet,  Va. : 

One  United  States  gallon  of  the  "  Sulphur  Spring  "  con- 
tains (solids);  Iron  carbonate,  gr.  0.52;  calcium  carbo- 
nate, gr.  2.99;  potassium  carbonate,  gr.  0.11;  sodium 
carbonate,  gr.  0.29;  calcium  sulphate,  gr.  6.47;  calcium 
phosphate,  gr.  0.14;  sodium  chloride,  gr.  0.09;  strontium 
sulphate  and  arsenic  chloride,  traces.  Total,  10.41  grains. 
The  water  also  contains  a  certain  amount  of  hydrogen 
sulphide. 

One  United  States  gallon  of  the  Magnesia  Soda-Iron 
Sluing  (Washington  S'pring)  contains  (solids) :  Calcium 
sulphate,  gr.  0.10;  magnesium  sulphate,  gr.  4.04;  stron- 
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tiiim  sulpliate,  gr.  0.38;  sodium  sulphate,  gr.  3.97;  iron 
carbouaU',  gr.  1.95;  calcium  carbonate,  gr.  13.60;  sodium 
clilorido,  gr.  0.34;  polassiuiu  cliloride,  gr.  0.2-i;  silica, 
gr.  2.07;  organic  matter,  gr.  1.03;  aluminum  sulphate, 
mangauesinm  carbonate,  and  phosphoric  acid,  traces. 
Totah  a7.7.S  grains.  These  waters  have  a  tiseful  applica- 
tion in  deliiiilated  states,  especially  when  attended  by 
intestinal  torpor.  They  have  rendered  good  service  in 
ana'niia  and  general  debility.  Jmncs  K.  CrmA: 

WATER  (II.,0).— Even  after  it  had  cc.ised  to  be  con- 
.sidered  elementary,  there  was  much  ignorance  concern- 
ing tiie  ciimpositiou  of  water.  Thus  when  for  the  first 
time  it  was  decomposed  by  the  action  of  the  electric 
battery,  an  acid  was  observed  to  form  at  one  pole  and  an 
alkaliat  tlie  other,  in  addition  to  the  gaseous  products 
o.xygen  and  hj'drogen.  This  acid  and  the  associated 
alkali  were  supposed  to  be  intimately  related  witli  the 
two  gases  in  the  structure  of  water,  luitil  IIum]iliry 
DavyT  Ijy  a  series  of  brilliant  experiments,  showed  tliat 
the  acid"  and  alliali  were  entirely  adventitious  and  that 
water  consisted  of  oxygen  and  hydrogen  alone.  Demon- 
stration of  its  composition  was  also  made  synthetically 
by  the  explosion  of  a  mixture  of  the  two  gases,  such 
mixture  being  in  the  ratio  of  one  volume  of  oxygen  to 
two  volumes  of  hydrogen. 

Considered  physically,  an  important  propertj-  of  water 
is  its  very  great  solvent  power,  and  it  is  also  noteworthy 
as  tlie  basis  for  specific  gravity  and  specific  heat.  More- 
over, it  is  employed  as  the  metric  unit  of  weight,  the 
"gram"  being  the  weight  of  1  c.c.  of  water  at  the  tem- 
perature of  its  greatest  density,  39.2'  F. 

Chemically  considered,  the  graphic  formula  for  water, 
H — 0 — II,  known  as  the  "water  type,"  constitutes  the 
starting-point  of  the  two  great  series  of  compounds 
known  as  "  hydrates  "  and  "  oxides,"  the  first  being  formed 
by  tlie  replacement  of  half  the  hj'drogen  of  the  "water 
tj'pe  "  by  a  metal  (R — O — H),  and  the  latter  by  its  entire 
replacement  (R — O — R).  For  our  present  purposes, 
however,  it  is  the  more  practical  and  sanitary  side  of 
the  question  of  "  water  "  that  shindd  claim  our  atten- 
tion ;  in  other  words,  we  should  undertake  some  con- 
sideration of  the  wide  Held  of  inquiry  covering  loater 
supply. 

From  remote  antiquity  the  highest  value  has  been  set 
upon  an  abundant  and  pure  water  supjily.  Centres  of 
population  sprang  up  in  ancient  times  around  those 
points  where  it  was  readily  available,  and  great  expend- 
itures of  labor  and  treasure  were  made  to  carry  it  to 
places  where  it  was  not  naturally  plent}'.  Not  only  was 
a  generous  daily  per  capita  allowance  sought  for,  but  we 
note  in  the  centuries  gone  by  unmistakable  evidences  of 
a  keen  appreciation  of  llie  dangers  luiidng  in  a  polluted 
sujiply ;  and  upon  this  point  many  of  the  ignorant  con- 
sumers of  our  own  day  and  generation  would  be  bene- 
fited did  they  consult  tlie  wisdom  of  the  past. 

Wlien  considering  the  sources  of  water  supply  avail- 
able for  public  or  private  use,  we  very  properly  first  turn 
to  such  bodies  of  "  stored  water  "  as  liiay  be  within  reach- 
able distances. 

Nature  provides  enormous  quantities  of  water  stored 
up  in  lakes  and  ponds  reaily  for  human  consumption, 
and  man  frequently  supplements  this  by  impounding 
surface  and  deep-seated  waters  in  artificial  basins  when 
the  natural  reseivoirs  of  tlie  district  are  unavailable  or 
are  insuflicient  in  size. 

Lakes  of  such  magnitude  as  to  be  properly  considered 
inland  .seas— the  Great  Lakes  of  North  America,  for  in- 
stance—furnish water  of  quite  constant  composition,  free 
from  tlie  considerable  vegetable  contamination  .so  fre- 
quently met  with  in  small  lakes  and  iionds. 

Large  as  tliese  Great  Lakes  are,  the  infiuence  of  the 
sewage  from  cities  upon  their  shores  is  nevertlieless  be- 
ginning to  be  seriously  felt.  For  instance,  the  pollution 
of  Lake  Michigan  by  tlie  sewage  of  Chicago  is  a  widely 
known  fact,  and  the  intakes,  situated  as  tliey  are  miles 
from  shore,  arc  frequently  reached  by  the  ever-swelling 
volume  of  the  city's  refuse. 
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Much  opportunity  is  given  in  large  lakes  for  sedimen- 
tation to  come  into  full  play,  and  settlement  is,  in  conse- 
quence, a  very  great  item  in  the  process  of  the  natural 
purification  of  their  waters ;  but  so  far  as  the  American 
"Great  Lakes  "are  concerned,  a  difference  must  be  noted 
in  this  respect  between  Lake  Erieand  the  other  members 
of  the  group.  Lake  Erie  is  comparatively  shallow  and 
is  stirred  to  its  bottom  by  evety  gale.  Therefore  sedi- 
mentation advantages  are  at  a  minimum  therein. 

In  small  lakes  and  storage  reservoirs  vertical  circula- 
tion commonly  ceases  below  a  depth  of  twenty  feet,  that 
being  the  usual  distance  to  which  wind  and  wave  agita- 
tion extends.  Fitzgerald  found  that  Lake  Coehituate, 
which  has  au  area  of  seven  hundred  and  eighty -five 
acres,  is  not  affected  by  wind  and  wave  action  below 
twelve  feet  from  the  surface.  Should  a  lake  be  protected 
from  the  wind,  the  aerated  layer  may  extend  temporarily 
only  ten  feet  from  the  surface,  and  below  this  level  the 
cold,  stagnant  water  rests,  until  such  time  as  the  chilling 
of  the  upper  layer  increases  its  gravity  to  and  bej'oud 
that  of  the  lower  layer  upon  which  it  floats.  When  this 
point  is  reached,  readjustment  of  relative  position  is 
immediately  instituted,  in  accordance  with  the  change 
in  specific  gravity,  and  the  water  of  the  lake  "turns 
over." 

The  formation  of  tliis  stagnant  l.aj'er  begins  in  April 
in  this  latitude,  and  circulation  is  partly  re-established  in 
October  and  completely  so  in  November.  With  the  ad- 
vent of  freezing  weather  a  second  period  of  stratification 
is  inaugurated,  which  continues  until  the  surface  thaws 
again  in  the  spring.  Vertical  circulation  then  progresses 
until  the  warm  sun  of  later  April  renders  the  surface 
water  so  light  as  to  float  upon  the  colder  layers  beneath, 
when  summer  stagnation  again  begins. 

Whenever  the  lower  stagnant  layer  is  brought  in  con- 
tact with  decomposing  organic  matter,  as  is  tlie  case  in 
reservoirs  with  bottoms  from  which  the  vegetation  has 
not  been  removed,  the  dissolved  oxygen  present  is 
quickly  used  up ;  quantities  of  extractive  matters  pass 
into  solution  and  the  water  becomes  foul  in  odor  and 
dark  in  color. 

Even  though  the  bottom  of  a  lake  or  reservoir  be  per- 
fectly clean  and  sandy,  the  dissolved  oxygen  must  surely 
diminish  in  the  lower  layers  of  water,  for  no  water  is 
without  some  oxidizable  contents,  but  it  will  not  be  re- 
duced to  zero,  nor  will  the  water  become  damaged  in 
quality. 

Uniform  experience  goes  to  prove  that  good  water 
may  be  preserved  in  jiroperly  constructed  reservoirs 
without  deterioration  for  indefinite  lengths  of  time.  It 
must  be  remembered,  however,  in  this  connection,  that 
to  keep  a  ground  water  in  good  condition  it  is  necessary 
to  cover  the  reservoir.  Such  waters  are  usually  charged 
with  mineral  matter  suitable  for  plant  food,  and  the 
higher  organisms  will  be  very  likely  to  grow  therein 
unless  light  be  excluded.  Reservoirs  used  for  storing  fil- 
tered surface  waters  should  be  likewise  dark,  for  the  same 
reason. 

Alga>  depend  for  their  development  upon  material 
furnisliing  nitrogen.  Water  containing  a  moderate 
amount  of  this  element  washed  from  natural  sources 
will  maintain  but  a  small  growth  of  such  plant  life,  but 
where  nitrogen  is  present  in  great  quantity  as  nitrates, 
as  is  frequently  the  case  in  deep-seated  waters,  the  devel- 
opment of  alga'  is  often  excessive  during  reservoir  storage. 
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and  the  resultiug  smell  and  taste  given  to  the  water  may 
cause  widespread  eomplaiuts. 

It  is  true  that  no  relation  has  ever  been  established  be- 
tween the  occurrence  of  disease  and  the  presence  of  the 
bad  tastes  and  smells  occasioned  b_y  abundant  growth  of 
alg:e,  but  the  results  directly  traceable  to  such  growths 
will  not  be  tolerated  by  the  public,  and  the  water  pur- 
veyor constantly  liuds  himself  much  more  open  to  criti- 
cism through  difficulties  of  that  kind  than  through  pol- 
lution of  the  supply  by  drainage  from  pathogenic  sources. 

Proper!}-  to  conserve  a  water,  to  put  it  tersely,  it  may 
be  said  that  if  it  be  from  a  dark  source  it  should'be  stored 
in  the  dark,  and  vice  vers/i, ;  tiltered  water  being  the  ex- 
ception, and  requiring  dark  storage  irrespective  of  its 
source. 

If  dark  storage  be  not  practicable,  then  a  water  from 
an  underground  source  should  be  delivered  for  use  at  the 
earliest  moment  possible  to  avoid  the  growtlis  which  the 
presence  of  light  will  encourage.  AVith  surface  waters, 
on  the  other  hand,  open  storage  is  always  of  benefit  if 
the  reservoir  be  clean. 

It  is  an  error  to  suppose  that  "stagnation  "  in  a  prop- 
erly prepared  reservoir  is  of  itself  harmful  to  tlie  quality 
of  water.  Quite  the  contrary  is  true,  aud  it  is  scarcely 
too  much  to  say  that  rest  rather  than  motion  is  the  con- 
dition conuuonly  leading  toward  tlie  greatest  amount  of 
"  self -puritieation. " 

Pathogenic  bacteria  tend  to  diminish  by  storage,  both 
by  reason  of  settlement  antl  because  of  conditions  w-liich 
are  adverse  to  their  requirements  for  life;  hence  we  note 
tlie  bcneticial  value  of  the  time  element  when  dealing 
with  ira]iouudetl  waters.  Running  streams,  on  the  other 
hand,  les.seu  the  opportunities  for  sedimentation  and 
their  rapid  flow  hastens  the  delivery  of  the  yet  living 
disease  germs  to  the  unsuspecting  consumer. 

Let  it  not  be  thought,  however,  that  the  popular  belief 
in  the  puritieation  value  of  thorough  aeration  is  based 
entirely  upon  error.  Gases  dissolved  in  the  water  and 
giving  it  objectionable  odor — as  the  sulphureted  hydro- 
gen, for  instance,  in  the  artesian  supply  of  northiTu 
Florida — are  driven  out  by  thorough  exposure  to  air; 
aud  even  algiB  growths  are  often  impeded  by  vigorous 
agitation.  To  such  extent,  therefore,  falls  and  rapids 
and  reservoir  fountains  are  of  advantage  for  tlic  improve- 
ment of  water;  but  the  really  serious  item  of  pollution, 
namcl}',  sewage  admi.xture,  cannot  be  disposed  of  by  so 
simple  a  method  as  direct  atmospheric  oxidation,  and  any 
hopes  that  are  based  upon  tlie  supposed  efficiency  of  such 
action  will  be  doomed  to  disappointment. 

A  very  large  number  of  cities  derive  their  water  su]i- 
plics  from  purely  surface  sources,  such  as  rivers  and 
streams — in  Europe  after  careful  filtration,  but  in  America 
usually  without  such  purification. 

One  of  the  important  things  for  the  consumer  of  such 
a  water  to  bear  in  mind  is  that  sudden  ai«l  great  changes 
in  the  character  of  the  water  are  to  be  expected.  Much 
will  depend  upon  the  weather  and  the  amount  of  surface 
wash  which  naturally  flows  toward  the  drains  of  the  dis- 
trict. A  river  wliicli  is  clear  to-day  may  be  muddy  and 
less  fit  for  use  to-morrow,  and  tlie  turbidity  will  persist, 
even  after  its  direct  cause  has  ceased,  until  the  river  and 
its  tributaries  shall  have  emptied  themselves  into  the  sea. 
For  it  must  be  noted  that  the  clearing  of  running  streams 
has  little  to  do  with  sedimentation  and  is  almost  wholly 
dependent  upon  a  running  out  of  the  roil.v  waters. 

Another  change,  slow  in  operation  but  serious  in  re- 
sults, is  that  induced  by  the  establishment  of  sewerage 
systems  in  river  towns,  tlirough  the  growth  of  a  poi)U- 
lation  which  naturally  sewers  into  the  river.  The  difficulty 
is  twofold.  Not  only  does  pollution  increase  with  the 
multiplication  of  the  people  producing  it,  but  the  partial 
soil  purification  of  the  contents  of  the  village  cesspool  is 
entirely  eliminated  when  the  sewers  of  the  growing  town 
turn  the  sewage  in  the  raw  state  into  tlie  river. 

It  is  not  unusual  to  find  a  city  damaging  its  own  water 
supply  by  its  sewage  outflow.  Tidal  action  may  carry 
the  refuse  of  a  town  up  stream  from  the  sewer  outfalls 
until  the  water  works  intake  is  reached  ;  or  else  the  cur- 


rents produced  in  a  lake  by  weather  changes  may  ac- 
complish the  same  result,  as  is  noticed  at  Chicago. 

The  self-purification  of  streams  is  a  topic  wliich  lias 
been  very  fruitful  of  discussion.  Pettcnkofer  held  tliat 
sewage  might  be  safely  turned  into  any  stream  whose 
volume  was  fifteen  times  greater  than  the  volume  of  tlie 
sewage,  aud  whose  velocity  was  not  less  than  that  of  the 
sewage  inflow.  This  is  but  an  c.i--ni(Iiuli-a  statement  of 
a  rather  widely  spread  belief  in  the  ability  of  running 
water  to  purify  itself  after  a  comparatively  short  flow. 
That  elficient  purification  by  such  means  is  far  from 
being  an  established  fact  is  attested  by  the  mauy  in- 
stances that  might  be  quoted  of  typhoid  infection  having 
been  carried  many  miles  from  the  point  of  pollution  to 
the  city  intake  below. 

How  far  such  infection  may  be  carried  is  uncertain  and 
is  governed  by  the  velocity  "of  the  current,  but  the  dis- 
tance has  been  shown  to  be  many  miles.  The  germs  of 
such  a  disease  as  typhoid  fever  do  not  find  conditions 
suitable  for  their  development  in  river  water,  hence  they 
do  not  multiply  therein  and  after  a  time  they  die  out 
without  causing  disturbance,  provided  that  they  be  not 
caught  up  by  some  down-stream  intake  before  their  death 
be  accomplished.  Hence  the  value  of  the  element  of 
time  in  rendering  a  polluted  wateragain  fit  for  consump- 
tion. Not  infreiiueutly  an  acceptable  water  may  be 
found  flowing  from  a  "lake  of  no  great  size,  while  the 
stream  tributary  to  its  other  end  may  be  distinctly  pol- 
luted; the  lapse  of  time  aud  the  advantages  of  sedimen- 
tation having  united  their  efforts  toward  the  promotion 
of  puritj'. 

AYhile  space  cannot  be  here  given  to  detailed  accounts 
of  the  ravages  that  have  been  caused  by  infected  water, 
yet  a  glance  at  a  single  instance  may  serve  for  genei-al 
illustration. 

The  cities  of  Hamburg,  Altona,  and  AVandsbeck  are 
practically  one  and  are  separated  by  only  imaginary 
boundaries  which  a  stranger  could  not  locate.  In  1893 
Asiatic  cholera  broke  out  in  Hamburg  with  exceeding 
severity,  the  reported  cases  having  Ijeen  17,020  with  a 
death  list  of  8,005.  The  disea.se  marched  up  to  the  invis- 
ible boundary  lines  and  there  stopped,  confining  itself 
almost  exclusively  to  Hamburg.  In  one  street,  which 
for  a  long  way  forms  the  boundary,  there  was  cholera  OQ 
the  Hamburg  side,  wliercas  the  Altoua  side  was  prac- 
tically exempt.  There  was  one  detectable  difference, 
and  only  one,  between  the  conditions  obtaining  in  these 
adjacent  cities — they  had  difl'erent  water  services.  Ham- 
burg took  raw  water  from  the  polluted  Elbe  River; 
Altoua  used  the  same  river  water,  still  more  polluted  by 
the  Hamburg  sewage,  but  carefully  purified  it  by  sand 
filtration ;  Waudsbeck  possessed  an  entirely  different  sup 
ply.  How  cholera  located  the  boundary  is  best  shoAvn 
by  a  "spot  map  "  of  the  reported  cases.     (Fig.  5031.) 

Freezing  is  a  means  of  natural  purification  of  water 
upon  which  the  popular  mind  lays  great  stress,  and  to  a 
certain  extent  the  general  confidence  in  its  efficiency  is 
not  misplaced.  Ice  is  certainly  purer  than  the  water 
from  which  it  is  formed,  often  very  greatl}'  purer.  The 
ice  cake  grows  from  the  surface  downward,  the  crystals 
as  they  form  pushing  away  from  them  the  material  sus- 
pended in  the  water,  bacteria  inchided,  and  freeing 
themselves  also  from  no  small  amounts  of  even  dissolved 
impurities.  Naturally  some  floating  objects  become  en- 
tangled in  the  thickening  mass,  particularly  so  if  the 
underlying  water  be  shallow,  aud  all  must  of  necessity 
pass  into  the  ice  cake  if  the  entire  depth  of  water  be 
frozen.  An  excellent  Idea  of  the  exclusive  action  of 
the  crystals  may  be  had  by  examining  a  cake  of  artificial 
ice.  It  will  be  observed  that  the  last  part  frozen,  namely, 
the  centre  of  the  cake,  shows  marked  inferiority,  due  "to 
the  floating  objects  having  been  driven  inward  by  the 
forming  ice,  only  to  be  at  last  caught  by  the  final  solidi- 
fication of  the  central  portion. 

AVhen  ice  is  formed  on  a  polluted  but  deep  water,  a 
lai-go  river,  for  instance,  the  amount  of  bacterial  purifi- 
cation amounts  to  over  ninety  per  cent.,  commonly 
over  ninety -five   per  cent.,   anil  a   further  element   of 
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safety  lies  in  the  fact  tliat  storage  in  ice-houses  during 
the  months  ehipsiug  between  tlie  winter  "luirvest"  and 
tlie  summer  distribution  tends  still  further  to  reduce  the 
number  of  germs  present  in  the  ice  cake.  Be  that  as  it 
may,  however,  there  is  small  e.\cuse  for  the  too  common 
practice  of  cutting  ic(^  from  grossly  polluted  waters,  for 
with  even  a  high  percentage  of  exclusion  some  germs  do 
enter  the  ice,  and  it  has  licen  shown  that  typhoid  germs 
are  at  times  capable  of  surviving  a  three  mouths'  impris- 
onment therein. 

Touching  upon  this  question  of  the  ability  of  typhoid 
germs  to  withstand  freezing,  the  instance  of  the  epidemic 
at  Plymouth,  Pa.,  is  a  case  in  point.  There  the  dejecta 
of  a"  patient   lay  frozen  upon  a  hill>iiile  from  .lanuarv 


Fig.  .5031.— Chart  showing  Distribution  of  Clioleni  1'u.ses,  in  the  Epirtemic  of 
1892,  at  Hamburpt  ami  Altona.  ^—.Boundary  between  the  two  cities; 
•  ,  cases  of  cholera  :  o,  cases  iuiporttd  from  Hamburg. 


until  March,  when  tbey  were  washed  by  the  melting 
snow  into  the  city  water  system  witli  most  disastrous 
results. 

Stress  should  be  laid  upon  the  fact  that  the  large  per- 
centage of  bacterial  purification  which  results  from  freez- 


ing, as  above  referred  to,  is  due  to  the  mechanical  exclu- 
sion of  suspended  particles  by  the  growing  crystals  and 
not  to  a  mere  lowering  of  temperature.  Even  the  intense 
cold  of  liquid  air  is  but  iiulill'erently  germicidal. 

Beyond  the  ordinary  wash  caused  by  storms  upon 
every  water-shed,  some  rivers  are  exposed  to  sudden  and 
great  concentration  of  pollution  througli  tlie  sweeping 
away  of  piles  of  tilth  which  accumulate  ujion  tlieir  rocky 
fore-shores  during  periods  of  low  water.  The  Tees,  a 
river  of  northern  England,  is  of  such  description.  A 
study  of  the  epidemic  of  typhoid  which  prevailed  in  that 
valley  in  1891  proved  of  special  interest,  because  the  dis- 
ease confined  itself  to  those  communities,  aggregating 
230,000  people,  who  used  the  river  water,  to  the  exclu- 
sion of  a  iiopulafion  of  280,000  of  the  .same  dis- 
trict who  drank  water  from  other  sovu'ces. 

A  further  point  of  interest  lay  in  the  striking 
inauuer  in  which  a  chart  of  the  reported  cases 
showed  a  rise  in  the  number  of  fever  patients 
about  fourteen  days  after  each  heavy  rainfall. 
(Fig.  5032.) 

Streams  in  Europe  are  frequently  polluted  by 
the  washing  therein  of  infected  linen,  an  out-of- 
doors  laundry  being  common  enough  in  the  Old 
World,  although  quite  the  reverse  in  America, 
To  such  a  cau.se  was  ascribed  the  great  cholera 
outbreak  at  Messina  in  1887,  and  a  like  epidemic 
at  Cuneo  in  1884  was  traced  to  an  entirely  simi- 
lar source. 

"  Deep-sealed  "  is  a  term  applied  to  water  of  a 
distant  origin  to  distinguish  it  from  "ground 
water  "  of  an  entirely  local  source. 

Springs  of  small  flow,  such  as  trickle  out  of  the 
country  hillside,  are  properly  classified  with  shal- 
low wells;  they  furnish  "ground  water"  only  and 
are  of  local  origin. 

Quite  another  matter,  however,  are  those  nat- 
ural fountains  which  reach  the  surface  in  great 
volume,  possessed  of  a  temperature  radicall.y  dif- 
ferent from  that  of  the  local  subsoil,  and  holding 
in  solution  mineral  materials  that  ma_y  be  quite 
foreign  to  the  neighborhood.  Such  water  is  al 
ways  of  distant  source,  and  the  gathering  grounds 
where  it  originally  falls  as  rain  may  be  very  far 
away  indeed. 

Picture  the  outcrop  upon  some  rainy  upland 
of  a  porous  stratum,  encased  upon  either  side  by 
strata  impervious  to  water;  let  the  strata  be  pos- 
sessed of  a  moderate  dip,  then  let  them  be  cut 
transversely  at  some  point  below,  either  by  sim- 
ple erosion  or  by  a  geologic  fault,  and  the  con- 
ditions for  a  deep-seated  spring  would  be  com- 
jilete.  Rain  water  falling  on  the  distant  outcrop 
would  ])ass  down  the  porous  stratum,  picking  up 
soluble  material  on  the  way,  and  would  escape  as 
a  spring  at  the  point  where  the  strata  were  broken 
or  eroded. 

At  the  head  of  San  Antonio  River,  not  far  from 
the  city  of  San  Antonio,  Tex.,  is  situated  a  mam- 
moth spring  of  pure  water,  whose  daily  outflow 
is  some  fifty  million  gallons.  This  spring  is  but 
one  of  a  group  of  great  springs  which  "coincide 
almost  exactly  with  the  line  of  the  .great  Austin 
Del  Rio  fault."  A  very  curious  instance  of  a 
spring  of  great  magnitude  caused  by  erosion  cut- 
ting into  the  water-bearing  stratum  is  to  be  found 
several  miles  out  at  sea  off  the  coast  of  Florida, 
east  of  Jlatanzas  Inlet. 

There  are  reasons  for  believing  that  the  Matan- 
zas  spring  is  due  to  a  bursting  of  the  confined 
waters  through  a  hole  in  the  Tipper  hard  rock 
layer.  Successful  sounding  has  recently  been  ac- 
compli.shed  in  the  sju-ing  itself.  In  its  immedi- 
ate vicinity  the  ocean  suddenly  deepens  from  a  depth 
of  sixty  to  one  of  one  hundred  and  twenty-six  feet. 

Instances  are  by  no  means  rare  of  the  use  of  deep 
springs  for  water  supplies  of  magnitude,  such  as  the 
"Vanne"   water,  which   supplies  a  part  of  Paris  from 


278 


KEFERENCE   HANDBOOK   OF  THE  JIEDICAL  SCIENCES. 


Water. 
Water. 


springs  in  massive  cliallc  near  Troyes,  but  deep  seated 

■water  is  much  more  commonly  reached  b_y  special  borings. 

The  e.\pressi(jn  "aitL'siau  "  Ijas  been  extended  to  include 

deep   wells   under  all  conditions,    but   without    proper 
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FlQ.  5032.— Rainfall  and  Typhoid  Fever  in  the  Tees  Valley.  England. 

license,  because  tlie  term  originally  came  from  the  name 
of  the  Fi-ench  province  where  deep  -wells  were  tirst  suc- 
cessfully established,  and  such  wells  were  "flowing."  It 
is  therefore  to  " flowing  wells"  only  that  the  expression 
"artesian"  properl}'  attaches.  Wells  of  this  class  were 
first  .sunk,  in  Km-ope.  at  Lillers,  in  Artois,  in  1126.  In 
the  Sahara  and  in  China  they  have 
been  known  for  many  centuries.  N^^  P 
Whether,  however,  the  well  be  a 
flowing  one  or  one  from  which  the 
water  has  to  be  raised  by  power, 
the  conditions  governing  the  stor- 
age of  such  water  are  essentially 
the  same  as  have  been  already  given 
when    speaking   of    deep   springs. 

An  outcrop  of  a  porous  stratum   in  Fig.  5033 

a  rainy  upland  acts  as  the  collect-     >^^  n 
ing  area ;  this  stratum  is  of  moder-       ^S>Jl 
ate  dip  and  is  enclosed   by   other 
strata,  impervious  to  water,  lying 
abo\e  and  below.  ''*^^^^X. 

Unless  the  strata  form  a  basin  or 
pocket,  the  water  of  the  porous 
layer  will  find  its  natural  outlet  in  a 
spiing  form  where  the  layer  is  cut 
transversely  by  erosion  or  fault;  but 
should  a  well  be  sunk  at  some  inter-  ^'''-  ^''^■ 

mediate  point  the  water  will  rise  in 
the  same,  or  oveiflow.  to  a  degree  dependent  upon  the  head 
to  which  it  is  subjected ;  that  is,  to  the  elevation  of  the 
gathering  grounds  above  the  well,  and  to  the  fi'eedom  with 
vdiich  the  water  can  flow  down  the  porous  stratum  and 
escape  through  the  outlets  below.    (Figs.  5033  and  5034. ) 


It  must  be  remembered  in  this  connection  that  the  ex- 
pression "deep"  refers  to  the  non  local  character  of  the 
water  rather  than  to  the  depth  of  the  hole  required  for 
tapping  the  same.  In  fact,  "deep  water"  may  lie  very 
near  the  surface  in  some  places. 

Contrary  to  the  belief  of  many  people,  deep-seated 
water  is  not  inexhaustible.  If  the  porous  layers  contain- 
ing it  be  extensive,  an  immediately  available  supply  of 
large  volume,  which  is  the  accumulation  perhaps  of  ages, 
may  be  counted  upon:  but  should  the  daily  drain  be 
larger  than  the  natural  reinforcement,  tlie  delivery  must 
surely  shrink  in  quantitj-  and  Anally  cease. 

It  is  common  knowledge  that  a  great  volume  of  water, 
some  .sixty-six  million  United  States  gallons,  is  drawn 
daily  by  the  London  water  companies  from  deep  wells  in 
the  chalk. 

The  serious  effect  of  extending  and  heavily  pumping 
these  deep  chalk  wells  supplying  a  portion  of  Loudon  is 
that  "  for  every  two  gallons  of  water  collected  within  the 
Lee  valley  London  is  withdrawing  three  from  its  reser- 
voir in  that  chalk  basin,  and  this  quite  apart  from  the 
amount  every  day  required  by  the  resident  population  of 
that  area.  The  result  of  such  a  process  can  only  be  a 
steady,  if  gradual,  exhaustion  of  water  from  the  chalk 
and  a  progressive  lowering  of  its  plane  of  saturation." 

AVater  from  deep  sources  has  commonly  characteristics 
of  its  own,  distinguishing  it  from  the  ground  water  of 
the  neighborhood.  One  of  the  most  easily  recognized  of 
these  is  high  temperature. 

Another  peculiarity  of  deep  water  is  the  small  quantity 
of  dissolvedoxygen  which  it  usually  contains.  This  is  by 
no  means  due  to  the  pressure  to  which  it  may  be  subjected, 
for  increase  of  pressure  favors  the  solution  of  gases,  but 
is  rather  owing  to  the  abundant  opportunity  for  removal 
of  oxygen  by  contact  with  such  substances  as  organic 
matter,  and  compoimds  of  iron  and  manganese,  presented 
during  the  long  underground  journey  of  the  water  from 
its  place  of  collection. 

In  point  of  composition  the  waters  of  deep  wells  are 
almost  always  highly  mineralized,  as  would  be  expected 
in  consideration  of  the  items  of  long  time,  long  distance 
of  flow,  high  picssure,  and  elevated  temperature.  Some- 
times the  materials  contained  render  the  water  unfit  for 
use,  even  for  boiler  purposes,  but  more  commonlj'  the 
supply  is  such  as  to  be  considered  a  great  boon  to  tlie  for- 
tunate possessor. 

Perhaps  as  noteworthy  an  instance  of  a  flowing  well 
as  can  be  quoted  is  that  of  Woonsocket,  South  Dakota. 
The  boring  is  of  seven  inches  in  diameter  and  seven  hun- 
dred and  fifty  feet  deep.  The  water  is  of  63'  F.  temper- 
ature and  is  thrown  above  the  sin-face  to  a  height  of 


•Condition  Unfavorable  for  Flowing  Well.    (After  Hay.) 

eighty  feet  in  a  magnificent  fountain,  the  entii-e  discharge 
amounting  to  11.500,000  gallons  per  twenty-four  hours. 
The  well  is  capable  of  furnishing  a  pressure  of  one  hun- 
dred and  forty  pounds  per  square  inch. 

The  circulation  of  the  "  ground  water  "  in  the  soil  is 
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governed  by  cnivity  iind  surface  tension,  and  the  latter 
is  in  turn  aircetid  by  tlie  structure  of  the  soil,  its  compo- 
sition, and  the  jier  "ceut.  by  volume  of  the  empty  spaces 
between  its  particles. 

The  rate  at  which  water  will  flow  through  a  soil  is 
dependent  not  only  upon  tlie  aggregate  volume  of  the 
voids,  but  also,  and  more  particularly,  upon  their  sepa- 
rate dimensions;  for  it  can  be  readily  seen  that  the  inhib- 
iting intlueuce  of  friction  will  rapidly  increase  with  the 
fineness  of  the  soil  grain. 

Values  are  on  record  for  the  water-holding  powers  of 
various  soils,  but  a  word  of  caution  seems  proper  here. 
It  must  be  remembei-ed  that  such  figures  show  what  the 
sands  and  soils  will  hold,  not  what  they  would  deliver. 
No  pump  could  extract  that  final  portion  of  the  contained 
water  which  would  remain  as  "moisture,"  and  its  quan- 
tity would  be  a  very  respectable  percentage  indeed  of  the 
amounts  given. 

Wherever  found,  and  under  whatever  circumstances, 
the  water  of  the  ground  owes  its  origin  to  the  rain  or 
melting  snow.  Attention  is  called  to  this  point  because 
of  a  widespread  notion  that  the  wells  of  fresh  water  often 
existing  in  the  immediate  vicinit_v  of  tlie  ocean  are  fed 
with  sea  water  from  which  the  salt  has  been  removed  by 
percolation  through  the  sand  of  the  beach.  This  infer- 
ence is  permitted  in  an  engineering  work  of  national 
fame.  All  along  the  shore  of  the  Italian  Riviera  the 
traveller  can  see  wells  dug  within  one  hundred  and  fifty 
feet  of  the  surf.  In  such  cases  the  fresh  water  found 
originates  some  considerable  distance  inland,  and  the 
wells  intercept  it  on  its  way  toward  an  outlet  in  the  sea ; 
in  other  instances  its  origin  is  due  entirely  to  very  local 
rains,  and  its  storage  in  the  loose  sand  is  owing  to  its 
being  specifically  lighter  than  the  surrounding  sea 
water. 

An  instance  of  this  kind  is  met  with  near  the  island 
of  Heligoland.  About  a  mile  east  of  the  island  there  is 
a  long  strip  of  sand  raised  but  a  few  feet  above  the  level 
of  the  ocean,  extending  some  half  a  mile  in  length  and 
but  two  hundred  yards  wide.  It  was  formed  and  is 
maintained  by  ocean  currents,  and  is  covered  by  a  scanty 
growth  of  grass.  Anywhere  upon  this  islet  fresh  water 
may  be  obtained  by  digging  in  the  sand.  Necessarily 
the  water  to  be  secured  from  such  a  source  is  limited  in 
quantity. 

A  commonly  received  conception  of  the  occurrence  of 
ground  water  is  that  it  moves  in  very  deflnitel)- localized 
streams,  and  that,  to  be  successful,  a  well  must  be  sunk 
directly  into  one  of  these.  Of  course  the  conformation 
of  the  country  may  at  times  cause  this  popular  notion 
closely  to  coincide  with  the  truth,  but  a  more  general 
description  of  the  occurrence  of  ground  water  would 
be  that  of  a  widely  extended  sheet,  and  the  expression 
"water  table"  has  been  adopted  with  that  view  in  mind. 

The  mean  height  of  this  "water  table  "  {i.e..  its  distance 
from  the  surface  of  the  ground)  is  governed  by  the  aver- 
age rainfall  and  the  opportunities  for  local  drainage. 
The  delivery  being  into  the  rivers  and  streams  of  the  dis- 
trict, or  into  the  sea,  there  is  always  a  slight  inclination 
of  the  water  surface  toward  those  natural  drains,  more 
especially  in  their  immediate  vicinity. 

When  the  conditions  prevailing  in  the  district  do  not 
favor  the  development  of  a  spring  on  the  side  or  at  the 
base  of  a  slope,  the  time-honored  manner  of  tapping  the 
underground  supply  is  to  sink  the  ordinary  domestic 
well  into  the  water  table. 

For  the  delivery  of  large  supplies  the  ground  water 
cannot  be  conveniently  tapped  by  ordinary  dug  wells,  so 
that  recourse  is  had  in  such  cases  to  what  is  known  as 
"driven  wells,  "set  within  suitable  distance  of  each  other, 
and  coupled  to  a  general  main  through  which  the  water 
is  drawn  by  the  pump. 

Each  well  is  but  an  iron  tube,  perforated  at  its  lower 
extremity,  which  is  driven  through  the  soil  to  the  water- 
bearing layer  below.  Single  wells  of  this  description, 
surmounted  by  a  simple  hand-pump,  may  be  seen,  in 
some  instances,  replacing  the  domestic  well  in  the  coun- 
try (looryard,  but  the  type  is  more  commonly  met  with 


in  "gangs"  of  very  considerable  number  for  the  supply 
of  cities  or  towns. 

A  method  of  sinking  them  by  the  use  of  live  steam 
was  patented  a  few  years  ago.  and,  under  some  condi- 
tions of  soil,  may  show  considerable  saving  in  first  cost. 

By  whatever  method  the  "driven  well"  is  sunk,  its 
mode  of  action  is  entirely  similar  to  that  of  the  common 
domestic  well,  from  which  it  differs  only  in  diamelcr, 
and  it  is  supplied  by  the  ground  water  of  the  district  in 
the  same  manner  as  its  longer-known  progenitor.  There 
is,  in  short,  nothing  gained  in  tlie  majority  of  cases  from 
the  supposed  exhaustion  of  air  b_v  the  action  of  the 
pump.  Much  has  been  claimed  under  this  head,  and  it 
has  been  urged  that  the  zone  of  influence  always  widens 
rapidly  under  "suction"  from  au  air-tight  well;  but  it 
must  be  remembered  that  "air-tight"  is  a  term  which 
can  be  usually  applied  to  the  well  only,  and  not  to  the 
ground  overlying  the  zone  of  intlueuce.  The  porous  soil 
will  uuquestionabl}'  admit  all  the  atmosphere  required, 
and  consequently  the  flow  of  water  will  be  determined 
bj'  those  forces,  and  those  only,  which  govern  in  the 
case  of  wells  of  the  ordinary  t_vpe. 

When,  however,  the  well  passes  through  an  extensive 
layer  of  impervious  clay,  ami  taps  a  water-bearing  stra- 
tum beneath,  then  the  opportunities  for  a  development 
of  the  advantages  of  "suction"  reach  their  maximum. 

A  fact  often  lost  sight  of  is  that  driven  wells,  so  far  as 
a  permanent  supply  is  concerned,  are  dependent  upon 
the  amounts  of  rainfall,  "ruu-ulT,"  evaporation,  and 
lilaut  requirements.  There  is  not,  contrary  to  jiopular 
conception,  an  underground  reservoir  from  which  un- 
limited quantities  of  water  may  be  pumped.  It  is  true 
that  a  reserve  storage  exists,  that  may  be  drawn  upon  in 
time  of  drought,  but  nature  keeps  a  strict  account  of 
such  matters,  and  the  deficiency  created  in  time  of  need 
must  be  made  up  during  the  period  of  plenty;  otherwise 
tlie  delivery  of  the  plant  will  gradually  diminish  and 
ultimately  entirely  cease. 

One  very  material  advantage  possessed  by  a  driven 
well  over  a  dug  one  is  that  it  can  be  sunk  deeper  in  the 
water-bearing  sands  at  small  expense,  and,  with  a  long 
strainer,  can  take  water  throughout  a  great  fraction  of 
its  length.  A  dug  well,  on  the  other  hand,  has  its  con- 
struction hampered  after  water  is  reached,  and  its  cost 
per  foot  is  greater  beyond  that  point:  so  that  it  com- 
monly has  to  depend  principally  upon  its  bottom  for 
supply,  tapping,  as  it  does,  only  the  upper  portion  of 
the  ground-water  layer. 

Closely  related  to  the  well  systems  already  spoken  of, 
the  "  infiltration  gallery  "  stands  as  a  widely  u.sed  method 
for  securing  the  water  of  the  ground.  Such  a  gallery  is 
really  but  a  dug  well  with  one  very  long  horizontal  axis. 
Its  position  is  usually  near,  and  parallel  to.  the  banks 
of  some  stream,  such  a  site  being  chosen  with  a  view  of 
securing  its  supplj-  from  the  water  of  the  river.  Except 
under  exceptional  circumstances,  however,  the  water 
reaching  the  gallery  comes  from  the  landward  side,  and 
is  the  ground  water  of  the  district  for  which  the  river  is 
the  drain. 

Rivers  may  indeed  diminish  in  volume  as  they  flow 
onward,  and  may  even  entirely  disappear  by  sinking 
into  the  ground,  as  is  the  case  with  a  number  of  streams 
flowing  down  the  slopes  of  tlie  Rocky  Jlountaius,  but 
this  condition  is  distinctly  exceptional.  A  river  is  com- 
monly to  be  regarded  as  a  drain,  into  which  water  is 
received,  but  from  which  none  flows. 

Dependence  is  constanthMaid  upon  the  excellent  filter- 
ing powers  of  these  undergroiuid  galleries,  and  they 
justify  it  during  the  earlier  periods  of  their  use,  but, 
considered  as  a  filter,  such  a  device  is  beyond  cleaning 
and  repair;  it  may  clog,  or.  on  the  other  hand,  ruinous 
channelways  may  follow  heavy  pumping.  In  the  first 
instance  no  water,  and  in  the  second  instance  polluted 
water,  may  result. 

The  opportunity  for  the  contamination  of  well  water, 
particularly  that  of  the  common  domestic  well,  is  often 
very  great.  No  proper  conception  of  the  right  location 
for  the  house  well  ever  seems  to  enter  tlie  minds  of  most 
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of  our  rurul  people,  and  if  water  cun  be  had  from  a  spot 
conveuieiitly  near  for  general  liouseworli.  inquiry  as  to 
the  quality  of  such  supply  is  usually  considered  quite 
superrtuous. 

In  some  towns  the  local  boards  of  health  determine  the 
minimum  distance  to  be  allowed  between  a  well  and  an 
uucemented  priv\-  vault,  and  such  distance  is  most  com- 
monly fixed  at  fifty  feet.  The  permitted  distance  in  at 
least  "one  instance  is  twenty-tive  feet,  and  in  another  the 
minimum  distance  allowed  is  twenty  feet! 

That  any  such  distance  of  soil  filtration  can  protect  a 
well  from  pollution,  provided  the  polluting  source  be 
constant  in  character,  is  beyond  even  hoping  for,  and 
many  instances  could  be  given  showing  how  even  con- 
siderablj"  greater  distances  have  also  failed. 

Two  causes  for  failure  are,  first,  overtaxing  the  purify- 
ing powers  of  the  intervening  soil  by  presenting  a 
constant  flow  of  more  polluting  material  than  can  be 
oxidized;  and  second,  the  opening  up  of  cracks  in  the 
subsoil  whereby  direct  connection  with  the  well  is  assured. 

The  serious  jiaidstone  epidemic  of  typhoid  was  due  to 
the  latter  cause.  An  uuusual  drought  had  occurred, 
which  caused  deep  cracks  to  open  in  the  stiff  soil,  so 
deep  that  the  health  officer  thrust  his  cane  into  some  of  . 
them  without  finding  bottom.  Later  there  was  a  heavy 
fall  of  rain  which  washed  surface  filth  carrying  typhoid 
excreta  into  these  fissures  and  produced  a  material  rise  in 
the  ground  water.  Of  course  there  was  lack  of  efficient 
soil  filtration. 

It  is  a  fatal  error  to  fancy  that  because  a  water  has  a 
bright,  sparkling,  clear'appearance  and  a  pleasant  taste, 
therefore  such  water  is  wholesome.  Carbonic  acid  gas 
is  what  causes  the  brilliancy  and  refreshing  taste  of  a 
groimd  water,  and  to  the  solvent  action  of  that  gas  is  due 
the  clearness  of  many  waters  which  nevertheless  hold 
much  organic  matter  iu  solution.  When  it  is  borne  in 
mind  that  carbonic  acid  is  one  of  the  products  of  sewage 
decomposition,  the  inference  as  to  its  possible  source  in 
the  case  of  some  well  waters  is  not  a  pleasant  one. 

It  is  often  objected  that  certain  well  waters  have  been 
in  use  for  many  years  without  bad  restdts  following. 
Possibly;  but  it  must  be  remembered  that  the  imbibi- 
tion of  sewage  derived  from  healthy  sources  may  be 
quite  harmless,  unless  it  be  in  too  concentrated  a  form, 
however  undesirable  it  ma.y  be  from  an  esthetic  stand- 
point. The  serious  part  of  it  all  is  that  the  sewage 
which  contaminates  the  well  water  may,  during  an  e])i- 
dcmic,  suddenly  become  pathogenic  in  character,  and 
then  the  well  becomes  a  distributing  centre  for  disease. 
A  citv  well  is  always  to  be  suspected,  and  if,  upon  exam- 
ination, its  water  is  fovuid  impure,  it  should  lie  forthwith 
ordered  closed,  particularly  under  circumstances  such  as 
threaten  invasion  of  epidemic  disease. 

An  excellent  way  to  determine  the  probability  of  olj- 
jectionable  drainage  material  entering  a  well  is  to  jilace 
a  quantity  of  a  solution  of  common  salt,  of  lithium  chlo- 
ride, or  of  fluorescein  at  the  point  whence  contamination 
is  supposed  to  come.  The  normal  composition  of  the 
water  being  known,  there  will  apjiear  an  increase  in 
"chlorides,"  a  spectroscopic  test  for  lithium,  or  a  decided 
fluorescence  in  the  water  if  there  be  drainage  from  the 
source  in  question. 

Although  of  somewhat  uncertain  reliability  as  to 
quantity,  rain  water  is  universallj'  looked  upon  with 
much  favor  because  of  its  assumed  excellence  as  to  qual- 
ity, and  yet  even  a  casual  inspection  will  often  show  it 
to  be  a  long  way  from  ]jure,  and  it  may  possibly  lie 
polluted  to  an  extent  Ciuite  surprising  to  the  collector  of 
the  supply. 

The  roof  upon  which  rain  is  caught  is  a  twofold  cause 
of  impurity  in  the  collected  water;  first,  because  of  the 
material  of  which  the  roof  is  constructed,  and,  second, 
because  of  the  foreign  substances  that  may  settle  there- 
upon. 

In  cities  the  amount  of  street  dust  blown  upon  the  roof 
and  afterward  washed  into  the  cistern  is  nuicli  greater 
than  is  commonly  supposed.  Soot,  excrement  of  birds 
(often   a  large  item),   fallen  leaves,  and  various  mossy 


growths  are  among  the  sundry  additions  to  be  found  in 
a  roof-collected  water. 

It  is  exceedingly  important  that  every  cistern  should 
be  inspected  and  cleaned  frequently,  and  U]>on  no  point- 
does  the  public  require  more  instruction  than  this. 

While  its  softness  recommends  it  for  use  in  the  laun- 
dry, and  while  the  absence  of  lime  salts  renders  it  desir- 
able for  cooking,  rain  water  is,  on  the  whole,  not  to  be 
considered  so  suitable  as  a  pure  ground  or  surface  water 
for  general  domestic  supply. 

Ice,  especially  in  America,  is  certainly  to  be  reckoned 
as  au  article  of  food,  and  the  prevalent  belief  that  water 
purifies  itself  during  the  act  of  freezing  is  so  well  fixed 
in  the  public  mind  that  the  source  whence  ice  is  har- 
vested is  inconsequence  usuall}- considered  tmimportaut. 
This  belief  is  not  without  support  in  fact,  as  we  have 
seen,  but.  like  manv  another  partial  truth,  it  is  a  very 
uncertain  ftiundatiou  upon  which  to  erect  the  best  form 
of  sanitary  procedure. 

As  has  been  already  stated,  we  may  depend  upon  the 
growing  ice  crystals meclianically  excluding  much  of  the 
germ  life  during  the  process  of  freezing,  and  such  exclu- 
sion would  appear  to  lie  between  ninety  and  ninety-five 
per  cent,  of  all  bacteria  presen.t  in  the  water,  or,  more 
strictly  speaking,  the  above  percentages  would  represent 
the  bacterial  purification  from  all  causes  during  freezing, 
of  which  causes  mechanical  exclusion  is  one. 

Artificial  Pukific,\tion  of  ^V.\TER. — Pure  water  is 
becoming  more  and  more  difficult  for  many  of  our  towns 
to  seciu-e,  so  that  the  best  that  some  of  them  can  hope  to 
obtain  is  a  polluted  water  which  has  been  efficiently 
purified  by  art.  It  is  a  question,  sometimes,  whether  it 
would  not  be  better  policy,  considering  the  rapid  changes 
in  the  density  of  population,  to  accept  a  moderately  pol- 
luted source  and  thoroughly  i)urify  its  water,  rather 
than  go  to  large  expense  in  obtaining  a  faultless  supply 
which  might  have  to  be  purified  iu  its  turn  at  some  later 
day. 

Further,  it  must  be  borne  in  mind  that,  outside  of  any 
question  of  wholesomeness,  the  water  which  a  part  of 
our  people  are  content  to  use  at  present  will  not  be  con- 
sidered suitable  in  a  few  years  to  come.  The  tendency 
is  toward  a  general  demand  for  a  clear  and  colorless 
water,  and  water  jnirveyors  must  be  prepared  to  meet  it. 

Filtiation  of  sui'face  water,  before  delivering  the  same 
for  public  consumption,  is  now-  specifically  ordered  by 
the  laws  of  Germany,  and  rules  are  laid  down  for  its 
proper  accomplishment.  Such  legislation  is  not  improb- 
able in  this  countr_y,  thus  still  further  making  it  the  part 
of  wisdom  to  anticipate  the  artificial  improvement  of 
some  waters  which  are  now  possibly  considered  beyond 
impeachment. 

The  method  of  purifying  water  on  the  large  scale 
which  deserves  fir.st  attention  on  accoimt  of  its  early  use 
and  wide  application  is  that  of  "slow  sand  filtration," 
commonly  known  also  as 

7'!ie  EiifiUsh  Filter-bed  Si/stem. — Briefly  described,  an 
English  filter  bed  is  a  tight  reservoir,  suitablv  under- 
drained,  and  containing  some  five  or  six  feet  of  stratified 
filtering  material,  of  progressive  degrees  of  fineness,  be- 
ginning at  the  bottom  with  broken  stone  or  gravel,  and 
ending  with  an  upper  layer  of  fine  sand.  Through  the 
fine-sand  layer  the  water  slowh'  and  evenly  passes,  leav- 
ing the  bulk  of  its  suspended  impurities  upon  the  surface 
to  form  the  Schinutzdccke,  or '"  dirt  cover,"  of  the  Germans. 

Beyond  the  mere  gradual  accumulation  of  suspended 
matter  strained  from  the  water,  this  ScJemutzdecke  is  in 
part  composed  of  slimy,  jell_y-like  material,  produced 
through  bacterial  agency,  which  serves  to  entangle  and 
hold  bacteria  and  other  suspended  substances  of  all  kinds. 

It  must  not  be  thought,  however,  that  the  extreme  top 
layer  of  sand,  with  its  cover  of  slime,  does  the  entire 
work,  .so  far  as  purification  is  concerned.  Each  grain 
of  sand  of  the  body  of  the  bed  becomes  covered  with  a 
sticky  coating  of  the  zoogloea  .iell)',  and  these  grains  col- 
lectively are  to  be  credited  with  a  large  share  of  the  re- 
sults accomplisheiL 

A  filter  recently  disturbed  b}'  the  process  of  cleaning  is 
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lower  in  efficiency  tlian  one  wliicb  lias  been  for  some 
time  in  operation.  Sueli  a  jilant  might  be  properlj' 
ilescribed  as  "at  its  best  wlien  at  its  dirtiest";  and,  were 
it  not  that  it  finally  becomes  almost  impervious  to  water, 
it  would  be  better  not  to  clean  it  at  all.  A  new  filter  is 
of  small  use  until  it  "riiiens"  for  work;  that  is,  until  the 
"nitrifying"  organisms  have  tirmly  estalilishcd  them- 
selves and  the  zoogkea  jelly  envelops  the  sand  grains. 

For  proper  working  the  thickness  of  the  fine-sand 
layer  should  be  made  not  less  tlian  thirty-six  inches,  and 
this  deptli  sliould  not  be  i^ermitted  greatly  to  decrease, 
by  reason  of  the  successive  removals  of  layers  of  the 
upper  surface  for  purposes  of  cleaning. 

Usually  filter  plants  are  entirely  open,  but  in  those 
localities  Where  the  winters  are  severe  it  becomes  neces- 
sary to  throw  over  them  a  cover,  which  is  common!)-  of 
coiicrete,  resting  upon  columns  of  the  same  material. 
Thick  ice  renders  it  jMactically  impossible  properly  to 
clean  a  filter  by  the  ordinary  methods,  and  the  resulting 
imperfect  purification  of  the  filtrate  is  often  coincident 
with  increase  in  the  death  rate.  This  was  noted  in  Ber- 
lin in  the  winter  of  1889. 

Hazen  advocates  the  covering  of  filters  in  all  localities 
where  the  mean  January  temperature  is  below  the  freez- 
ing-point. 

The  cost  of  constructing  a  filter  bed  must  necessarily 
greatly  vary,  in  direct  ratio  with  the  local  cost  of  mate- 
rials and  with  the  difficulty  of  the  engineering  problem 
involved.  Thus  the  open  filters  at  Hamburg  cost  about 
§30,500  per  acre,  while  the  covered  ones  at  Albany, 
N.  Y.,  amounted  to  845,600  for  a  like  area. 

The  depths  of  water  permitted  upon  filters  of  the  Eng- 
lish type  are  almost  as  various  as  the  compositions  of 
the  beds  themselves.  Three  and  a  half  to  four  feet  of 
water  may  be  taken  as  the  depth  most  commonly  in  use, 
and  it  is  important  tliat  this  depth,  when  once  deter- 
mined upon,  should  be  maintained  a  constant. 

With  reference  to  the  rate  of  filtration,  the  best  prac- 
tice places  two  and  a  half  to  three  million  United  States 
gallons  per  acre  per  day.  or  four  to  four  and  a  half  verti- 
cal inches  per  hoiu',  as  the  limit,  bej'ond  which  the  rate 
should  not  be  pushed. 

By  direction  of  the  im|)erial  board  of  health,  the  ma.xi- 
mum  rate  of  filtration  has  lieen  fixed  in  Germany  at  four 
vertical  inches  per  hour. 

For  the  purpose  of  cleaning  a  filter  of  tlie  English 
type,  a  gang  of  laborers  is  set  to  work  upon  the  drained 
bed,  and  by  means  of  sharp  shovels  thej'  pare  oft'  the 
upper  half-inch  of  sand  and  pile  the  same  into  small 
heaps,  whence  it  is  removed  by  wheelbarrows  to  the  sand 
washer.  This  thin  upper  layerof  sand  (the  ScJtmutzdecke 
of  the  Germans)  contains  the  greater  bulk  of  the  mate- 
rial separated  from  the  water  by  filtration.  It  is  quite 
compact,  and  is  so  distinctly  separated  from  the  sand  be- 
low as  to  make  the  work  of  its  removal  very  simple.  It 
is  liable  to  be  quite  membranous  in  character,  and  its  im- 
perviousness  to  water  is  what  causes  the  filter  to  become 
"dead  "  and  require  cleaning. 

The  frequency  with  which  filters  have  to  be  cleaned 
depends  upon  the  condition  of  the  water  being  filtered, 
and,  for  the  same  water,  this  condition  will  vary  greatly 
with  the  time  of  year  and  character  of  the  season. 
Roughly  stated,  it  "may  be  said  that  a  filter  becomes 
"dead"  (i.e.,  nearly  impervious  to  water),  and  conse- 
quently demands  cleaning,  once  every  three  or  four 
weeks  in  summer  and  about  half  as  frequently  in  winter; 
but  it  is  not  possible  to  lay  down  hard-and-fast  general 
rules  applicable  to  all  filters.  So  many  variable  quan- 
tities enter  the  consideration  that  the  question  of  proper 
time  for  scraping  must  be  answered  for  each  filter  by 
itself,  the  final  decision  being  liased  upon  intelligent  ob- 
servation of  the  rate  of  flow,  loss  of  head,  and  the  obvi- 
ous general  clHciency.  The  average  interval  between 
scrapings  at  Albany  is  25. 1  days. 

It  is  not  customary  nor  desirable  to  have  the  newly 
scraped  filter  remain  out  of  service  until  the  sand  re- 
moved is  wash<'d  and  returned  to  its  place;  for  the  fine 
sand  layer  sho\d(l  ln'  thick  cnougli  to  permit  of  a  number 


of  successive  scrapings  without  impairment  of  its  effi- 
ciency ;  therefore  the  sand  taken  off  during  a  series  of 
parings  is  all  washed  and  returned  at  one  time. 

At  Alban}'  the  sand  layer,  which  is  forty-eight  inches 
thick,  has  been  reduced  as  much  as  seventeen  inches  by 
successive  parings  before  the  normal  tliickness  was  re- 
stored by  replacing  the  cleaned  sand. 

As  to  what  may  be  expected  from  a  sand  filter  in  the 
way  of  bacterial  removal,  it  mav  be  said  that  during  the 
year  1900  the  Albany  filters  removed  from  98.3  to  99.6 
per  cent,  of  all  germs  present  in  the  raw  water.  Equally 
good  results  were  accomplished  by  the  beds  at  Altona, 
Germany,  during  the  great  outbreak  of  cholera  at  Ham- 
burg in  1893.  What  such  eflicieucy  meant  for  the 
former  city  may  be  epitomized  in  the  single  word 
"safety." 

It  is  not  to  be  expected  that  municipal  filtration  plants 
will  furnish  the  public  with  sterile  water  nor  are  we  to 
look  for  perfect  uniformity  in  bacterial  eflicicncy,  but  it 
is  a  matter  of  fact  that  in  those  cities  where  modern  fil- 
ters have  been  established  a  very  noteworthy  i-eduction 
in  the  number  of  cases  of  typhoid  fever  has  been  ob- 
served. Thus  in  the  city  of  Albany,  where,  previous  to 
the  introduction  of  filtered  water,  the  average  number  of 
deaths  from  typhoid  amounted  to  eighty-five  per  year, 
the  influence  of  purified  water  is  shown  by  a  reduction 
of  this  number  to  less  than  twenty. 

A  modification  of  the  English  filter  bed  has  been  pro- 
posed, whereby  filtration  was  to  take  place  upward,  and 
washing  was  to  be  done  downward,  the  inlet  for  raw 
water  and  outlet  for  waste  water  being  the  same.  B}' 
this  arrangement  the  designer  hoped  to  avoid  all  compli- 
cations from  ice,  the  ice  cake  being  permitted  to  form 
freely  and  float  clear  of  the  sand  bed.  During  wa.shing 
a  current  of  air  was  to  have  been  let  into  the  space  under- 
neath the  bed,  with  a  view  to  tumble  the  grains  of  sand 
and  break  up  the  sediment,  so  as  to  enable  it  to  pass  out 
with  the  wash  w^ater. 

So  far  as  principle  is  concerned,  there  may  be  little 
difference  between  upward  and  downward  filtration,  but 
in  practice  there  would  be  serious  objection  to  the  former 
plan.  Much  difficulty  would  be  experienced  in  securing 
uniformity  of  work  over  the  whole  area  of  the  bed,  owing 
to  the  impossibility  of  preventing  the  dirt  layer  falling 
off  in  spots,  and  it  is  well  known  that  uniform  action  is 
of  vital  importance.  It  is  moreover  a  dangerous  prac- 
tice to  foul  a  filter  in  a  place  beyond  reach  of  inspection 
and  repair,  for  there  is  no  way  of  determining  whether 
or  not  the  provided  means  of  cleaning  are  working  satis- 
factorily. 

Mechunical  Filtration. — Roughly  outlined,  this  system 
consists  in  adding  to  the  water  to  be  filtered  a  minute 
dose  of  common  alum  or,  better,  aluminum  sulphate, 
averaging  nearly  one  grain  per  gallon,  and  then  admit- 
ting the  water  to  the  filter,  which  is  a  tank  of  wood  or 
iron,  three-quarters  full  of  uniformly  fine  sand.  The 
carbonates  present  in  the  water  decompose  the  alum, 
with  the  formation  of  a  white  floeculeut  precipitate  of 
aluminum  hydrate,  quite  jelly-like  in  appearance.  Fol 
instance,  the  carbonate  of  calcium  acts  as  follows: 
A1.,{S0,,)d  +  SCaCOa  +  3H»0 

=  A1,(0H)„  +  3CaS0.  +  SCO^. 
The  action  of  this  aluminum  hydrate  is  much  tlie  same 
as  that  of  the  white  of  egg  in  clearing  coffee.  It  entan- 
gles all  suspended  matter,  germs  as  well  as  inorganic 
material,  and  deposits  the  same  on  the  surface  of  the 
.sand,  whence  it  is  removed  and  driven  into  the  waste 
pipe  by  a  reverse  current  of  filtered  water  at  the  time  of 
cleaning  the  filter.  Thus,  it  will  be  observed,  the  me- 
chanical filter  produces  an  artificial  inorganic  jelly  to 
replace  the  "bacterial  jell}',"  already  alluded  to,  of  the 
English  filter  bed. 

A  further  action  of  the  precipitated  aluminum  hydrate 
is  to  unite  with  the  soluble  coloring  matter  of  the  water, 
whereby  the  filtrate  is  rendered  colorless.  The  proper 
"dose"  of  alum  solution  is  administered  by  means  of 
some  small  automatic  measuring  apparatus  exterior  to 
the  filter;  the  solution  flowing  thereto  from  the  dissolv- 
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ing  tank,  -n-here  the  coagulaut  is  prepared  in  tlic  propor- 
tion of  twenty  parts  of  water  to  one  part  of  aluminum 
sulphate. 

For  small  establishments  it  is  a  convenience  to  make 
use  of  a  "closed  "  or  "  pressui'e  "  tilter,  for  the  reason  that 
it  can  be  placed  directly  upon  the  service  main,  thus 
allowing  no  interruption  in  the  line  of  the  supply.  It  is 
not  easy,  however,  properly  to  watcli  such  a  tilter,  and  it 
is  open" to  sundry  other  objections,  notably  a  lack  of  uni- 
formity in  action.  For  purposes  of  public  use  it  is  infe- 
rior to  the  open  or  "  gravity  "  type. 

The  rate  at  which  water  is  passed  through  these  filters 
is  very  great  when  compared  with  what  is  furnished  bj- 
the  English  filler  beds  already  considered.  One  hundred 
and  twenty-flve  million  gallons  per  acre  per  twenty-four 
hours  may  be  taken  as  a  fair  index  of  what  is  to  be  ex- 
pected of  them. 

It  has  been  already  said  that  alum  is  used  in  their 
operation.  The  necessity  for  the  use  of  this  or  some 
other  coagulant  is  imperative  and  should  be  impressed 
upon  the  mind,  for,  however  well  the  straining  action  of 
the  .sand  bed  may  clarify  the  water,  tlie  great  rapidity 
of  flow  precludes  the  proper  removal  of  bacteria  unless 
they  be  entangled  in  the  alumina  jelly  noticed  above. 

Alum  is  by  no  means  the  only  "coagulant"  that  could 
be  or  that  has  been  used  in  mechanical  filters.  Salts  of 
iron  were  suggested  some  }-ears  ago  as  a  cheap  substi- 
tute, but  it  is  only  recently  that  their  use  has  been  ex- 
tended beyond  the  experimental  stage. 

What  amount  of  coagulant  should  be  used  is  a  ques- 
tion best  answered  by  the  attendant  in  charge ;  for  not 
only  will  the  proper  "dose"  vary  with  different  plants, 
but"  even  in  the  same  plant  it  may  differ  from  day  to  day, 
and  certainly  will  change  from  season  to  season.  One 
grain  per  gallon  is  a  fair  estimate  for  a  rough  one. 

It  is  worth  remembering  that  theoretically  a  "dose" 
of  one  grain  per  gallon  of  aluminiun  sulphate  (contain- 
ing seventeen  per  cent.  AI-jOj)  will  require  about  eight 
parts  per  million  of  "  alkalinity  "  in  the  water  for  its  com- 
plete decomposition. 

Danger  to  health  from  the  use  of  alum  is  a  topic  fruit- 
ful of  discussion  among  the  many  who  are  not  posted  as 
to  its  manner  of  action  ;  but  those  who  are  better  informed 
know  that  free  alum  never  reaches  the  filtrate  in  a  well- 
ordereil  iilant. 

Alum  in  the  filtrate  means  a  useless  waste  of  material, 
not  to  be  excused.  Reference  to  the  equation  already 
given  shows  that  in  order  to  produce  the  aluminum 
hydrate  jelly,  upon  which  successful  filtration  depends, 
the  alum  admitted  to  the  water  must  be  entirely  decom- 
posed. 

The  method  of  testing  for  free  alum  is  very  simple, 
and  the  filter  attendant,  constantly  on  watch  for  it  in  the 
filtrate,  should  so  manage  the  "dose"  employed  as  never 
to  allow  it  to  ])ass  beyond  the  sand  bed. 

The  amount  of  filtered  water  used  for  the  pvirpose  of 
cleaning  a  mechanical  plant  is  an  item  for  consideration, 
for  it  is,  of  course,  lost  to  the  regular  volume  of  sujiply. 

At  Rensselaer,  N.  Y.,  the  average  run  between  clean- 
ings is  about  twenty -four  hours,  and  the  filters  are 
washed  with  3.75  per  cent,  of  the  filtered  water.  It  takes 
eight  minutes  to  wash  each  "unit"  or  separate  filter. 

One  feature  of  mechanical  filtration  that  has  come  into 
prominence  of  late  is  the  addition  of  some  form  of  set- 
tling tank.  With  certain  waters  it  is  essential  that  op- 
portunity be  given  for  sedimentation  of  a  portion  of  the 
heavy  magma  produced  by  coagulation,  otherwise  the 
sand  bed  quickly  chokes  and  the  labor  and  expense  of 
cleaning  are  greatly  increased. 

When  the  water  is  so  soft  as  to  be  deficient  in  the 
necessary  quantity  of  carbonates  to  decompose  the  alum 
added,  the  bed  o"f  ordinary  filtering  sand  is  sometimes 
replaced  by  a  mixture  of  such  sand  and  granulated  mar- 
ble, or  else  the  water  is  hardened  by  passing  it  over 
broken  limestone  previous  to  the  addition  of  the  alum. 
A  better  plan  is  to  add  a  suitable  dose  of  "  soda  ash  "  to 
the  raw  water. 

Should  the  water  be  highly  colored  as  well  as  soft,  the 


addition  of  alum  should  immediately  follow  that  of  the 
carbonate  and  a  considerable  interval  should  inteivene 
before  the  filter  sand  is  reached,  in  order  to  allow  com- 
plete reaction  and  partial  sedimentation  to  take  place.. 
The  time  element  is  of  special  importance  in  the  puritica- 
tion  of  such  waters,  and  is  to  be  secured  by  the  erection 
of  large  settling  basins. 

The  cost  of  erecting  a  mechanical  filter  plant  is  some- 
what difficult  to  give,  for  the  reason  that  patent  rights 
enter  the  estimate.  Perhaps  the  fairest  general  state- 
ment that  can  be  made  is  to  place  S10,000  per  million 
gallons  dail.v  capacity  as  the  basis  price  for  a  first-class 
plant,  and  to  subtract  from  that  sum  such  concessions  as 
the  special  features  of  the  case  mav  be  able  to  secure. 

Filters  can  be  erected  for  half  the  above  amount,  and 
they  do  good  work  for  manufacturing  purposes;  but 
their  bacterial  efficiency  is  low  and  the  water  used  for 
washing  will  be  from  eight  to  ten  per  cent,  of  the  deliv- 
ery instead  of  about  three  per  cent.,  as  found  in  the  best 
forms  of  apparatus. 

The  question  so  frequently  asked,  as  to  which  of  the 
rival  systems  of  filtration  it  is  lietter  generally  to  adopt, 
is  not  capable  of  a  direct  answer.  Local  conditions  must 
first  be  known.  Slow  sand  filtration  is  likely  to  be  the 
better  for  very  large  cities,  while  for  the  supply  of  towns 
the  mechanical  S3-stem  is  commonly  preferable. 

Either  method  of  filtration,  to  be  of  value,  requires 
constant  attention.  Careful  watch  must  of  necessity  be 
kept  of  a  mechanical  plant,  however  small,  to  secure  its 
running  at  all,  while  ver_y  inefficient  supervision  is  the 
usual  late  of  the  small  English  sand  bed.  Once  con- 
structed, it  is  commonly  left  to  look  after  itself  until 
cleaning  is  imperative,  and  then  laborers  are  put  upon 
the  work  who  have  never  seen  its  kind  before. 

It  is  very  doubtful  policy  to  build  an  English  sand 
bed  unless  the  plant  be  large  enough  to  maintain  a  skilled 
force  constiiutly  employed.  It  may  be  further  generally 
said  that,  although  relatively  expensive  for  small  jilants, 
the  English  system  rapidly  lessens  in  cost,  per  unit  of 
capacity,  as  the  plant  increases  in  size.  This  deerea.se  is 
not  so  rapitl  for  mechanical  filters. 

Other  things  being  equal,  Engli.sh  plants  are  perhaps 
better  suited  for  clear  waters,  and  mechanical  filters  for 
those  of  turbid  or  colored  character. 

The  life  of  an  English  filter  is  practically  vmlimited, 
while  that  of  the  mechanical  type  is  as  yet  undetermined. 

Finally,  it  is  an  easier  and  cheaper  mutter  to  keep  the 
mechanical  filter  nearer  the  present  requirements  as  to 
capacity  and  to  add  to  it  by  small  extensions  as  circum- 
stances may  exact.  So  far  as  bacterial  efficiency  is  con- 
cerned, cither  type  will  satisfactorily  meet  the  demands. 

Experiments  of  extended  and  costly  character  have 
been  made  with  a  view  of  seeming  data  whereon  to  liase 
a  decision  as  to  the  merits  of  rival  systems  of  filtration, 
and  it  is  quite  reasonable  that  the  question  should  be 
asked.  Why  is  it  necessary  to  multiply  such  tests?  Why 
cannot  Louisville  and  Pittsburg  results  be  made  to  do 
service  elsewhere?  To  a  large  degree  such  use  is  possi- 
ble, but  it  must  be  remembered  that  waters  differ  from 
one  another  more  widely  than  the  bulk  of  people  appre- 
ciate. Thus  the  mere  item  of  suspended  matter  is  a  case 
in  point.  Not  only  does  the  amount  thereof  greatly 
vary,  but  the  character  of  the  material  causing  the  tur- 
bidity, and  especially  its  degree  of  fineness,  should  com- 
mand especiai  attention.  Two  equally  turbid  waters 
may  look  alike  to  the  eye,  but  the  fine  suspended  matter 
of  one  may  be  easily  arrested  by  an  English  sand  bed, 
while  the  other  may  give  a  filtrate  of  decided  opalescence. 
Hence  the  demand  for  local  experiments  in  important 
cases. 

Nearly  akin  to  the  filter  plants  referred  to  above  is  a 
group  o"f  appliances  among  which  the  "Anderson  proc- 
ess" is  perhaps  the  best  known.  In  this  process  the 
water  is  forced  throt^h  purifiers  consisting  of  iron  cylin- 
ders revolving  on  hollow  trunnions  which  serve  for  inlet 
and  outlet  pipes.  On  the  inner  surface  of  the  cylinders 
are  curved  ledges  running  lengthwise,  which  scoop  up 
irou    borings    or    puuchiugs    and    shower   them  down 
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through  the  water  as  it  flows  through  thec^liiider.  Irou 
passes  into  solution  and  is  afterward  rendered  insoluble 
by  exposing  the  water  lo  the  ainiuspherc.  By  liltratiou 
through  sand  this  irou  preripilatc  is  subsequently  re- 
moved, together  with  what  suspended  matter  it  may 
have  entangled. 

Excellent  results  arc  secured  by  the  Anderson  process, 
but  an  additional  and  expensive  step  is  introduced  in  the 
item  of  revolving  machinery,  before  the  water  is  run 
upon  the  sand  filters;  and  "it  is  not  proved  that  this 
further  outlay  of  capital  is  necessary,  in  view  of  the 
cheapness  of  some  of  the  other  and  simpler  methods. 

llouxehdld  filtnition  on  the  domestic  scale  is  in  veiy 
general  opeialion.  yet  satisfactory  results  are  obtained  in 
au  exceedingly  small  percentage  of  cases. 

The  companies  mauufacturing  the  mechanical  filters 
previously  mentioned  all  make  .sizes  intended  for  domes- 
tic use,  but  the  skilled  labor  fur- 
nished liy  a  city  employee  whose 
sole  duty  it  is  to  attend  to  the 
pulilic  plant  is  very  rarely  obtain- 
able in  the  average  household; 
consequently  the  filter  is  neglected 
or  mismanaged,  or  both.  In  short, 
filtration,  to  be  effectual,  should 
be  municipal.  A  house  filter  that 
has  come  widely  into  use,  and  ujron 
which  very  manj'  people  pin  their 
faith,  is  the  well-know-n  "  Pasteur." 
It  is  commonly  operated  under  the 
pressure  of  the  city  mains,  but 
may  also  lie  arranged  to  work  with 
out  additional  pressure  beyond 
that  of  the  atmosphere.  For  those 
unacquainted  with  its  use,  it  may 
be  said  that  it  consists  of  a  cylinder 
of  fine  uuglazed  porcelain  (called 
"candle,"  on  account  of  its  size 
and  shape)  enclosed  by  one  of 
metal;  and  that,  connection  hav- 
ing been  established  between  the 
latter  and  the  supply  pipe,  the  water  is  forced  through 
the  pores  of  the  porcelain  to  the  inside  of  the  cylinder 
(the  so-called  candle),  whence  it  drojis  into  the  reser- 
voir, leaving  the  suspended  matter  as  a  coating  upon 
the  "candle's"  exterior  surface.     (Fig.  5()o.5.) 

Examination  of  the  efficiency  of  the  Pasteur  filter  has 
been  thoroughly  done  by  a  number  of  investigators, 
with  results  that  may  be  summarized  as  follows;  Water 
can  be  completely  sterilized  by  filtration  through  ]iorce- 
lain,  but  the  filtration  must  not  be  continued  for  man}' 
days  at  a  time.  The  length  of  time  during  which  a 
sterile  filtrate  may  be  obtained  will  depend  upon  the 
temperature  of  the  filter  and  its  contents.  Thus,  ac- 
cording to  Frcudenieicli,  at  a  temperature  of  59°  to  04° 
F.  the  filtrate  was  sterile  for  from  fifteen  to  twenty-one 
days,  at  a  temperature  of  72°  F.  it  was  sterile  during  nine 
days,  while  at  a  temperature  of  95^  F.  it  remained  sterile 
only  five  days. 

Water  pressure  is  not  a  factor  in  causing  germs  to  pass 
through  the  ])orcelain,  for  their  method  of  penetration  is 
one  of  develoiiment  rather  than  a  transporting  of  initial 
bacteria ;  in  other  words,  they  "  grow  "  through  the  filter. 
Even  when  the  pressure  is  nil  they  accomplish  the  pas- 
sage in  the  usual  leugtli  of  time.  '  This  power  of  grow- 
ing through  the  pores  of  the  porcelain  has  been  denied 
by  a  recent  observer,  but  it  is  on  the  side  of  safety  to 
bold  to  the  earlier  records. 

From  a  consideration  of  these  facts  the  line  of  manage- 
ment for  a  "Pasteur"  becomes  plainly  evident.  The 
"candle"  and  its  rubber  packing  must  be  removed  at 
least  once  a  week,  thoroughly  washed,  and  then  boiled 
for  half  an  hour  before  being'reset  in  position. 

Especial  care  .shoulil  be  ta'ken  tluii  the  rubber  packing 
make  a  tight  fit,  as  otherwise  the  water  may  pass  around 
rather  than  through  the  porcelain.  The  filter  should  not 
be  located  in  too  warm  a  place. 

The  lateral  connecting  the  filter  with  the  supply  main 


Fig.     .503-).  —  Pasteur- 
Chamberland  Filter. 


should  be  of  tin  or  iron,  as  the  slow  action  of  the  filter 
allows  the  water  to  remain  for  a  considerable  time  in  con- 
tact with  the  metal. 

JIauy  types  of  household  filters  are  of  such  character 
as  to  preclude  the  possibility  of  .sterilization,  and  some 
of  tlicm  it  is  even  impossible  to  clean  without  the  entire  - 
renewal  of  the  filtering  material.  Such  defects  are  neces- 
sarily fatal  to  proper  filtration.  The  stone  filters  one 
sees  at  times,  where  the  water  is  caused  to  drip  through 
fine-grained  sand  rock,  or  similar  material,  act  as  mere 
strainers  and  arc  absolutely  unreliable.  Currier  demon- 
strated that  sponge  filters,  after  use  for  even  a  single 
day,  furnished  a  filtrate  containing  five  hundred  times  as 
many  germs  as  the  unfiltered  wafer.  Household  filters 
of  many  types  are  to  be  seen  so  seriously  contaminated 
that  a  water  cannot  but  be  rendered  worse  by  jiassage 
through  them,  and  yet  such  appliances  are  in  full  use  ' 
and  greatly  trusted  on  account  of  the  apparent  clearness 
of  the  water  drawn  from  them. 

JMuch  stress  is  often  laid  upon  the  purifying  effects  of 
animal  charcoal,  and  the  great  quantity  of  occluded  oxy- 
geu  the  fresh  charcoal  contains  fully  justifies  for  a  time 
the  higL  praise  given  it,  but  .such  material  is  nearly  im- 
possible to  cleanse,  and  it  has  been  repeatedly  shown 
that  a  more  objectionable  appliance  could  scarcely  be 
found,  from  a  sanitaiy  point  of  view,  than  a  neglected 
charcoal  filter. 

Aeration  of  water  has  always  held  in  the  public  mind 
a  position  of  prime  importance  as  a  means  of  purifica- 
tion. There  is  unquestioned  benefit  arising  from  the 
passage  of  water  over  falls  and  rajiids,  and  from  its  being 
thrown  into  the  air  in  fountains,  but  the  benefit  is  not  so 
great  as  is  commonl}'  believed. 

Such  treatment  tends  to  jirevcnt  the  abundant  growth 
of  algn;,  with  theirobjectionable  tastes  and  smells,  and  un- 
doubted improvement  in  the  quality  of  the  water  results 
from  the  establishing  of  a  fountain  in.  or  otherwise  blow- 
ing air  into,  a  too  quiet  reservoir ;  but  the  expectations  of 
those  who  hope  thus  easily  to  eliminate  pollution  of  a 
more  serious  character  will  not  be  realized. 

Aeration  is  of  especial  value  in  rendering  some  kinds 
of  ferruginous  well  waters,  which  are  otherwise  pure,  fit 
for  domestic  use.  The  iron  is  thereby  oxidized  to  in- 
soluble ferric  oxide,  and  may  be  easily  removed  by  filtra- 
tion. 

In  these  days  of  "applied  electricity,"  it  would  be 
strange  indeed  if  attempts  were  not  made  to  harness  up 
the  "fluid"  for  the  work  of  water  purification,  as  an 
addition  to  the  manv  other  tasks  already  assigned  to 
it. 

One  movement  toward  such  an  end  consists  in  decom- 
posing a  weak  solution  of  common  salt  by  means  of  a 
current  from  a  dynamo,  and  then  adding  theelectrolyzed 
liquid  to  the  water  to  be  purified,  in  the  proportion  of 
about  10  grains  per  gallon  of  water  or  1  part  to  5,83-i  by 
weight. 

The  product  of  the  electrolysis  is  fancifully  styled 
"electrozone,"  but  the  germicidal  power  whieli  it  pos- 
sesses is  due  to  the  well-known  sodium  hypochlorite 
formed  during  electrolysis,  and  not  to  the  presence  of 
ozone. 

The  sodium  hypochlorite  jirepared  by  this  method  is 
not  different  from  that  made  in  the  ordinary  way,  and  in 
germicidal  power  it  is  equalled  by  an  equivalent  weight 
of  the  calcium  salt,  called  "blcacliing  jiowder, "  the  effi- 
ciency of  each  being  measured  by  the  amount  of  avail- 
able chlorine  present. 

The  insoluble  salts  resulting  from  the  employment  of 
"bleaching  powder"  would,  however,  be  a  disadvantage 
in  its  use  unless  opportunity  were  afforded  for  settle- 
ment, and,  moreover,  it  would  render  the  water  harder. 

To  "disinfect"  a  water  by  the  use  of  hypochlorites 
does  not  appeal  to  one  as  a  suitable  means  for  increasing 
its  potability. 

The  actual  application  of  ozone  in  the  form  of  ozon- 
ized air  to  the  purification  of  water  has  a  number  of 
earnest  supporters,  and  we  await  with  interest  the  further 
development  of  such  a  process.     Up  to  the  present,  how- 
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ever,  it  is  right  to  say  that  the  experimental  stage  is 
scarcelj'  passed,  although  the  flattering  results  secured 
by  experiments  permit  us  to  entertain  expectations  of 
ultimate  success. 

From  a  sanitary  standpoint,  the  method  for  purifica- 
tion of  water  which  excels  all  others  in  efticiency  is  distil- 
lation. The  peculiar  taste  of  freshly  distilled  water  is. 
however,  disagreeable  to  many,  and  for  that  reason  the 
process  is  not  likely  to  become  speedily  popular,  even  if 
the  expense  be  not  too  great. 

It  would  seem  that  the  attention  of  the  public  has  been 
largely  drawn  of  late  to  the  question  of  the  wholesome- 
ness  of  distilled  water  for  dietetic  purposes,  numerous 
articles  having  issued  from  the  press  under  such  captions 
as  '■  Poisonously  Pure  Water"  and  the  like.  Much 
uneasiness  has  been  created  among  those  who  have  used 
such  water,  because  of  their  being  told  that  "distilled 
water  is  an  active  protoplasmic  poison,  due  to  its  proii- 
erty  of  extracting  salts  from  animal  tissues  and  causing 
them  to  swell  up  by  imbibition."  Stress  is.  of  course, 
laid  upon  the  increased  danger  arising  from  its  use  by 
the  young,  whose  tissues  are  in  process  of  formation. 

In  consideration  of  the  mixed  character  of  human  food 
and  the  amount  of  mineral  salts  naturall}'  occurring, 
therein  anil  added  thereto  as  condiments,  the  withdrawal 
of  two  or  three  grains  of  such  salts  per  day,  by  the  sub- 
stitution of  distilled  water  for  that  drawn  from  some 
natural  source,  would  be  a  matter  of  too  small  impor- 
tance for  consideration. 

Distilled  water  is  used  for  drinking  purposes  on  prac- 
ticallj'  every  vessel  in  the  United  States  navy,  and  the 
surgeon-general  says :  "  It  may  be  stated  that  the  medical 
officers  of  the  navy  recognize  the  great  value  of  distilled 
water  in  the  improvement  in  health  that  has  followed  its 
introduction,  particularly  on  certain  foreign  stations." 

The  good  old  household  remedy  of  boiling  a  suspicious 
water  is  always  available,  but  unfortunately  it  is  but 
seldom  applied.  As  an  illustration  of  its  value  it  is 
worth  noting  that  during  the  cholera  outbreak  at  Luck- 
now,  among  the  members  of  the  East  Lancashire  Regi- 
ment, there  was  no  cholera  whatever  in  company  E. 
This  company  was  the  only  one  which  boiled  the  drink- 
ing-water. 

Finally,  let  it  be  noted  that  there  is  no  way  of  purify- 
ing a  polluted  water,  as  some  people  would  have  us  do, 
by  thi'owing  a  remedy  into  the  well  or  cistern. 

W.^TEK  AnaIjTsis. — A  great  deal  of  popular  miscon- 
ception exists  upon  the  subject  of  the  analysis  of  potable 
water,  and  it  is  commonly  supposed  that  such  an  exami- 
nation may  bo  looked  upon  from  practically  the  same 
point  of  view  as  the  analysis  of  an  iron  ore.  In  point  of 
fact,  however,  it  is  a  very  different  matter. 

A  water  analysis  is  really  not  an  analysis  at  all,  proj)- 
crly  so  called,  but  is  a  series  of  experiments  imdertaken 
with  a  view  to  assist  the  judgment  in  determining  the 
potability  of  the  supply.  Some  of  the  substances  re- 
ported, "albuminoid  ammonia,"  for  instance,  do  not  exist 
ready  formed  in  the  water  at  all,  and  are  but  the  experi- 
mental measures  of  the  objectionable  organic  constituents, 
which  our  present  lack  of  knowledge  prevents  our  esti- 
mating directly. 

It  is  not  jiracticable  to  furnish  the  public  with  the 
means  of  fully  understanding  the  numerical  results  as 
stated,  nor  is  it  possible  to  supply  general  "standards  of 
pm-ity  "  whereby  a  water  may  be  rated  as  wholesome  or 
otherwise,  for  the  reason  that  figures  which  would  con- 
demn a  water  in  one  locality  might  be  entirely'  without 
objection  for  a  water  derived  from  a  neighboring  coimty. 

The  examiner  must  be  in  full  possession  of  all  the  facts 
concerning  the  water  which  he  is  asked  to  test,  in  order 
that  his  opinion  as  to  its  purity  may  be  based  upon  the 
entire  breadth  of  his  past  experience,  for  in  no  branch  of 
analytical  work  are  experience  and  good  judgment  better 
exercised  than  in  the  interpretation  of  a  water  analysis. 

It  is  a  great  mistake  to  suppose  that  the  proper  way 
to  consult  a  water  expert  is  to  send  a  sample  of  the 
water  in  a  sealed  vessel  with  no  hint  as  to  its  soin-ce.  On 
the  contrary,  he  should  be  thoroughly  aci[uainted  with 


the  history  and  source  of  the  water  and.  if  possible,  he 
should  take  the  samples  himself.     For  so  important  a. 
matter  as  a  town  supply,  he  should  unquestionably  per- 
sonally superintend  their  collection. 

Finally,  let  it  be  said  that  a  water  analysis  is,  for  pur- 
poses of  economy,  rarely  made  complete.  For  ordinary 
drinking-water  the  question  is  always  asked,  "is  it 
wholesome?"  To  answer  this,  the  analysis  of  the  min- 
eral residue  left  upon  evaporation  is  not  usually  required, 
so  that  much  time  and  expense  may  be  saved  b_v  simply 
reporting  this  as  "total  solids."  'On  the  other  hand, 
analyses  of  mineral  waters  deal  with  this  feature  of  the 
examination  very  largelj',  and  usually  to  the  exclusion 
of  those  portions,  such  as  "albuminoid  ammonia. "  "re- 
quired oxygen,"  etc.,  which  are  important  in  the  "sani- 
tary analysis."  The  same  may  be  said  of  the  analyses  of 
waters  for  boiler  use. 

Large  glass-stoppered  bottles  are  best  for  sampling. 
After  thorough  rinsing  with  the  water  to  be  analyzed, 
till  the  vessel  to  overflowing  so  as  to  displace  the  air,  and 
then  completely  empty  it. 

If  the  water  is  to  be  taken  from  a  tap,  let  enough  run 
to  waste  to  empty  the  local  lateral  before  sampling;  if 
from  a  pump,  pump  enough  to  empty  all  the  pump  con- 
nections; if  from  a  stream  or  lake,  take  the  sample  well 
out  from  the  shore,  and  sink  the  stoppered  sampling 
vessel  toward  mid-depth  before  removing  the  stopper,  so 
as  to  avoid  both  surface  soim  and  bottom  mud.  In 
every  case  fill  the  vessel  nearly  full,  leaving  but  a  small 
space  to  allow  for  possible  expansion,  and  close  securely. 
Under  no  circumstances  place  sealing  wax  upon  the 
stopper,  but  tie  a  piece  of  cloth  firudy  over  the  neck  to 
hold  the  stopper  in  place.  The  ends  of  the  string  may 
be  afterward  sealed  if  necessary.  Having  secured  the 
sample,  the  analysis  should  be  begun  at  once,  for  the 
reason  that  water  is  liable  to  rajjid  changes  in  character 
during  laljoratorj-  storage. 

The  results  of  the  chemical  examination  should  be 
stated  in  "  parts  per  million  "  in  weight.  Water  should 
not  be  filtered  before  anal.ysis.  If  sediment  be  present,  it 
should  be  equally  diffused  by  thorough  shaking  liefore 
measuring.  The  reason  for  this  is  that  a  water  analysis 
should  represent  the  water  as  the  consumer  uses  it,  and 
not  in  a  condition  improved  by  filtration. 

The  analysis  cannot  l)e  properly  conducted  in  a  general 
laboratory,  because  many  of  the  tests  would  be  ruined 
by  the  fumes  common  to  such  a  locality.  A  separate 
room,  reserved  exclusively  for  water  work,  is  the  best 
arrangement. 

Till'  appearance,  and  iurbidily  of  a  water  are  best  deter- 
mined by  using  a  brass  tube  two  and  one-half  inches  in 
diameter  and  two  feet  long,  closed  at  the  ends  by  discs 
of  quarter-inch  plate  glass  held  in  place  by  screw  caps. 

For  the  purpose  of  measuring  the  amount  of  turbidity, 
a  standanl  is  prepared,  consisting  of  1  gm.  of  exceed- 
ingly fine  kaolin  (obtained  by  elutriation)  suspended  in 
one  litre  of  distilled  water.  Each  cubic  centimetre  of 
this  preparation  will  contain  1  mgm.  of  suspended  clay. 
Having  nearly  tilled  the  duplicate  ob.servation  tube  with 
distilled  water,  enough  of  the  "clay  standard"  is  added 
to  make  the  "  turbidity  "  equal  to  that  of  the  water  imder 
examination  in  the  other  tube.  Knowing  the  volume  of 
water  operated  upon  and  the  amount  of  "clay  standard  " 
used,  the  "turbidity"  expressed  in  parts  per  million  can 
readily  be  calculated.  For  more  rapid  although  less 
accurate  observations,  the  tubes  above  mentioned  may  be 
replaced  by  a  nuniber  of  half-gallon  bottles,  in  which  a 
series  of  turbidit}'  standards  are  kept  ready  for  imme- 
diate use. 

As  used  by  the  United  States  Geological  Survey,  the 
turbidity  standard  is  a  susjjension  of  silica  (infusorial 
earth)  of  such  a  fineness  that  a  bright  platinum  wire  1 
mm.  in  diameter  can  just  be  seen  when  the  centre  of  the 
wire  is  100  mm.  below  the  surface  of  water  which  con- 
tains in  suspension  one  hundred  parts  of  such  silica  per 
million  parts  of  water.  The  turbiditj'  of  such  standard 
is  rated  as  100. 

A  turbidity   rod   with   graduations  based   upon   this 
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staiuliml  is  prepared  for  the  survey  and  is  very  conveni- 
ent tor  use  iu  the  tield. 

When  variations  in  turbidity  are  being  watched  in  a 
locaHly  where  the  suspended  matter  is  colored,  the  "clay 
standards  "  should  be  prejiared  from  local  material. 

The  reaclioa  of  natural  water  is  commonly  slightly 
alkaline,  although  waters  holding  much  free  acid  iu  solu- 
tion, usually  sulphuric,  are  by  no  means  rare. 

Detcn/iiiiiilioii.— Place  100  c.c.  of  the  water  in  a 
casserole,  and  titrate  with  N  10  liydrochloric  acid,  using 
methyl  orange  as  an  indicator.  Shovdd  the  water  be 
originally  acid,  make  it  slightly  alkaline  with  a  known 
amount  "of  potassic  hydrate  before  titration.  It  is  con- 
venient to  report  alkalinity  as  representing  so  many  parts 
of  CaCOs  per  million  of  water,  and  to  note  that  such  a 
form  of  result  corresponds  to  fifty  times  the  number  of 
cubic  centimetres  of  hydrochloric  acid,  used  in  the  titra- 
tion. 

Acidity  is  best  stated  in  the  same  terms  using  a  nega- 
tive sign. 

Coloi: — Dissolve  1,246  gm.  potassic  platinic  chloride 
and  1  gm.  cobalt  chloride  in  100  c.c.  strong  HCl  and 
dilute  with  distilled  water  to  1  litre.  This  solution  has 
a  color  of  500. 

By  placing  one,  two,  three,  four,  etc.,  cubic  centi- 
metres of  .such  solution  iu  50  c.c.  "Nessler"  jars  and 
diluting  to  the  mark  with  distilled  water,  standard  colors 
of  10.,  20.,  30.,  40.,  etc.,  are  obtained,  and  with  these  is 
compared  a  50  c.c.  "Nessler"  jar  tilled  with  the  water 
imder  examination.  Turbid  waters  should  be  filtered 
before  reading  the  color. 

Total  Solids. — Material  dissolved  or  suspended  in  water 
is  naturall_v  derived  from  the  strata  through  which  the 
water  passes  or  the  surface  over  which  it  flows.  Thus 
are  obtained  waters  of  all  degiees  of  hardness  and  of 
great  variety  of  color  and  turbidit}'. 

Determiiidiitm. — Thoroughly  shake  the  vessel  contain- 
ing the  sample  and  then  measure  out  100 c.c.  of  the  unfil- 
tered  water  by  means  of  a  pipette  into  a  weighed  plati- 
num dish.  Evaporate  to  dryness  on  the  water  bath, 
being  careful  to  place  a  filter  paper  between  the  dish  and 
the  water  in  the  bath  in  order  to  prevent  any  deposit  of 
impurities  on  the  under  side  of  the  dish.  (A  belter  plan 
is  to  make  use  of  a  porcelain  water  bath  tilled  with  dis- 
tilled water.)  When  dry.  place  the  dish  and  contents  in 
an  air  bath  and  maintain  the  temperature  at  105'  C.  for 
half  an  houi-.     Cool  in  a  desiccator  and  weigh. 

Comparnte.s. — Average  in  sundry  surface  waters  known 
to  be  pure,  74;  known  to  be  polluted,  194;  average  in 
sundrv  ground  waters  known  to  be  pure,  144 ;  known  to 
be  polluted,  642. 

These  averages  are  really  of  but  small  sanitary  value, 
for  the  reason  that  a  polluted  water  may  be  low  in  total 
solids,  or  lice  Term,  according  to  the  character  of  the 
soil  through  or  over  wliich  the  water  flows. 

Hardness.. — Before  entering  into  the  question  of 
quantitative  estimation,  let  it  be  premised  here  that 
"hardness"  may  be  classified  under  two  heads,  viz., 
"Permanent"  and  "Temporary."  The  former  is  occa- 
sioned by  the  presence  of  calcium  sulphate  and  other 
soluble  salts  of  calcium  and  magnesium,  not  carbonates, 
held  in  solution  by  the  solvent  action  of  the  water  itself; 
such  a  water  cannot  be  materially  softened  by  boiling 
under  ordinary  pressure. 

"Temporary  "  hardness  is  caused  by  carbonates  of  cal- 
cium and  magnesium  held  in  solution  by  carbonic  acid 
present  in  the  water.  Boiling  such  a  water  expels  the 
carbonic  acid,  whereupon  the  salts  separate  from  solution. 

Ilehner's  method  for  determiinng  "  permanent  hard- 
ness "  is  very  convenient :  The  measured  water  is  boiled 
down  with  a  known  excess  of  Xa-COs.  Precipitated 
CaCOj  is  filtered  off,  and  the  remaining  Na^COa  deter- 
mined by  titration  with  standard  acid  and  methyl  orange. 
The  loss  in  Na^COs  is  calculated  to  a  corresponding 
amount  of  CaSOj. 

"  Temporary  hardness  "  is  usually  eqiuil  to  the  "  alka- 
linity," previou.sly  determined. 

Should  sodium  or  potassium  carbonates  be  present, 


the  acid  required  to  neutralize  the  water  residue,  after 
boiling  down  as  above,  will  be  greater  than  the  amount 
corresponding  to  all  of  the  standard  Na-jCOj  solution 
added,  for  no  permanent  hardness  could  be  present  in 
such  a  case.  From  such  excess  of  acid  the  carbonates 
of  the  alkali  metals  can  be  calculated.  Their  eqinvalent 
in  terms  of  CaCOa  should  be  subtracted  from  the  total 
"alkalinity"  in  order  to  state  correctly  the  "temporary 
hardness. " 

Compiiriites.— The  average  liardness  of  good  waters  as 
given  by  the  British  Rivers  Pollution  Commission  stands; 
Rain,  3;  upland  surface,  54;  deep  well,  250;  spring,  185. 

Chlorine. — Water  is  rarely  found  free  from  chlorine, 
}-et,  notwithstanding  its  almost  constant  presence,  there 
is  hardly  a  factor  in  the  sum  total  of  water  analysis  tow- 
ard which  attention  is  more  quickly  turned  or  regard- 
ing which  there  is  closer  scrutiny. 

In  most  instances  chlorine  is  present  in  the  form  of 
common  salt,  washed  from  the  air  or  soil,  or  added  as  one 
of  the  constituents  of  sewage.  Salt  itself  is,  of  course, 
unobjectionable  in  the  quantity  usually  present,  but,  it 
being  so  largely  used  in  our  food,  there  is  always  war- 
rant for  suspecting  sewage  contamination  where  the  fig- 
ures for  chlorine  run  high. 

True  it  is  that  those  figures  are  at  times  misleading, 
but  they,  like  other  data  iu  water  analysis,  must  be  con- 
sidered with  judgment,  and  due  weight  be  accorded  the 
character  of  local  siuToundings. 

If  the  district  whence  the  water  comes  be  naturally 
rich  in  salt,  as  is  the  case  with  the  deep-seated  waters  of 
Central  New  York,  such  fact  must  be  borne  in  mind 
when  formulating  an  opinion  as  to  quality.  Variation 
in  the  clilorine  contents  of  rain  water  ahvays  occurs  in- 
land, although  not  to  the  same  degree  as  upon  the  coast. 
Ground  water  is  more  directly  influenced  than  rain  water 
by  the  presence  of  human  habitation. 

The  determination  of  chlorine  in  water  is  extremely 
simple.  It  depends  upon  the  fact  that  if  to  a  solution  of 
a  chloride  which  has  been  colored  yellow  by  addition  of 
a  little  potassic  chromate  a  solution  of  silver  nitrate  be 
added,  white  silver  chloride  will  be  produced  until  the 
last  trace  of  chlorine  .shall  have  been  disposed  of,  where- 
upon red  silver  chromate  will  begin  to  appear. 

The  reagents  required  are; 

SUtndard  Silver  Solution. — Prepared  b)'  dissolving 
4.8022  gm.  of  crystallized  silver  nitrate  in  1  litre  of 
water.  Each  cubic  centimetre  of  such  a  solution  is  of  a 
strength  sufHcient  to  precipitate  1  mgm.  of  chlorine. 

Potassium  Chromate,  Indicator. — Dissolve  2  gm.  of  the 
pure  salt  in  100  c.c.  of  distilled  water. 

Sodium  Carbonate  Si4utioii. — Dissolve  50  gm.  of  the 
pure  salt  in  300  c.c.  of  distilled  water. 

Determination. — One  hundred  cubic  centimetres  of  the 
water  to  be  examined  are  placed  in  a  large  "  Nessler " 
jar;  1  c.c.  of  the  potassic  chromate  solution  is  added, 
which  will  give  a  distinct  yellow  color,  and  then  the 
standard  silver  solution  is  run  in  from  a  burette  until 
the  red  tint  of  the  silver  chromate  just  appears.  From 
the  known  amount  of  silver  solution  used  the  amount  of 
chlorine  present  is  obtained,  and  this,  multiplied  by  ten, 
will  give  the  chlorine  in  milligrams  per  litre  or  parts 
per  million. 

To  determine  with  accuracy  the  first  appearance  of  the 
red  tint,  it  is  best  to  make  the  examination  in  yellow 
light,  either  by  the  use  of  a  photographic  "dark-room" 
lantern  with  a  front  of  yellow  glass  or  by  simply  look- 
ing through  a  plate  of  such  glass.  Retlection  from  a 
porcelain  tile  throws  the  light  through  the  length  of  the 
"  Nessler  "  jar,  and  side  ligiit  is  cut  off  by  a  black  screen. 

For  the  sake  of  accuracy  it  is  better,  during  the  titra- 
tion, to  liave  a  second  jar  of  the  water,  also  colored  with 
potassic  chromate,  in  order  that  the  formation  of  the  red 
tint  in  the  vessel  operated  upon  maj'  be,  by  contrast, 
more  readily  detected. 

Many  waters  possess  such  deep  color  or  such  turbidity 
as  to  interfere  with  proper  titration ;  under  such  circum- 
stances it  is  best  to  shake  the  water  with  recently  precip- 
itated and  washed  aluminum  hydrate  and  then  filter  it. 
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or  allow  it  to  stand  tweDt3'-four  hours  in  a  tall  glass 
cylinder.  Tlie  coloring  matter  or  turbidity  is  thus  sedi- 
naented  and  the  water  cleared  for  use. 

Comparates. — Average  in  sundry  surface  waters  known 
to  be  pure,  .3.57;  known  to  be  polluted.  6.06;  average  in 
sundry  ground  waters  known  to  be  pure,  3.2;  known  to 
be  polluted.  91.7. 

Nitrites. — Whethcrthe  presence  of  nitrites  be  consid- 
ered due  to  reduction  of  pre-existing  nitrates  in  the  pres- 
ence of  organic  matter  or  caused  b}'  direct  oxidation  of 
organic  nitrogen,  it  becomes  a  necessity  to  estimate  their 
quantity,  for  in  either  case  the  initial  cause  i.s  probabl}' 
contamination. 

Of  the  several  methods  used  of  late  for  the  determina- 
tion of  nitrites,  the  second  one  suggested  by  Griess  seems 
to  be  the  most  deserving  of  favor.  It  depends  in  prin- 
ciple upon  the  red  coloration  ("azobenzolnaphthylamine 
sulphonic  acid  ")  produced  whenever  "sulphanilic  acid  " 
and  "naphthylamine  hydrochloride"  are  added  to  an 
acidified  solution  of  nitrite.  The  test  is  exceedingly  deli- 
cate and  is  capable  of  distinguishing  one  part  of  nitrogen 
as  nitrous  acid  in  one  thousand  million  parts  of  water. 

The  reagents  are  prepared  as  follows: 

Sii/phaiiih'c  Arid. — Dissolve  1  gm.  of  the  salt  in  100 
c.c.  hot  water.     The  solution  keeps  well. 

JUaphtlnjlaniine  Ilydnichloride. — Boil  0..')gm.  of  the  salt 
with  100  c.c,  water  for  ten  minutes,  keeping  volume 
constant.  Place  in  glass-stoppered  bottle.  The  solution 
tends  to  grow  slightly  pink  on  standing,  but  not  suffi- 
ciently so  to  interfere  with  its  use. 

Standard  Sdlution  of  Svdium  Nitrite. — Sodium  nitrite 
may  be  bought,  but  its  purity  is  always  to  be  iiuestioned. 
and,  moreover,  it  is  too  deliquescent  a  salt  to  be  weighed 
with  ease  and  accuracy.  It  is  better,  therefore,  to  pre- 
pare the  silver  salt,  wliich  may  be  readily  handled,  and 
from  it  the  solutiou  required  may  l)e  made. 

To  a  cold  solution  of  commercial  sodium  or  potassium 
nitrite  add  a  solution  of  silver  nitrate  as  long  as  a  pre- 
cipitate appears.  Decant  the  liquid  and  thoroughly 
wash  the  precipitate  with  cold  water.  Dissolve  in  boil- 
ing water.  Concentrate  and  crystallize  the  silver  nitrite 
from  the  hot  solution.  Dry  in  the  dark  at  the  ordinary 
temperature  (using  vacuum  is  better)  and  keep  it  in  a 
black  bottle. 

Weigh  out  0.22  gm.  of  the  dry  silver  nitrite.  Dissolve 
in  hot  water.  Decompose  with  slight  excess  of  sodium 
chloride,  cool  if  necessary,  and  dilute  to  1  litre.  Allow 
the  precipitated  silver  chloride  to  .settle,  remove  5  c.c. 
of  the  clear  solution,  and  dilute  the  same  to  1  litre. 
This  second  dilution  (which  is  the  standard  solution  to 
be  used)  will  contain  an  amount  of  nitrite  per  cubic  cen- 
timetre equivalent  to  0.0001  mgm.  of  nitrogen. 

Df termination. — Place  100  c.c.  of  the  water  to  be  exam- 
ined in  a  "Nessler"  jar.  Acidify  with  one  drop  concen- 
trated HCl.  Add  1  c.c.  of  the  sulplianilic-acid  solution, 
followed  by  1  c.c.  of  the  solution  of  hydrochloride  of 
naphthylamine,  mix,  cover  with  watch  glass,  and  set 
aside  for  thirty  minutes.  Prepare  at  the  same  time 
other  "Nessler"  jars  containing  known  amounts  of  the 
standard  solution  of  .sodic  nitrite  and  diluted  to  the  100-c.c. 
mark  with  pxire  distilled  water,  adding  the  reagents  as 
above.  At  the  end  of  the  time  stated  (thirtj'  minutes) 
examine  the  depth  of  the  pink  color  formed,  and  b}'  com- 
paring the  unknown  with  the  known  an  accurate  deter- 
mination of  the  amount  of  nitrogen  present  as  nitrites 
may  be  made. 

If  much  gas  be  burning  in  the  room,  nitrites  will  be  in 
the  atmosphere.  Hence  cover  the  jars  or  remove  them 
from  the  room  during  the  half-hour  interval  before 
reading. 

Nitrites  are  sometimes  found  in  deep-well  waters  of 
good  quality,  but  in  ground  or  surface  waters  their  pres- 
ence shoid<l  be  always  regarded  with  suspicion. 

Ciiiiiparates. — Average  in  sundry  surface  waters  known 
to  be  pure,  0.000:  known  to  be  polluted.  0.006;  average 
in  sundry  ground  waters  known  to  be  pure,  0.000; 
known  to  be  polluted.  0.003. 

NiTR.\TES. — Nitrates  present  in  water    are  but  the 


further  step  in  the  oxidation  of  nitrogenous  organic 
matter.  They  are  more  liable  t"  indicate  putn-factinn  of 
animal  rather  than  of  vegetable  tissue,  not  only  becau.se 
of  the  greater  quantity  of  nitrogen  present  in  tne  former, 
but  also  on  account  of  its  more  read}'  decomposition. 

Rain  water  washes  a  ver_v  considerable  amount  of 
nitric  nitrogen  from  the  air,  while  in  the  .soil  the  atmos- 
pheric nitrogen  is  fixed  through  the  agency  of  the  roots 
of  certain  plants,  such  as  peas,  the  process  being  aided 
by  bacterial  action. 

Siich  fixed  nitrogen  eventuallj'  enters  the  ground  water, 
and  a  knowledge  of  the  local  "  normal  "  for  nitric  nitrogen 
is  con!;equently  of  advantage  when  studying  the  domes- 
tic well  waters  of  a  neighborhood. 

Surface  and  ground  waters  of  good  qualitj'  are  low  in 
nitrates,  for  the  eason  that  such  material  is  quickly  ab- 
sorbed by  growing  vegetation,  but  waters  from  deep 
wells  often  give  large  figures  for  tliat  item. 

When  phenolsulphonic  acid  is  brought  in  contact  with 
a  nitrate,  and  ammonia  is  afterward  added  to  alkaline 
reaction,  yellow  ammonium  picrate  is  formed. 

The  intensity  of  this  yellow  color,  produced  in  the 
water  under  examination,  is  compared  with  colors  of 
known  strength,  and  the  quantity  of  nitrate  present  thus 
determined. 

The  interference  of  chlorides  with  this  process  results 
in  readings  lower  than  the  truth,  but  if  the  chlorine  be 
below  ten  parts  per  million  such  interference  is  not 
material. 

The  solutions  required  are: 

Plienolniilp/ionic  Acid. — Sulphuric  acid,  pure  and  con- 
centrated, 148  c.c. ;  distilled  water,  12  c.c.  ;  pure  phenol, 
24  gm. 

Standard  Putasfiitim  Nitrate  Solution. — Dissolve  0.T221 
gm.  pure  KNOa  in  1  litre  distilled  water.  This  solution 
contains  0.1  mgm.  of  nitrogen  as  nitrate  in  each  cubic 
centimetre. 

Determination.- — Evaporate  100  c.c.  (or  less,  according 
to  nitrate  contents)  of  the  water  to  dryness  on  the  water 
bath,  having  previously  added  a  few  drops  of  sodium 
carbonate  soUitiou  to  prevent  loss  from  volatilization  of 
nitric  acid.  Thoroughly  moisten  the  residue  with  2  c.c. 
of  the  sulphonic  acid.  Add  an  excess  of  ammonium  h_y- 
drate.  Slake  up  to  100  c.c.  in  a  "Nessler"  jar,  and  com- 
pare the  depth  of  color  with  those  produced  by  operating 
upon  different  amounts  of  the  standard  nitrate  solution, 
which  have  been  evaporated  and  treated  under  precisely 
similar  conditions. 

In  order  to  economize  time,  when  dealing  with  waters 
low  in  chlorine,  it  is  convenient  to  use  a  standard  "  nitrate 
color  solution."  This  is  made  by  evaporating  25  c.c.  of 
the  standard  potassium  nitrate  solution,  followed  by 
addition  of  the  other  reagents  in  the  way  already  detailed. 

The  3'ellow  liquid  produced  is  diluted  to  1  litre  and 
kept  in  stock.  Each  cubic  centimetre  thereof  corresponds 
to  0.0025  mgm.  nitrogen  as  nitrate.  JIueh  time  is  saved 
by  diluting  measured  volumes  of  this  "standard  color" 
to  100  c.c.  for  the  preparation  of  the  comparison 
tubes. 

The  solution  keeps  its  normal  strength  of  color  quite 
well,  but  should  not  be  trusted  after  having  been  a  few 
weeks  in  stock. 

Before  evaporating  fen-  the  nitrate  determination  it  is 
best  to  clear  the  water  with  aluminum  hydrate  as  under 
"chlorine." 

Comparates. — Average  in  sundry  surface  waters  known 
to  be  pure,  0.139:  known  to  be  polluted,  0.749;  aveiage 
in  sundry  ground  waters  known  to  be  pure,  1.4;  known 
to  be  polluted,  11.9. 

Mallet  found  in  thirteen  .samples  of  water  "known  to 
be  piu'C  "  the  nitrogen  present  as  nitrates  averaged  0.42 
(the  extreme  limits  being  0  and  1.04),  while  in  twenty 
samples  of  water  believed  to  be  objectionable  the  aver- 
age figures  ran  7.239  (the  extreme  limits  being  0  and 
28.403). 

Organic  Matter.— It  is  here  that  water  examination 
loses  its  analytical  features  and  becomes  experimental  in 
character.     Organic  matter  cannot  be  determined  directly 
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and  we  arc  forced  to  resort  to  rertaiu  lines  of  procedure 
wliieli experience  lias  tauirlit  lis  (litTcreutiate  more  or  less 
sharply  between  good  and  bad  waters,  even  though  the 
actual"  composition  of  such  waters  be  not  thereby  re- 
vealed. 

Organic  matter  containing  nitrogen,  when  breaking 
down  tluough  jiutrefuct ion.  liberates  its  nitrogen  as  am- 
monia, and  this  in  turn  changes  to  nitrites  and  nitrates  of 
the  bases  lu-i'sent.  The  ammonia  formed,  as  above,  may 
be  separated  from  the  water  by  simple  distillation  and 
when  determined  is  rc])orted  as  "  free  ammonia."  Such 
of  the  nitrogenous  organic  matter  as  yet  remains  unde- 
composed  may  be  in  great  part  broken  up,  and  its  nitro- 
gen given  off  as  ammonia,  by  distillation  with  strongly 
alkaline  potassium  permanganate.  This  second  evolu- 
tion of  ammonia  is  called  "albuminoid."  for  the  reason 
that  albumin  acts  in  like  manner  when  similarly  treated. 
Wanklyn's  ■■  albuminoid  anunonia  process  "  is  based  upon 
the  foregoing  facts. 

The  reagents  necessary  are: 

"  AVs.«/(';''s  "  Solution. — Di-ssolve  16  gni.  mercuric  chlor- 
ide (HgClj)  in  about  half  a  litre  of  pure  water.  Dissolve 
35  gm.  potassic  iodide  (ICI)  in  about  3(J0  c.c.  pure  water. 
Pour  the  first  solution  into  the  second  until  a  faint  show 
of  excess  is  indicated.  Add  100  gm.  solid  potassium  hy- 
drate (KOII).  Dilute  to  1  litre,  and  finally  add  strong 
solution  of  mercuric  chloride,  little  b_y  little,  until  the 
red  mercuric  iodide  just  begins  to  be  permanent.  Do 
not  filter  from  excess  of  mercuric  iodide,  but  let  the  same 
settle  to  the  bottom  of  the  vessel.  The  finished  reagent 
should  have  a  pale  straw  color.  It  is  improved  by 
age. 

"Nessler's"  solution  will  give  a  distinct  brownish-yel- 
low coloration  with  the  most  minute  traces  of  ammonia 
or  ammonium  salts.  If  tlie  ciuantity  of  ammonia  be  at 
all  considerable,  a  brown  precipitate  will  uiipcar. 

I'tire  Water. — This  must  be  prejjared  with  great  care, 
in  a  room  free  from  tlie  usual  laboratory  fumes.  In 
short,  the  entire  examination  of  potable  water  should  be 
undertaken  in  a  locality  other  than  a  general  working 
laboratory.  The  most  suitable  retort  for  this  purpose  is 
of  copper,  three  gallons  in  size,  and  with  a  tin  condens- 
ing worm.  Fill  it  with  good  spring  water,  distil,  collect 
distillate  in  50-c.c.  "Nessler"  jars,  and  to  each  successive 
jarful  so  collected  add  2  c.c.  "Nessler"  solution.  After 
waiting  live  minutes,  should  a  brown  tint  be  observed 
upon  looking  through  the  liquid  (longitudinaUji)  at  a 
white  porcelain  tile  or  piece  of  white  paper,  the  presence 
of  ammonia  is  indicated. 

Continue  the  distillation  and  the  "  nesslerizing  "  of  the 
successive  50-c.c.  portions  of  the  distillate  until  no  col- 
oration is  obtained  even  after  standing  for  five  minutes. 
When  ammonia  ceases  to  be  detected,  the  distilled  water 
may  be  collected  for  use.  The  distillation  should  not  be 
pushed  too  far,  both  on  account  of  danger  to  the  retort 
and  of  possible  production  of  ammonia  from  decomposi- 
tion of  the  organic  material  remaining  in  the  bottom. 

Alkaline  Potassic  Pennanganaie. — Dissolve  300  gm. 
solid  jwtassic  hydrate  and  8  gm.  crystallized  potassic 
permanganate  in  1,2.50  c.c.  of  pure  water.  Boil  down  to 
1  litre  and  keep  for  use. 

Sodic  Carbnnate  Solution. — Dissolve  50  gra,  of  the  pure 
salt  in  300  c,c.  pure  water. 

Standard  Ammonia  Solution.— Dissolve  1.5706  gm.  of 
pure  dry  ammonium  chloride  in  half  a  litre  ;)»;•«  water. 
Dilute  5  c.c.  of  this  solution  to  half  a  litre  with  pure 
water.  This  second  solution  will  represent  a  strength  of 
0.01  mgm.  of  Nils  per  cubic  centimetre,  and  is  the  stand- 
ard sobilion  used. 

Dktkkmi.natiox  of  Fhee  Ammonia.— Fit  a  one-quart 
glass  tubulated  retort  to  a  large  Liebig  condenser,  letting 
the  neck  of  the  retort  pa.ss  well  into  the  condensing  tube 
and  through  a  large-size  soft-rubber  stopper.  This  con- 
nection must  be  thorouglily  tight.  Place  2.50  c.c.  jnire 
water  in  the  rctorl  and  add  "lO  c7c.  of  the  sodic  carbonate 
solution.  Distil  off  three  50-c.c.  jars  of  water,  and  "  ness- 
lerize  "  the  third  in  order  to  be  sure  that  no  ammonia 
yet  remains  in  the  retort.     Any  ammonia  that  mav  have 


resulted  from  the  imperfect  cleaning  of  the  apparatus,  or 
that  may  have  been  present  in  the  sodic  carbonate  solu- 
tion, will  usually  all  go  over  in  the  first  50  c.c.  of  distil- 
late, but  the  same  quantity  (i.e.,  150  c.c.)  must  be  dis- 
tilled off  in  all  cases  in  order  that  when  the  actual  analysis 
of  the  unknown  water  is  started  upon  the  condition  as 
to  volume  maj'  be  constant. 

In  fact,  it  may  be  conveniently  stated  here  thut  perfect 
vnifornriti/  of  conditions  isarequisite  for  success  in  water 
analysis. 

To  the  contents  of  the  retort  is  now  added  half  a  litre 
of  the  water  to  be  examined. 

Distil  and  catch  the  distillate  in  .50-c.c.  "Nessler"  jars. 
The  rate  of  the  distillation  should  be  so  managed  as  to 
allow  about  fifteen  minutes  for  the  filling  of  each  .50-c.c. 
jar.  Add  2  c.c.  "  Nessler "  reagent  to  each  jarful,  and 
continue  the  operation  with  each  successive  portion  of 
the  distillate  until  no  further  reaction  for  ammonia  is  ap- 
parent after  waiting  five  minutes.  Usually  four  jars 
will  be  sufficient  to  carry  off  all  free  ammonia,  but  it  is 
customary  to  distil  off  six. 

From  a  small  burette  measure  defiuite  amounts  of  the 
standard  anunonia  »•«?«<;'«/?  into  several  clean  "Nessler " 
jars.  Dilute  each  to  the  .50-c.c.  mark  with  pure  water, 
add  2  c.c.  "Nessler"  solution,  and  after  standing  for  five 
minutes  compare  as  to  depth  of  tint  With  the  distillates 
already  "nesslerized."  With  a  little  practice  it  will  be 
found  easy,  by  varying  the  amounts  of  standard  am- 
monia solution  used,  to  produce  tints  corresponding  to 
those  existing  in  the  distillates,  and  thereby  a  most  accu- 
rate knowledge  of  the  Ciuantity  of  ammonia  actuallj' 
present  may  be  obtained.  Such  ammonia  existed  ready 
formed  in  tiic  water,  either  free  or  as  an  anuuonium  salt, 
and  passed  over  unchanged  •with  the  steam;  it  is  there- 
fore technically  known  as  "free  ammonia." 

To  make  clear  the  calculation  of  results  let  us  cite  an 
example:  Suppose  the  tirst  jarful  to  have  required  9  c.c. 
standard  ammonia  solution  (diluted  to  50  c.c.)  to  match 
its  color  when  "nesslerized,"  the  second  one  3  c.c,  and 
the  third  1  c.c.  Then,  since  each  cubic  centimetre  of  the 
standard  ammonia  solution  corresponds  to  0.01  mgm. 
NH3,  the  whole  amount  of  "free  ammonia"  present  in 
the  original  half-litre  of  water  would  be:  First,  0.09 
mgm.;  second,  0.03  mgm.;  third,  0.01  mgm.;  fourth, 
0.00  mgm. — total,  0.13  mgm.  Multiplying  this  by  two 
to  obtain  the  quantity  for  an  entire  litre,  and  remember- 
ing that  1  mgm.  is  the  millionth  part  by  weight  of  a  litre 
of  water,  we  find  the  total  "  free  ammonia  "  present  in  the 
water  to  be  0.26  part  per  million. 

Albuminoid  Ajimoni.^. — Throw  out  the  residue  re- 
maining after  the  distillation  for  free  ammonia,  clean  the 
retort  thoroughly,  and  refit  it  to  the  condenser.  Place 
in  the  retort  200  c.c.  jnire  water  and  ,50  c.c.  of  the  alhi- 
line  permanganate  solution.  Distil  off  three  50-c.c.  jars 
and  "nesslerize"  the  third  one  in  order  to  insure  freedom 
from  ammonia.  Add  half  a  litre  of  the  water  under 
examination,  and  proceed  with  the  distillation  and  the 
"nesslerizing"  of  the  successive  50  c.c.  portions  of  the 
distillate,  as  in  the  determination  of  free  ammonia.  The 
distillation  is  to  be  continued  imtil  six  .50-c.c.  jars  are 
filled.  The  ammonia  determined  by  this  distillation  will 
he  total  (i.e.,  "free"  plus  "albuminoid  "):  therefore  from 
the  Nessler  reading  of  each  jarful  of  distillate  must  be 
subtracted  the  reading  for  the  corresponding  jarful  for 
"free  ammonia":  the  difference  will  give  the  "albumi- 
noid ammonia"  for  that  jar. 

The  calculation  is  entirely  similar  to  that  for  free  am- 
monia, as  stated. 

Concerning  the  interpretation  of  results,  Wanklyu  i3 
very  dogmatic,  and  says:  "The  analytical  characters,  as 
brought  out  by  the  ammonia  process,  are  very  distinctive 
of  good  and  bad  waters,  and  are  quite  unmistakable." 
This  statement  is  altogether  too  strong.  Waters  of  high 
organic  purity  or  those  of  gross  pollution  are  undoubt- 
edl}'  easy  to  classify,  but  with  the  niimerous  cases  wliicli 
lie  about  the  boundary  line  between  "good"  and  "bad," 
the  greatest  care  is  to  be  exercised  in  the  reading  of  re- 
sults and  the  passing  of  judgment. 
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Water, 
AVator. 


As  an  illustration  of   variation  in  the  ammonias,  the 
following  data  are  offered : 


Average  In  sundry  surface  waters  known  to 

be  pure 

Average  in  sundry  surface  watei-s  known  to 

be  polluted 

Average  in  sundry  ground  waters  known  to 

be  pure 

Average  in  sundry  ground  waters  known  to 

be  polluted 


Free 

Albuminoid 

ammonia. 

ainnioina. 

0.063 

0.066 

.182 

.22S 

.009 

.007 

.107 

.081 

The  "  free  ammonia  "  in  artesian  wells  is  often  exces- 
sive, under  ciixniiiistances  that  make  animal  contamina- 
tion an  impossibility,  and  even  rain  watei',  fresbl_y  col- 
lected after  periods  of  long  drought,  will  often  exhibit 
properties  calculated  to  mislead  the  aualj'st. 

Free  ammonia  is  at  times  very  high  in  the  rain  water 
collected  near  large  cities,  and  is  liable  to  run  higher  in 
winter  tlian  in  summer.  Of  course  high  tigures  under 
sucli  conditions  are  without  objection,  assuming  a  clean 
roof  and  a  clean  cistei'n ;  but  when  dealing  with  a  rain 
water  it  must  be  always  borne  in  mind  that  storage  cis-- 
terus  are  often  very  foul. 

As  a  further  aid  to  judgment  the  following  analyses 
are  given  of  sundry  waters  in  dilTei'ent  parts  of  the  coun- 
try, several  of  them  having  caused  disease.  Also  a  few 
instances  of  waters  of  reliable  quality. 


The  solution  tends  to  grow  weaker  quite  rapidly  with 
lapse  of  time,  and  must  be  restandardized  every  time  ijt 
is  used.  This  is,  however,  but  a  slight  inconvenience, 
and  is  accomplished  as  follows: 

Ten  cubic  ccntiineti-es  of  the  oxalic-acid  solution,  di- 
luted with  200  c.c.  pure  water  and  10  c.c.  of  the  dilute 
sulphuric  acid,  arc  titrated,  boiling,  with  the  standaid 
potassic  permanganate  solution,  and  tlie  amount  of  the 
latter  requiied  to  produce  a  faint  pink  tinge  is  recorded. 

DetermiiKitioii. — Place  in  a  porcelain  casserole  300  c.c. 
of  the  water  under  examination,  and  add  10  c.c.  of  the 
dilute  sulphuric  acid.  Heat  rapidly  to  incipient  boiling, 
and  run  in  the  standard  permanganate  solution  from  a 
burette  until  the  water  has  a  very  marked  red  color. 
Boil  ten  miiuiles,  adding  moi'C  permanganate  from  the 
burette  from  time  to  time,  if  necessaiy,  in  order  to  main- 
tain the  intensity  of  red  color  observed  at  the  start.  Do 
not  let  the  color  fade  neai'ly  out,  and  then  add  the  per- 
manganate in  quantity  at  once,  but  stiive  to  keep  the 
color  as  nearly  constant  as  possible  by  gi'adual  additidu. 

Remove  the  lamp,  add  10  c.c.  (or  more,  if  necessary) 
of  the  oxalie-acid  solution  to  destroy  the  color,  and  tiien 
add  the  permanganate  solution  fi'om  tiie  burette  until  a 
faint  pink  tinge  again  appears.  From  tlie  total  periuan- 
ganate  used  deduct  that  corresponding  to  the  10  c.c.  (or 
more)  oxalic  acid  employed,  and  from  the  remainder  cal- 
culate the  milligrams  of  "reciuired  0x3' gen  "  consumed 
by  the  organic  matter  present  in  the  water.  Correction 
must  be  made  for  nitrites,  ferrous  salts,  or  hydrogen  sul- 
phide if  any  of  them  be  present. 


Shallow  city  well 

City  well  30  feet  deep  (caused  typhoid)  

Roi'k-drilled  city  well  .W  feet  deep 

sprinir-water  (ciiused  repeated  cases  of  dysentery) 

Well  near  city 

t'ouiitry  well,  strong  salty  taste 

Town  well 

City  well  250  feet  deep 

City  well  '■i?>r>  feet  deep 

I  Ity  well  a-JC  feet  decii 

Dkpp  well  ill  large  stock-yai'd.  Kansas  City 

Hudson  River,  at  Troy,  during  freshet 

Deep  city  well,  in  "  made  ground  " 

Pure. 

Peaty  mountain  stream  (autumn) 

Same  sti'eam  in  winter 

Mountain  spring 

Town  supply.  Kliz:iliettitnwn.  N.  Y 

Large  weil-sUuati-.t  >.|iMlii: 

Higli  liiuuntain  lake  ipeatv) 

Lake  Erie  (middle. if  lakei     

Lake  Superior  (forty  miles  from  shore)  

Flowing  wells  (New  Jersey  coast) 

Driven  wells  (Hempstead,  N.  Y.) 

Domestic  well  (Catskill  Mountains) 


Free 
ammonia. 


.02.') 

.005 
2.025 

.01 

.005 

.59 

.815 
1.59 

.31 

i.n 

I.W5 

.43 

Excessive. 


.053 

.055 

.04 

.048 

.027 

.01 

.045 

.03 

.023 

.013 

.016 


Albuminoid 
ammonia. 


.033 
.0 

.025 
.043 
.245 
.0-5 
..395 
.03 
.08 
.025 
1.0 
Excessive. 


.23 

.117 

.048 

.002 

.006 

.34 

.112 

.02 

.05 

.004 

.007 


122.0 

146.0 

CSI.O 

6.0 

24.0 

2,803.0 

36.0 

102.0 

58.0 

199.0 

80.0 

3.0 

47.0 


2.4 
1.9 
4.0 
1.05 


2.0 
3.5 
1.0 
9.0 
2.5 


N 

N 

as  nitrate. 

as  nitrite. 

17..38 

Trace. 

10.0 

.0 

.025 

.0 

7.0 

.0 

9.0 

.0 

.25 

.0 

Trace. 

.0 

Trace. 

.0 

.0 

.0 

.0 

.0 

T'race. 

.5 

Trace. 

.875 

.0 

.0 

.0 

.08 

.0 

1.404 

Trace. 

.05 

.0 

1.6 

.0 

.0 

.0 

.0.8 

Trace. 

.1 

.0 

5 

Trace. 

1.25 

.0 

.175 

.0 

Required 
oxygen. 


1.4 
1.0 
.85 

.8 
1.1 


0.45 
1.3 


7.4 
6.6 

.3 

.35 

.0 
6.6 
1.85 
1.15 

.4 

.35 

.35 


Total 
solids. 


.564.0 
769.0 
487.0 
33.0 
215.0 
5,225.0 
421.0 
681.0 
635.0 
779.0 


205.0 
637.0 


34.0 
47.5 
228.0 
106.0 
90.0 
4:^.0 
134.0 
54.0 
30.0 
22.0 
38.0 


OxYQEN-CoNsu.MiNii  CAPACITY  ("Required  Oxygen"). 
— This  method  for  estimation  of  organic  matter  is  Ku- 
bel's  moditieation  of  the  old  permanganate  process  of 
Forschammer.     The  necessary  .solutions  are. 

Standard  Piitassk  Pcrntaiif/anate  Solution. — Dissolve 
0.39.52  gm.  of  the  salt  in  1  litre  of  distilled  water  Each 
cubic  centimeti-e  of  such  solution  will  contain  0.1  mgm. 
of  oxygen  available  for  oxidation.  The  available  oxy- 
gen of  the  permanganate  in  presence  of  sulijhuric  acid 
may  be  represented  by  the  eciuation 

KjMnsiO,  +  3H.,S0.  =  K2SO4  +  2MnS0i  +  SHO.  +  50. 

Dilute  Sulphuric  Acid. — One  part  of  the  strong  acid  to 
three  of  distilled  water. 

Solution  of  0.ralic  Acid  (H..C.O4.3H2O).— Dissolve 
0.7875  gm.  of  the  crystallized  acid  in  1  litre  of  distilled 
water.  This  solution  if  titrated  against  the  permanga- 
nate solution  (while  hot.  and  in  presence  of  Il.jSt^),)  should 
correspond  to  it  cubic  centimetre  for  cubic  ceutimeti'e. 
In  practice,  however,  this  correspondence  will  be  found 
to  be  approximate  only. 
Vol.  VIII.— 19 


23.0  c.c. 
9.7  c.c. 


13.3  c.c. 


Example; 

Total  permanganate  solution  used 

Less  that  required  for  the  oxalic  acid 

Hence  that  required  to  oxidize  organic  matter . 
Corresponding  to  .1.53  mgm.  oxygen. 

Therefore  "  required  oxygen  "  is  1.53  X  5  =  7.65  per  million. 

Comparates. — As  this  determination  deals  principally 
with  the  organic  carbon  present,  the  i-eadings  ai'e  natur- 
ally high  in  the  cases  of  bi'Owu  peaty  waters,  and  sui  face 
waters  cai-rying  organic  matter  in  suspension.  (See  the 
list  of  analyses  given  above.)  Average  in  suncJry  sur- 
face waters  known  to  be  pure,  1..58;  known  to  be  pol- 
luted, 3.00:  average  in  sundry  ground  waters  known  to 
be  pure,  0.31:  known  to  be  polluted,  1.06. 

Lead  and  Copper. — It  at  times  becomes  necessaiy  to 
examine  water  foi-  these  poisonous  metals,  and  the  ease 
with  which  their  dai'k  sulphides  may  be  formed  provides 
a  ready  method  (Miller). 

Prepare  a  standard  solution  of  lead  nitrate.  Pb(N03)a, 
by  dissolving  1.5990  gm.  of  the  salt  in  1  litre  of  distilled 
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water.  Each  cubic  centimetre  will  contain  1  mgm.  me- 
tallic lead. 

Place  the  water  in  a  lOOc.c.  "Nessler"  jar;  add  four 
drops  of  conceutrattMl  HCl,  followed  by  1  c.c.  of  color- 
less nmnioniiim  sulpliide,  and  match  tlie  tint  by  operat- 
inj;  in  a  similar  manner  with  measured  amounts  of  the 
standard  lead  solution  diluted  to  100  c.c.  This  will  not, 
of  course,  ilistinguish  between  copper  and  lead,  but,  in- 
asmuch as  either  is  objectionable,  distinguishing  is  not 
commonly  necessary. 

In  order  to  test  tiie  action  of  the  water  upon  lead  pipe, 
permit  it  to  remain  in  contact  with  both  bright  and  dull 
lead  (in  separate  vessels)  for  twenty-four  hours,  and  then 
examine  the  water  as  above. 

Iitox. — This  metal  is  objectionable  if  in  considerable 
quantity,  particvdarly  in  water  to  be  used  for  washing 
white  goods  and  for  dyeing.  A  knowledge  of  the  pres- 
ence of  iron  will,  moreover,  aid  in  guarding  against  an 
invasion  of  iron-secreting  organisms  such  as  crenothri.x. 

To  determine  its  quantity  acidify  a  suitable  volume  of 
the  water  with  aqua  regia;  concentrate  to  100  c.c. ;  place 
'jn  a  100-c.c.  "Nessler "  jar;  add  3  c.c.  of  ammonium 
sulphocyanate  solution,  and  compare  the  depth  of  color 
produced  with  known  amounts  of  standard  iron  solution 
diluted  to  100  c.c.  and  similarly  treated  with  ammonium 
sulphocyanate  solution. 

The  standard  iron  mlniion  is  prepared  by  dissolving 
0.1  gm.  pure  iron  in  a  little  HCl  to  which  a  few  drops  of 
HNOs  have  been  added,  and  then  diluting  to  1  litre. 

ALU>r. — ^When  examining  the  efHuenI  from  mechanical 
tilters,  it  becomes  essential  to  determine  if  any  undecom- 
posed  coagulant  (i.e.,  alum)  passes  into  the  tiltrate.  For 
such  purpose  the  "  logwood  test "  is  by  far  the  most 
valuable. 

'  Boil  some  logwood  chips  in  a  little  water  for  a  few 
minutes  and  drain  oil  the  resulting  extract.  Repeat  the 
boiling  and  again  discard  the  extract.  Boil  for  the  third 
time  about  titteen  minutes  and  keep  the  extract  for  u.se. 

Place  about  100  c.c.  of  water  in  a  ])orcelaiu  dish,  add 
a  little  of  the  logwood  extract,  followed  hy  a  little  acetic 
acid.  If  even  a  trace  of  alum  be  present  in  the  water 
a  violet  tinge  will  be  obtaineil,  which  will  not  be  dis- 
charged upon  addition  of  the  acetic  acid.  A  "blank" 
should  always  be  run  for  comiiarison.  The  logwood  ex- 
tract is  reliable  but  for  a  short  time,  especially  if  exposed 
to  air.  It  is  never  safe  to  trust  it  when  more  than  a  day 
old. 

I  Logwood  for  this  test  cannot  be  readily  purchased, 
that  obtainable  from  the  druggists  being  absolutely 
worthless.  The  best  method  of  obtaining  it  is  person- 
ally to  bore  the  chips  from  the  centre  of  the  log. 

When  examining  the  filtrate  from  a  mechanical  plant 
by  the  logw'ood  test,  it  would  be  well  to  take  the  alka- 
linity also. 

If  the  filtrate  be  alkaline  free  alum  cannot  be  present, 
and  the  logwood  reaction,  if  then  found,  is  due  to  parti- 
cles of  Al2(OH)o  passing  the  sand  bed  and  becoming  dis- 
solved in  the  reagents  employed. 

Lacmoid  should  be  used  as  the  indicator,  as  methyl- 
orange  does  not  indicate  an  acidity  due  to  alum. 

B.\CTERiOLOGic.\L  Examtn.\tio"n  OP  WATER. — For  the 
accomplishing  of  the  determinations  that  are  here  jiro- 
posed,  the  following  culture  media  should  be  carefully 
prejiared  and  kept  ready  at  hand. 

Bouillon. — Take  one  povmd  of  lean  beef,  chop  it  fine, 
and  let  it  soak  overnight  in  700  c.c.  water  in  a  cool 
place.  Strain  through  a  cloth  with  the  aid  of  gentle 
]iressure  and  make  up  to  1  litre  with  water.  Add  10 
gm.  of  peptone  (Witte's)  and  5  gm.  of  common  salt. 
Heat  in  a  double-walled  "  oatmeal-boiler  "  until  the  added 
ingredients  are  dissolved.  Should  the  medium  not  be 
clear,  cool  somewhat,  add  the  white  of  an  egg,  bring  to 
a  boil  without  stirring,  and  filler  while  hot. 

The  proper  reaction  of  the  finished  medium  should  be 
about -f- 15  (i.e.,  an  acidity  equal  to  what  would  be  pro- 
duced by  the  addition  of  1.5  c.c.  of  normal  hydrochloric 
acid  to  1  litre  of  the  medium  made  neutral  to  pheuol- 
phthalein). 


In  order  to  secure  such  a  reaction  place  5  c.c.  of  the 
medium  in  a  porcelain  dish,  add  4.5  c.c.  distilled  water 
and  1  c.c.  of  a  solution  of  phenolpbthalein  (0.5  gm. 
pheuolphthalein  in  100  c.c.  of  fifty-percent,  alcohol). 

Titrate  to  the  neutral  point  with  N/20  NaOH  or  with 
N/aO  IICl  (the  former  will  be  the  solution  most  commonly 
required),  and  from  these  data  calculate  the  amount  of 
normal  HC!1  required  to  be  added  to  the  bulk  of  the  me- 
dium in  order  to  bring  it  to  the  desired  degree  of  acidity, 
namely,  +  15. 

The  said  normal  acid  having  been  added,  the  "bouil- 
lon "  is  placed  in  test  tubes  plugged  with  cotton  or  in 
flasks  similarly  closed ;  the  cotton  plug  is  then  covered 
with  a  small  sheet  of  "tinfoil"  to  prevent  evaporation, 
anil  sterilization  is  accomplished  by  heating  in  an  "Ar- 
nold's sterilizer"  for  twenty  minutes  on  three  successive 
days. 

Sterilization  may  be  accomplished  by  a  single  heating 
in  an  autoclave  to  fifteen  pounds  pressure  for  fifteen 
minutes. 

Keep  the  "  stock  bouillon  "  and  all  other  stock  media 
in  a  cool,  dark  place. 

Nutrient  Gelatin. — Take  one  pound  of  lean  beef,  chop 
it  fine,  and  let  it  soak  overnight  in  700  c.c.  distilled 
water  in  a  cool  place.  Strain  through  a  cloth  and  make 
up  to  one  litre  with  distilled  water..  Add:  Gelatin 
(best  French).  120  gra. ;  peptone  (Witte's),  10  gm. ;  com- 
mon salt,  5  gm.  Heat  in  a  double-walled  "oatmeal- 
boiler"  at  a  temperature  between  35°  and  40"  C.  until  all 
is  dissolved.  Add  the  white  of  one  egg.  previously 
shaken  up  with  about  its  own  bulk  of  water,  and  stir 
thoroughly.  Heat  as  rapidly  as  possible  to  boiling,  stir- 
ring occasionally.  Cover  the  mixture  and  keep  the 
water  in  the  outer  vessel  boiling  during  fift_y  nnnutes. 

Filter,  with  the  u.se  of  the  hot-water  funnel.  Place 
5  c.c.  of  the  filtered  medium  in  a  porcelain  dish:  dilute 
the  same  with  45  c.c.  water;  titrate  with  N/20  NaOH 
solution,  as  in  the  case  of  the  preparation  of  "bouillon," 
and  from  the  data  .so  obtained  calculate  what  addition  of 
normal  IICl  should  be  made  to  the  uuiin  bulk  in  order  to 
carry  its  reaction  to  the  desired  point,  namely,  -\-  15. 

Pour  the  finished  jell)'  into  "  Miquel "  flasks  or  test 
tubes  (10  c.c.  in  each).  Plug  the  vessels  with  cotton  and 
sterilize  them  in  an  Arnold's  sterilizer  for  twenty  minutes 
on  three  successive  days  or  by  a  single  heating  in  an 
autoclave  at  fifteen  pounds  pressure  for  fifteen  minutes. 

Sugar  Bouillon. — Prepared  the  same  as  the  ordinary 
"  boinllou  "  except  that  10  gm.  of  pure  glucose  are  added 
v.'ith  the  peptone  and  salt.  Its  reaction  should  be 
neutral. 

Inasmuch  as  the  high  temperature  of  the  autoclave 
might  partly  decompose  the  sugar,  it  is  better  to  sterilize 
ill  the  Arnold's  sterilizer  for  twenty  minutes  on  three  suc- 
cessive days.  The  best  vessels  in  which  to  store  "  sugar 
bouillon  "  are  the  "  Smith's  fermentation  tubes  "  in  which 
it  is  to  be  used. 

Sugar  Gelatin. — Prepared  like  nutrient  gelatin  except 
that  10  gm.  of  pure  glucose  are  added  with  the  other 
ingredients.  Sterilize  in  the  Arnold's  sterilizer  for 
twenty  minutes  on  three  successive  days.  It  is  best  kept 
in  test  tubes  plugged  with  cotton;  10  c.c.  in  each  tube. 

Agar-agar. — Although  plate  cultures  for  water  exami- 
nation are  best  made  by  the  use  of  "nutrient  gelatin."  it 
is  sometimes  convenient  to  employ  a  medium  with  a 
higher  melting  point.  It  must  be  noted,  however,  that 
"counts"  of  colonies  growing  upon  agar  must  not  be 
compared  with  those  upon  gelatin ;  the  latter  mediimi 
being  more  favorable  to  an  increased  growth. 

To  make  1  litre  of  agar-agar  take-  A.  Chopped  meat, 
500  gm. ;  water,  500  c.c.  Mix  and  place  in  cool  place 
overnight,  then  strain  through  cloth.  Add :  Peptone- 
(Witte's),  10  gm. ;  common  salt,  5  gm.  B.  Agar-agar, 
12  gm. ;  water,  500  c.c. 

Place  B  in  autoclave,  run  up  to  about  thirty  pounds 
of  pressure,  put  out  flame,  and  allow  to  cool  until  below 
100°  C.  before  opening.  Let  the  solution  of  agar  cool 
still  further  to  about  75"  C,  and  then  mix  A  and  B. 
Bring  to  a  boil  for  about  three  minutes,  neutralize,  and 
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filter.     The  product  is  an  absolutely  clear  jelly,  which 
never  forms  any  precipitate.     (R'ix?ieVs  method.) 

Place  the  finished  medium  in  tubes  and  "  Miquel  flasks  " 
and  sterilize  as  usual. 

jSitrdte  Solution. — Dissolve  1  gm.  of  peptone  and  0.3 
gm.  of  KNO3  in  a  litre  of  water.  Place  the  solution  in 
cotton-plugged  flasks  (50  c.c.  in  each)  and  sterilize. 

Diniharii's  Solution. — Dis.solve  10  gm.  of  peptone  and 
5  gm.  of  NaC'l  in  a  litre  of  water.  Place  the  solution  in 
cotton-plugged  flasks  (50  c.c.  in  each)  and  sterilize. 

Empt_v  glassware  is  best  sterilized  by  a  single  heating 
for  one  Lour  to  170°  C. 

The  pipettes  used  for  the  measurement  of  the  water 
should  be  jilugged  with  cotton  near  the  end  which  is 
placed  in  the  mouth ;  the  whole  pipette  should  then  be 
placed  in  a  suitable  glass  tube  containing  a  cotton  plug 
in  its  open  end. 

Water  samples  for  bacteriological  purposes  are  most 
convenientl}'  taken  in  bulbs  of  glass  with  long  thin 
stems,  similar  to  the  stock  article  in  use  for  specific-grav- 
ity determinations.  The.se  bulbs  can  be  sterilized  by  the 
direct  Bunsen  flame  and  sealed  while  hot.  Ujjon  after- 
ward breaking  off  the  point  of  the  stem  imder  water  the 
water  will  enter  the  vessel  because  of  the  partial  vacuum,' 
and  the  stem  can  be  at  once  resealed  by  using  a  candle 
flame  and  a  blowpipe.  Such  bulbs  are  very  convenient 
for  taking  deep  samples,  as  the  point  of  the  stem  can  be 
broken  by  a  separate  string  while  the  bulb  is  held  by  the 
sinking  apparatus.  During  transportation  the  bulbs 
filled  with  water  samples  should  be  packed  in  ice. 

Upon  arrival  at  the  laboratory  1  c.c.  or  less  of  the 
water,  after  thorough  agitation,  is  transferred,  by  means 
of  a  sterilized  pipette,  to  a  sterile  Petri  dish.  A  tube  of 
culture  jelly  (the  jelly  having  been  previously  liquefied 
by  immersing  the  tube  in  warm  water  at  35'  C'.,  and  the 
open  end  of  the  tube  having  been  held  for  a  moment  in 
the  Bunsen  flame)  is  then  quickly  poured  into  the  Petri 
dish,  and  mixing  is  accomplished  by  tilting  the  dish  for- 
ward and  back.  After  the  jelly  has  again  hardened  the 
dish  should  be  maintained,  in  the  dark,  at  a  temperature 
M  about  22'  C. 

When  "agar"  is  employed  it  is  more  convenient  to 
melt  it  at  100°  C.  and  then  cool  it  to  about  40'  C.  before 
sowing. 

Each  individual  bacterium,  finding  itself  embedded  in 
material  supplying  abundance  of  food,  proceeds  to  sur- 
round itself  by  a  multitude  of  its  offspring,  until  at 
length  the  "  colony  "  so  produced  becomes  large  enough 
to  be  seen  by  the  naked  eye.  These  colonies,  each  of 
which  corresponds  to  one  original  bacterium,  are  of 
various  sizes  and  shapes.  Some  of  them  do,  and  others 
do  not,  liquefy  gelatin. 

The  method  of  sowing  water  samples  as  given  above 
is  that  in  common  use,  but  preference  is  sometimes  given 
to  the  use  of  conical  "  Sliqucl "  flasks,  usually  two  and 
one-half  inches  in  diameter  at  the  bottom,  with  a  tubu- 
lated glass  cap,  groimd  at  the  joint 
(Pig.  5036).  The  tubulation  is  plug- 
ged with  cotton.  Such  flasks  receive 
10  c.c.  each  of. the  culture  jelly  when 
it  is  first  made,  and  are  kept  in  stock 
like  the  test  tubes.  Taken  to  the 
field,  they  receive,  on  the  spot,  the 
measured  amount  of  water,  and  the 
chances  of  contamination  during 
transfer  of  the  Petri  dish  and  of  mul- 
tiplication during  the  journey  of  the 
water  sample  to  the  laboratory  are 
thereby  avoided.  This  method  of  working  has  proved 
very  satisfactory,  as  no  transportation  of  the  water  sam- 
ple is  required. 

In  place  of  sowing  a  fraction  of  a  cubic  centimetre  of 
water,  the  "dilution  method  "  conduces  to  greater  accu- 
racy. One  cubic  centimetre  or  10  c.c.  of  the  water  are 
diluted  to  100  c.c.  with  sterilized  water  and  then  1  c.c. 
of  the  mixture  is  sowed  in  the  medium.  This  is  Jliquel's 
favorite  method.  Of  coxu'se  this  dilution  must  be  done 
with  great  care,  as  any  error  is  multiplied. 
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CoiinMiir/  the  c-olonics  of  baeteria  is  undertaken  forty- 
eight  hours  after  the  sowing,  according  to  the  official 
German  regulations,  but  it  is  well  to  delay  it  longer'or 
to  count  sooner,  according  as  the  danger  may  lie  less  or 
greater  of  the  colonies  growing  into  each  other  and  thus 
confusing  the  count. 

Of  course,  what  is  required  is  the  maximum  count, 
and  good  judgment  must  Ije  exercised  as  to  when  is  the 
best  time  to  secm'e  it.  For  purposes  of  comparison  (and 
usually  comparison  examinations  are  the  most  important 
form  of  water  investigations)  four  days  will  be  found  a 
convenient  interval  between  the  sowing  and  the  final 
counting  of  the  colonies.  When  the  number  of  the 
colonies  is  large,  counting  must  be  done  with  the  aid  of 
a  ruled  glass  plate. 

Sundry  bacteria  arc  capable  of  inducing  a  fermentative 
action,  with  evolution  of  gas  (CO2  and  H),  when  sown 
in  a  medium  containing  one  per  cent,  of  glucose.  The 
Bacillus  coli  eommunis  is  a  prominent  member  of  this 
group,  and  the  persistent  presence  of  many  of  these 
germs  in  a  water  is  strong  evidence  of  its  contamination 
by  intestinal  products  from  man  or  the  higher  animals. 

Tests  for  B.  coli  coinmunis. — 1.  To  each  of  ten  Smith's 
"fermentation  tubes,"  charged  with  sterile  "sugar  bouil- 
lon," add  1  c.c.  of  the  water.  Mix  by  tilting  the  tube, 
and  place  in  the  incubator  at  38°  to  40°  C.  for  three  days. 

If  au_y  gas-forming  bacteria  be  present,  gas  will  collect 
in  the  closed  limb  of  the  tube,  and  some  knowledge  of 
the  numbers  of  such  organisms  present  may  be  gained  by 
observing  how  many  of  the  ten  tubes  show  the  reaction. 

The  amount  of  gas  produced  is  stated  in  percentages 
of  the  length  of  the  closed  limb.  B.  eoli  communis  v.'iU 
fill  this  closed  limb  about  half  full  of  gas,  and  will  do  so 
rapidly,  usually  ceasing  to  fortn  any  more  after  the  end 
of  the  first  daj'.  Sundry  other  "  gas-formers  "  act  much 
more  slowly.  Therefore  note  the  volume  of  gas  formed 
during  each  of  the  three  days. 

The  total  gas  will  often  on  the  third  day  be  diminished 
in  volume,  due  to  solution  of  CO-^  in  the  liquid  present. 

To  determine  the  CO-..,  fill  the  bulb  to  overflowing 
with  solution  of  KOH;  close  the  orifice  with  the  tlnuub 
and  tilt  the  tube  a  number  of  times  to  cause  the  KOH  to 
absorb  the  CO2.  The  remaining  gas  is  rated  as  hydro- 
gen, although  it  contains  also  a  little  nitrogen  and 
methane,  as  shown  by  Pennington  and  Klisel. 

Sowings  from  pure  cultures  gave  the  following  aver- 
ages: Total  gas,  35.3  percent.;  gas  formed  during  first 
day  (as  percentage  of  total  gas),  100  per  cent. ;  ratio  of 
H'toCOg,  71  to  29. 

2.  The  liquid  in  the  bulb  of  the  fermentation  tube 
nuist  be  distinctly  acid  to  indicate  B.  coli.. 

3.  Indol  (CsHtN)  is  a  compound  belonging  to  the 
aromatic  series,  which  produces  a  red  color  when  acted 
upon  by  nitrous  acid.  It  is  formed  by  the  breaking  up 
of  peptone  by  the  action  of  putrefactive  bacteria,  includ- 
ing B.  coli. 

To  test  for  its  presence,  place  25  c.c.  of  the  water,  to- 
gether with  50  c.c.  of  sterile  Dunham's  solution,  in  a 
sterilized  cotton-plugged  flask,  and  keep  the  same  in  the 
incubator  at  38°  to  40°  C.  for  three  days.  The  high  tem- 
perature will  destroy  common  water  bacteria,  but  will 
encourage  the  growth  of  tlie  colon  group. 

Placed  c.c.  strong  sulphuric  acid  and  3  c.c.  of  sodivmi 
nitrite  solution  in  a  100-c.c.  "N&ssler"  jar.  Cool.  Di- 
lute with  50  c.c.  water  and  then  pour  in  the  previously 
cooled  incubated  culture  prepared  above.  A  red  colora- 
tion indicates  indol,  and  is  an  additional  evidence  of  the 
presence  of  B.  coli. 

4.  Inoculate  "  nutrient  gelatin "  from  the  incubated 
culture  obtained  in  3.  Let  the  plates  develop  as  usual 
and  observe  if  any  of  the  non-liquefying  colonies  are 
irhitish.  with  irregular,  leafy  outlines  and  showing  lines- 
more  or  less  radial.     Such  characteristics  point  to  B.  coli. 

5.  Place  a  quantity  of  new  milk  in  an  Arnold's  steril- 
izer for  fifteen  minutes,  and  afterward  allow  it  to  stand 
overnight  in  a  cool  place.  Siphon  off  the  lower  layer  of 
milk,  avoiding  the  cream.  Place  it  in  cotton-plugged 
test,  tubes  and  sterilize  as  usual.     Add  to  several  of  these 
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tubes  1  o.c.  of  the  inoubati'd  cnllniv  obtained  in  3,  and 
keep  iu  the  dark  at  itHini  li'min-ralinc. 

B.  coll  coa,c;ulales  milk  in  from  one  to  three  days. 
Otlier  form.s  usually  take  more  time. 

6.  If  inoculations  from  the  colonies  obtained  in  4  be 
examined  as  "  lumgins-drop  "  cultures,  the  bacilli  will  be 
found  to  be  nuMile  if  they  be  B.  coli.  This  motility  may 
be  manifested,  however," by  only  a  portion  of  tlie  bacilli 
present  in  the  tield,  and  its"inlensity  will  be  far  less  than 
that  shown  by  the  tyjihoid  bacillus. 

7.  Add  25  c.e.  of  the  water  to  a  flask  of  "nitrate  solu- 
tion "  and  place  in  the  incubator  for  three  days.  Test 
the  contents  of  the  flask  at  the  end  of  thai  time  for 
"nitrite." 

B.  coll  reduces  the  nitrate  to  nitrite. 

A  moment  can  be  ])roperly  spent  here  u]ion  the  often 
broached  toi)ic  of  the  recognition  of  the  typhoid  germ  in 
water,  and  also  a  word  added  with  reference  to  the  diag- 
nostic value  of  tlie  demonstration  of  the  presence  of 
Bficllliis  coll  com  111  II  Ilia. 

Laws  and  Audrewes,  in  their  report  to  the  Loudon 
County  Council,  show  that  tlie  chance  of  discovei'iug  B. 
ti/p/wsun  in  sewage  is  exxeedingly  small.  They  entirely 
failed  to  find  it  in  London  sewage.  Finally,  they  exam- 
ined the  sewage  flowing  (without  disinfection)  from  the 
Eastern  Hospital  at  Homeston,  wliich  same  received  the 
dejections  of  forty  typhoid  patients.  Out  of  a  whole 
series  of  samples  examined  from  this  latter  source,  only 
two  colonies  of  B.  typhosus  were  differentiated  with  cer- 
tainty. 

A  similar  experience  has  been  recorded  by  practically 
all  the  recent  observers,  and  consequently  search  for  the 
tj'plioid  germ  in  water  is  becoming  very  unusual. 

The  present  ])Osition  of  this  questiouisterselj' summed 
up  by  Dr.  W.  H.  Welch,  of  Johns  Hopkins  University; 
•'The  most  which  can  be  expected  is  the  detc^rmination, 
not  of  the  actual  presence  of  the  t.yphoid  bacillus,  but  of 
the  possibility  or  p?'obability  of  its  presence.  Our  prin- 
cipal guide  at  present  in  drawing  conclusions  as  to  the 
possible  presence  of  the  typlioid  bacillus  in  suspected 
drinking-water  is  the  recognition  of  faecal  bacteria,  aud 
more  jjarticidarly  of  members  of  the  colon  group." 

With  regard  to  the  diagnostic  value  of  the  colon  group 
as  supplying  the  much-needed  "index  of  ftecal  pollu- 
tion." it  nuist  he  stated  that  the  group  is  widely  distrib- 
uted, aud  is  often  found  in  waters  that  a  "sanitary  sur- 
vey "  would  unciuestionalily  pronounce  pure:  but  it 
cannot  be  denied  that  its  persistent  presence  iu  large 
numbers  is  an  indication  of  pollution  tliat  must  not  be 
overlooked;  aud,  moreover,  the  proof  of  its  absence 
serves  materially  to  aid  iu  formulating  an  opinion  con- 
cerning the  purity  of  a  water. 

It  is,  of  course,  possible  to  proceed  much  further  tlian 
has  been  here  outlined  in  the  IJacteriological  examination 
of  water,  but  for  routine  work  it  is  doubtful  if  it  pays  to 
go  beyond  the  tests  already  given.  jNIoreover,  it  slioukl 
be  said  that  to  make  such  tests  of  real  value,  they  should 
be  comparative  in  character;  'and  the  interpretation  of 
results  should  be  based  upon  data  furnished  by  closely 
related  local  standards, 

"  Microscopical "  examination  of  water  has  for  its  ob- 
ject the  study  of  such  suspended  material,  whether 
organized  or  not,  as  may  be  examined  directly  without 
tlie  intervention  of  the  "culture  "  methods  required  for 
bactei-ia.  Plants  and  animals,  dead  or  alive,  amorphous 
organic  material  aud  inorganic  ])artieles  of  all  kinds,  are 
classified  and  their  numbers  estimated  by  this  form  of  in- 
vestigation. It  is  of  especial  value  iu'determining  the 
cause  of  those  disagreeable  odors  and  tastes  which  occur 
in  stored  water  from  the  abundant  growth  of  certain 
small  aquatic  plants.  Concentration  of  tlie  water  sam- 
ple is,  of  course,  necessary  in  order  to  make  a  jiroper 
examination  possible,  and  "this  end  is  accomplished  by  a 
modification  of  the  original  Sedgwiek-Kafter  apparat'us. 

This  is  a  glass  cylinder  two  inches  in  diameter,  termi- 
nating in  a  conical  base.  The  small  cylindrical  prolonga- 
tion of  the  cone's  apex  Is  two  and  o"ne-half  inches  lo'ng 
and   one-half   inch   in   diameter.     A   jierforatcd   rubbe"i- 


stopper,  with  its  hole  covered  by  a  disc  of  fine  bolting- 
cloth,  is  fitted  to  the  smaller  end  of  the  funnel  and  aliout 
threefoui'ths  inch  of  carefully  screened  fine  sand  (be- 
tween eighty  and  one  hundred  uicsh)  is  poured  into  the 
nan-ow  tube  and  wet  down  with  distilled  water.  From 
250  to  500  c.c.  of  the  Avater  under  examination  are  now 
permitted  to  filter  through  the  sand.  After  the  water 
has  run  through,  the  sand  with  the  material  .strained  off 
by  it  is  wasiied  into  a  test  tube  by  5  c.e.  of  distilled 
water  delivered  from  a  ]iipette.  The  organisms,  sinking 
in  the  test  tube  much  more  slowly  than  the  sand  grains, 
may  be  decanted,  with  the  water  in  which  they  float, 
into  a  second  test  tube.  From  this  decanted  portion, 
after  agitation,  1  c.c.  is  delivered  by  a  pipette  to  a  cov- 
ered "counting  cell."  which  it  completel_y  fills.  The  oli- 
jccts  discovered  in  this  counting  cell  will,  if  multiplied 
bj"  five,  give  the  total  number  originally  existing  iu  the 
entire  volume  of  water  filtered. 

It  is  manifestly  impossible,  iu  an  article  such  as  this, 
to  dwell  at  length  upon  the  very  extensive  subject  of 
microscopic  examination ;  therefore  for  ]iurposes  of  gen- 
eral differentiation  recourse  must  be  had  to  the  writings 
of  biologists  who  have  made  such  work  a  specialty. 

Wlllliiiii  P.  Mason. 

WATER-GAS,  POISONING  BY.— Water  gas  is  a  mixt- 
ure of  carbon  luouiixidc  and  hydrogen  with  .some  nitro- 
gen aud  carbon  dioxide,  obtained  b_v  the  action  of  steam 
on  highl}'  heated  carbon  (e.;/.,  coke  or  anthracite).  It  is 
nearly  odorless  aud  burns  with  nou-lumiuousflame.  For 
use  as  an  illuminaut,  it  is  enriched;  that  is,  charged  with 
hydrocarbons  from  petroleum  or  bituminous  coal.  In 
this  form  it  has  come  into  extensive  use.  Owing  to  the 
highly  poisonous  character  of  carbon  monoxide  as  com- 
pared with  the  hydrocarljons  that  form  the  bulk  of  the 
older  "coal  gas."  a  great  increase  in  fatalities  from  the 
inhalation  of  illuminating  gas  has  been  noticed  in  the 
mortality  statistics  of  late  years.  The  characteristic 
cffect^of  carbon  monoxide  is  its  alHnity  for  ha-moglobin, 
with  which  it  forms  a  compound  that  cannot  be  broken 
up  by  free  oxygen.  Hence,  even  a  small  amount  of  car- 
bon monoxide  in  the  inspired  air  will  cause  a  steady 
accumulation  of  the  toxic  material  until  so  much  of  the 
hanuogloliin  is  rendered  inactive  that  tieatli  results  from 
a  cliemical  asidiyxia.  The  symiitonis  are  marked  mus- 
cular weakness,  rapid  pulse,  flushed  face,  and  a  strong 
tendency  to  sleep.  The  blood  becomes  abnormally  red, 
the  breathing  becomes  stertorous,  aud  the  patient  dies 
from  failure  of  respiration.  If  the  patient  be  rescued  be- 
fore the  condition  is  far  advauced,  the  return  to  con- 
sciousness is  slow,  even  under  treatment,  and  a  fatal 
result  from  brain  disease  may  yet  occui'.  In  advanced 
cases,  red  spots  are  noted  on  the  skin.  The  blood  putre- 
fies luueh  more  slowly  than  normal  blood.  The  fatal 
period  is  somewhat  uncertain,  but  may  be  several  hours. 
The  treatment  is  not  satisfactory.  Artificial  respiration 
does  little  good.  Inhalation  of  oxygen  under  pressure 
has  been  proposed,  but  this  method  does  not  promise 
much.  Transfusion  of  blood  has  been  successful  in  ex- 
periments on  animals.  Good  results  have  been  claimed 
for  the  administration,  bj'  the  stomach  and  hypodermi- 
cally,  of  hydrogen  dioxide,  but  this  seems  doiditful.  Hot 
applications  slioidd  be  used  to  restore  normal  tempera- 
ture. The  bright  redness  and  slow  putrefaction  of  the 
blood  are  important  post-mortem  data.  Several  chemi- 
cal tests  have  been  proposed,  but  they  are  not  very  satis- 
factory in  actual  practice,  as  ordinary  illuminating  gas 
contains  several  active  substances. 

Ilenry  Leffinann. 

WATSON'S  SPRINGS.— Greene  County,  Georgia, 
Post-Office. — JIaxey's  boarding-houses  aud  cottages. 
These  springs  are  located  eleveu  miles  north  of  Greens- 
boro, on  the  Georgia  Railroad,  aud  eight  miles  west  of 
Maxey's  Dejiot,  on  the  Athens  branch  of  the  Georgia 
Railroad.  The  group  is  one-quarter  of  a  mile  from  the 
Oconee  River,  which  will  be  navigable  at  this  point 
when  the  government  works  on  the  river  are  completed. 
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The  springs  are  reached  by  private  conveyance  from  tlie 
points  above  mentioned.  The  scenery  in  the  neighbor- 
hood of  the  springs  is  varied  and  the  climate  delightful, 
the  temperature  rarely  falling  below  the  freezinif  point 
in  winter  or  rising  above  90'  F.  in  summer  (95°  F.  is  the 
highest  temperature  known).  The  springs  are  four  in 
number,  viz.:  the  "Sulphur"  Spring,  the  "Chalybeate," 
the  "Alum,"  and  the  "Ice"  Spring.  The  following  par- 
tial analysis  of  two  of  the  springs  was  made  some  years 
ago  by  Dr.  J.  R.  Duggan: 

The  Sulphur  Spring  contains  calcium  carbonate,  potas- 
sium carbonate,  iron  carbonate,  potassium  sulphate,  so- 
dium sulphate,  sodium  chloride,  silicic  acid,  hydrogen 
sulphide  gas.  and  carbonic  acid  gas.  The  temperature 
of  the  water  is  59'  F. 

The  Chalybeate  Spring  contains  iron  carbonate,  mag- 
nesium carbonate,  sodium  chloride,  potassium  sulphate, 
calcium  sulphate,  and  silica.  The  temperature  of  the 
water  is  61 '  F. 

The  "Ice  "  spring  has  not  been  analyzed,  but  its  waters 


more  than  forty  boarding-houses.  In  addition,  the 
houses  of  private  citizens  are  often  thrown  open  to  visi- 
tors. Among  the  best-known  hotels  are  the  Foimtain 
Spring  House,  which  accommodates  800  guests,  the 
Park,  300;  the  Spring  City,  250:  National,  150;  Terrace, 
100,  etc.  Most  of  the  hotels  maintain  bands  during  the 
season.  Open-air  public  concerts  are  also  given  morning 
and  evening.  There  is  one  theatre  in  the  place  besides 
two  public  halls.  The  Fox  River  runs  tlu-ough  Wauke- 
sha, and  is  large  enough  for  row  boats.  This  is  a  region 
of  lakes,  there  being  no  less  than  thirty-six  in  Waukesha 
County,  the  most  remote  being  only  eighteen  miles  dis- 
tant. The  lakes  are  surrounded  b_v  hotels  and  cottages, 
and  during  the  summer  the\'  constitute  a  vast  picnic 
ground.  The  prime  attraction  of  Waukesha,  however, 
is  found  in  the  gi'eat  group  of  mineral  sjirings  located 
here.  The  waters  of  these  springs  are  chiefly  alkaline, 
chalybeate,  and  calcic.  They  have  beconie  known 
throughout  the  United  States.  Following  are  analyses 
of  some  of  the  most  important : 


One  United  States  G.^li.on  Contaiks: 


Solids. 


Sodium  bii-arltonate 

CaU-iiim  i-iirbonate 

Cali-iuiii  liirarbonate 

Maj-'lii'siimi  i-arbonate. .. 
Ma^Mirsiinii  bicarbonate. 

Inni  rarl«rnaiH 

Ir-in  liir:iil"i|iale 

Irt'Ti  ]i|ii.s|ibaie 

Suiiiniii  Mili'liate 

>Ia!ii:ari''si*  nlUKSpllut**.. . 

PnTa>siuni  sulphate 

Sodium  pbnspbal« 

Sodium  fhloride 

Aluminum  o.\ide 

Alumina 

Silica 

Organic  matter 

Total 


Bethesda. 

C.  F. 
Chandler. 

Grains. 


1.26 

v.ia 

l;i!:J9 

'ioi 

".hi 

".'ta 
i.'ii'i 

.13 
1.98 


ai.Tl 


Clysmic. 


1. 

Rathbone. 
Grains. 


1.20 
16!6i 
\3.X 

'  !(I4 

.56 

".'iii 

.Ki 

1.17 

Trace 

'  72 
l]63 


35.46 


H.  O. 
Doremus. 
Grains. 


4.31 

isiis 

..57 
'[69 

.43 
.a'i 

Trace 

.80 
Trace 


33.03 


;i. 

K.  O. 

Doremus. 

Grains. 


0.80 
ih'.M 

k'rA 
".ai) 

IM 

".in 


Trace 

.81 

Trace 


Fountain. 
Blaney. 


Grains. 


1.03 
13  [78 
6!  2(1 

".m 
".a& 

Trace 


.8.5 
.31 


25.3fi 


Hygeia. 
A.  Thiel. 


Grains. 


■2.36 
16!  73 

li'.ii 

"!.58 


.83 

.04 

1.25 


.15 
Trace 


36.31 


Silurian. 
W.  S.  Haines. 


0.30 
9.93 

6;83 

'!i3 

Trace 

.3<l 

Trace 


.19 
.59 


.70 
Trace 


18.1 


Vesta. 
G.  Bode. 


Grains. 


0.41 

13.43 

10.74 

.     .05 

.55 

0.30 
.13 

.a5 


are  delightfully  cold  and  refreshing  and  palatable  at  all 
times.  The  sulphur  and  chalybeate  springs  yield  about 
one  gallon  of  water  jier  ndnute.  Their  waters  are  stated 
to  be  highly  efficacious  in  rheumatism  and  dyspepsia,  and 
in  renal,  cutaneous,  and  blood  diseases. 

James  K.  Crook. 


SPRINGS.  — Waukesha 
Hotels     and      boarding- 


WAUKESHA     MINERAL 

County,  Wisconsin. 

Post-Office.  — Waukesha, 
houses. 

Access. — Via  Chicago  and  Northwestern,  Chicago, 
Milwaukee,  and  St.  Paul,  and  Wisconsin  Central  Rail- 
road. An  electric  line  is  also  being  built  from  Milwau- 
kee. 

Waukeslia,  the  county  seat  of  Waukesha  County,  is 
located  sixteen  miles  west  of  Milwaukee,  and  ninety- 
eight  miles  northwest  of  Chicago.  The  elevation  here  is 
about  800  feet  above  tide-water.  The  surrounding  coun- 
try is  of  a  rolling  character,  well  wooded  and  has  a  sandy, 
gravelly  soil.  The  natural  advantages  of  the  place  have 
made  it  a  general  society  centi'e  of  the  Northwest  during 
the  summer  season.  The  usual  population,  of  about 
sixty-four  hundred,  is  increased  during  the  hot  months 
to  more  than  ten  thousand.  In  the  year  1895  there  were 
one  hiuidred  and  fort_v-three  clear  days,  one  hundred  and 
thirty  partially  cloud\',  and  ninety -two  cloudy  days. 
The  summer  weather  is  usually  of  a  delightful  character, 
and  quite  free  from  days  of  ojipressive  heat.  The  aver- 
age annual  rainfall  from  1892  to  1895,  inclusive,  was 
28.02  inches.     The  village  contains  eleven   hotels  and 


Other  well-known  springs  at  Waukesha  are  the  "White 
Rock."  "Glen,"  "Horeb,"  "Gibson,"  "Siloam,"  "Mineral 
Rock,"  and  "Vitaqua."  It  will  be  observetl  that  the 
principal  ingredients  of  all  these  waters  is  the  bicarbou- 
ate  of  magnesium.  Their  action  in  the  S3'stem  is  antacid, 
mildl}'  laxative  after  continuous  use,  and  diuretic.  They 
have  a  u.seful  application  in  dyspepsia,  abdominal  en- 
gorgement, Bright's  disease,  diabetes,  and  bladder 
troubles.  Some  of  them  are  excellently  adapted  for  table 
use.  James  K.  Crook. 

WAX;   BEESWAX.— (Cera  Flam.  U.    S.  P.,  B.    P., 

P.  G.);  A  peculiar,  concrete  substance,  prepared  by 
Apis  mellifica  L.  (Ord.  Ilymenoptera). 

Wax  is  an  animal  product  secreted  liy  bees  under  the 
rings  of  the  abdomen,  where  it  accumulates,  when  the 
insects  are  comb-making,  in  scales  or  flakes.  These 
flakes  are  disengaged  Viy  the  bees,  and,  with  jaws  and 
legs,  moulded  into  that  remarkable  structure,  the  honey- 
comb. It  api)ears  to  be  an  analogue  of  the  sebaceous 
secretion  of  the  skin.  The  wax  is  obtained  by  depriving 
the  comb  of  its  lioney  by  draining  and  pressing,  and  is 
purified  by  melting  one  or  more  times  in  boiling  water 
and  cooling.  It  is  then  melted  and  cast  in  lai-ge  solid 
cakes. 

Wax  is  too  familiar  to  need  description,  were  it  not  for 
its  very  frequent  adulteration,  which  unfortunately  is 
not  always  easily  detected.  The  PharmacopaMal  descrip- 
tion and  tests  are  as  follows:  "A  yellowish  or  bi'ownish- 
vellow  solid,  having  an  agreeable,  honey-like  odor,  and  a 
faint,  balsamic  taste.     It' is  brittle  when  cold,  but  be- 
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rdincs  plastic  by  the  heat  of  the  hand.  It  mells  at 
08  -(i4  C.  (14.5.4^-147.2°  F.).  and  congeals  with  a  smooth 
and  level  surface.  Specitic  gi'avit_Y,  0.9.'J5-0.967.  It  is 
insoluble  in  water,  bnt  sohil)le  in  35  parts  of  ether  and  in 
11  parts  of  chloroform  ;  also  soluble  in  the  oil  of  turpen- 
tine aud  in  fixed  or  volatile  oils.  Cold  alcohol  dissolves 
it  only  partly,  but  it  is  almost  completely  soluble  in  boil- 
ing alcohol."  Boiled  with  a  solution  of  soda,  wa.\  does 
not  saponify  like  the  fats  and  resins,  and  their  mixture 
with  wax  can  be  detected  in  this  way ;  if  the  liquid  so 
boiled,  afler  the  wax  has  been  separated  by  cooling,  re- 
mains turbid,  or  gives  a  precipitate  when  acidulated  with 
liyilrochloric  acid,  fat,  resin,  soap,  or  something  of  that 
kind  is  present.  "If  5  gra.  of  wax  be  heated,  in  a  Hask 
for  fifteen  minutes,  with  35  gm.  of  sulphuric  acid,  to  160° 
C.  (320'  F.),  and  the  mixture  diluted  with  water,  no 
solid,  wa.x-like  body  should  separate  (absence  of  par- 
affin)." 

The  composition  of  wax  is;  Cerin,  an  ether  of  cerotic 

acid  and  ceryl  alcohol,  p^'u'"     [  O,  ten  per  cent.;  and 

myricin,  an  ether  of  palmitic  acid  and  myricyl  alcohol, 

C.cHsiO^Q^   ninety   per    cent.      ("Encyclopsedia    Bri- 

tannica"),  together  w«ilh  traces  of  coloring  and  aromatic 
substances.  White  wax  {Cern  Albn,  U.  S.  P.)  is  yellow 
wax  bleached,  usually  by  Ix'ing  cut  into  thin  ribbous  or 
shreds  and  exposed  for  a  few  weeks  to  the  atmosphere 
and  sunlight,  being  also  frequently  watered.  It  may 
also  be  bleached  by  the  less  desirable  method  of  treat- 
ment with  the  oil  of  turpentine  or  some  chlorine  solution. 
It  is  a  yellowish-white  solid,  somewhat  translucent  in 
thin  layers,  having  a  slightly  rancid  odor  and  an  insipid 
taste,  answering  otherwise  nearly  to  the  description  and 
tests  given  above. 

Action  and  Uses. — Wax  is  insoluble  in  the  bod}',  and., 
therefore  exerts  only  a  mechanical  action  upon  it.  Its 
use  internally  is  entirely  obsolete.  Formerly  it  was  occa- 
sionally recommended  for  diarrha'a  or  dysenter}',  and 
later,  as  a  pill-coating.  Its  plasticity  and  very  great 
permanence  make  it  useful  as  a  temporary  tooth-filling 
where  the  cavities  are  tender  and  away  from  the  grind- 
ing surfaces.  Its  principal  employment  in  medicine, 
however,  is  as  a  component  of  cerates  (which  derive  their 
name  from  it),  plasters,  and  ointments,  to  which  it  gives 
durability  and  consistence.     It  is  perfectly  unirrifating. 

Tlie  most  important  uses  of  wax  are  ceremonial  and 
domestic — caudles  and  mechanical  moulding  aud  model- 
ling. 

Allied  Substances. — Chinese  wax,  secreted  by  Coc- 
cus ceriferus  upon  a  Chinese  ash ;  a  hard,  translucent, 
spermaceti-like  substance;  Japanese,  from  the  surface  of 
the  fruits  of  several  species  of  Rhus ;  bayberry  wax  and 
several  other  vegetable  products.     See  also  SperuKirelL 

W.  P.  B<jUeK. 

WAXY  DEGENERATION.    See  Amyloid,  and  Necrosis. 

WEIGHTS  AND  MEASURES.— Balances  and  measures 
of  capacity  are  brought  into  constant  )ise  in  chemistry, 
pharmacy,  and  medicine.  Means  for  the  accurate  defeV- 
mination  of  values  are  indispensable  to  science,  industry, 
and  commerce,  and  the  development  of  scientific  metrol- 
ogy is  a  concomitant  of  advancing  civilization. 

Old  Weights  and  Measures.— The  expressions  used 
in  ancient  writings  to  indicate  size,  or  quantity,  the  old- 
est units  of  measure,  and  the  origin  of  decimal  arith- 
metic, all  have  reference  to  the  human  body  and  its 
members.  Bulk  was  measured  by  armfuls,  handfuls, 
pinches;  linear  measure  was  expressed  in  such  terms  as 
"the  height  of  a  man,"  the  fathom,  stride,  forearm  (cu- 
bit), foot,  hand,  palm,  finger,  thumb,  nail;  the  oldest 
expressions  of  weight  had  reference  to  loads  or  burdens; 
and  decimal  arithmetic  had  its  origin  in  the  number  of 
fingers  on  the  human  hand.  Seeds  were  later  used  as 
standards  of  comparison  for  the  determination  of  weight, 
and  also  for  linear  measure ;  the  "  karat  "  and  the  "  grain  " 
ongiiialed  in  this  manner.     When  coins  were  introduced 


they  were  frequentlj-  emploj'cd  as  weights,  and  the  inti- 
inale  relations  which  weights  and  coins  su.stained  to  each 
other  are  sliowu  by  the  use  of  the  same  words  to  desig- 
nate units  of  weight  and  luonetary  units,  as  "drachma," 
"livre,"  "pound,"  "mark,"  etc. 

Commercial  intercourse  between  different  countries 
helped  to  spread  the  various  weights,  measures,  and 
money  from  one  country  to  another;  but  in  the  absence 
of  iwopcr  governmental  regulation,  and  in  consequence 
of  national  prejudices  and  conflicting  interests,  the  sys- 
tems and  units  suffered  changes  which  created  confusion. 
The  same,  or  very  similar,  names  were  given  to  units  of 
differing  values,  and  different  methods  of  subdivision 
increased  the  diversity.  This  chaotic  condition  of  the 
weights  and  measures  of  the  civilized  world  is  sufficient- 
ly shown  in  the  following  tables: 

Por.vDs  A.\'D  Hraixs  Used  at  Variots  Times  ix  Difperext 

COVNTRIES. 


Country  or  locality. 


Fnince  C"  livre  in^trique" ) 

(iermany  ("zollpfund")  ' 

France  < "  Hvre  poids  de  marc  ") 

England  and  the  United  .States  (avoir- 

dupuis  pound) 

Sweden  - 

Austria . ." 

Netherlands  and  Switzerland 

England  and  the  United  Stales  (troy 

pound  and  apothecary's  pound). 

Amsterdam 

Bavaria  aud  Greece 

Poland 

Russia 

Norway 

"  Niiremberg  Pound  "  ^ 

Sweden 

Prussia 

Spain 

Portugal  and  Brazil 

Tuscany 

Papal  States 

Turin 

Naples  and  Sicily 

Sardinia 

Venice 

Mons 

Baden  


Zap 


.500.0 
.500.(1 
489..J 

42.5.0 
420.0 
375.0 

373.aj-f 

.371.0 

380.0 

358.-5 

a58.3 

357.a5- 

357.661- 

336.25- 

a50.8- 

34,5.1 

344.25 

339.5 

339.7 

332.0 

320.8 

307.4 

.301.2 

279.0 

214.25 


■sla. 
gas 


9,216 


7,000 

5,760 
.5,760 


5,760 

5,700 
.5,760 
5,780 
.5.760 
.5,760 
6,912 

6,912 

6,912 

7,200 
.5,760 
5,760 


;2ajM 


0.054 


.063- 

.073-1- 
.065-1- 

.065- 

.063- 

.062-1- 
.062-^ 
.062-1- 
.061- 
.061- 
.050- 

.049-1- 

.048-f- 
.043- 
.053-1- 
.052^- 


'  Subdivided  into  30,000  "  kom." 

2  Subdivided  into  10,000  "  korn." 

3  Offlcially  recognized  by  many  pharmaonpiieias,  among  which  were 
those  of  Ntii^mberg,  Finland,  Hamlniir.  Siiilc,swig-H(p!stfin,  Russia 
(military  pharmacopd-ia  of  1840).  B:i't*-n.  llannvcr.  Hesse,  Bremen, 
T^iibeck,  Nassau,  ete. 

The  ounces,  drachms,  and  scruples,  of  course,  varied 
as  much.  The  pound  wsis  generally  subdivided  into  13 
ounces;  but  sometimes  into  16;  the  ounce  into  8  drachms, 
but  one  of  them  into  16;  the  scruple  into  30  grains,  but 
sometimes  into  34. 

Varting  Value  of  the  Foot. 

Value  in 
millimetres. 

Hesse  (the  Grand  Duchy) 230 

Saxonv 283 

Frankfurt  a.  M 284 

Brunswick 283 

Will  temberg  and  Hambui'g 286 

Hesse  CKur-Hessen) 287 

Bavaria 291 

Hanover 292 

Sweden 297 

Baden an) 

England 303 

Prussia  (Rheinish) 313 

Norway 314 

Austria 316 

Paris 324 

In  England  alone  there  have  been  four  different  kinds 
of  gallons,  quarts,  and  pints. 

Legislation  relating  to  weights  and  measures  aimed  to 
fix  the  values  of  cxistiug  units  so  as  to  prevent  variation 
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but  not  to  establish  new  systems  in  accordance  with  rec- 
ognized scientific  princi|)Ies,  nor  to  secure  any  degree  of 
international  agreement.  The  following  examples  of 
early  English  laws  will  indicate  their  character;  "An 
English  penny,  called  a  sterling,  round,  and  without 
clipping,  shall  weigh  thirty-two  wheal  corns  from  the 
midst  of  the  ear,  and  twenty  pence  shall  make  an  ounce, 
and  twelve  ounces  one  pound,  and  eight  pounds  do  make 
a  gallon  of  wine,  and  eight  gallons  of  wine  do  make  a 
London  bushel,  which  is  the  eighth  part  of  a  quarter." 
(King  Henry  III.,  A.D.  1266.) 

"Three  barley  corns,  liound  and  dry,  shall  make  an 
inch,  and  twelve  inches  a  foot.  "  (Edward  III.,  A.n. 
1324.) 

"We  will  and  establish  tliat  one  weight,  one  measure, 
and  one  yard  be  throughout  the  land,  and  that  woollens 
and  all  manner  of  avoirdupois  be  weighed."  (Edward 
IIL,  A.D.  1353.) 

Principles  op  Metrology. — All  values,  of  whatever 
kind,  are  expressed  by  comparison  with  known  stand- 
ards. Matter  may  be  measui'ed,  as  to  its  amount,  either 
b_v  its  weight  or  by  its  volume.  Convenience  and  the 
desired  degree  of  accuracy  determine  the  choice  of 
method.  As  by  matter  we  understand  the  weighable, 
without  regard  to  space,  it  follows  that  a  given  amount- 
by  weight  of  anj-  substance  is  a  constant  quantity  with- 
out regard  to  its  volume;  but  a  given  volume  of  matter 
is  a  variable  amount,  because  the  mass  occupies  more  or 
less  space  according  to  its  density,  temperature,  and  the 
pressure  to  which  it  is  subject.  Extension  is,  however, 
much  more  readily  and  strikingly  perceptible  to  our 
physical  senses  than  weight,  and  we  can,  moreover, 
think  of  space  as  well  as  of  distance  without  regard  to 
matter;  while  the  idea  of  weight  is  inseparable  from 
matter  as  well  as  space.  Hence  a  rational  system  of 
weights,  measures,  and  monej'  ought  to  re.st  upon  some 
fixed  imit  of  linear  measure  as  its  basis. 

Whatever  maybe  tlie  natural  basisof  the  primary  miit 
of  linear  measure,  if  the  weights  and  measures  have  such 
a  basis,  all  of  the  scales  and  measures  used  to  measure 
linear  extension,  and  all  volume  measures  and  weights 
must  be  derived  from,  or  standardized  by,  comparison 
with  actual  prototype  stdiidaidK.  The  British  weights 
and  measures  do  not  rest  upon  any  physical  constant,  but 
upon  the  prototype  yard  and  the  prototype  povmd 
weights.  The  metric  system,  however,  rests  theoreti- 
cally upon  the  length  of  the  meridian,  and  pr.actically 
upi.n  the  platinum  rod  which  represents  the  theoretical 
metre,  and  upon  the  platinum  weight  which  represents 
tlie  theoretical  kilogram.  Distinction  must  he  made  be- 
tween theoretical  and  actual  standards.  While  the  theo- 
retical metre  is  the  forty-millionth  part  of  the  length  of 
the  meridian,  the  actual  metre,  made  of  platinum,  may 
not  be  absolutely  one  theoretical  metre  in  length.  The 
theoretical  litre  is  the  cube  upon  the  tenth  part  of  the 
metre,  but  the  actual  litre  measure  used  in  practical 
work  may  vary  from  it.  The  theoretical  kilogram  is  the 
weight,  in  vacuo,  of  one  cubic  decimetre  of  pure  water 
at  4°  C,  but  the  actual  (prototype)  platinum  kilogram, 
made  to  represent  that  weight,  may  not  be  true.  It  will 
be  easily  understood,  then,  that  tlie  material  standards  or 
models  are  the  real  standards;  that  it  isof  the  utmost  im- 
portance that  a  sufficient  number  of  perfect  copies  of 
these  prototype  standards  be  carefully  ju-eserved  in  dif- 
ferent places:  but  that  a  knowledge  of  the  exact  relation 
of  these  prototypes  to  any  geographical  constant  is  of  no 
consequence. 

After  fixed  standards  of  linear  measure  have  been 
adopted,  the  units  for  the  expression  of  surface  measures 
arc  furnished  by  the  squares  uiion  the  linear  units,  and 
measures  of  capacit}-  or  bulk  are  derived  from  their 
cubes.  Thus  the  unit  of  land  measure  of  the  metric  sys- 
tem is  the  square  of  ten  metres,  called  an  are;  the  unit 
for  measuring. large  bulks  of  dry  substances  is  tlie  cubic 
metre,  called  a  STi:RE,  and  the  unit  of  liquid  and  dry 
measure  used  for  less  bulky  commodities,  is  the  cube 
upon  the  tenth  part  of  the  metre,  called  a  litre.  Next 
in  order  comes  the  unit  of  weight,  which  is  derived  from 


the  mass  of  a  given  volume  of  water,  under  such  condi- 
tions as  are  most  favorable  to  exact  determinations. 

Water  has  been  chosen  as  the  medium  by  which  weight' 
and  volume  are  compared,  and  its  density  as  the  standard 
unit  for  the  expression  of  specific  weight,  because  it  is 
universally  present,  easily  obtainable  in  a  pure  state,  and 
offers  the  most  favorable  conditions  for  conveniently  and 
accurately  determining  the  relations  between  its  weight 
and  its  volume.  In  the  construction  of  the  metric  sys- 
tem, therefore,  the  weight  unit  is  derived  from  the 
weight,  in  vacuo,  of  one  litre  of  pure  water  at  its  maxi- 
mum density  (the  theoretical  kilogram),  which  is  repre- 
sented by  the  prototype  standard  weight  of  platinum 
(tlie  actual  kilogram  of  the  French  Archives).  The  one- 
thousandth  part  of  this  mass,  called  a  gram,  is  the  prin- 
cipal weight-unit  of  the  metric  system.  The  monetary 
unit  of  the  French,  and  of  several  other  nations,  repre- 
sents the  value  of  .5  gm.  of  silver  of  legal  standard  fine- 
ness, and  thus  the  whole  chain  of  standard  units  of  meas- 
ures, weights,  and  money  is  completed,  and  all  of  these 
uuits  bear  simple  reciprocal  relations. 

A  perfect  system  of  metrology  must  also  present  units 
of  such  value  as  will  best  subserve  the  practical  require- 
ments of  science,  commerce,  arts,  and  manufactures,  and 
it  should  be  in  harmony  with  the  arithmetical  notation  in 
use. 

How  far  the  metrological  sj'stems  now  in  use  accord 
with  these  simple  principles,  may  be  readily  discovered 
by  even  a  superficial  examination. 

Arithmetic  and  Metroi.ooy. — The  intimate  relation 
of  metrolog}'  to  our  arithmetical  notation  commands  uni- 
versal recognition.  Whatever  may  be  the  periodical 
number  of  our  arithmetical  notation,  tliat  number  should 
also  be  the  periodical  number  governing  the  .subdivision 
of  the  larger  metrological  units  into  the  next  lower.  So 
long  as  wiiole  numbers  are  expressed  in  units,  tens,  hun- 
dreds, and  thousands,  so  must  ten,  or  a  hundred,  or  a 
thousand  of  the  principal  units  of  weigiit  and  measure 
make  the  higher  secondary  units,  and  the  tenth  parts, 
hundredth  parts,  and  thousandth  parts  must  furnish  the 
lower  secondary  units,  because  this  conformity  reduces 
the  labor  of  computations  to  its  minimum.  The  main 
reason,  then,  why  the  metric  system  has  become  univer- 
sally adopted  for  scientific  purposes  is  that  it  agrees  with 
our  arithmetic;  and  many  efforts  have  been  made  to  im- 
part a  decimal  character  to  old  systems. 

Whether  or  not  the  periodical  number  of  our  arithmeti- 
cal notation  is  the  most  natural,  simple,  and  useful  is, 
however,  questioned.  It  is  admittedly  derived  from  the 
fact  that  man  has  ten  fingers,  and  that  in  its  early  child- 
hood the  human  race  needed  and  made  use  of  this  aid  in 
counting,  until  finally  the  habit  of  counting  upon  the 
fingers  and  repeating  that  count,  or  counting  by  tens, 
became  so  rooted  that  it  was  made  the  basis  of  our  arith- 
metical notation.  But  decimal  arithmetic  has  nothing  to 
recommend  it  except  that  it  is  in  universal  use.  The 
fact  that  no  other  system  is  at  all  employed  would,  how- 
ever, render  a  change  extremel.y  ditficult,  no  matter  how 
clearly  it  may  be  shown  that  some  other  system  would 
be  so  far  superior  as  to  be  well  worth  the  great  labor 
probably  involved  in  its  introduction.  The  most  natural 
and  convenient  arithmetical  processes  are  surely  those  in 
harmonj'  with  the  constitution  of  man's  mind,  without 
regard  to  his  fingers  and  toes.  The  most  simple  sub- 
division and  method  of  counting  is  by  twos,  and  al- 
though education  and  habit  have  for  several  centuries 
trained  mankind  in  the  use  of  a  decimal  arithmetical  sys- 
tem, the  question  still  continues  to  force  itself  upon  our 
attention :  Is  not  any  arithmetic  unnatural  which  is  based 
upon  a  periodical  number  indivisible  by  both  3  and  4, 
and  comprehending  neither  the  square  nor  the  cube  of 
any  number'?  Of  course,  the  periodical  number  must 
not  be  too  large  nor  too  small,  and  we  have  found  10  to 
be  manageable ;  two  other  numbers  have  been  suggested 
as  more  simple  and  effective  than  10,  namely  8  and  V2. 
The  number  10  will  be  readily  regarded  as  more  suitable 
than  7,  11,  or  13;  but  8  and  13  are  each  as  clearly  supe- 
rior to  10,  as  the  periodical  numbers  of  arithmetical  nota- 
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tion  as  well  as  of  weights,  measures,  and  money.  Not- 
willistandiiis  the  universal  inclination  of  the  untutored 
human  mind  lo  count  upon  the  linurrs  and  toes,  and  de- 
spite the  universality  ot  the  deeinial  system  of  numeration 
as  the  residt  of  tliat'  primitive  instinct,  mankind  did  not 
adopt  decimal  division  and  mulliplicatiou  in  regard  to 
measurements  of  leusith.  surface,  volume,  weight,  money, 
or  time-  hut  the  subdivisions  and  multiples  adopted 
were  by  2.  4,  8,  10,  and  ;i2,  and  by  3,  13,  34,  and  CO. 

The  number  13  has  been  recommended  as  a  periodical 
nundier,  because  it  is  evenly  divisible  by  2,  3,  4.  and  C; 
and  S  has  been  jiroposed,  because,  without  being  either 
too  small  or  too  large,  it  is  the  cube  of  3,  which  is  the 
smallest  nunil)er  above  the  unit;  one  half  of  8  is  the 
square  of  3,  and  three  successive  divisions  by  2  gives  1 
as  the  last  quotient. 

Octonary  notation  would,  of  course,  be  quite  as  easy  as 
decimal  notation,  and  more  natural.  It  would  require 
but  eight  figtires  including  the  cypher;  two  figures 
would  be  used  to  write  eight,  and  three  figures  to  write 
eight  times  eight,  etc.,  and  we  would  have  an  octonal 
point  instead  of  the  decimal  point. 

To  show  the  most  common  subdivisions  of  weights  and 
measures,  the  following  will  suffice: 

Distance  Measure:  1  mile  =  8  furlongs.  1  furlong  = 
40  rods.  But  furlongs  and  rods  are  not  so  often  men- 
tioned as  "half  miles,"  "quarter  miles,"  eighths  of  a 
mile,  etc. 

For  shorter  linear  measures  we  find:  1  yard  =  3  feet. 
1  foot  =  12  inches. 

The  yard  is  used  most  frequently  in  measuring  cloth, 
but  no  one  uses  such  expressions  as  "a  yard  and  one  foot 
or  "  a  yard  and  one  foot  and  six  inches  " ;  we  would  in- 
stead say  "a  yard  and  a  third,"  or  "a  yard  and  a  half." 
Halves,  quarters,  and  eighths  of  a  yard  are  more  com- 
monly referred  to  than  any  other  fractions  when  the 
measure  need  not  or  cannot  be  exact,  notwithstanding 
the  subdivision  of  the  yard  into  three  feet  or  thirty-six 
inches.  But  the  yard  was  derived  from  the  length  of  the 
arm  of  King  Henry  I.,  in  1101;  and  it  was  divided  into 
three  feet,  because  the  third  of  it  was  not  very  far  from 
the  length  of  a  man's  foot;  and  the  subdivision  of  the 
foot  into  twelve  inches  was  continued,  because  one- 
thirty-sixth  of  the  yard  was  about  the  length  of  a  man's 
thumb  from  the  end  to  the  first  joint.  In  other  words, 
these  units  were  adopted  for  the  sake  of  preserving  the 
use  of  the  valuable  object  lessons  afforded  by  the  mem- 
bers of  the  body,  rather  than  to  insure  the  most  conven- 
ient and  valuable  mathematical  results.  Inches  are  sub- 
divided into  halves,  fourths,  eighths,  sixteenths,  and 
thirty-seconds,  more  frequently  and  naturally  than  into 
tenths.  And  yet  the  foot  has,  in  some  countries,  been 
subdivided  into  ten  inches  instead  of  twelve,  and  each 
inch  into  ten  lines  instead  of  twelve,  in  obedience  to  the 
demand  that  the  metrological  subdivisions  shall  agree 
with  the  arithmetic. 

Land  Measure. 

1  square  mile  =  640  acres. 
1  acre  =  4  roods. 

But  we  speak  commonly  of  half  acres  and  quarter 
acres,  antl  not  of  roods. 

Volume  31etisure. 

1  bushel         =  4  pecks  or  8  gallons. 

1  peck  =  2  gallons  or  8  quarts. 

1  gallon  =  4  quarts  or  8  pints. 

1  qiiart  =  2  pints  or  8  gills. 

1  pint  =  4  gills  or  IG  Huidounces. 

1  gill  =  4  tluidounces  or  33  fluidrachms. 

1  liuidounce  =8  fluidrachms. 

1  iiuidraehm  =  60  minims. 

In  these  subdivisions  there  was  nothing  to  prevent  the 
consistent  application  of  the  natural  inclination  to  divide 
the  larger  units  into  two,  four,  eight,  sixteen,  or  thirty- 


two  parts,  until  the  fluidi'achm  was  reached;  but  the 
iiuidraehm  was  subdivided  into  sixty  minims,  because  it 
was  desired  (o  make  the  subdivisions  of  the  tluidouuee, 
whieli  was  used  oidy  by  pliysicians  and  apothecaries, 
parallel  with  the  subdivisions  of  the  ounce. 

In  the  imperial  pint  there  are  twenty  fluidounces  in- 
stead of  sixteen,  as  the  unavoidable  result  of  making  the 
avoirdupois  ounce  commensurate  with  the  tluidounce, 
while  the  gallon  was  made  to  represent  the  vulume  of  ten 
pounds  of  water. 

Aooirdiipois  Weight. 

1  pound  =  16  ounces. 

1  ounce  =  16  drachms  or  437i  grains. 

But  the  awkward  subdivision  of  the  ounce  into  437.5 
grains  was  simply  the  direct  result  of  combining  portions 
of  two  different  systems,  and  avoirdupois  weight  did  not 
originally  include  any  smaller  unit  than  the  drachm.  We 
no  longer  make  use  of  the  avoirdupois  drachm,  but  do 
make  use  of  halres,  quarters,  and  eightlis  of  the  avciirdu- 
pois  ounce,  having  weights  of  these  denominations  among 
the  sets  in  common  use  in  our  shops. 

Troy  Weight. 

1  pound  =  12  ounces,  or  240  pennyweights. 

1  ounce  =  30  pennyweights  or  480  grains. 

1  pennyweight  =  34  grains. 

Old  Medicinal  Weights. 

1  pound    =  13  ounces. 
1  ounce     =  8  drachms  or  34  scruples. 
1  drachm  =  3  scruples  or  60  grains. 
1  scruple  =  30  grains. 

Sometimes  the  scruple  contained  twenty-four  grains. 

From  the  above  examples  it  will  be  seen  that  two  prin- 
cipal considerations  have  determined  the  subdivision  of 
the  larger  into  smaller  units,  namely:  (1)  Capacity  for 
continued  integral  bisection  down  to  unit;  and  (2)  divisi- 
bility by  a  variety  of  aliiiuot  parts. 

The  Romans  divided  their  acre,  their  foot,  and  their 
pound,  each  into  twelfths  {uiicice.  from  which  our 
"ounce"  and  "inch  ");  the  .signs  of  the  Zodiac,  the  divi- 
sion of  the  year  into  twelve  months,  and  of  the  day  into 
twelve  hours,  and  the  use  of  the  "dozen"  and  the 
"gross"  also  show  that  the  number  twelve  has,  next  to 
eight,  been  a  favorite  periodical  niunber.  The  number 
sixty  has  also  been  much  used,  because  divisible  into  a 
great  variety  of  aliquot  parts.  In  the  division  of  the 
earth's  longitude  and  latitude,  and  in  the  division  of 
time,  the  number  sixty  has  been  found  valuable. 

But  we  find  no  subdivisions  by  ten  in  the  old  methods 
of  dividing  measures,  weights,  time,  or  money. 

The  following  table  forcibly  illustrates  the  natural 
tendency  to  binary  and  quarternary  subdivision,  and  at 
the  same  time  the" redundance  of  units,  which  is  a  com- 
mon fault  in  the  several  systems  of  weights,  measures, 
and  mone}'. 

In  Baden  the  weights  at  one  time  used  were: 


4  richttheilen  : 
4  grilnchen 
4  granen  = 

4  karate 
4  pfennig        : 
4  quentchen    : 

2  lothe 
4  unzen 

3  vierling 
3  mark 


:  1  griinchen. 
:  1  gran. 
;  1  karat. 
:  1  pfennig. 
:  1  quentchen. 
:  1  loth. 
:  1  imze. 
:  1  vierling. 
:  1  mark. 
:  1  pfund. 


American  Weights  and  Measures.— No  civilized 
country  has  failed  to  enact  complete  and  specific  laws 
establishing  standards  for  the  weights  and  measures  used 
liy  its  people,  except  the  United  States  of  America.  AH 
other  nations  have  laws  enumerating  the  several  units 
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which  shall  be  used,  establishing  their  relations  to  each 
other,  fixing  their  respective  values,  and  providing  for 
the  construction  and  proper  preservation  of  prototypes 
or  models  l)y  wliich  the  weights  aud  measures  intended 
for  tlie  use  of  the  people  shall  be  staudardized,  lu  the 
United  States  there  is  no  law  for  the  establishment  of  any 
weights  or  measures  other  thau  one  declaring  a  certain 
copy  of  the  British  prototype  troy  pound  to  be  the  stand- 
ard "conformably  to  which  the  coinage  shall  be  regu- 
lated. "  The  weights  and  measures  in  actual  use  through- 
out the  United  States  are  the  avoirdupois  weight  of  the 
present  British  "Imperial  System;"  the  troy  weight  and 
apothecaries'  weight,  which  was  abolished  in  England  by 
a  law  passed  in  lS2-i,  to  take  effect  January  1st,  1826 ;  the 
English  linear  measures;  and  the  wine  measures  and 
Winchester  measures,  abolished  in  England  simulta- 
neously with  the  abolition  of  the  apothecaries'  weights. 
No  law  now  exists,  in  this  or  any  other  country,  which 
directly  fixes  the  value  and  subdivisions  of  the  liquid 
measures,  the  dry  measures,  or  the  inedicinal  weights 
and  measures  used  in  the  United  Status. 

The  only  United  States  laws  relating  to  weights  and 
measures  are  these:  "For  the  purpose  of  securing  a  due 
conformity  in  weight  of  the  coins  of  the  UnitedStates, 
the  brass  troy  pound  procured  by  the  miuister  of  the  ■ 
United  States  at  London,  in  the  year  1827,  for  the  use  of 
the  Mint,  and  now  in  the  custody  of  the  Mint  at  Phila- 
delphia, shall  be  the  standard  troy  pound  of  the  Mint  of 
the  United  States,  conformably  to  which  the  coinage 
thereof  shall  be  regulated."     (R!  S.,  3548.) 

By  the  act  of  July  28tli,  1866,  it  was  enacted  that  "it 
shall  be  lawful  throughout  the  United  States  of  America 
to  employ  the  weights  aud  measures  of  the  metric  sys- 
tem; and  no  contract,  or  dealing,  or  pleading  in  any 
court  shall  be  deemed  invalid  or  liable  to  objection  be- 
cause the  weights  or  measures  expressed  or  referred  to 
therein  are  weights  or  measures  of  the  metric  system." 
(R.  S.,  3569.) 

Tables  of  equivalents,  .showing  the  relations  of  the 
metric  weights  and  measures  to  those  in  common  use, 
were  also  made  part  of  the  law  of  1866.  (R.  S..  3570.) 
The  legal  equivalents  may  be  said  to  tix  indirectly  the 
values  of  our  mile,  yard,  foot,  inch,  acre,  wine-gallon, 
bushel,  peck,  quart,  gill,  fluidouuce,  tiuidrachm,  avoir- 
dupois pound,  ounce,  and  grain,  with  reference  to  the 
units  of  the  metric  system;  but  the  equivalents  thus 
established,  however  sufficient  for  the  purpo.scs  for 
which  they  are  intended,  are  inconsistent  as  well  as  in- 
exact; they  do  not  suffice  to  establish  the  weights  aud 
measures  which  may  be  lawfully  used;  they  do  not  ii.K 
the  values  aud  subdivisions  of  the  units  sanctioned  by 
usage  and  in  common  law,  except  indirectly  and  par- 
tially. 

On  the  day  preceding  the  date  of  the  executive  ap- 
proval of  the  act  to  render  the  use  of  the  metric  system 
permissive,  Congress  passed  a  joint  resolution  requiring 
the  Secretary  of  the  Treasury  to  furnish  to  each  State  of 
the  United  States  "one  set  of  the  standard  weights  and 
measures  of  the  metric  system  for  the  use  of  the  States, 
respectively;"  but  we  have  no  legalized  standard  metre 
and  standard  kilogram,  any  more  than  we  have  legalized 
prototype  standards  of  the  weights  aud  measures  in  com- 
mon use. 

The  present  ultimate  standards  upon  which  all  weights 
aud  measures  employed  in  the  United  States  are  based 
are  ihe  American  national  ]irototype  standards  of  tlie 
metre  and  the  kilogram,  made  of  iridoplatinum,  received 
by  the  American  Government  from  the  International  Bu- 
reau of  Weights  and  Measures  (near  Paris)  in  1890,  which 
are  in  the  custody  of  the  National  Bureau  of  Standards 
at  Washington. 

The  American  yard  is  defined  to  be  equal  to  ir^^  metre ; 

the  American  commercial  vouiid  is  defined  as  being  ecjual 
,.     700.000.000  ,  ',   ,      .         .        ,..,„. 

1  -I.J  .T,-  ,:,n  kgiii. ;  and  the  American  liquid  gallon  is 
l,o4d,23.),()39     °      '  1        J 

the  volume  of  3,785.434  gm.  (58,418.144  grains)  of  water 


at  the  temperature  of  its  maximum  deusity,  weighed  in 
vacuo. 

While  the  liquid  gallon  is  designed  to  be  a  rolume  of 
231  cubic  inches,  it  is  detcrmined'or  adjusted  hi/ irnq/it 
on  the  assumption  that  2.52.892  grains  of  water,  at  its 
maximum  density,  weighed  in  i-acuo,  measures  one  cubic 
inch.  This  value  is  derived  from  the  accepted  equiva- 
lents of  the  metre  in  inches  and  of  the  kilogram  in  grains, 
coupled  with  the  assumption  that  the  mass  (jf  one  cubic 
decimetre  of  water  is  identical  with  that  of  tlie  actual 
stan'dard  kilogram. 

EquieaUnts. 

1  metre  =  39.3700  inches. 
1  j-ard    =0.914402  metre. 

1  litre  =  0.26417  li<iuid  gallon. 

1  gallon         =3.78.5434  litres. 
1  fluidounce  =  29.5787  millilitres. 

1  kgm.  =  2.20462  pounds,  or  to  15,432.35639  grains. 

1  pound  =  4.53.5924277  gm. 

1  commercial  ounce  =  28.3495  gin.  " 
1  medicinal  ounce  =  31.10348  gm. 
1  grain  =  64. 7898  nigm. 

1  fluidounce  of  water  weighs  29.5737  gm.,  or  456.393 

grains. 
1  medicinal  ounce  of  water  measures  31.10348  millilitres, 

or  504.829  minims. 

British  Weights  and  Me.\sures  Priou  to  1826.  .\nd 
NOW  Used  in  the  United  States.— The  weights  and 
measures  in  use  in  Englaud,  prior  to  1826,  were  the  fol- 
lowing. They  are  the  weights  and  measures  in  common 
use  in  the  United  States  at  this  time,  except  the  beer 
measures,  which  are  no  longer  used  anywhere. 

Linear  Measures. 

1  league    =  3  miles  =  5,280  yards  =  15,840  feet. 

1  mile       =  8  furlongs  =  1,760  yards  =  5,280  feet. 

1  furlong  =  10  chains  =  40  poles,  or  perches,  or  rods  = 

220  yards  =  660  feet. 
1  chain  =  4  poles,  or  perches,  or  rods  =  23  yards  =  66 

feet. 
1  pole,  or  perch,  or  rod  =  5J  yards  =  164  feet. 
1  yard  =  3  feet  =  36  inches. 
1  foot  =  13  inches. 

Superficial  Measures. 

1  square  mile  =  640  acres. 

1  acre  =  4  roods  =  10  square  chains  =  160  square  poles  = 

4.840  square  yards  =43,560  square  feet. 
1  rood  =  40  square  poles  =  1,210  square  yards  =  10,890 

square  feet. 
1  square  pole  =  30J  square  yards  =  3723J  square  feet. 
1  sciuare  yard  =  9  square  feet. 
1  square  "foot  =  144  square  inches. 

Cubic  Measures. 

1  cubic  yard  =  37  cubic  feet. 

1  cubic  foot  =  1,728  cubic  inches. 

Dry  or  Winchester  Measures. 

1  bushel  =  4  pecks    =  32  quarts  =  2, 1.50.42  cubic  inches. 
1  peck     =  3  gallons  =  8  quarts   =  537.6  cubic  inches. 
1  gallon  =  4  quarts   =  8  pints      =  268.8  cubic  inches. 
1  quart   =  2  pints     =  67.2  cubic  inches. 
1  pint      =  83.6  cubic  inches. 

Beer  Measure. 

1  hogshead  =  2  barrels  =  72  gallons. 

1  barrel        =  36  gallons. 

1  gallon       =  4  quarts  =  8  pints  =  282  cubic  inches. 

1  quart         =  3  pints    =  70.50  cubic  inches. 

1  pint  =  35.35  cubic  inches. 
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Wine  Measure. 

1  hogshead  =  3  barrels  =  63  gallons. 

1  barrel       =  3U  gallnns. 

1  gallon       =  4  quarts  =  8  pints  =  231  cubic  inches. 

1  quart        =  3  pints    =  57. Tf)  cul)ic  inches. 

1  pint  =4  gills      =  28.87.")  cubic  inches. 

1  gill  =  7.319  cubic  inches. 

Medicinal  Fluid  Measm-es. 

1  gallon  =  4  quarts  =  8    pints  =  128    fl.uidounces  =  381 

cubic  inches. 
1  quart  =  3  pints  =  32  fluidouuccs. 
1  pint    =  16  lluidounces  =  128  tluidrachms. 

1  tluidounce  =  8  tluidrachms  =  4«;I0  minims. 

1  Uuidrachm  =  60  minims. 

Measures  of  Weight  for  General  Merchandise. 

(Avoirdupois.) 

1  ton  =  20  hundredweight  =  2,240  pounds. 
1  himdred weight  =  8  stones  =  112  pounds. 
1  stone      =  14  pound.?. 
1  poimd    =  16  ounces     =  7,000  grains. 
1  ounce     =  16  drachms  =  437*  grains. 
1  drachm  =  27y  grains. 

Measures  of  Weight  for  Precious  Metals,  Jewels,  and  Coin. 
(Troy.) 

1  pound  =  12  ounces  =  240  pcnn3'weights  =  5,760  grains. 
1  ounce  =  20  pennyweights  =  480  grains. 
1  pennyweight  =  34  grains. 

Measures  of  Weight  for  Medicines. 

1  pound    =  12  ounces    =  5,760  grains. 

1  ounce     =  8  drachms  =  24  scruples  =  480  grains. 

1  drachm  =  3  scruples  =  60  grains. 

1  scruple  =  30  grains. 

The  British  Impeui.^l  System. — The  English  weights 
and  measures  were  reconstructed  in  1824,  when  a  law 
was  passed  which  went  into  effect  January  1st,  1836,  es- 
tablishing the  "  Imperial  System  of  Weights  and  Meas- 
ures," which  is  at  the  present  time  still  in  force.  It  in- 
cludes the  linear  measures  previously  employed  and  the 
avoirdupois  pound,  the  value  of  which  was  defined  to  be 
fffg  of  the  old  standard  troy  pound  of  brass  made  in 
17,58.  The  new  feature  of  the  Imperial  .system  was  the 
Imperial  gallon  and  its  subdivisions,  the  old  corn,  beer. 
■wine,  and  medicinal  measures  being  replaced  by  the 

Imperial  Measures  of  Capacity. 

1  bushel  =  4  pecks  =  8  gallons  [  =  3,218.191  cubic 

inches]. 
1  peck  =  2  gallons  =  8  quarts  [  =  554.548  cubic 

inches]. 
1  gallon  =  4  quarts  =  8  pints  [  =  377.274  cubic 

inches]. 
1  quart  =  3  pints  [  =  69.3185  cubic  inches]. 
1  pint  =  30  tluidouuces  [  =  34.6.5925  cubic  inches]. 
1  lluidounce  =  8  tluidrachms  [  =  1.733  cubic  inches]. 
1  fluidrachm  =  60  minims. 

One  of  the  careftiHy  constructed  copies  (made  of 
bron/.e)  of  tlie  former  standard  yardstick,  which  had 
been  destroyed,  was  declared  to  be  the  new  standard,  and 
a  new  avoirdupois  pound-weight  of  platinum  was  made 
under  the  supervision  of  Prof.  W.  li.  Miller,  which,  by 
the  law  of  1855,  was  declared  to  be  "  the  legal  and  geii- 
uine  standard  measiu'e  of  weight,  and  shall  be,  and  be 
denominated,  the  Imjierial  Standard  Pound  Avoirdupois, 
and  shall  be  deemed  to  be  the  only  standard  measure  of 
weight  from  wiiicli  all  other  weights  and  other  measures 
having  reference  to  weight  shall  be  derived,  computed, 
and  ascertained,  and  one  equal  seven-thousandth  part  of 
such  pound  avoirdu])(iis  shall  be  a  grain,  and  five  thou- 
sand seven  huudrc<l  and  sixty  such  grains  shall  be,  and 


be  deemed  to  be,  a  pound  troy.  If,  at  any  time  here- 
after, the  said  Imjierial  Standard  Pound  Avoirdupois  be 
lost  or  in  any  manner  destroyed,  defaced,  or  otherwise 
injured,  the  Commi.ssioners  of  Her  Majestj-'s  Treasury 
may  cause  the  .same  to  be  restored  by  reference  to,  or 
ado]ition  of,  any  of  the  copies,"  provided  and  available 
for  that  jiurpose. 

Thus  the  avoirdupois  pound,  which  was  before  based 
upon  the  troy  pound-weight,  became,  in  1855,  the  only 
basis  for  all  weights,  including  the  troy  weight,  and  also 
became  the  basis  for  the  imperial  gallon,  which  was  de- 
fined to  be  the  volume  of  ten  avoirdupois  pounds  of  pure 
water  at  62°  P. 

Decim.vl  Weights  and  Measures. — The  first  scientific 
decimal  system  of  weights  and  measures  ever  presented 
was  of  American  origin,  being  devised  and  recommended 
to  the  House  of  Hepreseutatives  of  the  United  States, 
July  13th,  1790,  by  Thomas  Jefferson,  who  was  then 
Secretary  of  State.  Mr.  Jefferson  had  been  the  American 
Minister  to  Paris,  where  he  resided  during  the  period  of 
the  great  Revolution.  He  had,  therefore,  come  into 
direct  intercourse  with  the  Bishop  of  Autun  and  other 
great  men,  who  were  inspired  with  the  grand  idea  of 
establishing  a  common  language  of  weights,  measures, 
and  mc  ney  for  the  whole  world.  Mr.  Jefferson  proposed 
as  a  basis  for  his  new  system  the  length  of  a  rod  swing- 
ing seconds  of  time  in  latitude  45',  one-fifth  of  that 
length  to  be  called  the  new  foot.  This  new  foot  was 
about  one-fourth  inch  shorter  than  the  English  foot.  It 
was  to  be  divided  into  ten  inches,  each  inch  into  ten 
lines,  and  each  line  into  ten  points;  ten  feet  was  to  be 
called  a  decade,  ten  decades  a  rood,  ten  roods  a  furlong, 
and  ten  furlongs  a  mile.  A  new  culiic  foot  was  to  be 
the  new  bushel,  the  weight  of  the  new  cubic  inch  of 
water  was  to  be  the  new  ounce,  and  one  ounce  of  silver 
{\  fine  was  to  be  the  new  dollar. 

Thomas  Jefferson's  decimal  system  of  weights  and 
measures  was  in  every  way  as  meritorious  as  the  metric 
system,  but  it  was  not  adopted.  Other  decimal  systems 
have  been  proposed  at  various  times,  but  none  has  been 
used  e.vcept — 

The  Metric  System. — A  new  system  of  weights  and 
measures  was  constructed  in  1791,  with  the  view  of  its 
ultimate  universal  adoption.  It  was  not  the  work  of  one 
mind.  It  was  the  legitimate  offspring  of  the  times.  In 
its  conception  and  development,  as  in  its  steadily  increas- 
ing domain,  no  nation  can  claim  it  as  its  own. 

Its  basis  was  the  length  of  the  earth's  circumference 
through  the  poles.  The  Dutch  astronomer.  Huygens, 
had  already,  in  1685,  recommended  the  length  of  the 
meridian  as  a  suitable  standard  for  measures  of  length. 
The  distance  from  the  equator  to  the  pole  having  been 
measured  along  the  surface  of  still  water,  one  ten-mil- 
lionth part  of  tliat  length  was  denominated  a  metre,  and 
a  platinum  rod  was  made  by  Borda  to  represent  the 
metre.  The  theoretical  metre  is  one  forty-millionth  part 
of  the  length  of  the  terrestrial  meridian,  and  the  actual 
metre  is  the  distance  between  the  ends  of  Borda's  plati- 
num rod  at  0°  C.  They  are  generally  supposed  to  be 
identical,'  but  some  physicists  deny  this.  Be  that  as  it 
may,  the  real  basis  of  the  metric  system  is  the  prototype 
platinum  metre  aud  not  the  length  of  the  meridian;  but 
this  does  not  detract  from  the  merits  of  that  grand  sys- 
tem. The  value  of  the  metric  system  depends  upim  the 
following  characterisics:  (1)  Its  construction  is  in  perfect 
harmony  with  our  present  arithmetical  notation,  the 
multiples  and  subdivisions  of  all  its  units  being  in  deci- 
mal progression.  (2)  The  units  of  length,  surface,  ca- 
pacity, and  weight,  all  bear  simple  relations  to  each 
other,  respectively,  all  being  derived  from  the  same  pri- 
mary standard,  the  metre.  (3)  Each  volume  unit  of  the 
metric  system  has  a  corresjionding  weight  unit  with 
which  it  iscommensui'ate  when  referring  to  water,  which 
is  the  connecting  link  between  measiues  of  extension  and 
measures  of  weight,  and  the  standard  unit  used  for  the 
Cipression  of  specific  weight.  Thus  the  units  of  weight 
and  volume  <if  tlie  metric  system  are  not  merely  parallel, 
but  their  values  are  readily  interconvertible  through  the 


298 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


AVelslits  an<l 
Measures. 


specific  weights  and  specific  volumes  of  the  substances 
measured  or  weighed. 

The  word  "metro"  is  derived  from  the  Greek,  /itrfMiv, 
measure,  and  the  term  "  metric  system  "  from  the  metre. 

Tla-re  are  only  five  standard  units  of  the  metric  system. 
Tliese  are : 

The  metre,  for  linear  measure:  the  are,  for  land  meas- 
ure ;  the  utere,  for  large  bulks ;  the  litre,  for  smaller  bulks ; 
the  r/ mm,  for  weights; 

The  are  is  the  square  of  ten  metres,  or  a  square  deka- 
metre. 

Tlie  sth'e  is  the  cube  upon  one  metre,  or  a  cubic  metre. 

The  litre  is  the  cube  upon  one-tenth  of  a  metre,  or  a 
cubic  decimetre.  But,  as  all  capacity  measures  are  in 
reality  made  or  adjusted  by  means  of  weighing,  the  act- 
ual litre  is  the  volume  of  one  kilogram  of  water  at  4  C. 
in  vacuo. 

The  f/riim  is  the  weight  of  one  one-thousandth  part  of 
one  litre  (1  c.c.)  of  water  at  4°  C.  (39.2-  F.)  in  racuo. 

Secondary  and  additional  units  are  obtained  by  decimal 
multiplication  or  division,  and  the  names  of  these  subor- 
dinate units  are  constructed  by  the  use  of  certain  Greek 
and  Latin  numerals  in  the  form  of  prefixes.  These  pre- 
fixes are  as  folio w.s: 

Myria-,  meaning  ten  thousand. 

Kilo-,  meaning  one  thousand. 

Rek-to-,  meaning  one  hundred. 

Deka-,  meaning  ten;  and 

Deci,  meaning  one-tenth. 

Centi-,  meaning  one  one-hundredth. 

Milli;  meaning  one  one-thousandth. 

Of  these  prefixes,  only  two  are  very  much  employed — 
namely.  "  kilo-"  and  "  milli."  The  prcti.x  "centi-"  is  also 
used  to  some  extent:  the  rest  of  the  prefixes  are  not  only 
as  superliuousas  the  "eagle,"  the  "dime, "and  the  "mill  " 
in  American  money,  but  they  burden  the  metric  system. 

"  Kilometre  "  means  a  one-thousand-metre,  or  one  thou- 
sand metres:  kilogram  is  one  thousand  grams:  0.005  gm. 
is  5  mgm. ;  a  centimetre  is  yj^  metre,  etc. 

It  is  more  convenient  to  say  "  ten  metres  "  than  to  say 
"one  dekametre,"  but  less  convenient  to  say  "one  one- 
thousandth  of  a  gram"  than  to  say  "one  milligram." 
The  clioice  of  expression  is,  therefore,  to  some  extent 
governed  by  euphony  and  convenience.  But  there  is  a 
redundance  of  units  in  the  metric  system  which  has 
doubtless  retarded  its  introduction. 

The  orthography  and  pronunciation  of  the  metric  units 
are  modified  in  each  country  according  to  the  language 
of  the  people.  In  France  the  spelling  and  pronunciation 
are,  of  course,  French,  as  mt^tre,  litre,  and  gramme:  in 
Germany  they  are  German,  being  meter,  liter,  and 
gramni ;  in  English-speaking  couutxies  and  in  Sweden 
we  say  and  write  metre,  litre,  and  gram:  Spaniards w-rite 
gramo,  and  Russians  gramma;  etc.  In  our  country  the 
word  centimetre  sliould  not  be  pronounced  snnf/timdtre 
any  more  than  cent  should  be  pronounced  sangt,  or  the 
word  gas-metre  gas-mdtre. 

In  abbreviating  the  metric  terms  there  is  unfortunately 
no  uniformity  of  practice.  The  United  States  Pharma- 
coptria  has  adopted  C.c.  for  cubic  centimetre  and  Gm.  for 
gram,  and  these  are  convenient  and  safe. 

The  metric  system  presents  the  following  tables  of 
measures  and  weights: 


Linear  Meastires. 


1  Jlvriametre 

=  10,000 

1  Kilometre 

=  1,000 

1  Hektometre 

=  100 

1  Dekametre 

=  10 

1  JIetre 

=  1 

1  Decimetre 

=            .1 

1  Centimetre 

=            .01 

1  Millimetre 

=            .001 

metres. 


metre. 


Volume  Measures. 

1  Kilolitre  =  1,000         litres. 

1  Hektolitre  =  100 

1  Dekalitre  =  10 

1  Litre  =  1  litre. 

1  Decilitre  =  .1        " 

1  Centilitre  =  .01      " 

1  Millilitre  =  .001     " 

The-only  volume  units  employed  by  chemists,  i)har- 
macists,  and  physicians  are  the  litre  and  the  cubic  centi- 
metre. The  cubic  centimetre  is  practically  identical  with 
the  millilitre. 


Weir//it.^. 


1  Kilogram 

= 

1,000 

1  Hektograin 

= 

100 

1  Dekagram 

= 

10 

1  Gram 

= 

1 

1  Decigram 

— 

.1 

1  Centigram 

zr 

.01 

1  Milligram 

= 

.001 

In  addition   to  the  above   units  microscopists  employ 
the  "micro-millimelre,"  wliich  is  0.001  millimetre. 


grams. 


gram. 


In  medicine  and  iiharniacy  the  gram  and  the  cubic  cen- 
timetre are  the  most  important  metric  units,  and  to  ex- 
press their  close  relationship  the  cubic  centimetre  has 
been  very  appropriately  termed  a  "  tiuigram. "  The  milli- 
gram is  aLso  indispensable. 

Co.MPKOMisE  Systems.— Admiration  for  the  metric  sys- 
tem and  its  evident  practical  superioritv  were  not  sufti- 
cient  to  insure  its  rapid  introduction.  The  old  systems, 
however  awkward  and  unscientific,  were  not  to"  be  dis- 
placed except  under  compulsion.  In  countries  where 
legislation  is  the  expression  of  the  popular  will  the  metric 
system  has  not  yet  been  adopted  for  general  use,  nor  was 
it  easy  to  introduce  it  in  any  country.  The  prejudice 
against  the  foreign  sound  of  the  terms  applied  to  the 
metric  units  proved  so  strong  an  obstacle  that  in  some 
countries  new  names  were  invented,  as  in  Italj-  and 
Greece,  and  even  the  names  of  old  units  were  applied  to 
the  new  values  which  the  metric  units  represented. 

In  France,  where  the  new  system  was  first  introduced 
by  law,  there  were  afterward  compromises  made  between 
the  old  and  the  new  weights  and  measures. 

Various  attempts  were  made  in  different  countries  to 
establish  simple  relations  between  the  units  of  the  old 
systems  of  weights  and  measures  and  the  metric  units, 
especially  the  weight  units.  The  old  systems  were  also 
changed  so  as  to  connect  units  of  the  same  kind  by  deci- 
mal multiplication  and  division. 

The  German  "  Zoll-Pfuud  "  was  made  equal  to  500  gm. 
It  was  divided  into  30  "loth";  but  the  loth  was  liivided 
into  10  "quentchen."  the  quent  into  10  "cents,"  and  the 
cent  into  10  "  korn."  Bremen  and  Hamburg  had  the  Zoll- 
Pfuud  divided  into  tenths,  hundredths,  and  thousandths, 
called  "Unzen,"  "Neuloth,"  "Quinten,"  and  "Halb- 
grammen."  Sweden  had  a  pound  equal  to  425  gm.  and 
divided  it  into  100  "ort,"  each  ort  being  subdivided  into 
100  "korn."  Thus  the  S\vedish  korn  differed  greatly 
from  the  Prussian  korn,  and  the  quint  of  Bremen  and 
Hamburg  was  5  gm.,  while  the  quent  ot  Prussia  was  but 
U  gui. 

Decimal  systems  of  linear  measure  were  also  devised 
and  used. 

But  these  compromise  systems  had  none  of  the  merits 
of  the  metric  system,  except  their  partly  decimal  charac- 
ter; no  simple  relations  existed  between  the  units  of 
linear  measure,  the  units  of  capacity,  and  the  units  of 
weight,  respectivelj'.     Hence  they  were  sliort-lived. 

Slit.\ble  Units. — The  number  and  size  of  the  units 
of  weight  and  measure  are  important  considerations. 
There  are  often  too  many  units  of  each  kind  of  measure. 
Baden  at  one  time  had  fifteen  different  weight  units.  In 
order  to  have  convenient  units  for  all  ordinary  purposes, 
it  is  not  necessary  that  they  should  be  near  each  otlier  in 
value  as  they  arc  in  the  metric  system:  instead  of  making 
a  new  unit  for  every  multiplication  by  ten,  it  would  be 
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sufficient  to  make  one  for  each  multiplication  by  one 
luiiidred.  or  even  one  tlioiisaml. 

Eiuli  branch  of  science,  trade,  or  business,  will  use  the 
units  best  adapted  to  its  particular  purposes;  but  there 
is  a  stiperubuudauce  of  middle  terms. 

For  certain  special  purposes,  however,  the  smallest 
units  we  have  are  too  larije :  thus  it  has  been  necessary 
to  add  a  new  metric  unit  of  Icugtii  for  microscopical 
measurements  (the  micromillimetre);  the  grain  is  much 
too  lara;e  as  the  smallest  unit  of  weight  for  medicinal 
purposes  and  in  analytical  chemistry,  the  milligram  being 
far  more  suitable ;  the  cubic  centimetre  is  too  large  as  the 
smallest  unit  of  vohiiue  in  medicine,  where  the  minim  is 
greatlv  to  be  preferred. 

Experience  has  shown  that  the  use  of  decimal  fractions 
is  a  source  of  frequent  errors,  and  that  in  the  practice  of 
medicine  and  pharmacy  the  decimal  point  is  dangerous, 
not  only  from  want  of  "familiarity  with  its  right  use,  but 
chiefly  "because  it  is  so  often  illegible,  or  accidentally 
misplaced,  omitted,  or  duplicated.  This  undeniable  fact 
must  not,  however,  be  regarded  as  an  insurmountable 
obstacle  to  the  use  of  the  deciiual  system  of  weights  and 
measures  in  medicine  and  pharmacy,  but  simply  as  an 
argument  against  the  use  of  the  decimal  pmiit.  Use  the 
sniallest  units  and  write  whole  numbers  instead  of  frac- 
tions. In  constructing  prescriptions  it  is  better  to  write 
"  1.5  milligrams  "  than  to  write  "0.015  Gm." 

No  decimal  fractions  were  formerly  used  in  writing 
prescriptions,  because  the  grain  was  a  small  enough  unit 
so  long  as  alkaloids  and  other  extremely  potent  remedies 
were  unknown;  and  later,  whenever  the  quantitj'  re- 
quired was  less  than  a  grain,  commo)i  fractions  were  used 
to  express  it. 

^YEIGHI^■G  AND  Me.^suhin'g. —  \\'hen  the  greatest  pos- 
sible accuracy  is  required,  as  in  some  of  the  operations  of 
physicists  and  chemists,  matter  is  measured  as  to  its 
amount  by  weight  rather  than  by  volume,  because  a 
given  weight  of  any  substance  alwa3'S  expresses  the  same 
amount  without  regard  to  temperature,  and  because  vol- 
umes cannot  be  easily  measured  with  great  exactness. 
In  laboratory  work,  w  eighing  is  generally  both  conven- 
ient and  accurate;  but  volumetric  analysis  is  also  con- 
venient, and  affords  correct  results. 

Medicines  are  either  solid  or  liquid.  The  liquid  medi- 
cines are  necessarily  taken  or  administered  in  doses  by 
measure.  Hence  they  should  also  be  prescribed  by  meas- 
ure, and  that  is  the  uniform  practice  in  the  English-speak- 
ing countries.  This  practice  is  consistent,  accurate,  and 
convenient.  In  other  countries,  however,  the  liquid 
medicines  are  prescribed  by  weight,  although  the  doses 
can,  of  course,  not  be  apportioned  otherwise  than  by 
measure.  This  is  not  only  inconsistent,  but  gives  very 
inaccurate  results,  for  the  prescriber  cannot  express 
detiuite  volumes  by  weight,  nor  can  he  calculate  the  vol- 
ume of  a  mixture  composed  by  weight. 

The  practice  of  prescribing,  dispensing,  and  adminis- 
tering liquid  medicine  by  volume  is  dictated  by  common 
sense,  and  its  results  are  the  most  accurate  that  can  be 
obtained. 

JIany  advocates  of  the  metric  system  seem  to  labor 
under  the  mistaken  idea  that  metric  prescriptions  cannot 
or  ought  not  to  be  written,  except  exclusively  by  weight ; 
and,  (m  the  other  hand,  a  number  of  those  who  do  write 
prescriptions  expressing  all  quantities  in  grams,  actually 
intend  that  the  liquids  so  prescribed  shall  be  measured, 
writing  grains  when  they  really  mean  as  many  cubic 
centimetres,  overlooking  or  ignoring  the  different  densi- 
ties of  different  liquids. 

Specific  Weight  akd  Specific  Volume. — The  rela- 
tion of  the  weight  of  a  mass  to  its  volume  is  called  its 
specific  weight;  the  specific  weights  of  solids  and  liquids 
are  expressed  in  water  units,  and  of  gases  in  hydrogen 
units.  Thus,  the  specific  weight  of  water  being  1,000, 
the  specific  weight  of  any  solid  or  liquid  is  found  by 
dividing  the  weight  of  a  given  volume  of  it  by  the 
weight  of  the  same  volume  of  water.  Specific  weight  is 
commonly,  though  inaccurately,  called  "  specific  gravity," 
and  the  numfjer  used  to  express  the  specific  gravitj'  of  a 


.solid  or  liquid,  is  that  number  which  expresses  how 
many  times  the  weight  of  that  liquid  contains  the  weight 
of  an  equal  volume  of  water.  The  specific  weight  of 
ether  is  called  0.750,  because  it  weighs  0.750  times  as 
much  as  an  equal  volume  of  water  weighs.  This  moue 
of  expression  is  the  most  convenient  form  in  which  the 
relative  weights  of  equal  volumes  of  various  solids  and 
liqtnds  can  be  stated  and  compared. 

To  physicians  and  pharmacists,  the  reciprocal  relations 
of  \\  eight  and  volume  are  of  great  practical  importance. 
The  abolition  of  the  use  of  measures  of  capacity  in  the 
pharmacopffiial  formulas  for  tinctures,  syrups,  and  other 
liquid  prei)arations,  in  the  last  revision,  "further  increuses 
the  importance  of  the  subject.  It  has  become  especially 
desirable  to  have  some  convenient  means  of  expressing 
and  comparing  the  relative  volumes  of  equal  weights  of 
different  liquids,  and  of  computing  readily  the  volume  of 
any  definite  amount  by  weight.  For  tliis  purpose  the 
writer  of  this  article  proposed,  in  1883,*  to  use  the  terra 
"specific  volume"  to  designate  the  comparative  volumes 
of  liquids,  and  to  express  their  specific  volumes  in  the 
same  manner  as  their  specific  weights  are  expressed, 
namely,  in  water  units.  Thus  the  specific  volume  of 
ether  is  1.3;3;3,  because  a  given  quantity  by  weight  of 
ether  is  1.333  times  as  bulky  as  an  equal  quantity  by 
weight  of  water.  The  specific  volume  of  any  substance 
is  obtained  by  dividing  one  by  its  specific  weight. 

=  sp.  vol. 

sp.  w. 

To  find  the  volume  of  any  number  of  grams  of  any 
liquid,  multiply  by  the  specific  volume;  the  product  is 
the  answer  expressed  in  cubic  centimetres. 

The  utility  of  a  table  of  specific  volumes  will  be  read- 
ily appreciated,  and  such  a  table  should  be  contained  in 
the  Pharmacopaia. 

As  the  volume  of  any  substance  is  affected  by  heat,  the 
specific  weights  and  specific  volumes  must  be  ascertained 
and  expressed  at  definite  temperatures.  The  water  gen- 
erally taken  as  a  standard  or  unit  of  comparison  is  water 
at  4°  C;.  (39.2'  F.),  at  which  temperature  it  reaches  its 
maximum  densitj' ;  but  many  of  the  pycnometers,  hydro- 
meters, and  other  instruments  used  for  taking  specific 
weight,  are  adjusted  with  reference  to  water  at  15°  C.  or 
at  15.6°  C.  as  unit.  At  the  same  time,  the  standard  tem- 
perature at  which  specific  weights  are  taken,  and  to 
which  our  "tables  of  specific  gravities"  refer,  is  usually 
15°  C,  but  -sometimes  15.56°  C,  16.67°  C.  14°  C,  and 
other  temperatures.  This  is  confusing.  The  standard 
temperatures  to  which  our  instruments  are  adjusted,  the 
temperature  which  a  liquid  is  assumed  to  have  when  its 
specific  weight  is  taken,  or  at  which  it  has  the  specific 
weight  given  for  it,  and  the  temperature  of  the  water 
referred  to  as  unit — all  should  be  the  same  temperature. 
The  writer  has  recommended  for  this  purpose  the  tem- 
perature of  22'  C.  (71.6°  F.),  because  tliat  is  shghtly 
above  the  common  room  temperature  at  which  we  do  our 
work,  and  therefore  most  convenient,  as  well  as  most 
useful  and  n.'al  under  ordinary  conditions. 

Every  volume  unit  of  the  metric  system  has  a  parallel 
weight  unit,  with  which  it  is  commensurate  when  re- 
ferring to  water.     Thus : 

1  litre  of  water  weighs  1  kilogram. 
1  decilitre  of  water  weighs  1  hektogram. 
1  centilitre  of  water  weighs  1  dekagram. 
1  millilitre  of  water  weighs  1  gram. 

This  close  relationship  between  the  units  of  weight  and 
of  volume  is  of  the  greatest  practical  value.  It  enables 
us  to  find  the  weight  of  any  volume  of  any  liquid  by 
simply  multiplying  the  volume  units  by  the  specific 
weight,  or  to  find  the  volume  of  any  given  weight  of  any 
liquid,  by  multiplying  the  weight  units  by  the  specific 
volume.  The  weight  of  one  litre  of  any  liquid,  expressed 
in  kilograms  (or  the  weight  of  1  c.c.  expressed  in  grams), 
is  the  number  expressing  its  specific  weight.     The  vol- 

»  See  Proceediugs  of  the  American  Pharmaceutical  Association,  1883. 
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ume  of  1  Ugm.  of  any  liquid,  expressed  in  litres  (or  tlie 
volume  of  1  gm.  expressed  in  cubic  centimetres),  is  the 
uumljer  expressing  its  spccitic  volume.  Conversely,  the 
uumber  which  expresses  the  specific  weight  is  the  weight 
of  one  litre  in  kilograms  (or  the  weight  of  1  c.c.  in 
grams),  and  the  numbei' which  expresses  the  specific  vol- 
ume is  the  volume  of  1  kgni.  expressed  in  litres,  or  of  1 
gm.  in  cubic  centimetres. 

Commensurate  units  of  weight  and  volume  do  not  ex- 
ist in  an)-  other  system  of  weights  and  measures  except 
the  metric  .system  aud  the  British  Imperial  system.  The 
Briti.sli  Imperial  system,  however,  has  only  one  pair  of 
connnensurate  units — the  fiuidounce  and  the  ounce— one 
fluidounce  of  water  at  63°  F.  weighing  one  avoirdupois 
ounce.  But  it  happens  that  six  wiuepiuts  of  water  at 
60°  F.  weigh  lOO.OOoS  avoirdupois  ounces,  or  only  1.4 
grains  more  than  100  avoirdupois  ounces,  and  hence  we 
can  most  readily  find  the  weight  (in  avoirdupois  ounces) 
of  six  winepints  or  90  United  States  apothecaries'  riuid- 
ouuces  of  any  liquid,  by  multiplying  its  specific  weight 
by  one  hundred,  the  answer  being  sufficiently  accurate 
for  nearly  all  purposes. 

Weights  and  I\Ie.\suhes  in  Pbesckiptions. — In  writ- 
ing prescriptions  all  solid  substances  are  prescribed  by 
weight,  and  all  liquids  by  measure,  and  when  solids  and  , 
liquids  are  combined  to  form  a  liquid  product,  it  is  best, 
because  most  accurate,  to  adjust  the  total  quantity  to 
some  detinite  volume.  Thus,  if  a  solution  be  prescribed 
containing  corrosive  chloride  of  mercury,  pota.ssium 
iodide,  syrup,  and  water,  it  is,  of  course,  impracticable 
for  the  prescriber  to  predict  or  calculate  what  will  be  the 
volume  of  the  finished  solution  if  he  prescribes  a  given 
amount  by  weight  or  volume  of  the  s_vrui5  and  water; 
the  cul}'  correct  method  in  such  a  case  is  to  jirescribe 
water  "q.s."  to  make  a  stated  volume  of  finished  solu- 
tion. 

Wheu  the  old  system  of  weights  and  measures  is  used, 
the  most  useful  weight  tmitsare  the  grain  and  the  ounce; 
but  the  drachm  is  also  convenient  and  very  much  used. 
The  scruple  ought  not  to  be  used,  because  tlie  sign 
employed  to  indicate  it  looks  too  nearly  like  the  sign  for 
the  diacbm.  There  ought  to  be  a  new  unit  of  weight 
smaller  than  tlie  grain,  for  ]irescribiug  and  stating  the 
doses  of  remedies  intended  to  be  administered  in  minute 
quantities,  the  new  unit  to  be  about  gr.  -^f,  which  is 
about  1  ingm.  The  units  of  capacity  are  the  fluidounce, 
the  fluidracbm,  and  the  minim. 

In  wi'iting  prescriptions  in  which  the  quantities  are 
expressed  in  units  of  the  old  system,  these  units  are  rep- 
resented b_v  certain  universally  recognized  signs  or  ab- 
breviations; the  abbreviation  "gr. "  (which  should 
always  be  written  with  a  smaH  initial)  denotes  grain  or 
grains;  "  3  "  denotes  drachm  or  drachms:  "  3  "  denotes 
ounce  or  ounces ;  "  3  "  denotes  scruple  or  scruples ;  "  tii  " 
denotes  miuim  or  minims;  "f  3  "  denotes  fluidracbm  or 
fluidrachms;  and  "  f  3  "  denotes  fluidounce  or  fluid- 
ounces.  The  quantities  directed  to  be  taken  are  here  to 
be  indicated  by  ii<"""«  numerals,  always  placed  after  the 
signs  or  abbreviations,  as  follows:  gr.  x. :  3  ij. ;  1  ss. ; 
a'ij.;  iilix. ;  f3  iij.;  fj  xij.  The  sign  "ss."  is  used  to 
express  one-half,  being  an  abbreviation  of  the  Latin  word 
sent  in. 

When  the  metric  units  are  employed  in  writing  a  pre- 
scription, it  would  save  human  lives  to  abstain  from 
using  the  decimal  point,  and  to  use  no  other  units  but 
the  gram  and  milligram  for  weights,  and  the  Huigram  or 
cubic  centimetre  for  measures.  The  gram  is  abbreviated 
to  "Gm,"  a  ciipital  initial  always  being  used;  the  milli- 
gram should  be  aljbreviated  to  niGm;  and  the  Huigranr 
to  fGm  (or  the  cubic  centimetre,  wbicii  is  the  same  as  a 
tiuigrani.  to  C.c).  The  numerals  indicating  the  number 
of  weight  units  or  volume  units  to  be  taken,  should  be 
always  placed  before  the  signs  or  abbreviations  repre- 
senting the  units,  and  in  writing  them  the  comiiimi  (or 
Arabic)  numerals  should  be  used,  thus:  10  Gm. ;  50 
inGm. ;  30  fGm.  (or  30  C.c). 

When  quantities  expressed  in  units  of  one  system  are 
to  be  transposed  into  their  corresponding  equivalents  iu 


units  of  the  other  system,  the  following  equivalents  are 
sufticiently  accurate  and  the  most  useful : 

jif  grain  is  equal  to  1  mGm. 
1  grain      "         "     04  inGni. 
1  drachm  "         "      4  Gm. 
1  ounce     "         "    32  Gm. 

1  Gm.  is  equal  to  10  grains. 

1  minim  is  equal  to  ^'j  fGm. 
1  fluidrachiu  "  4  fGm. 

1  fiuidounce    "  32  fGm. 

1  fGm.  is  equal  to  10  minims. 

For  further  information  concerning  weights  and  meas- 
ures, the  reader  is  referred  to  the  "Manual  of  Weights 
and  Pleasures "  by  the  writer  of  this  article;  Lowis  A. 
Jackson's  Work  (London);  "The  Jletric  System,"  by  F. 

A.  P.  Barnard  ;  the  Reports  of  Thomas  Jefferson  ("  Works 
of  Thomas  Jelferson,"  vol.  vii..  pp.  472— lfi.5)  and  John 
Quincy  Adams  (Washington.  1821);  the  jiaper  of  Alfred 

B.  Taylor  on  "  ()ctonary  Numeration  aud  Its  Application 
to  a  System  of  Weights  and  Measures."  read  before  the 
■American  Philosophical  Society,  October  21st,  1887;  and 
the  Report  of  the  Committee  on  Coinage,  Weights,  and 
Jleasures  of  tlie  House  of  Representatives,  January  7th, 
1879  (45th  Congress,  3d  Session,  H.  K.  Report,  No.  53). 

Oscar  Oldbcrg. 

WEIL'S  DISEASE.— An  acute  infectious  (?)  disease 
characteii/ed  by  sudden  onset  with  severe  symptoms, 
prostration,  a  typical  temperature,  early-occurring  jaun- 
dice, enlargement  of  liver  and  spleeu,  gastro-intestiual 
disturbances,  and  nephritis. 

Though  first  described  by  Weil  in  1886,  and  taken  by 
him  from  amongst  the  diseases  characterized  by  and  asso- 
ciated with  jaundice,  the  disease  had  been  previously 
noted  aud  described  under  various  names:  "Typhus 
hepatique  beniu,"  "  bilious  typhoid,"  etc.  After  his  first 
description  it  was  seen  that  the  disease  had  prevailed  and 
was  prevailing  sporadically  and  not  infrequently  in  the 
countries  of  Europe.  No  distinct  dcscriiitions  of  its  oc- 
currence in  America  are  met  with.  There  seems  no 
doubt  at  present  that  the  affection  is  distinct  from  such 
infections  as  typhoid,  yellow  fever,  recurrent  fever, 
diseases  with  which  it  was  frequently  confounded;  its 
differentiation  from  acute  yellow  atrophy,  simple  infec- 
tious jaundice,  and  various  intoxications  is  not  so  clear. 
Accurate  post-mortem  reports  are  few.  owing  to  the 
benign  character  of  the  disease.  Recent  bacteriological 
investigations  are  not  convincing. 

EtioI.ogy. — Incidence  of  season,  sex.  age,  and  occupa- 
tion. The  majority  of  cases  are  met  with  iu  the  warm 
mouths  of  the  year,  June  to  September.  Ninety  per 
cent,  of  those  aft'ected  are  men,  usually  at  about  the  age 
of  twenty-five  to  thirty  years  (third  decade).  Butchers, 
meat  handlers,  sewer  and  drain  workers  seem  especially 
prone  to  infection.  Outbreaks  in  garrisons  and  prisons 
occur  not  infrequentl_y. 

Specific  Cause.— Although  recognized  by  many  as  a 
morbid  entity,  and  though  a  seemingly  definite  infec- 
tion or  intoxication,  the  question  as  to  the  specific  cause 
of  the  disease  is  most  unsettled.  The  abrupt  onset  with- 
out prodromal  symptoms,  the  occurrence  of  some  cases 
within  a  few  hours  of  the  ingestion  of  noxious  material, 
sewer  gas,  sewage,  tainted  foods,  etc.,  before  bacteria 
could  possibly  have  developed  sufficiently  to  cause  an  in- 
fection, suggest  strongly  a  ptoma'i'u  poisoning  or  intoxi- 
cation. One  very  typical  case  followed  an  overdose  of 
santonin. 

The  febrile  course;  the  peculiar  febrile  relapse  occa- 
sionally seen;  the  inflammatory  complications  descrilieil 
iu  some  instances — iridocyclitis,  parotitis,  adenitis,  pleu- 
ritis,  pneumonia — are  more  suggestive  of  a  bacterial  or 
infectious  agent. 

Infection  is  evidently  through  the  alimentary  canal, 
abhougb  it  is  not  easy  "in  some  epidemics  to  exclude  the 
possibility  of  entrance  through  the  respiratory  tract;  the 
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prese!it-day  theoiy.  liovvcver,  of  insect  traii.siX)rtatiou  of 
infectious  material  is  readily  applicable  iu  this  conuectioii. 
The  occurrence  of  several  cases  at  any  one  time  is  prob- 
alily  due  to  exposure  of  all  to  the  san'ie  infecting  agent, 
ratiier  than  to  infection  of  man  from  man.  The  frequent 
reports  of  eiiideniies  among  residents  of  garrisons  and 
prisons  after  bathing  in  containinuted  streams,  after  work- 
ing in  privies  and  sewers,  or  after  living  in  unhygienic 
surroundings,  seem  confirmative  of  this  idea. 

Jaeger,  Conradi.  Vogt,  >t  al..  have  isolated  a  variety  of 
proteiis  bacillus  (B,  proteus  tlavcscens)  from  the  urine 
and  stools  of  fom-  cases.  No  positive  results  have  been 
obtained  from  the  very  few  blood  cultures  made  so  far, 
and  one  must  hesitate  to  accept  the  idea  of  a  proteus  in- 
fection being  the  constant  cause.  As  in  pneumonia, 
meningitis,  and  other  infections  tliere  may  be  a  variety 
of  organisms  capable  of  producing  similar  clianges  and 
symptoms.  A  variety  of  toxins  or  ptomains  may,  like 
phosphorus,  exert  a  special  influence  upon  the  liver  sub- 
stance. 

It  is  possible  that  the  infecting  substance  enters  the 
biliary  system  and  liver  directly  from  the  intestine,  being 
helped  on  its  way  by  violent  intestinal  contraction. 
Further  irritation  by  pancreatic  secretion  is  a  possibility 
under  these  conditions.  In  view  of  the  fact  that  the 
symptoms  appear  simultaneously,  it  sceius  more  probable 
that  the  infection  starts  from  the  intestines  and  is  gen- 
eralized by  the  blood.  The  relapse,  as  probably  is  the 
case  in  tvphoid,  may  be  due  to  reinfection  from  the  gall- 
bladder." 

P.\THOLOGic.\L  An.^tomy. — Wc  have  no  recent  descrip- 
tions of  the  post-mortem  findings.  The  disease  is  rarely 
fatal.  Auffrecht  designated  his  cases  as  "acute  paren- 
chymatous disease," finding  only  "granular  degeneration 
and  cloudy  swelling  of  cells  of  liver,  kidney,  and  spleen." 
Acute  gastroenteritis,  acute  nephritis,  splenic  hypertro- 
phy with  intianimatory  infiltration,  advanced  destructive 
changes  in  the  liver,  with  fatty  and  leucocytic  infiltra- 
tion, proliferation  of  bile  capillaries  resembling  the  early 
changes  in  acute  j'ellow  atrophy,  are  described.  The 
larger  bile  ducts  are  p-atulous.  Obstruction  is  due  to 
desquamative  products  obstructing  smaller  vessels.  In- 
flammatory lesions  in  other  organs  present  nothing  dis- 
tinctive. 

Symptoms. — General  Descripiirm. — Pew  diseases  pre- 
sent a  more  typical  course.  The  close  similarity  in  all 
descriptions  is  striking.  Later  observers  do  not  agree 
with  Weil  in  considering  the  relapse  or  recrudescence  of 
S3'mptoms  frequently  seen  a  necessary  characteristic.  No 
prodromal  symptoms  are  recorded  or  seem  to  exist.  The 
suddenness  of  onset  is  one  of  the  most  important  features 
of  the  disease.  The  majority  of  collected  cases  give  a 
history  of  sudden  collapse,  while  the  patient  is  at  work 
or  on  duty  in  apparent  good  health.  A  chill  is  frequent, 
severe  headache,  unconsciousness,  deliriiuii,  prostration, 
vomiting,  diarrha'a,  abdominal  pain  are  all  present  at  the 
onset.  Severe  pain  in  the  muscles  of  the  legs  is  an  al- 
most constant  symptom.  Pever  probably  exists  from  the 
first,  reaching  103-10.5°  P.  By  the  second  day  all  symp- 
toms are  exaggerated;  by  the  "third  or  fourth  day  jaun- 
dice, more  or  less  intense,  is  alrcadv  present;  enlarge- 
ment of  liver  and  spleen,  and  albtuninuria  have  appeared. 
The  fever  remains  high,  with  slight  morning  remissions. 
The  disease  is  at  its  height  by  the  third  or  fourth  day. 
Prom  the  fifth  to  the  eighth  day  improvement  takes 
place,  the  temperature  falling  by  lysis,  the  hepatic  and 
splenic  enlargement  diminishes,  thealbumin  in  the  urine 
becomes  cpiickly  less,  the  nervous  and  other  symptoms 
rapi(lly  disappear.  In  Weil's  four  cases,  after  a  fever- 
free  interval  of  from  one  to  seven  days,  a  recrudescence 
of  fever,  lasting  five  or  six  days,  took  place,  the  other 
symptoms  not,  however,  returning.  As  mentioned 
above,  other  observers  do  not  consider  this  recrudescence 
an  absolute  characteristic  of  the  disease.  Convalescence 
is  slow,  lasting  for  from  four  to  ten  weeks.  Traces  of 
jaundice  remain  for  days  or  weeks  after  the  acute  symp- 
toms have  subsided. 

Analysis  of  i%»/y)toms.— Complications.— Onset :   The 


characteristic  suddenness  of  onset  is  practically  never 
missed.  The  majority  of  those  affected  are  in  bed  by 
the  second  day  of  illness. 

Temperatine:  The  rapid  rise  has  been  noted.  Occa- 
sionally a  dLstinct  fall  takes  place  on  the  second  day, 
only  to  be  followed  by  an  inuuediate  rise  to  the  ma.xi- 
iHum  temperature,  which  is  usually  observed  between 
the  second  and  fourth  days.  A  morning  remission  is 
earlv  seen.  The  average  duration  of  fever  is  from  six  to 
ten  days,  the  fall  to  normal  taking  place  by  lysis:  10G° 
P.  may  be  given  as  the  maximum,  103"  P.  as  the  average 
temperature.  In  thirty-seven  per  cent,  of  cases  the  re- 
crudescence, or,  better,  relapse,  is  observed.  Unlike  the 
fever  of  onset  that  of  the  relapse  is  characterized  by  a 
gradual  rise,  rarely  reaching  the  height  of  the  first.  The 
most  common  time  of  the  relapse  is  from  one  to  eight 
days  after  normal  temperalui-e  has  been  reached.  Cases 
with  relapses  as  late  as  from  the  eleventh  to  the  four- 
teenth day  of  apyrexia  have  been  observed.  The  aver- 
age duration  of  the  relapse  is  five  or  six  days. 

Jaundice;  Jaundice  is  of  course  always  present.  It  is 
rarely  seen  before  the  second  day,  and  is  as  a  rule  dis- 
tinct by  the  third  or  the  fifth  day.  It  is  usually  well 
marked,  but  rarely  as  intense  as  in  marked  cases  of  ob- 
structive jaundice.  By  from  the  ninth  to  the  thirteenth 
day  it  may  have  disappeared.  Traces  persist,  however, 
for  several  weeks.  Increase  of  the  jaundice  during  the  re- 
lapse is  rare.  Bile-stained  urine,  colorless  f;tees  are  seen 
in  the  first  few  days,  but  as  the  obstruction  of  the  bile 
flow  is  not  complete  and  not  in  the  main  ducts,  these 
characteristics  are  not  extreme  or  long  persistent.  Itch- 
ing is  rather  infrequent. 

Condition  of  Liver,  Spleen,  and  Kidneys:  A  recogniz- 
able enlargement  of  the  liver  is  ho?  a  constant  feature; 
it  probably  occurs  in  fifty  per  cent,  of  cases.  When 
present  it  appears  with  the  jaundice,  usually  at  the 
fourth  daj'.  Reduction  in  size  takes  place  with  the  lytic 
course  of  the  fever.  Re-enlargement  during  relapse  is 
distinctly  uncommon.  Tenderness  of  the  swollen  liver 
is  often  noted. 

In  seventy-five  per  cent,  of  cases  the  spleen  is  notice- 
ably enlarged,  and  can  be  readily  palpated  by  the  fourth 
day.  The  growth  of  the  splenic  tumor  is  rapid.  Its 
shrinkage  with  the  fall  of  fever  is  cquall}'  quick.  Re- 
enlargement  with  relapse  is  more  common  than  is  the 
case  with  the  liver.  IMarked  albuminuria  (acute  nejihri- 
tis)  is  present  in  about  fifty-two  per  cent,  of  cases.  The 
albumin  is  often  excessive.  Oliguria  is  a  regular,  anuria 
an  occasional  condition,  ffidema  is  recorded  but  once  in 
the  cases  collected.  Casts  and  red  blood  cells  are  present 
in  abundance.  Bile  reaction  is  marked.  Distinct  sj'mp- 
toms  of  urremia  are  unusual.  The  renal  condition  clears 
up  rapidl.y  with  the  disappearance  of  the  other  symp- 
toms. It  may  reappear  with  relapse.  Traces  of  albumin, 
etc.,  can  always  be  detected  in  the  remaining  percentage 
of  cases.  A  polyuria  during  convalescence  is  usual. 
Hemorrhage  from  the  bladder  has  been  observed. 

The  gastro-intestinal  tract  is  always  distm-bed.  Vom- 
iting is  a  frequent  early  symptom;  diarrhoea  an  almost 
constant  one.  Distinct  gastro-enteritis  probably  always 
occurs.  Bloody  stools  are  recorded.  Symptoms  of  gas- 
tro-enteric  disturbance  quickly  subside,  and  do  not  re- 
appear with  a  relapse.  The  color  of  the  stools  has  been 
noted. 

The  pulse  keeps  pace  with  the  fever  in  the  early  days. 
Distinct  slowing  of  heart's  action  takes  place  as  apyrexia 
is  approached.  Endocardial  murmurs  are  mentioned. 
The  nervous  symptoms  described  are  those  conmion  to 
severe  infections:  delirium,  convulsions,  jactitations; 
they  may  outlast  tlie  fever,  but  are  not  observed  in  the 
relapse.  Peripheral  neuritis,  hemiplegia,  ophthalmople- 
gia have  been  seen  toward  the  end  of  the  acute  symptoms. 

Pains  in  the  calves  of  the  legs,  present  in  half  of  the 
cases,  may  be  neurotic  or  neuromuscular. 

Intense  prostration  and  slowness  of  convalescence  are 
characteristic  features  of  the  disease. 

Iridocyclitis  as  a  late  complication  has  been  twice  ob- 
served ;  retinal  hemorrhage  once. 
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Parotitis  is  a  more  frecjiieut  complication.  In  one  in- 
stance it  was  double  ami  suppurative. 

Pneumonia  and  bronchopneumonia  occur:  a  bronchitis 
at  the  onset  is  cjuite  frequently  seen.  Pleurisy  and  peri- 
carditis have  been  found  in  one  fatal  case. 

Bleeding  from  the  nose,  api:)areutly  as  a  late  symptom, 
seems  a  not  unusual  event. 

lu  addition  to  the  jaundice  the  skin  in  many  instances 
has  shown  macular  roseola-like  rashes  and  petechia?. 
Herpes  labialis  is  an  occasional  feature. 

Diagnosis. — The  disease  is  no  longer  confused  with 
yellow  fever,  recurrent  fever,  or  malaria.  It  is  evidently 
distinct  from  typhoid  fever.  Abortive  typhoid  fever,  as 
some  have  classed  the  disease,  never  shows  the  severe 
regular  symptoms  of  Weil's  disease.  Early  jaundice  in 
typhoid  fever  is  rare,  and  then  only  in  severe  cases.  The 
Widal  reaction  may  be  utilized  as  a  means  of  confirming 
the  diagnosis.  Many  of  the  reported  cases  give  a  history 
of  previous  typhoid  infection;  none  of  the  autopsied 
cases  have  shown  typhoid  lesions. 

Epidemic  jaundice,  and  jaundice  with  fever,  are  prob- 
ably closely  related  to  Weil's  disease,  which  may  be  de- 
scribed merel}'  as  a  more  intense  acute  condition.  Some 
observers  consider  simple  jaundice  the  result  of  an  infec- 
tion. Enlarged  liver  and  siileen,  albuminuria  and  fever, 
though  slight,  can  usually  be  found  in  these  cases. 

Acute  yellow  atrophy  with  its  prodromal  symptoms, 
lack  of  fever,  longer  duration,  reduction  of  liver  volume, 
and  fatal  ending,  seems  adifferent  condition.  Weil's  dis- 
ease may,  however,  be  related  thereto.  The  pathological 
changes  of  the  latter  disease  show  much  more  distinctive 
conditions.  Prognosis  is  favorable  when  once  the  diag- 
nosis has  been  clearly  established. 

Ti!ii.\T.MEXT  is  purely  symptomatic  and  needs  no  dis- 
cussion. Jfonnan  B.  Chcyn. 

WEST  BADEN  SPRINGS.-Orange  County.  Indiana. 

Post-Ofike.— West  Baden  Hotel. 

Access. — Via  Ohio  and  Mississijipi  Railroad  to  Shoals, 
thence  by  stage  or  viii  Louisville.  New  Albany,  and 
Chicago  Railroad  to  Orleans.  tifty-si.\  miles  north  of  New 
Albany,  thence  by  stage  to  springs.  These  springs  are 
located  in  a  tine  agricultural  .section,  only  one  mile  from 
the  French  Lick  Springs.  The  following  analysis  was 
made  by  E.  T.  Cox,  analyst: 

One  United  States  gallon  of  Spring  No.  5  contains 
(solids):  Sodium  carbonate,  gr.  9.69;  magnesium  carbon- 
ate, gr.  6.05;  calcium  carbonate,  gr.  18.6'2;  iron  carbon- 
ate and  aluminum  carbonate,  gr.  3;  sodium  sulphate, 
gr.  31.87;  magnesium  sulphate,  gr.  27.80;  calcium 
sulphate,  gr.  108.39;  sodium  chloride,  gr.  81.12;  potas- 
sium chloride,  gr.  6.13;  magnesium  chloride,  gr.  9.20. 
Total,  301.87  grains.  Gases:  Carbonic  acid,  9.26  cub. 
in.;  sulphureted  hydrogen,  2.08  cub.  in.;  oxygen,  5.28 
cub.  in. ;  nitrogen,  15.97  cub.  in.  The  water  is  used  com- 
mercially. James  E.  Crook. 

WESTPHAL'S  SYMPTOM.    See  Enee-Jerk. 

WEST  SPRINGS.— Union  County,  South  Carolina. 

Post-Office.  —  West  Springs.     Hotel  and  cottages. 

Access. — From  Spartanburg  via  Glenn  Springs  Rail- 
road, twelve  miles  southeast  to  Glenn  Springs,  thence 
four  miles  southeast  toAVest  Springs.  West  Springs  are 
located  about  2,000  feet  aliove  the  sea-level,  and  are  sur- 
rounded by  picturesque  hills  covered  by  extensive  forests 
of  spruce,  pine,  cottonwond,  beech,  oak.  and  other  trees. 
The  soil  is  very  fertile  and  many  varieties  of  fruits  and 
vegetables  grow  in  great  profusion.  Several  gold  mines 
are  in  operation  among  the  near-by  hills.  There  are 
several  springs  in  the  neighborhood,  but  only  one  is  in 
use.  It  yields  about  four  hundred  gallons  of  water  per 
hour.  The  temperature  of  this  water  is  62°  F.  Accord- 
ing to  an  analysis  made  iu  1893  by  M.  B.  Hardin,  analyti- 
cal chemist,  one  United  States  gallon  of  the  water  contains 
(solids);  Calcium  sulphate,  gr.  16.26;  potassium  sulphate, 
gr.  1.33;  sodium  sulphate,  gr.  2.75;  calcium  carbonate, 
gr.  6.35;  magnesium  carbonate,  gr.  1.17;  sodium  chlo- 


ride, gr.  0.21;  iron  sesquioxide  and  alumina,  gr.  0  03; 
silica,  gr.  2.78;  organic  niatter,  a  trace.  Total,  30.88 
grains. 

Tlie  water  is  used  considerably   by  South   Carolina ' 
physicians  in  diarrlicea  and  dyspeptic  troubles.     It  is 
said  to  possess  excellent  virtues  in  chronic  catarrhal  con- 
ditions of  the  genito-urinary  tract — ;'.c. ,  in  gonorrhoea, 
gleet,  leucorrheea,  etc.  "  James  E.  Crook. 

WETEMIS  MINERAL  SPRINGS.— Klickitat  County, 
Washington. 

Post -Office. — Blockhouse. 

Access.— From  The  Dalles.  Oregon,  thirty-five  miles 
by  wagon  road:  also  from  Gokteudale,  Washington, 
eighteen  miles  distant,  b}'  private  conveyance. 

These  springs  are  new  to  the  |mblic,"and  no  hotel  or 
other  acconmiodations  for  visitors  have  yet  been  pro- 
vided. Those  who  visit  them  during  the  season,  from 
May  1st  to  October  loth,  are  content  to  enjoy  the  pleas- 
ures of  camp  life,  as  excellent  grounds  for  tjiis  purpose 
are  at  hand.  The  elevation  of  the  location  is  500  or  600 
feet  above  the  sea-level,  but  only  a  few  feet  above  the 
Klickitat  River,  which  at  this  point  flows  through  a 
grand  and  picturesque  canyon,  a  thousand  feet  below 
the  level  of  the  surrounding  country.  From  the  brink 
of  the  canyon  on  either  side  stretches  a  rolling  plateau 
covered  with  magnificent  forests  of  pine  and  lir.  A  few 
miles  to  the  southwest  lies  the  wheat-growing  region  of 
the  Klickitat  River,  while  less  than  thirty  miles  north 
Mount  Adams,  the  second  highest  peak  oif  the  Cascade 
Range,  raises  its  lofty  summit  to  au  elevation  of  12,424 
feet.  The  canyon  of  the  Klickitat  shelters  the  springs 
from  the  cold  winds,  while  during  the  summer  months 
clear,  warm  weather  prevails,  with  occasional  rains. 
The  temperature  seldom  falls  lower  than  — 10°  or  —12° 
F.,  while  during  some  winters  it  does  not  even  reach  the 
zero  iioint.  There  are  three  large  springs  here  and 
several  smaller  ones,  but  the  water  has  never  yet  been 
anal}'zed.  We  are  informed  that  most  persons  suffering 
from  rheumatism  and  diseases  of  the  stomach,  who  have 
visited  the  springs,  have  been  much  benefited  b}'  the 
water,  and  some  of  tliem  apparenth'  cured.  Cases  of 
phthisis  do  well  in  the  neighborhood.  Fine  hunting  and 
fishing  may  be  enjoyed  in  the  vicinit}'.  It  is  probable 
that  the  spring  will  soon  be  developed. 

James  E.  Crook. 

WET-NURSES.— At  the  present  day  the  wet-nurse  is 
b\'  no  means  the  a))solute  necessity  she  was  in  many  cases 
before  artificial  feeding  had  reached  its  present  stage  of 
scientific  development,  so  that  Holt  says  that  "'  when  one 
begins  with  healthy  digestive  organs,  artificial  feeding  is 
very  simpleand  almost  invariably  successful."  He  refers 
to  the  ditticidty  of  securing  a  suitable  wet-nurse  and  the 
expense,  from  920  to  §35  a  month  in  New  York,  while 
conceding  that  she  may  be  essential  in  certain  emergen- 
cies, such  as  acute  inanition  or  acute  gastro-euteric  intox- 
ication, and  that  she  should  be  employed  in  foundling 
asylums  whenever  possible.  A  practitioner  maj'  there- 
fore at  any  time  have  to  decide  whether  he  shad  recom- 
mend a  wet-nurse  for  a  certain  infant,  and  if  he  decides 
that  question  aifirmatively  he  will  probably  have  to  de- 
termine how  to  get  one,  and  then  to  pass  on  her  qualifi- 
cations for  that  duty.  The  physician  who  wishes  to  de- 
cide tliis  question  correctly  must  approach  it  from  the 
proper  jjoint  of  view  and  study  it,  as  he  should  his 
obstetrics,  from  the  direction  of  anatomy  and  jihysiology. 
He  will  then  be  firmly  impressed  with  the  sound  doctrine 
thai,  as  a  rule,  maternal  uiu'sing  is  best  for  the  mother 
and  the  child.  Nor  should  he  forget  this  fundamental 
principle,  although  his  decision  in  the  individual  case 
will  necessarily  be  influenced  by  the  many  modifying 
conditions  which  have  always  to  be  allowed  weight  in 
settling  medical  questions.  Among  these  are  the  feel- 
ings, circumstances,  and  expectations  of  the  family. 
Otlier  points  to  be  weighed  in  settling  such  a  question 
are  the  residence  of  the  parents,  especially  in  the  summer 
mouths,  the  time  of  year  when  the   child  may  be  ex- 
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pected  to  be  uudergoing  deutitiou,  its  apparent  vigor, 
and  its  freedom  from  hereditary  ten(leuc_v  to  disease; 
also  any  special  peculiarities  of  development  manifested 
by  fornier  children  of  the  same  parents,  if  l<nown.  For- 
tunately the  structure  and  traditions  of  society  in  this 
country  have  not  yet  become  so  artificial  tliat  we  need 
discuss  the  custom  wliich  prevails  in  Frencli  cities  of 
handing  over  a  baby  to  a  wet-nurse  in  a  remote  country 
district,  a  practice  the  demoralizing  results  of  which  are 
traceable  in  tlie  degeneration  of  those  rural  populations 
most  noted  for  sup^ilyiug  tliese  substitute  mothers. 

In  considering  tliis"  general  subject  of  wet-nursing  the 
physician  may  well  devote  some  attention  to  tliose  causes 
which,  with  ordinarily  health}'  women,  especially  in  tiie 
upper  walks  of  society,  lead  to  the  inability  of  such  to 
nurse  their  babies.  In  general  terms  it  may,  in  our  own 
country,  be  attributed  to  tlie  increasing  artificiality  of  the 
life  our  women  lead,  and  d<Hibtless  in  part  to  tlie  great 
wear  and  tear  of  existence  in  the  climate  of  the  United 
States.  In  saying  this  we  do  not  overlook  the  fact  that 
a  more  healthful  and  rational  mode  of  life  for  the  young 
has  been  coming  into  vogue  of  late.  There  is,  doubtless, 
a  great  improvement  in  the  matters  of  e.xercise,  dress,  and 
food  over  tliose  wliieli  were  usual  in  tliis  country  forty 
or  fifty  years  ago;  but  tlie  results  of  such  changes  must 
be  slow"  in  their  development.  Tlie  great  stress  and 
strain  are  the  result  of  the  multitudinous  anxieties,  cares, 
and  ambitions  which  are  constantly  wearing  upon  the 
woman  of  to-day,  and  of  the  struggle  for  impi'oved  so- 
cial position  anil  for  wealth,  which  bore  much  less  heav- 
ily upon  our  grandmothers.  Another  cause,  wliich  it  is 
not  eas}'  to  estimate  correctly,  but  which  is  undoubtedl.y 
influential,  is  the  want  of  liomogeneity  in  our  people,  and 
the  fact  that,  owing  to  our  migratory  national  habits,  so 
many  are  constantly  changing  their  abodes  in  a  country 
possessed  of  such  a  variety  of  climates,  that  tlie  race, 
blended  as  it  is  of  many  nationalities,  has  in  compara- 
tively few  parts  become  identified  with  its  environment. 
What  physician  but  has  been  cognizant  of  many  cases  in 
which  menstruation  lias  been  interrupted  in  healthy 
young  women  for  moullis  after  immigration?  If  a 
change  of  climate  and  an  luisettling  of  the  mode  of  life 
can  effect  such  an  alteration  in  one  phase  of  the  genera- 
tive function,  whj^  should  they  not  be  powerful  in  inter- 
fering with  another  phase  of  it,  viz.,  in  causing  a  dimin- 
ished activity  of  the  mammary  glands? 

Having  given  due  weight  to  the  considerations  sug- 
gested, the  medical  man,  before  looking  up  a  wet-nurse 
for  his  patient,  may  well  fortify  himself  by  a  few 
thoughts  on  the  otjjections  to  wet-nursing,  and  tlie  very 
serious  dangers  it  involves.  I  propose  in  this  place  to  do 
no  more  than  call  attention  briefly  to  the  more  prominent 
of  tliem,  trusting  that  they  will  be  sufficiently  brought 
out  incidentally  in  treating  of  tlie  dilferent  branches  of 
tlie  subject.  There  is,  then,  primarily  the  moral  hazard 
to  both  mothers,  for  neither  can  fully  escape  the  con- 
sciousness that  her  child  is  deprived  of  its  natural  right. 
Then  note  tlie  loss  to  theemploying  mother  of  the  stimu- 
lus of  nur.sing  in  securing  full  and  healthy  involution  of 
the  uterus,  and  consequent  freedom  from  disease  of  the 
pelvic  organs ;  also  the  degree  of  immunity  furnished  bj' 
maternal  nursing  against  undue  frequency  of  conception 
and  childbearing.  On  the  side  of  the  nurse  it  is  to  be  re- 
membered that  her  milk  may  prove  unliealthy  for  her 
foster-child,  even  though  it  may  respond  satisfactorily  to 
all  tlie  artificial  tests  we  can  apply ;  that  grief  or  fierce 
passions  may  make  it  for  the  time  dangerous  to  the  nurs- 
ling. Even  with  the  greatest  care  in  choosing  them,  it 
is  almost  impossible  to  avoid  the  selection  of  nurses  who 
are  the  subjects  of  syphilis  or  tuberculous  disease.  And, 
finally,  the  physician  and  the  mother  can  never  be  too 
watcliful  against  the  baleful  effects  springing  from  the 
secret  use  of  alcoholic  stimulants  and  of  opiates. 

Among  the  risks  attending  the  procuring  of  a  wet- 
nurse  are  those  due  to  the  irresponsible  and  mercenary 
character  of  the  agencies  from  which  thev  are  often  ob- 
tained. 1  think  it  may  safely  be  said  that  "the  most  desir- 
able women  are  not  to  be  found  in  these  places;  but  that, 
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in  New  York  City,  one  of  the  two  following  plans  is 
ji referable  for  securing  one;  An  advertisement  in  one  of 
tlie  daily  pajiers  will  commonly  bring  to  the  door  a  su- 
perabundance of  applicants,  of  whom  a  few  selected  by 
the  family  may  be  a.sked  for  references  and  handed  over 
for  medical  examination.  Or,  secondly,  inquiry  may  be 
made  at  one  or  more  of  the  public  hospitals  or  special 
cliaritalile  institutions  that  maintain  a  lying-in  service, 
with  the  great  incidental  advantage  that  some  accurate 
account  of  the  nurse's  medical  history,  at  least  during 
the  puerperal  period,  can  usually  be  had  from  the  medi- 
cal officers. 

It  is  undeniable  that  under  some  circumstances  the  em- 
ployment of  a  wet-nurse  is  to  be  recommended,  and  it  is 
ecpially  true  that  this  advice  is  often  given  under  the  in- 
fluence of  considerations  quite  other  than  simply  what 
would  be  most  beneficial  to  the  mother,  the  infant,  or 
even  the  proposed  nurse.  The  doctor  should  realize 
that,  in  order  to  nurse  lier  baby,  a  mother  must  restrict 
herself  in  many  ways,  must  be  regular  in  her  hours,  which 
involves  the  loss  of  many  pleasures  which  women  covet, 
must  in  fact  sacrifice  herself  for  her  child.  Nur.sing, 
when  undertaken,  is  a  duty,  the  demands  of  which  are 
imperative  and  cannot  be  postponed  with  safety  to  cither 
part}'  concerned.  Diet,  exercise,  elotliing,  mental  and 
moral  habits  should  all  be  subordinated  to  the  piojier  dis- 
charge of  this  function,  though  fashion  and  social  ambi- 
tion are  leagued  in  strong  opposition.  This  is  the  view 
that  the  physician  should  ujjhold  and  encourage.  He 
can  do  more  than  any  one  else  in  the  community  to  foster 
in  the  mind  of  every  woman  whom  he  attends  during 
pregnancy  or  confinement  the  idea  that  lactation  is  the 
necessary  and  projier  complement  and  rounding-out  for 
her  of  the  great  physiological  cycle  which  begins  with 
conception  ;  and  the  woman  who  follows  this  advice  and 
makes  these  sacrifices  will  not  need  a  physician  to  point 
out  to  her  the  benefits  whicli  accrue  to  herself  and  her 
offspring,  physically,  mentally,  and  morally,  from  the 
course  atlopted. 

The  conditions  which  preclude  maternal  nursing  are 
briefly  summed  up  by  Luslf,  as  follows:  "Nursing  may 
be  rendered  impossible  by  a  lack  of  milk,  by  flattened, 
misshapen  nipples,  and  by  the  health  of  the  mother.  It 
should  be  prohibited  in  phthLsis,  in  epilepsy,  and  in  cases 
of  syphilis  contracted  shortly  before  the  birth  of  the 
child."'  Bumm  says  that  from  fifteen  to  twenty  per 
cent,  of  mothers  cannot  nurse  their  children. 

It  is  well  for  the  physician  to  appreciate  the  influence 
exerted  by  the  monthly  nurse,  who  should  in  tliis  matter 
be  his  ally,  and  not,  as  is  too  often  the  case,  the  wily  and 
underhanded  opponent  of  his  best  efforts  to  make  his  pa- 
tient nurse  her  babe.  So  potent  is  this  influence  that  cer- 
tain of  these  women  come  to  be  known  as  always  having 
their  charges  nurse  their  infants,  and  others  as  always 
finding  that  they  cannot  do  so,  a  reputation  which  may 
well  guide  the  physician  in  passing  on  their  qualifica- 
tions. 

If  such  care  of  herself  as  I  have  indicated  is  to  be  ex- 
pected in  the  case  of  a  mother  nursing  her  own  child,  let 
us  now  ajiply  the  rule  inversely  and  see  what  we  shoukl 
look  for  in  a  woman  who  is  projiosed  as  nurse  to  another's 
child,  and  what  rules  should  bo  laid  do-syn  for  her  guid- 
ance when  acting  as  wet-nurse. 

One  of  the  first  questions  to  be  decided  is  whether  we 
should  refuse  our  recommendation  to  an  unmarried  wom- 
an, wlio  may  prove  in  all  other  respects  well  qualified. 
A  great  deal  can  be  said  on  both  sides  of  this  question, 
but  as  it  hinges  largely  upon  the  moral  point  involved, 
my  own  view  is  that,  in  so  far,  it  is  one  the  decision  of 
which  should  not  be  thrown  upon  the  medical  man. 
The  mother,  or  female  head  of  the  family  in  which  the 
wet-nurse  is  to  serve,  would  never  consent  to  surrender 
her  convictions  on  such  a  point,  nor  would  a  prudent 
physician  care  to  assume  the  responsibility  of  introduc- 
ing such  a  woman  in  opposition  to  tlie  ideas  of  the  fam- 
ily. Still  he  may  be  asked  for  an  opinion  as  to  how  far, 
or  in  what  ways,  the  fact  of  the  applicant  being  single 
would  influence  her  desirability  as  a  wet-nurse,  and  he 
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should  be  ready  to  state  them.  We  cannot  be  guided  by 
foreign  opinion,  for  we  all  recognize  the  fact  that  preg- 
nancy in  the  unmarried  is  not  regarded  with  the  same 
leniency  here  as  in  many  parts  of  Europe,  and  that  con- 
sequently the  status  and  morale  of  such  as  have  incurred 
it  are  relatively  lowered.  We  therefore  feel  that  such  a 
woman,  while  an  object  of  pit_y  and  deserving  of  all 
charitable  coDsideratiou,  is  not  unadvisedly  to  be  brought 
into  a  family  in  a  position  which  is  regarded  as  superior 
to  that  of  other  servants,  where  she  will  come  into  close 
relations  with  the  children  and  the  mother,  and  where 
weakness  of  chai-acter  and  lower  tone  might  have  the 
most  serious  results.  On  the  other  hand,  where  the  fam- 
ily is  disposed  to  overlook  these  drawbacks,  especially 
where  there  are  no  older  children,  or  to  regard  the  inter- 
ests of  the  nursling  as  paramount  to,  or  as  dominating 
all  other  considerations,  it  may  be  looked  upon  as  a 
favorable  feature  that  tlie  unmarried  wet-nurse  is  not 
subject  to  the  claims  of  a  husband  or  a  family,  which  are 
often  advanced  at  most  inconvenient  seasons,  and  with 
the  palpable  design  of  profiting  by  the  necessities  of  the 
employer;  also  that,  except  in  the  case  of  the  very  de- 
praved, lactation  is  less  likely  than  in  the  married  to  be 
interrupted  by  a  recurrence  of  pregnancy.  In  the  un- 
married there  would,  besides,  usually  be  such  advan- 
tages as  accrue  from  the  engagement  of  a  primipai'a. 

The  age  of  a  wet-nurse  is  not  immaterial,  and,  while 
not  unmindful  of  recorded  facts,  or  those  known  to  indi- 
vidual experience,  where  young  girls  or  women  advanced 
in  life  have  proved  excellent  nurses,  it  still  remains  a 
safe  rule  to  avoid  the  extremes  of  the  child-bearing  period 
and  to  give  the  preference  to  those  between  twenty  and 
thirty,  or,  possibly,  thirty -five  years.  This  would  i)e,  of 
course,  with  the  view  of  avoiding  immaturity  and  consti- 
tutional vices  of  tardy  development  on  the  one  hand, 
and,  on  the  other,  tlie  disabilities  connected  with  physi- 
cal exhaustion  or  possible  degeneration. 

The  age  of  the  miilk  should  bear  some  relation  to  the 
age  of  the  child  to  be  nursed,  for,  though  a  deficiency  of 
the  laxative  qualities  of  the  colostrinn  may  be  made  good 
by  suitable  medicines,  there  is  always  danger,  if  the  milk 
is  much  older  than  the  child,  that  the  supply  may  not  last 
as  longas  desired.  On  the  other  liand.  the  ciuality  of  the 
secretion  is,  after  the  first  few  weeks,  comparatively  uni- 
form for  months,  so  that  it  will  be  little  likely  to  disagree 
on  that  account  even  when  the  child  is  older. 

As  between  a  primipara  and  pluripara,  other  things 
being  equal,  the  choice  would  be  in  favor  of  the  latter, 
for  tlie  reason  that  her  previous  experience  should  have 
taught  her  something  about  the  proper  care  of  an  infant, 
and  some  estimate  might  likewise  be  made  of  the  prob- 
able continuance  of  the  milk  sup])ly  in  her  case. 

We  now  come  to  the  physical  examination  of  the  pro- 
posed wet-nurse.  The  phy.sician  should  make  this  as 
thorough  as  he  has  opportunity  for,  although  he  will  sel- 
dom in  private  practice  be  able  to  complete  it  by  ex- 
amining the  genitals.  Still,  if  the  woman  has  been  con- 
fined in  a  hospital,  valuable  information  on  this  point 
may  be  obtained  from  the  house  physician.  A  general 
survey  of  the  applicant's  physique,  expression,  cleanli- 
ness, etc.,  should  be  followed  by  special  observation  of 
the  temperature,  eyes,  teeth,  tongue,  breath,  fauces,  skin 
— especiall}' on  the  neck  and  breasts;  also  of  the  lungs 
and  heart  and  the  lymphatic  glands  of  the  neck  and  at 
the  bend  of  the  elijow.  One  should  try  to  ascertain 
«  hether  pregnancy  does  or  does  not  exist,  and  the  in- 
quiry should  be  made  whether  menstruation  has  taken 
place,  albeit  the  latter  question  may  often  not  elicit  a 
truthful  answer  and  the  fact  will  have  to  be  learned  by 
subsequent  careful  observation.  It  is  especially  impor- 
tant to  ascertain  the  presence  or  absence  of  indications 
of  any  form  of  tuberculosis,  of  anamiia,  or  of  syphilis. 
Rheumatism  also  must  not  be  forgotten.  The  breasts 
should  receive  special  attention;  they  should  be  full  and 
hard  three  hours  after  nursing  (Holt).  The  size  and 
firnmess  of  the  mammary  glands  themselves  should  be 
distinguished  from  accompanying  adipose  deposits;  the 
skin  should  show  the  course  of  tlie  large  veins  running 
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from  the  areola;,  and  it  should  be  free  from  cicatrices  or 
discolorations  pointing  to  former  abscesses  or  eruptions; 
the  nipplesshould  be  of  good  size  and  prominence,  with- 
out evidence  of  irritaliility  or  of  loss  of  substance  from 
former  ulceration.  Piessiire  should  cause  the  milk  to 
flow  readily  in  numerous  jets.  A  specimen  of  it  should 
be  obtained  for  chemical  and  microscopical  examination, 
and,  finally,  the  woman's  own  child,  if  nursed  by  herself 
alone,  should  be  seen  and  carefully  examined.  Nothing 
can  be  better  evidence  of  the  value  of  the  mother  as  a 
nurse  than  the  condition  of  her  own  child;  but  it  be- 
hooves the  phy.sician  to  be  on  the  watch  for  substitution 
and  other  deceitful  practices.  Should  it  be  possible,  let 
him  watch  the  child  nurse.  Then  he  can  learn  whether 
the  milk  flows  easily  and  in  abundance  with  but  mode- 
rate effort  on  its  part,  and  whether  the  child  lets  go  of 
the  nipple  with  an  air  of  comfort,  its  lips  dripping  with 
the  over-abundaoce  of  milk,  or  Avhether  it  repeatedly  re- 
jects the  nipple  unsatisfied  and  disappointed. 

The  milk  itself  should,  of  course,  be  examined  as  to 
both  its  ]ihysical  and  its  chemical  qualities.  As  to  the 
former,  Eustace  Smith  writes  as  follows:  "The  milk 
.should  lie  opaque  and  of  a  dull  white  color;  under  the 
microscopeit  should  present  fat  glolnilesof  medium  size, 
not  too  small.  As  a  rule,  the  number  of  fat  globules  is  a 
rough  indication  of  the  quantity  of  casein  and  sugar, 
though  not  always  a  trustworthy  guide." ''  A  more  sys- 
tematic and  thorough  method  is  quoted  bv  Jacobi  from 
F.  Conrad  (liern,  1«'S0).  He  draws  the  milk  himself  two 
or  three  hours  after  the  last  nursing,  making  use  either 
of  the  breast-pump  or  of  pressure  liy  the  thumb  and  in- 
dex finger.  This  latter  manipulation,  after  a  little  prac- 
tice, causes  no  pain  and  makes  it  possible  to  appreciate 
the  abundance  and  easy  discharge  of  the  secretion.  He 
then  determines:  (1)  The  reaction,  which  should  always 
be  alkaline.  (2)  The  specific  gravity,  which  should  be 
from  1.02.5  to  1.035;  with  an  average  of  1.031.  (3)  The 
microscopical  appearance.  The  mitk  globules  should  be 
well  formed,  separate  from  each  other,  from  0.008S  mm. 
to  0.198  mm.  in  size,  and  those  of  medium  size  should 
predominate.^ 

Bumm  quotes  J.  Koenig's  recent  analyses  as  showing 
the  following  chemical  constitution:  Sugar  of  milk.  G.21 ; 
milk  fat,  3.78;  albumin  and  casein,  2.29;  salts,  0.71. 

A  wet-nurse  having  been  cho.sen  and  her  milk  found  to 
agree  with  her  foster-child,  the  interests  of  all  require 
that  her  mode  of  life  should  be  so  ordered  as  to  keep  her 
in  the  best  condition  for  discharging  this  function.  The 
error  most  likely  to  be  committed  is  in  changing  too 
much  her  diet  and  regime,  partly  because  the  employers 
do  not  realize  how  the  way  of  life  and  the  kind  of  food 
to  which  she  has  been  accustomed  difl'er  from  their  own, 
and  partly  because  the  nurse,  finding  food  and  other 
comforts  in  kinil  and  cjuantity  far  exceeding  those  of  her 
own  home,  and  having  withal  a  hearty  appetite  and  the 
plausible  excuse  that  the  baby  depends  upon  her,  over- 
indulges herself.  The  not  uncommon  result  is  that  she 
grows  enormously  fat  and  at  the  same  time  loses  the 
power  to  furni-sh  the  abundant  supply  of  good  milk 
which  constituted  her  value.  Rotch  tells  us  that  by  im- 
proper feeding  the  quality  of  the  milk  may  be  changed 
so  as  to  resemble  cow's  more  than  human  milk  in  the 
amount  of  solids.  This  state  of  things  leads  to  an  at- 
tempt, probabl)'  surreptitious,  to  force  a  greater  secre- 
tion by  drinking  beer  or  other  alcoholics,  and  the  down- 
ward course  is  begun  which  is  not  unlikely  to  end  in  the 
discharge  of  the  nurse,  either  immediately  before  or  after 
the  death  of  the  bab}'  in  convul.sious.  A  rational  man- 
agement should  forestall  such  catastrophes.  In  the  first 
place,  then,  make  the  nurse  bathe  thoroughly  and  sufli- 
cientlj'.  See  that  she  has  enough,  but  not  too  much, 
food  of  a  nutritious  kind  and  largely  liquid,  with  an 
amount  of  exercise  proportioned  to  her  previous  habits 
of  life.  Do  all  that  is  possible  to  secure  her  peace  of 
mind  and  good  spirits,  especially  b_y  attending  to  the 
welfare  of  her  own  child,  if  it  is  living.  Without  going 
into  particulars  as  to  diet,  we  may  say  that  it  should  be 
so  ordered  by  the  medical  adviser  as  to  be  fully  capable 
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of  replacing  in  the  system  the  materials  required  by  the 
sceretioii  of  milk,  viz.,  fats  and  the  various  forms  of 
albumin.  Salts  or  .salines  should  not  be  used  largely  as 
food  or  medicine,  nor  should  articles  containing  strong- 
smcllins  oils.  Mill;  is  particularly  good  as  food,  while 
alcoholics  slioul<l  be  avoided,  unless,  perhaps,  a  small 
(luantity  of  beer  for  women  who  have  always  been  ac- 
custnmed  to  it  in  their  own  country. 

Further  details  on  wet-nursing  may  be  found  in  the 
treatises  on  obstetrics  and  pediatrics.  Among  the  works 
mentioned  below  I  would  call  particular  attention  to 
those  of  Rotch  and  Holt.  J.  Haven  Emerson. 

Kkferencks. 

'  Tlie  Science  and  Art  <»f  MMwifery.  By  William  Thompson  Lusk, 
M.D.,  eU'.,  new  edition.  Now  Vcnk.  1892. 

''  Enslace  Smith:  The  WiisiiTisr  Diseases  ol  Infants  and  Children, 
p.  18,  second  edition,  London,  18TS. 

'  A.  .lacohi.  in  0.  Gerhardt's  Uandbuch  derKinderkrankheiten,  vol. 
i.,  part  ii.,  p.  (B,  Tubingen,  1880. 

Article  "  Nourrices,"  by  C.  Devilliers  in  Nouv.  Diet,  de  Med.  et  de 

Chirurgr.  pratiques,  vol.  .xxiv.,  Paris,  1878. 
Relative  Induences   of  Maternal    and  Wet-Nursing  on   Mother  and 

riiild,  by  J.  E.  Winters.  Medical  Record.  November  6th,  1886. 
Pediatrics',  hy  T.  M.  Uolcli,  tliini  c[|ili..n.  11«11. 
Diseases  of  Infancy  and  (_'liildlio(.pd  hv  L.  Eniniett  Holt,  second  edition, 

ISKB. 
Gi  utidriss  zum  Studlum  der  Geburt.shiilfe  von  Dr.  Ernst  Bumni,  2te 

Aull..  Wiesbaden,  li««. 

WHANN  ALKALINE  LITHIA  SPRINGS.— Venango 
County.  Pennsylvania. 

These  springs  issue  from  the  rockj-  bluffs  200  feet 
above  the  Allegheny  River,  at  a  spot  wliich  commands  a 
tine  view  of  the  charming  little  cit}'  of  Franklin.  Their 
high  altitude  and  sijacious  woodland  surroundings  pre- 
clude the  dangei'S  of  surface  contamination  Tlie  out- 
flow is  abundant  and  the  water  clear,  liright,  and  spar- 
kling. Its  temperature  at  the  springs  is  50"  F.  all  the  year 
round.  The  following  analysis  was  made  by  Merck  & 
Co.,  chemists,  of  New  York,  in  1899: 

One  United  States  gallon  contains  (solids):  Lithium 
chloride,  gr.  3.68;  sodium  chloride,  gr.  3.TT:  calcium 
carbonate,  gr.  3.09;  magnesium  carbonate,  gr.  0.75; 
magnesium  sulphate,  gr.  1.17;  sodium  sulphate,  gr. 
0.16;  potassium  sulphate,  gr.  0.30;  aluminum  sulphate, 
gr.  0.07:  silica,  gr.  0.69.  Total  solids,  13.68  grains. 
Total  residue  by  evaporation,  gr.  l.'j.OO;  organic  matter 
and  loss  on  ignition,  gr.  3.68;  carbon  dioxide,  free,  gr. 
1.37;  nitrites  and  nitrates,  traces. 

The  analysis  siiows  a  light  alkaline-saline  water  which 
on  habitual  use  ought  to  possess  useful  properties  as  an 
antacid,  diuretic,  and  {XJSsibly  laxative.  It  has  been 
highly  praised  by  physicians,  who  have  become  ac- 
quainted with  its  use.  in  rheumatism,  gout,  dyspepsia, 
and  gastrointestinal  disorders,  and  in  the  uric-acid  diath- 
esis. James  K.  Crook. 

WHEAL.     See  Urticaria. 

WHIP-WORM.    See  Nematoaa. 

WHITE  SULPHUR  SPRINGS.— Scott  County,  Iowa. 

PosT-OpFicE.— White  Sulphur.  Hotel  destroyed  by 
fii-ein  1893. 

The  waters  of  these  springs  are  now  used  conmier- 
cially.  The  following^  analysis  was  made  by  Emory 
Rush,  of  Buffalo,  N.  \.  One  United  States  gallon  con- 
tains (solids);  Sodium  chloride,  gr.  93.79;  calcium  chlo- 
ride, gr.  33.56;  magnesium  chloride,  gr.  23.36;  sodium 
bicarbonate,  gr.  40..57;  iron  bicarbonate,  gr.  37.37;  po- 
tassium sul]ihate,  gr.  6.13;  sodiiun  phosphate,  gr.  5; 
silica,  gr.  30..'>6;  magnesium  sulphate,  gr.  16.23;  car- 
bonic acid  (by  weight),  gr.  31.. 57.  Total  solids  upon 
evaporation,  307.04  grains.     Temperature,  56°  F. 

James  K.  Crook. 

WHITE    SULPHUR    SPRINGS,   LOUISIANA.  — Cata- 
houla I'.-irisli,  Louisian:!. 
Post-Okkck.  — White  Sulplnu-  Springs.     Hotel. 
Access. — The  springs  arc  reaclie<l  by  way  of  Alexan- 


dria, La.,  on  the  St.  Louis,  Iron  Mountain  and  Southern, 
and  the  Southern  Pacific  Railroad,  or  by  way  of  Pollock 
Station,  on  tbe  Iron  Mnuulain  Railroad.  The  location  is 
ill  a  hilly  country,  covered  with  ]iines.  The  springs  are 
four  in  luinilicr.  and.  according  to  Mr.  G.  \\^  Bctliards, 
of  the  Railroad  Hotel,  their  combined  tlow  is  about  thirty 
thousand  gallons  per  minute.  Like  many  other  enter- 
jirises  in  tlie  South,  the  resort  lacks  cajiital  for  its  im- 
provement. No  analysis  has  been  made,  but  the  water 
lias  been  used  with  aiiparent  benefit  in  rheumatism,  dys- 
pepsia. Bright's  disease,  and  debility. 

James  K.  Croik. 

WHITE  SULPHUR  SPRINGS,  MONTANA.— Meagher 

County,  .Moiitan:i. 

Post-Office. — White  Suli)hur  Springs.     Hotel. 

Access. — By  Northern  Pacific  Railroad  to  Townscnd, 
thence  by  stage  or  ])rivate  conveyance  to  the  springs. 
They  ma}'  also  be  reached  by  stage  from  Helena,  seventy- 
tive  miles  distant. 

The  springs  are  located  at  an  elevation  of  5,012  feet 
above  the  sea-level,  in  a  valley  seventy-five  miles  long  by 
ten  or  fifteen  wide,  watered  by  numerous  streams  whei'e 
trout  and  other  fish  are  abundant.  Game  is  also  plenti- 
ful in  the  surrounding  mountains.  An  analysis  by  R. 
B.  Riggs.  of  the  United  States  Geological  Survey,  in 
1885,  showed  the  presence  of  the  carbonates  of  sodium, 
calcium,  and  magnesium,  sulphate  of  sodium,  chlorides 
of  scidium  and  jiotassium,  silica,  and  a  trace  of  sulphu- 
reted  hydrogen.  The  water  is  of  the  alkaline-saline  ther- 
mal t.ype.  The  temperature  of  the  water  varies  from  95° 
F.  to  125°  F.  It  is  recommended  for  affections  of  the 
liver,  for  skin  diseases,  and  for  syphilis. 

James  E.  Crook. 

WHITLOW.     See  Hands  and  Fingers,  etc. 

WHOOPING-COUGH  is  a  specific  infectious  disease 
charaeteiized  by  p;noxysmal  attacks  of  coughing  fol- 
lowed by  deep  inspiratory  efforts,  which,  owing  to  a 
spasmodic  contraction  of  the  glottis,  have  a  loud  crow- 
ing or  whooping  soimd. 

Synonyms. — Whooping-cough,  hooping-cough,  per- 
tussis, Keuchhusten  (Ger.),  coqueluche  (Fr. ),  pertcsse 
(Ital.).  Kikhosta  (Swed.),  chincough,  kindcough,  kink- 
cminli.  kinkkaust.  Kiiighost,  Stickhusten,  Krampfhusten, 
Blauer-husten,  Ht'ihuerweh,  Esclhusten.  Rehhusten; 
toux  convulsive  ou  ciuintcu.se  on  bleue.  maladie  cucu- 
laire,  paroxysmes  quintes,  architoux  des  enfants;  tussis 
ferina,  seu  convulSiva,  sen  strangulans,  sen  quinta,  seu 
stomachalis;  anhela  clamosa,  seu  strangulans,  .seu  dc- 
lassans.  seu  sutt'ocans,  seu  amphemerina,  seu  tussiculosa, 
seu  spasmodica,  seu  asiniua,  seu  canina,  seu  perennis, 
seu  claugosa,  seu  puerilis;  tussis  epidemica  puerorum; 
bronchitis  convulsiva.  bidnchocephalitis.  pneusis  pertus- 
sis; orthopna'a  tussicido.sa.  seu  claugosa,  etc.;  morbus 
cncullus,  seu  cucnllaris;  cucullus;  bex  convulsiva,  seu 
theriodes ;  bechorthopncea. 

History. — It  is  generally  admitted  that  whooping- 
ciuigh  was  imkuown  to  the  ancients,  as  no  description 
of  the  disease  is  to  be  foimd  in  the  writings  of  Hippoc- 
rates, Galen,  or  Avicenna. 

The  first  account  we  have  tjf  the  disease  is  by  Baillou 
or  Ballonius,  a  Frenchman,  in  1578.  He  called  it  qniiitcf 
or  rpiiiitaiia.  as  Ihe  pai'o.xysms  of  coughing  were  sup- 
posed to  occur  at  intervals  of  five  houis.  Schenck,  of 
Grafenberg,  described  the  disease  some  years  later.  In 
England  there  was  no  definite  account  of  whooping- 
cough  till  1007.  when  Willis  gave  a  very  clear  description 
of  it  vmder  the  name  of  tiissis  pnerornm  conriihira  :  lie 
was  followed  later  by  the  famous  Sydenham.  Ettmi'iller. 
in  Germany,  and  Lieiitauil,  in  France,  also  publi.shed 
short  accounts  of  the  disease  in  the  seventeenth  century, 
at  which  finie  it  occurred  aiiparently  only  in  small  epi- 
demies,  although  Willis  speaks  of  its  frequent  occurrence 
among  children  and  of  the  considerable  mortality  caused 
by  it.'" 

The  first  entry  in  the   London   mortality  returns  of  a 
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death  from  this  disease,  uuder  the  name  of  chincough,  is 
in  the  year  1668. 

Throughout  the  eighteenth  century  whoopiug-cough 
rapidly  increased  and  became  widely  diffused,  as  numer- 
ous descriptions  of  epidemics  attest.  In  Sweden,  from 
the  }'ear  1749  to  the  year  1764,  over  43,000  children  were 
said  to  liave  succumbed  to  this  disease.  In  England, 
Germany,  the  Netherlands,  Switzerland,  Italy,  and  Amer- 
ica, numerous  epidemics  prevailed. 

At  the  present  time  whoojjiug-cough  not  only  occurs 
epidemically  throughout  Europe  and  America,  but  in 
nearly  all  the  large  cities  and  towns  it  has  become  en- 
demic, so  that  cases  are  almost  coutinuoush-  occurring. 
In  England,  out  of  a  total  mortality  of  510,315  in  1876, 
10,556,  or  nearly  two  per  cent.,  were  due  to  this  disease. 
In  1880  the  proportion  of  deaths  from  whooping-cough 
in  England  was  2.59  percent.  Biei'mer  says  "  whoop- 
ing-cough has  become  a  disease  of  all  races  and  climates." 

Sv-Mi'TOM  ATOLOGV. — Wliooping  cough  has  been  divided 
into  three  stages,  whjch  are  more  or  less  distinctive  in 
various  cases,  and  which  pass  more  or  less  gradually 
from  one  to  the  other.  These  are,  first,  the  catarrhal  or 
prodromal  stage;  second,  the  paroxysmal  or  spasmodic 
stage;  third,  the  stage  of  decline. 
J  The  catarrhal  stage  begins  as  a  catarrh  of  the  uppei; 

respiratory  tract,  and  resembles  an  ordinary  cold,  from 
which,  indeed,  it  cannot  as  a  rule  be  distinguished,  and 
it  is  often  necessary  to  wait  for  the  second  stage  before 
a  definite  diagnosis  can  be  made.  The  prevalence  of 
whooping-cough  in  the  neighborhood  or  the  history  of 
exposure  puts  the  physician  on  his  guard.  The  symp- 
toms in  this  stage  are  an  ordinaiy  cough,  usually  rather 
severe,  and  with  a  tendency  to  become  paroxysmal, 
more  or  less  cor\'za,  wil^li  sneezing,  and  sometimes  slight 
wateiing  of  the  eyes,  due  to  a  mild  conjunctivitis.  An 
elevation  of  temperature  occurs  in  this  stage,  whieh.  al- 
though slight,  is  geuerally  greater  than  in  ordinary  bron- 
chitis, and  is  regarded  by  Flint,  therefore,  as  an  i(lio|>athic 
or  essential  fever,  as  distinguished  from  a  symptomatic 
one.  Henoch,  however,  considers  this  idea  of  an  essen- 
tial fever  to  be  erroneous. 

The  duration  of  the  first  stage  is  generally  ten  days  or 
two  weeks,  but  it  varies  markedly.  The  younger  the 
child,  the  shorter  is  the  first  stage.  Besides  the  factor  of 
age,  the  severity  of  the  attack  also  influences  the  dura- 
tion of  the  prodromal  stage.  Thus  the  more  severe  tlie 
attack  the  shorter  the  first  stage  is  likely  to  be;  and,  on 
the  other  hand,  in  mild  cases  the  first  stage  may  be 
lengthened  to  three  or  four  weeks,  or  even  in  some  cases 
may  terminate  without  passing  into  the  second  stage, 
the  diagnosis  in  these  exceptionally  mild  cases  being 
made  by  the  existence  at  the  .same  time  of  well-markeil 
cases  in  other  members  of  the  same  household. 

The  second  stage,  into  which  the  first  gradually  or  at 
times  abruptly  glides,  is  characterized  by  paroxysms  of 
rapidlj'  repeated  forcible  expiratory  efforts  or  coughs, 
followed  by  a  deep  inspiration,  which,  owing  to  the 
spasmodic  contraction  of  the  muscles  of  the  larynx  caus- 
ing a  narrowing  of  the  rima  glottidis,  has  a  loud  and 
pecuhar  crowing  or  whooping  sound,  from  wliieh  the 
name  of  the  disease  is  derived.  The  little  patient  is  gen- 
erally conscious  of  an  impending  attack,  becomes  rest- 
less, and  awakes  from  sleep,  or,  if  at  play,  drops  its  toys 
with  an  expression  of  apprehension,  and  often  appears 
to  make  every  effort  to  suppress  the  approaching  par- 
oxysm. The  pulse  and  respirations  become  more  rapid, 
and  when  tlie  coughing  begins  the  child  seeks  to  grasp 
its  mother  or  some  firm  object  for  support.  The  respir- 
atory efforts,  from  five  to  twenty  in  number,  follow  each 
other  in  rajiid  succession,  terminating  in  a  deep-drawn 
inspiration  or  whoop,  and,  after  a  rapid  repetition  of  the 
series  two  or  three  times,  there  generally  occurs  the  ex- 
pulsion of  a  thick,  glairj-,  tenacious  mucus,  and  often 
the  vomiting  of  the  contents  of  the  stomach,  after  which 
the  child  sinks  back  exhausted,  but,  if  in  a  good  condi- 
tion, soon  resumes  its  play  as  if  nothing  liad  happened. 
The  urine  and  fa?ces  are  not  infrequently  expelled  invol- 
untarily in  young  children,  owing  to  the  violent  action 


of  the  diaphragm  and  abdominal  muscles.  Older  chil- 
dren, who  are  able  to  describe  their  sensations,  and  adults 
speak  of  a  feeling  of  heaviness  or  oppression  in  the  chest,- 
and  of  an  increasing  tickling  sensation  in  the  throat,  or 
the  sensation  of  a  foreign  Txidy  in  that  region,  which 
lead  them  to  expect  a  paroxysm."  A  tickliug'in  the  no.se 
or,  in  some  cases,  the  feeling  of  nausea  is  also  sometimes 
described  by  the  sufferers  as  presaging  an  attack.  The 
spasm  of  the  glottis,  and  therefore  inspiratory  whoop,  is 
more  marked  when  the  expiratory  efforts  have  heen  vio- 
lent and  have  followed  each  other  in  rapid  succession. 

During  the  expiratory  efforts  the  pulmonary  circula- 
tion is  impeded,  and  a  backing  up  of  blood  in" the  right 
side  of  the  heart  occurs,  with  resulting  venous  stasis. 
The  veins  of  the  neck  become  distended,  the  face  red- 
dened, and,  finally,  from  the  interference  witli  respira- 
tion, cyanotic.  Tlie  eyes  stand  out  and  are  suff'used 
with  tears,  the  loose  connective  tissue  about  the  eyes  is 
puffy  with  infiltrated  serum,  and  in  severe  paroxysms 
hemorrhages  maj'  take  place  from  the  nose  or  mouth,  or 
subconjunctival  ecchymoses  may  appear.  The  tongue 
in  infants  and  young  children  is  generallj-  violently  pro- 
truiled  from  the  mouth,  the  fra-num  and  lower  surface 
scraping  against  the  gums  or  teeth.  The  child  often 
makes  clutches  at  its  throat  and  face,  and  endeavors  to 
relieve  it.self  by  pulling  the  nuicus  from  its  mouth.  In 
these  attempts  the  infant,  with  its  poorl}'  co-ordinated 
movement.-;,  will  sometimes  scratch  its  neck  and  face,  or 
the  nuicous  membrane  of  the  month. 

After  the  paroxysm  the  cyanosis  is  succeeded  bv  pal- 
lor, the  distended  blood-vessels  empty  themselves,  but 
the  pufliuess  about  the  eyes,  due  to  the  infiltrated  serum, 
often  remains  as  a  characteristic  featm'e.  Sometimes 
the  child  is  covered  with  a  cold  sweat  after  the  paroxysm. 

The  duration  and  severity  of  the  paroxysms  may  be  so 
slight  that  many  of  these  symptoius  are  lacking,  and  the 
expiratory  efforts  may  be  onlj'  one  or  two  in  number. 
On  tlie  other  hand,  the  attack  may  last  one  or  even  tuo 
minutes,  consisting  of  a  number  of  .series  of  expiratory 
efforts,  causing  marked  cyanosis  and  distress,  anil  leav- 
ing the  patient  in  a  very  exhausted  condition.  The  num- 
ber of  ]iaroxysms  in  twentj'-four  hours  also  varies  very 
much,  from  two  or  three  in  veiy  mild  cases  to  fifty  or 
even  a  hundred  in  the  more  severe  examples.  A  charac- 
teristic feature  of  whooping-cough,  and  one  that  is 
almost  ahvays  present,  is  the  fact  that  the  paroxysms  are 
more  common  at  night  than  during  the  daytime.  In  the 
waking  hours  any  emotional  excitement  is  apt  to  bring 
on  the  cough ;  hence  this  is  frequently  observed  during 
the  visit  of  the  physician.  A  fit  of  crying  is  almost  sure 
to  be  interrupted  by  a  paroxysm  of  cough,  which,  by 
substituting  a  greater  evil,  effectually  removes  the  origi- 
nal cau.se  of  the  tears  from  theinind  ot  the  little  patient. 
In  a  similar  way,  with  .several  children  in  a  room  all 
suffering  from  this  disease,  the  occurrence  of  a  jiaroxysra 
in  one  is  apt  to  be  followed  by  the  same  thing  in  the 
others — the  so-called  paroxysm  from  imitation. 

The  fever,  which  may  have  been  present  in  the  first 
stage,  is  now  generally  absent,  although  an  occasional 
temperature  of  lOT  or  103'  F.  in  the  evening  is  not  at 
all  uncommon.  A  continuously  elevated  temperature, 
on  the  other  hand,  would  at  once  point  to  some  compli- 
cation. 

Vomiting  following  the  paroxysm  may  be  so  frequent 
as  seriously  to  interfere  with  the  nutrition  of  the  patient. 
In  these  cases  the  stomach  becomes  so  sensitive  that  a 
very  slight  cough  may  be  followed  by  the  evaciuition  of 
the  entire  contents  of  the  stomach :  whereas  in  earlier 
periods  of  the  same  case  or  in  milder  cases  vomiting  oc- 
curs only  after  violent  paroxysms.  The  general  condi- 
tion of  "the  patient  during  the  intervals  between  the 
attacks,  supposing  there  are  no  complications,  remains 
good  if  the  course  of  the  disease  is  mild ;  but  if  severe, 
the  patient  becomes  much  emaciated  and  debilitated. 

The  duration  of  the  second  stage  varies  very  much, 
but  averages  from  four  to  eight  weeks,  and  gradually 
merges  into  the  third  stage,  or  stage  of  decline,  when 
the  cough  has  become  less  frequent  and  has  ceased  to 
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be  spasmodic.  This  stage  lasts  generally  two  or  three 
weeks,  but  is  apt  to  l)e  interrupted  and  prolonged  by 
returns  of  the  old  jjaro.Nvsmal  cough.  In  fact,  for  a 
year  or  t\v<i  after  an  attack  of  whooping-cough,  an  ordi- 
nary bronchiti.s  is  ajit  to  take  on  the  spasmodic  character 
of  tile  fornicr  disease. 

Wlien  uninfluenced  by  treatment,  therefore,  whooping- 
cougli  riuis  a  course  ()f  from  two  to  three  mouths.  A 
duration  of  less  than  si.\  weeks  is  uncommon,  wliilc  one 
of  more  than  Ihrec  months  is  unfortunately  less  so.  An 
average  of  ten  weeks,  as  stated  by  West,  is  probably  as 
accurate  an  estimate  as  can  be  given. 

The  |>hysieal  examination  in  an  interval  between  par- 
oxysms of  cimgli  will  show,  in  uncomplicated  cases,  more 
or  less  emaciation  and  ana-mia  dependent  on  tlie  severity 
of  the  attack,  possibly  slight  puttiness  of  the  face,  espe- 
cially about  the  eyes,  and  in  some  cases  an  excoriation  or 
ulcer  on  the  fnrnum  linguae  with  ])crhaps  a  sliglit  bron- 
chitis. In  nuld  cases  of  whooping-cough  thci-e  may  be 
an  entire  absence  of  these  signs,  and  the  child  may  ap- 
pear to  be  in  perfect  healtli  during  the  intervals  of  the 
cough. 

Sugar  is  occasionally  found  in  the  lu'ine.  Dolan  found 
traces  in  fourteen  out  of  fifty  cases  examined  on  this 
point.     Albumin  may  also  occasionally  be  foimd. 

Complications. — Tlie  principal  complications  of 
whooping-cough  may  be  divided  into  three  classes:  first, 
those  due  to  an  increase  or  extension  of  tlie  mild  inflam 
mation  of  the  air  passages,  which  probably  accompanies 
all  eases  of  whooping-cough;  secondly,  complications  due 
directly  or  indirectly  to  tlie  paroxysm  of  coughing;  and 
thirdly,  accidental  complications. 

Bronchitis,  although  generall_v  present  in  whooping- 
cough,  is  always,  even  in  its  mildest  form,  considered  a 
complication  by  some  authors.  This  bronchitis  maj'  in- 
crease and  involve  the  smaller  capillary  tubes,  especially 
in  debilitated  children  and  where  the  hygienic  surround- 
ings are  poor,  and  result  in  bronchopneumonia.  This  is 
the  most  serious  complication  and  is  largely  responsible 
for  the  mortality.  AVitli  the  presence  of  broncho]ineu- 
monia  the  little  patient  can  ill  bear  the  paroxysms  of 
cough,  but  these  fortunate!}',  as  a  rule,  become  less 
severe  at  this  time,  so  that  false  hopes  are  thereby  ex- 
cited. 

Of  the  complications  due  to  the  violent  paroxysms  of 
cough  may  be  mentioned  pulmonarj'  vesicular  emphy- 
sema. Its  diagnosis  during  life  is  often  impossible,  but 
the  condition  is  frequently  seen  at  post-mortem  examina- 
tions, especially  in  the  upper  lobes  of  the  lungs. 

A  more  extreme  condition  rarely  occurs,  namely,  rupt- 
ure of  tlie  air  eel  Is,  giving  rise  to  interlobular  emiihj'sema. 
In  these  cases  the  air  is  sometimes  forced  into  the  loose 
connective  tissue  of  the  neck  or  even  of  the  entire  body. 

According  to  Strllmpell,  a  lobular  emphj-sema  may 
sometimes  persist  as  a  chronic  state  after  recovery  from 
whooping-cough. 

Another  group  of  complications  that  may  result  from 
violent  paroxysms  of  coughing  are  hemorrhages.  Epi- 
staxis  is  the  most  frequent  form,  and  may  in  some  cases 
be  so  severe  as  greatly  to  enfeeble  the  patient  or  even  to 
prove  fatal.  The  next  most  common  source  of  hemor- 
rhage is  the  mouth,  either  from  the  ulcer  or  abrasion 
under  the  tongue,  produced  by  friction  against  the  lower 
incisors,  or  from  the  drj'  and  cracked  lips  which  are 
rubbed  or  picked  by  the  little  patient,  or  from  the  gums, 
tongue,  pharynx,  or  indeed  from  any  part  of  the  buccal 
cavity.  If  stomatitis  exist,  the  facili'ty  for  bleeding  is  of 
course  increased.  In  cases  of  bleeding  from  the  inouth, 
the  mucus,  which  is  churned  about  in  the  mouth  before 
it  is  expelled,  becomes  of  course  blood-stained,  or  the 
patient  even  spits  out  pure  blood,  if  the  hemorrhage  is 
sufliciently  free.  Tliis  alarms  the  parents  much  more 
than  a  copious  epistaxis  would  do,  and  they  send  for  the 
doctor  at  once,  thinking  the  chikl  is  coughing  up  blood 
from  the  lungs.  True  ha'Miojity.sis,  hmvevcr,  is  very 
rare  in  children  under  ten  years  of  age,  and  even  in  tuber- 
culous cases  is  seldom  seen  at  such  an  early  age. 

Subconjunctival  lieinorrhages  are  not  uncommon  and 


give  no  pain,  neither  do  the}'  interfere  with  vision. 
They  are  almost  diagnostic  of  this  disease,  as  they  are 
rarely  seen  in  children  from  other  causes,  trauma  of 
course  being  excluded.  A  conjunctival  hemorrhage  is 
rare.  Trousseau  reports  a  case  in  which  it  gave  the  ap- 
jiearance  of  tears  of  blood.  Vision  may  be  jiartiall}'  or 
totally  obscured  by  liemorrhage  into  the  retina.  Blind- 
ness in  whooping-cough  has  been  found  in  some  cases  to 
be  due  to  ischifuiia  retin.t.  Exophthalmus  from  liemor- 
rliage  liehind  the  ball  has  been  observed,  also  subluxation 
of  the  lens  due  to  partial  rupture  of  the  zonula  Zinnii  in 
a  fit  of  coughing. 

Otorrhagia  is  very  rare,  and  is  due  to  the  rupture  of 
the  membrana  tympani  by  the  air  being  violently  forced 
up  the  Eustachian  tidie  during  coughing,  or  by  the  rupt- 
ure of  the  vessels  of  the  external  auditory  canal,  which 
have  been  altered  by  an  acute  or  chronic  inflammation. 

Subcutaneous  hemorrhages,  or  ecchymoses,  occasion- 
ally occur. 

Hemorrhages  of  the  brain  or  meninges,  as  is  natural  to 
infer,  occur  from  the  same  causes  as  hemorrhages  else- 
where, although  they  arc  rare  and  are  of  very  serious 
and  often  fatal  import.  The  history  is  usually  that  of  a 
severe  paroxysm  of  cough,  followed  by  paralysis  and  loss 
of  sensation  in  various  parts,  often  a  hemiplegia  with  un- 
consciousness and  convulsive  movements.  The  symp- 
toms may  gradually  increase  in  severity,  pointing  to  a 
slowly  progressing  hemorrhage.  Very  serious  and  omi- 
nous symptoms  may  be  followed  by  complete  recovery, 
so  that  the  physician  must  not  hurriedly  give  a  fatal 
prognosis. 

Convulsions  in  wliooping-cough  are,  however,  often 
due  simply  to  the  general  reflex  disturbance,  owing  to 
the  high  state  of  tension  of  the  nervous  system  in  chil- 
dren; but  cerebral  or  spinal  congestion,  resulting  solely 
from  the  cough,  may  be,  and  frequently  is,  a  cause  of 
the  convidsions. 

Hernia  of  the  bowels  and  prolapsus  ani  are  not  infre- 
quently seen,  resulting  from  the  strong  expiratory  efforts; 
and,  rarely,  the  rupture  of  the  rectus  abdominis  with  the 
formation  of  a  large  tumor. 

Etiology. — The  infectious  nature  of  this  disease  de- 
mands a  living  organism  as  the  causative  agent,  and  ob- 
servers all  over  the  world  have  been  busy  on  this  problem. 

Deichler,  in  1886,  found  always  present  in  the  sjjuta 
of  whooping-cough  patients  an  amoeba-like  protozoou. 
This  has  been  confirmed  more  lately  by  Kinlotf.  and 
again  by  Behla,  but  the  importance  of  this  organism  in 
the  etiology  of  the  disease  may  perhaps  be  doubted. 

Afanassieff,  in  1887,  found  in  the  sputa  short,  rod-like 
bacteria  of  0.6  to  2.2  n  in  size,  from  whicli  he  obtained 
pure  cultures,  and  states  that  this  bacillus — "Bacillus 
tussis  convulsivai " — is  distinctive  from  any  previously 
described  bacterium.  With  the  pure  culture  he  made 
eighteen  experiments  on  animals  by  injecting  it  into  the 
trachea  or  lungs,  by  which  he  produced  in  all  cases 
symptoms  of  whooping-cough.  Ou  post-mortem  exami- 
nation of  these  cases  he  states  that  these  bacteria  were 
found  on  the  mucous  membrane  of  the  bronchi,  trachea, 
and  nose,  and  he  also  found  the  same  germ  on  the  mucous 
membrane  of  the  respiratory  passages  of  children  who 
died  of  whooping-cough. 

Since  then  Ritter,  Zuseh,  Czaplewski  and  Hen.sel,  and 
Koplilc,  have  all  isolated  and  studied  a  bacillus  which  is 
perhaps  identical  with  that  first  described  by  Afanassieff. 

Czaplewski  and  Ilensel  worked  out  a  method  which 
did  not  fail  to  show  this  characteristic  bacillus  in  every 
case.  They  described  the  bacillus  as  being  oval  with 
rounded  ends,  which  sometimes  stain  more  deeply  than 
the  centre,  giving  the  appearance  of  a  diplococcus. 

Whooping-cough  is  contagious  during  its  whole  course, 
especially  during  the  first  or  catarrhal  stage.  It  is  least 
contagious  during  the  third  stage,  or  stage  of  decline, 
and  its  contagiousness  may  cease  while  the  cough,  which 
is  then  due  to  a  simple  bronchitis,  still  continues.  The 
contagiousness  may  even  cease  before  the  whooping  lias 
Stopped,  for  this  latter  may  be  kept  up  simply  as  a  ner- 
vous  habit.     So-called   relapses,    where   the  spasmodic 
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attacks  return  during  mild  bronchial  catarrhs  acquired 
shortl}-  after  the  whooping-cough  has  ceased,  are  gener- 
ally to  be  explained  iu  the  same  way,  and  are  therefore 
not  contagious.  Oue  attack  of  the  disease  secures  im- 
muuity  from  it  for  the  future,  yet  two  or  more  distinct 
attacks  of  the  disease  in  the  same  individual  may  some- 
times, though  rarely,  occur. 

Whoopiug-cough  is  very  rarely  carried  by  a  third  per- 
son or  by  the  medium  of  clothing.  Roger  gives  an  in- 
stance of  a  boy  sick  for  a  long  time  with  typhoid  fever, 
never  in  contact  with  a  case  of  whoopiug-cough,  and  yet 
developing  that  disease.  The  father  aud  tlie  doctor  were 
the  only  ones  who  saw  the  patient,  and  therefore  one  of 
these  iiiust  have  acted  as  the  medium  for  conveying  the 
poison  of  tlie  disease.  I  have  recently  seen  a  case  in 
whicli  the  evidence  of  transmission  by  a  third  person  was 
very  clear.  Clothing  stained  with  sputa,  it  would  seem, 
might  easily  convey  the  disease,  although  facts  on  this 
point  are  lacking.  It  is  probable  that  the  jjoison  does 
not  long  survive  outside  of  the  body. 

Like  all  contagious  diseases  whooping-cough  prevails 
at  times  epidemically,  and  sporadic  cases  are  to  be  traced 
to  some  previous  case.  Most  large  towns  and  cities  are 
never  entirely  free  from  the  contagion  of  this  disease  aud 
cases  exist  at  all  times;  or,  in  other  words,  whooping-, 
cough  is  there  naturalized  or  endemic.  After  a  year  of 
unusually  great  prevalence  of  whooping-cough  in  any 
large  town  or  city,  the  number  of  cases  in  the  following 
year  is  generally  much  less,  a  fact  easil}'  explained,  as 
there  are  comparatively  few  children  who  are  not  pro- 
tected by  having  sufiered  from  the  disease  the  year 
before. 

The  period  of  incubation,  varies  considerably,  but  is 
generally  from  fovu-  to  ten  days  in  length. 

Whooping-cougli  may  occur  in  the  new-born  infant 
and  in  tlie  aged,  but  is  most  common  between  the  ages 
of  one  and  five  years. 

In  fact,  owing  to  the  almost  universal  prevalence  of 
whoopiug-cougli.  \'ery  few  children  escape  the  diticase, 
and  this  fact  sufficiently  accounts  for  its  infrequeucy  in 
adult  life. 

There  are  a  few  cases  recorded  in  which  the  infant 
was  born  with  the  disease,  the  foetus  being  infected  in 
the  uterus  from  the  mother  who  was  siiSering  with  the 
disease. 

As  to  the  season  of  the  year,  one  would  expect  to  find 
whooping-cough  more  prevalent  in  the  winter,  owing  to 
the  greater  chances  of  infection  by  aggregation  of  cliil- 
dren  in  schools,  and  the  imperfect  ventilation  that  pre- 
vails in  this  season  as  compared  with  the  summer. 
Hirsch,  however,  has  shown  that  the  seasons  have  no  in- 
fluence on  the  spread  of  this  disease. 

PATiioLooy. — Post-mortem  examinations  in  cases  of 
whooping-cough  almost  invariably  show  the  morbid  anat- 
omy of  some  "complication,  as  death  from  the  disease 
alone  is  almost  unknown.  In  the  latter  case  we  would 
find  evidence  of  slight  catarrh  of  the  air  passages,  so 
slight  and  superficial  as  to  be  scarcely  noticed.  Exami- 
nations during  life  by  means  of  the  laryngoscope  give 
us  the  most  satisfactory  knowledge  of  the  pathological 
changes,  and  these  studies  have  been  made  by  observers, 
partly  on  themselves  while  suffering  from  an  attack  of 
whooping-cough,  and  also  on  others.  The  most  elabo- 
rate and  complete  observations  of  Meyer  Hiiui  and  von 
Herff  arc  in  the  main  similar.  They  found  a  superficial 
inflammation  or  catarrh  of  the  mucous  membrane,  from 
the  nose  and  pharynx  to  tlie  bifurcation  of  the  tracliea. 
The  intlaiiiraation  was  found  most  marked  on  the  pos- 
terior wall  of  the  larynx,  on  the  arytenoid  cartilages  and 
those  of  Santorini  and  Wrisberg,  and  especially  iu  the 
interarytcnoid  region,  and  also  on  the  under  surface  of 
tlie  epiglottis.  The  vocal  cords  were  intact.  The  pos- 
terior wall  of  the  larynx,  as  high  as  the  vocal  cords,  con- 
stituted the  so-called  "cough  region";  that  is  to  say, 
irritation  of  this  part  by  flecks  of  mucus,  or  artificially 
Ijy  a  laryngeal  probe,  as  shown  by  von  Hei-ff,  always 
brought  on  a  violent  paroxysm  of  cough.  A  similar  but 
less  intense  one  was  produced  by  irritating  the  lower 


surface  of  the  epiglottis,  while  touching  other  parts  of 
the  larynx  never  brought  on  a  true  paroxysm.  Flecks 
of  mucus  were  seen  by  tliese  observers  to  bring  on  a  • 
paroxysm  of  coughing,  when  they  reached  the  opening 
of  the  glottis,  which  continued  till  they  were  exjielled. 
During  the  violent  inspirations  the  incoming  air  draws 
down  the  partially  coughed-up  bronchial  secretion,  re- 
newing the  irritation,  and  again  bringing  on  a  paroxysm, 
and  the  series  ceases  only  on  the  complete  expulsion  of 
the  mucus,  or  until,  through  exhaustion,  the  irritability 
is  dulled.  Meyer  Htini  thinks  that  there  is  also  probably 
another  "cough  region  "  at  the  bifurcation  of  the  trachea. 
Rossbach's  observations,  however,  dillVr  entirely  from 
these,  for  he  found  the  pharynx,  larynx,  and  upper  two- 
thirds  of  the  trachea  normal,  without  either  redness  or 
swelling  of  the  mucous  membrane.  A  catarrh  of  the 
larger  bronchi,  however,  he  considered  a  part  of  the  dis- 
ease, and  just  before  a  paroxysm  he  saw  bubbles  of 
mucus  coming  up  from  the  lower  part  of  the  trachea. 

Besides  the  superficial  catarrh,  involving  more  or  less 
of  the  upper  air  passages  in  mild  cases  of  whooping- 
cough,  pathological  changes  are  absent.  The  ulcer  some- 
times found  under  the  tongue  was  at  one  time  thought 
to  be  the  specific  lesion  of  whooping-cough,  but  is  now 
recognized  to  be  due  to  the  friction  of  the  tongue  against 
the  lower  incisors,  when  it  is  violently  thrust  out  in  a 
paroxysm  of  coughing. 

DiAGNOsis.^During  the  first  stage  the  diagnosis  of 
whooping-cough  is  impossible  in  the  majority  of  cases. 
The  history  of  exposure  to  the  contagion  of  whooping- 
cough,  in  a  patient  not  protected  by  a  previous  attack, 
should  make  the  pliysician  suspicious  of  this  disease 
when  he  finds  a  cough  with  few  or  no  signs  of  bronchitis, 
especially  if  there  be  an  elevation  of  temperaure  out  of 
proportion  to  the  severity  of  the  bronchitis.  During  the 
prevalence  of  an  epidemic,  all  cases  of  cough  not  due  to 
any  well-recognized  cause,  in  children  unprotected  by  a 
previous  attack,  should  always  arouse  the  suspicions  of 
the  physician,  and  the  possibility  of  the  disease  should 
be  nieutioned  to  the  parents,  so  that  they  may  be  on  the 
lookout  for  the  wlioop.  Whooping  is,  indeed,  the  char- 
acteristic symptom  of  the  disease,  but  is  not  heard  till 
the  second  stage  has  been  reached,  and  when  this  is  well 
marked  the  diagnosis  is  easily  made.  The  visit  of  the 
])hysician  often  excites  the  cliild  so  that  a  paroxysm  is 
induced,  making  the  diagnosis  plain.  Pressing  on  the 
larynx  or  the  root  of  the  tongue,  or  on  tlie  vagus  nerve 
at  the  base  of  the  neck,  or  making  the  child  cry,  may  be 
resorted  to  for  diagnostic  purposes  to  bring  on  a  par- 
oxysm of  coughing. 

in  infants  under  six  months  of  age,  and  in  very  mild 
cases  in  older  children,  the  diagnostic  whoop  is  often 
absent.  Here  we  must  depend  on  the  history  of  expos- 
ure to  contagion,  on  the  history  of  a  quiescent  or  in- 
cubative stage,  and  on  that  of  a  prodromal  catarrhal 
stage;  on  the  paroxysmal  character  of  the  cough,  gener- 
ally more  frequent  at  night ;  on  the  congestion  of  the  face 
during  the  paroxysm,  the  expectoration  of  the  charac- 
teristic glairy,  tenacious  mucus,  and  the  vomiting  of  the 
contents  of  "the  stomach.  Whooping-cough  is,  indeed, 
the  only  disease  in  infants  iu  which  there  occurs  actual 
expectoration  of  abundant  mucus. 

The  appearance  of  the  child  in  the  intervals  between 
the  paroxsyms  is  almost  diagnostic  in  cases  in  which  the 
course  of  "the  disease  is  severe.  In  these  cases  we  find 
pallor,  more  or  less  emaciation,  puffiness  under  the  eyes, 
congestion  of  the  conjunctivfe,  and,  in  a  certain  propor- 
tion" of  the  cases,  abrasions  or  ulcerations  of  the  tra^num 
linguie.  Subconjunctival  ecchymoses  in  children  are 
almost  pathognomonic  of  whooping-cough,  as  they  are 
rarely  seen  in  them  from  any  other  cause  excepting 
traumatism. 

In  many  cases  it  is  a  very  difficult  matter  to  decide 
whether  a  patient  has  whooping-cough  or  merely  a  bron- 
chitis with  copious  secretion  of  mucus,  causing  suffoca- 
tive or  spasmodic  attacks  of  coughing.  Here  we  must 
carefully  consider  all  the  points  mentioned  above,  and 
treat  do'ubtful  cases  as  cases  of  the  disease  until  the  diag- 
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nosis  is  clear,  isolating  them  as  much  as  possible,  and 

rel'iisini,'  to  admit  them  to  the  open  wards  of  hospitals  or 
otlier  institutions. 

Recent ly  .Mcunicr  lias  pointed  out  a  method  for  early 
diagnosis."  namely,  the  constant  Icucocytosis  which  he 
has'found  in  this  di.sease,  one  that  far  exceeds  the  icucocy- 
tosis found  in  other  febrile  all'ections  of  the  respiratory 
tract.  Tlie  Icucocytosis  begins  early,  before  the  appear- 
ance of  the  typical  paro.xysins,  and  averages  2."),000, 
reaching  later  as  high  as  40,000.  Frohlich  found  that 
the  Icucocytosis  kept  pace  with  the  number  of  kinks. 
Wanslall  has  not  confirmed  these  statements,  he  finds, 
however,  an  increased  percentage  of  lymphocytes,  at 
least  e(|ualling  or  exceeding  that  of  the  polynuclear  neu- 
trophilic cells,  which  he  considers  of  diagnostic  impor- 
tance. 

.\  method  for  certain  early  diagnosis  of  whooping- 
cough  would  be  of  the  greatest  practical  service. 

Prognosis. — Tlie  prognosis  in  whooping-cough  is  very 
favorable  if  the  general  health  of  the  patient  is  good  and 
there  be  no  complications.  The  occurrence  of  tlie  latter, 
moreover,  is  largely  dependent  on  the  former,  for  tlie 
stronger  the  patient  the  less  liable  is  he  to  complications, 
and  death,  in  the  absence  of  complications,  rarely  occurs. 

Of  the  complications  which  cause  deatli,  by  far  the 
most  common  is  lobular  or  broncho-pneumonia.  The 
little  patient  ma}' also  die  from  exhaustion  and  malnutri- 
tion induced  by  the  protracted  course  of  the  disease,  the 
disturbed  sleep,  exhausting  attacks  of  coughing,  and 
starvation  owing  to  the  frequent  vcmiiting.  Hemor- 
rhages from  mucous  membranes  add  greatly  to  the  debil- 
ity, and  may  in  themselves  prove  fatal.  Owing  to  the 
feeble  state  induced  by  these  causes,  the  prognosis  in 
intercurrent  diseases  is  made  much  more  unfavorable. 

The  prognosis  in  those  already  weakened  by  chronic 
disease  or  by  previous  acute  disease  is  also  more  unfa- 
vorable ;  especially  is  this  the  case  if  the  acute  disease  has 
left  the  bronchial  mucous  membrane  impaired,  as  in  the 
case  of  measles,  for  tlie  jiatient  is  then  more  liable  to 
complicating  bronchitis  which  may  eventuate  in  a  severe 
broncho-pneumonia  and  death.  Broncho-pneumonia  is, 
indeed,  the  final  act  in  a  large  proportion  of  the  fatal 
cases  of  ■whooping-cough. 

Convulsions  are  always  of  unfavorable  import,  whether 
they  be  due  to  the  reflex  irritability,  to  congestion  and 
oedema  of  the  brain,  or  to  cerebral  hemorrhage. 

The  age  of  the  patient  influences  the  prognosis  very 
much ;  for  the  older  the  children  the  better  able  are  they 
to  withstand  the  exliausting  effects  of  the  disease,  and 
the  less  liable  are  they  to  complications. 

In  adults  the  disease  runs,  as  a  rule,  a  moderate  course, 
and  the  prognosis  is  good  unless  other  unfavorable  con- 
ditions exist.  In  the  aged  we  again  return  to  the  feeble 
state  similar  to  childhood,  when  resistance  to  disease  is 
impaired,  and  here  the  prognosis  may  become  unfavor- 
able. 

In  Basle,  according  to  Hagenbach,  the  mortality  by 
ages,  during  eleven  years,  was  as  follows:  Under  one 
year,  26.8  per  cent. ;  one  to  two  years,  13.8  per  cent. ; 
two  to  five  years,  3  per  cent. ;  five  to  ten  years,  1.8  per 
cent. ;  ten  to  fifteen  years,  1.8  per  cent.  Biermer  esti- 
mates that  31  per  cent,  of  the  fatal  cases  of  whooping- 
cough  occur  in  the  first  year  of  life. 

As  to  sex,  the  prognosis  is  slightly  more  unfavorable 
for  females  than  for  males. 

Dolan  states  that  whooping-cough  causes  one-fourth  of 
the  annual  mortality  among  children  under  five  years  in 
London. 

In  the  United  States,  according  to  the  census  of  1880, 
the  list  of  deaths  from  infectious  diseases  is  as  follows: 


Under  five  years. 

At  all  ages. 

Deatiis  from  diphtlieria 

Imallis  from  vvhiJopinfr-coiiKli. . . 

Iieallis  from  scarlet  fever 

Iieatlis  from  meastvs 

UKsm 

10.142 

38,1« 
ll.OBI 
16,H«8 
Kl)73 

The  United  States  census  of  1880  also  shows  a  greater 
proportion  of  deaths  in  the  rural  districts  (16.9)  than  in 
the  large  cities  (9.7),  and,  in  the  regions  where  a  distinc- 
tion of  color  was  made,  a  much  greater  proportion  among 
the  colored  (33),  than  among  the  whites  (14.3). 

Tlie  census  also  shows  the  largest  proportion  of  deaths 
to  the  total  mortality  to  occur  in  the  Appalachian  region, 
comprising  portions  of  Virginia,  West  Virginia,  Ken- 
tucky, Tennessee,  and  Alabama,  and  on  the  Southern 
Atlantic  coast,  from  the  month  of  the  Chesapeake  Bay 
to  the  northern  boundary  of  Florida,  including  both 
Carolinas  and  Georgia.  The  smallest  number  of  deaths 
occurred  in  New  England,  New  York,  and  Pennsylvania, 
the  proportion  there  being  under  ten  in  one  thousand 
deaths  from  known  causes. 

According  to  the  United  States  Census  of  18G0,  1870, 
and  1880,  ccmiprising  17,939  ca.ses,  the  greatest  mortality 
from  whooping-cough  occurred  in  Marcli,  April,  and  May, 
and  the  least  in  October,  November,  and  December. 

TuF,.\T.MENT. — As  in  all  diseases  which  are  prevalent, 
which  are  obstinate  to  treatment,  and  which  run  a  definite 
course  and  get  well  of  themselves,  there  are  numerous 
plans  of  treatment  for  whooping-cough,  and  numerous 
remedies  have  from  time  to  time  been  recommended  by 
different  men.  These  remedies  have  had  for  themselves 
longer  or  shorter  periods  of  popularity,  and  many  are 
forgotten.  The  literature  of  this  subject  is  very  large. 
It  is  unfortunate  tliat  many  forms  of  treatment  are  recom- 
mended and  become  popular  on  insufficient  foundation — 
a  small  number  of  cases  reported,  general  impressions 
without  careful  record  of  cases,  and  lastl}',  disregard  of 
the  fact  that  the  disease  tends  to  recovery  untreated. 

Another  source  of  error  lies  in  the  fact  that  whooping- 
cough  varies  very  greatly  in  its  severitj'.  some  cases  even 
without  treatment  running  a  mild  course  with  but  few 
daily  paroxysms.  This  variability  is  not  taken  into  ac- 
count, and  it  is  very  rare  to  find  it  statetl  at  what  stage 
treatment  was  begun.  It  is  evident  that  there  is  a  time 
in  eyeiy  case  of  wliooiiing-cougli  when  the  administra- 
tion of  any  drug  will  give  apparentl}-  favorable  results, 
simply  because  the  disease  is  improving  of  itself.  This 
natural  improvement  is  sometimes  very  rapid  without 
any  treatment. 

AS  the  disease  is  a  long  and  debilitating  one  it  is  plain 
that  all  drugs  that  interfere  with  the  appetite,  that  dis- 
turb the  digestion,  or  that  depress  the  heart  should  be 
carefully  avoided.  It  is  far  better  to  depend  on  hj-gienic 
treatment  alone  than  to  do  harm  in  these  ways,  and 
render  the  patient  more  liable  to  complications. 

The  patient  should  be  placed  under  the  most  favorable 
hj'gienic  conditions,  particular  attention  being  given  to 
good  ventilation  when  the  child  is  in  the  house.  In 
favorable  weather  the  patient  should  be  out  of  doors  as 
much  as  possible,  and  arrangements  should  be  made,  if 
possible,  in  summer  for  the  child  to  sleep  either  in  a  tent 
or  on  a  piazza  or  balcony.  The  diminution  in  the  number 
of  paroxysms  while  the  child  is  in  tlie  open  air.  is  always 
very  marked.  The  bedroom  windows  should  be  widely 
opened,  the  patient  protected  b_v  screens  from  draughts, 
and  an  open  tire  kept  going  in  the  room  if  the  weather  is 
cold. 

Sea-bathing,  with  care  and  moderation,  in  certain  cases, 
or  salt  baths  in  tlie  room,  are  of  value,  if  they  are  fol- 
lowed by  a  warm  ami  jdeasant  reaction  of  the  skin. 
This  reaction  will  be  aided  by  rubbing  the  skin  with  a 
coarse  towel.  A  change  from  the  city  to  the  country  or 
seashore  is  often  useful,  but  the  danger  of  imparting  the 
disease  to  others,  and  starting  an  epidemic  in  a  new  place, 
should  always  be  considered.  A  mild  moist  atiiiosphere, 
by  acting  favorably  on  the  laryngeal  and  bronchial  in- 
flammation, mitigates  the  disease.  This  can  be  obtained 
artificially  by  means  of  an  atomizer,  steam  spra_v,  or 
steam  kettle,  or  bj-  wet  cloths  hung  about  the  room. 

The  diet  should  be  carefully  attended  to:  it  should  be 
very  nourishing  and  easily  digestible,  and,  if  there  is  a 
tendency  to  vomit,  food  should  be  given  frequently  and 
in  small  quantities.  The  times  of  feeding  should  be 
arranged    witli   reference   to    the   paroxysms;    thus,   as 
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cough  and  vomiting  are  apt  to  occur  in  the  morning  on 
waking,  it  is  better  to  wait  for  an  hour  or  so  till  this  has 
passed.  At  evening  the  child  not  infrequently  has  a 
]iarox3-sm  as  soon  as  lie  is  put  to  bed :  hence,  supper 
should  be  given  at  least  an  hour  before  bedtime,  so  that 
it  will  have  a  chance  to  be  digested  and  not  vomited. 
During  the  day  food  should  be  given  after  a  paroxysm 
of  coughing  and  vomiting,  with  the  hope  that  it  will  be 
digested  before  the  next  attack. 

The  severity  of  the  paroxysms  may  be  mitigated  by 
turning  the  child  on  its  face  w-ith  the  head  low,  and  de- 
taching the  nuicus  from  the  mouth  with  the  finger,  a 
practice  which  is  connnonly  followed  among  the  lower 
clas.ses.  The  pressure  of  tlie  hand  over  the  e3'es  gives 
relief  by  preventing  the  strain  upon  them. 

The  number  of  drugs  used  is  legion,  and  it  is  necessary 
to  speak  here  of  onl_v  the  more  important.  Belladonna 
is  one  of  the  moie  popular  antispasmodic  drugs.  It 
diminishes  not  only  the  hypera;sthesia  and  muscular 
spasm,  but  also  the  hyj^ersecretion  of  mucus  in  the  air 
passages.  It  is  generally  well  borne  by  children,  and 
.should  be  given  first  in  small  doses,  the  dose  being  grad- 
ually increased  till  physiological  effects  appear.  Tlie 
medicine  may  then  be  given  in  smaller  do-ses  or  omitted 
for  a  while.  It  is  often  given  combined  with  the  bro- 
mides. 

Cocaine,  from  its  marked  local  anJESthetic  effect  on 
mucous  membranes,  has  naturally  been  used  in  tlie  treat- 
ment of  whooping-cough.  It  has  been  applied  in  solu- 
tion by  a  brush  to  the  larynx  and  pharynx,  or  sprayed 
into  the  throat  by  an  atomizer,  or  by  inhalation  of  its 
vapor.  Cocaine  should,  however,  be  used  with  great 
caution  and  in  very  weak  solution.  Alarming  symptoms 
have  resulted  from  a  few  sprayings  with  a  four-per-cent. 
solution  in  infants. 

Cochineal  and  grindelia  robusta  have  had  reputations, 
and  are  still  believed  in  by  some.  Dried  chestnut  leaves 
steeped  in  the  form  of  a  tea  can  be  given  safely  to  young 
children,  and  often  appear  to  give  surprisingly  good 
results. 

Antiseptic  drugs  are  given  internallj'  by  the  mouth  or 
rectum  in  wlmoping-cough,  or  applied  locally  by  means 
of  inhalation  of  atomized  solutions  or  of  gases;  by  appli- 
cations of  solutions  to  the  pharynx,  larynx,  or  nose,  by 
means  of  bru.shes  or  swabs;  by  applications  to  tlie  nose 
and  pharynx  by  syringing;  or,  lastly,  by  the  insufflation 
of  tine  powders  into  the  nose,  pharynx,  or  larynx. 

One  of  the  oldest  forms  of  antiseptic  treatment  is  the 
breathing  of  the  air  in  the  purifying  room  of  gas-houses, 
a  method,  according  to  Roger,  first  used  by  Dr.  Des- 
martes  in  1S.")9,  Five  or  six  j-ears  after  this,  this  method 
became  very  popular,  but  it  is  at  the  present  time  but 
little  used. 

Among  volatile  antiseptic  drugs  given  bj'  inhalation 
may  be  mentioned  turpentine,  eucalyptus,  pinus  sylves- 
tris,  crcsolin,  thymol,  aud  carbolic  acid.  These  may  be 
poured  on  boiling  water,  and  the  head  held  over  the  ves- 
sel, or  the}'  ma}'  be  evaporated  on  water  boiling  over  a 
lamp  in  a  room.  The  objection  to  this  method  is  that  it 
is  apt  to  interfere  with  free  ventilation.  Cases  of  poison- 
ing from  carbolic  acid  and  cresolin  have  been  reported. 

Mohn  has  reported  cases  of  whooping-cough  cured,  "  as 
if  by  enchantment,"  by  the  use  of  sulphur  fumigations. 
The  child  is  dressed  in  clean  clothes  and  sent  from  its 
room,  which  is  closed  and  fumigated  with  burning  sul- 
phur for  five  hours  in  tlie  morning.  After  the  room  is 
aired,  the  child  sleeps  there  at  night.  One  trial  is  gene- 
rally suflicient  for  a  cure.  These  observations  have  been 
confirmed  by  some  and  found  valueless  by  others. 

Qinniue  is  deserving  of  more  extended  notice  and  its 
beneficial  results  were  summed  up  in  the  Medical  Con- 
gress of  1887  by  Binz  as  follows; 

First.  That  whooping-cough  can  be  shortened  and 
made  mild  by  quinine  (giving  as  many  decigrams  in 
twenty -four  hours  as  the  child  has  years). 

Second.  The  prognosis  is  more  favorable  the  earlier  the 
treatment  is  begim. 

Third.  That  the  hydrochlorate  of  quinine  given  by  the 


mouth  is  the  best,  the  sulphate  of  quinine  tlic  next  l]est 
form. 

Laryngeal  insufflations  of  quinine  in  the  form  of  a  line 
powder  were  first  used  by  Letzerich,  one  of  the  earliest' 
investigators  of  the  parasitic  origin  of  whooping-congli. 
and  the  results  reported  by  him  and  other  observers  have 
been  very  satisfactory. 

Nasal  insufflations  of  quinine  have  the  advantage  of 
greater  simplicity  of  mauipidation,  and  can  easily  be 
given  by  the  parents — a  very  important  consideration, 
for  in  a  large  class  of  patients  daily  visits  of  the  pliysi- 
cian  in  whooping-cough  are  out  of  the  (juestion.  They 
are  also  less  disagreeable  to  the  patient,  in  fact  can  be 
given  without  in  tlie  least  disturbing  him. 

Powdered   benzoin,   boric  acid  alone   or  mixed  with  ■ 
roasted  coffee,  iodoform,  tannin,  and  sah  ylic  acid  have 
also  been  used  in  nasal  insufflations. 

Re.sorcin  is  a  drug  which  has  been  largely  used  by  Dr. 
Moncorvo,  of  Rio  Janeiro,  in  the  treatment  of  this  disease, 
and  reference  is  here  made  to  his  important  and  elaborate 
monograph  on  the  subject.  He  applies  a  one-  or  two- 
per-cent.  aqueous  solution  of  the  drug  with  a  brush  or 
probang  to  the  opening  of  the  glottis  dail}',  and  with 
good  results.  The  advantages  of  rcsorcin  over  many 
other  antiseptics  are  its  slight  or  agreeable  taste,  almost 
no  odor,  and  its  feeble  toxic  or  caustic  action,  iloncorvo 
says  that  children  object  to  the  first  application,  but 
afterward  submit  with  great  docility. 

A.saprol  in  a  one-per-ccnt.  solution  a])]ilied  to  the  larynx 
has  been  favorably  rejiorted,  as  has  also  a  spray  of  per- 
oxide of  hydrogen  1  part,  water  10  parts,  and  glycerin  1.5 
parts.  Menthol  in  liquid  vaseline  has  also  been  used. 
The  objection  to  all  spra3-sand  applications  to  the  larynx 
is  the  difficulty  of  carrying  them  ovit  in  children  and  the 
liability  to  bring  on  gagging  and  vomiting. 

Oxygen  and  ozone  have  also  been  used  as  inhalations. 

Antipyrin  has  been  used  very  largely  in  whooping- 
cough,  notwithstanding  its  well-known  depressant  ef- 
fects, and  favorable  results  are  reported  by  se^•eral  able 
observers.  Cases  of  injury  from  cardiac  depression  are 
also  recorded,  and  it  seems  doubtful  whether  it  is  well  to 
run  the  risk  of  the  unfavorable  effects  of  this  drug. 

Bromoform  has  been  largely  used  of  late,  and  appears 
to  act  better  than  most  other  drugs  in  diminishing  the 
frequency  and  the  severity  of  the  paroxysms  of  whoop- 
ing-cough. It  should  never  be  given  in  an  emulsion,  as, 
unless  the  bottle  is  thoroughly  shaken,  it  will  settle  to 
the  bottom  and  the  last  few  doses  cause  serious  or  fatal 
results.  It  is  best  dropped  on  sugar,  the  dose  being 
about  one  drop  for  each  year  of  age,  given  every  four 
hours. 

Another  still  more  recent  drug  of  great  value  in  whoop- 
ing-cough is  heroin.  This  can  be  given  to  a  child  three 
years  old  in  doses  of  gr.  J^  three  or  four  times  daily,  and 
it  certainly  has  considerable  effect  in  quieting  the  parox- 
ysms, although  in  some  cases  it  is  of  but  little  value. 

Of  late,  various  compounds  with  suggestive  names  have 
been  used  with  varying  success.  The  interpretation  of 
these  names  follows; 

Antitiimin  =  difluorphenyl. 

Pertussin  =  saccharated  extract  of  thyme. 

AntisjKismin  =  a  combination  of  one  molecule  of  nar- 
cein  natrium  with  throe  of  salicylate  of  sodium. 

Tiissol  =  amygdaiic  acid  and  antipyrin. 

Propiiyl-^xis. — The  only  means  we  have  for  the  pre- 
vention of  the  spread  of  whooping-cough  is  isolation  of 
the  patient. 

Isolation  in  the  case  of  the  exanthemata  is  easily  prac- 
tised on  account  of  the  short  duration  of  these  diseases. 
and  the  fact  that  the  patient  is  confined  to  bed.  In 
whooping-cough,  however,  we  have  a  disease  whose 
period  of  contagiousness  may  continue  over  two  months, 
during  which  the  patient  is  able  to  be  about  the  house 
and  go  out  of  doors.  It  is  a  di.sease  wliich  is  usually  not 
recognized,  and  for  which  the  physician  is  not  called  till 
a  week  or  two  have  elapsed,  during  which  the  other 
members  of  the  household,  and  proliably  of  the  school, 
are  exposed  to  contagion.     Hence  isolation  is  rarely  prac- 
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tised,  aud  inolhers  among  ccrtaiu  classes  even  adopt  the 
pei-uicious  practice  of  allowing  their  children  to  be  ex- 
posed to  contagion,  on  the  ground  that  they  must  have 
whooping-cough  some  time,  and  the  sooner  they  have  it 
and  are  over  it  the  better.  This  idea  should  be  eombateil 
wherever  found,  for,  as  \vc  have  already  seen,  the  older 
a  child  is  the  better  able  is  he  to  resist  the  debilitating 
eUeets  of  the  disease,  while  in  infants  the  danger  of  a 
fatal  result  is  considerable.  Adults,  even  if  not  less  sus- 
ceptible, are  less  frequently  exposed  to  whooping-cough 
than  voung  children,  and  "in  them  the  disease  generally 
runs  si  mild  course.  If  possible,  the  patient  should  live 
and  sleep  in  a  room  away  from  the  other  children  of  the 
family,  who  shoidd  not  be  allowed  to  visit  hira  or  play 
with  "him  out  of  doors.  The  mother  or  nurse  should,  if 
possible,  air  or  change  her  clothes  and  wash  her  hands  on 
leaving  the  patient  to  go  to  the  other  children.  These 
precaiitions  are  certainly  worth  while  if  there  be  a  young 
infant  in  the  family,  or  a  delicate  child,  or  one  weakened 
by  sickness. 

'Parents  should  be  reminded  of  the  evil  of  taking  chil- 
dren suffering  from  this  disease  in  public  conveyances,  or 
to  places  of  public  meeting,  as  churches,  shops,  where 
other  children  may  be  infected. 

Dispensaries  and  out-patient  departments  of  hospitals 
often  serve  to  spread  the  disease,  the  child  with  whoop- 
ing-cough sitting,  perhaps  for  several  hours,  on  benches 
with  other  children.  Such  cases  should  either  be  seen 
and  sent  off  at  once,  or  kept  in  a  separate  room. 

It  is  unfortunate  that  whooping-cough  should  be  espe- 
cially contagious  in  the  early  stages  before  the  diagnosis 
is  made  clear  by  the  characteristic  whoop.  The  conta- 
gion diminishes  during  the  spasmodic  stage  and  probably 
ceases  before  the  child  has  ceased  whooping. 

Disinfection  of  the  room  and  its  contents,  after  death 
or  recovery  from  whooping-cough,  should  always  be 
practised,  altl,iough,  as  before  remarked,  it  is  not  prob- 
able that  the  poison  survives  long  outside  of  the  body. 

Charles  W.  Tuicnsend. 
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WILBUR  SPRINGS.— Colusa  County,  California. 

These  iiiineial  springs  are  located  tliirty  miles  from 
Colusa.  They  are  pleasantly  situated  aud  have  acquired 
considerable  reputation.     The  waters  are  hot  and  sul- 


phurcted,  and,  according  to  Ander.son's  analy.sis,  one 
United  States  gallon  contains  (solids):  Sodium  chloride, 
gr.  19.75;  .sodium  carbonate,  gr.  3.40;  sodium  sulphate, 
gr.  26.19;  potassium  chloride,  gr.  0.46;  silicates,  gr. 
6.9.5;  magnesium  sulphate,  gr.  23.90;  magnesium 
carbonate,  gr.  5.10;  calcium  carbonate,  gr.  8.44;  calcium 
sulphate,  gr.  20.62;  ferrous  sulphate,  gr.  4.16;  alumina, 
gr.  3.93;  potassium  iodide,  gr.  0.75;  organic  matter,  gr. 
1.74.  Total  solids,  124.39  grains.  Sulphureted  hydro- 
gen gas,  43.97  cubic  inches.  A  hotel  aud  cottages  have 
been  built,  and  there  are  also  excellent  camping  facilities. 

James  K.  Vi'ook. 

WILDEN  SPRING.— Franklin  County,  Vermont. 

Post-Office. — St.  Albans.     Hotel  in  St.  Albans. 

Access. — St.  Albans  is  a  prominent  raili-oad  station 
on  the  Vermont  Central  Railroad,  in  the  extreme  north 
corner  of  the  State. 

St.  Albans  is  a  delightful  town  overlooking  Lake 
Champlain,  two  miles  west.  The  spring  is  situated  on 
Edwards  Street,  south  of  Lake  Street,  about  ten  minutes' 
walk  wst  of  the  depot.  The  water  was  analj'zcd  by  A. 
A.  Hayes,  M.D.,  of  Boston,  who  found  the  following 
chemical  constituents;  Sodium  carbonate,  magnesium 
carbonate,  calcium  carbonate,  sodium  chloride,  potas- 
sium sulphate,  calcium  sulphate,  magnesium  iodide,  iron 
crenate,  sodium  .silicate.  Solid  constituents  per  United 
States  gallon  about  twenty-four  grains. 

The  water  has  been  considerably  resorted  to  in  the 
past,  but  so  far  as  we  can  learn  it  is  not  now  employed 
for  medicinal  purposes.  James  K.  Crook. 

WILHOIT'S  SODA  SPRINGS.— Clackamus  County, 
Oregon. 

Post-Office. — Wilhoit.     Hotel. 

AccEss.^From  Salem,  Marion  County,  twenty-five 
miles  northeast  by  wagon  road. 

These  springs  are  seven  in  number  and  flow  about 
seven  hundred  gallons  per  hour.  An  analysis  by  J.  A. 
Veatch,  M.D.,  in  1869,  gave  the  following  results:  One 
United  States  gallon  contains  (solids):  Sodium  carbonate, 
gr.  87.57;  magnesium  carbonate,  gr.  85.32;  calcium  car- 
bonate, gr.  32.23;  iron  carbonate,  gr.  6;  sodium  sid- 
phate,  gr.  3.40;  magnesium  sulphate,  gr.  6.45;  sodium 
chloride,  gr.  201;  iodine,  a  trace.  Total  solids,  421.97 
grains.     Carbonic  acid  gas,  22.56  cubic  inches. 

The  water,  as  it  flows,  is  said  to  have  a  temperature  of 
35°  F.  This  is  a  very  valuable  water,  combining  as  it 
does  a  nimiber  of  important  chemical  ingredients.  It  is 
not  unpleasant  to  the  palate,  and,  according  to  Dr.  H. 
Carpentei',  it  operates  on  the  second  day  as  a  laxative  and 
diuretic.  It  contains  a  considerable  percentage  of  iron, 
which  gives  it  tonic  and  reconstructive  ju-operties. 

James  K.  Crook. 

WILLOW.     Sec  ,Salic/icea>. 

WINNIPEG.— This  city,  the  capital  of  the  province  of 
^laniloiia.  is  situated  at  the  iunctiou  of  the  Red  River  of 
the  North  and  the  As.siuiboine,  485  miles  south  of  Lake 
Winnipeg  aud  1,424  miles  west  of  Montreal.  From  the 
boundary  of  the  United  States  it  is  about  60  miles  nortli. 
North  Dakota  and  Minnesota  forming  the  southern 
bouudary  of  the  province.  It  is  a  city  of  45,000  inhabi- 
tants, the  metropolis  of  all  this  region,  and  is  constantly 
growing.  It  is  well  laid  out  w'ilh  broad  streets,  and  has 
many  public  buildings — colleges,  handsome  churches,  a 
generiil  hospital,  banks,  etc.  It  is  reached  via  the  Cana- 
dian P;icilic  Railroad  from  the  cast,  or  the  Northern 
Pacific  from  St.  Paul. 

The  province  of  Manitoba,  embracing  73,956  square 
miles,  is  a  level  prairie,  about  800  feet  above  the  sea- 
level,  and  contains  three  important  lakes:  Winnipeg, 
Manitoba,  and  AVinnipegoosis.  Like  the  neighboring 
Dakotas  and  Jlinnesota,  Manitoba  is  noted  fo-  its  wheat, 
whicli  is  the  staple  product.  The  rivers  and  lakes  abound 
in  fish,  and  large  and  small  game  is  plentiful. 
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The  climate  of  this  region  is  healthy,  but  the  extremes 
of  temperature  are  great,  as  is  also  the  annual  range. 
The  winters  are  long  and  cold.  According  to  Hanu 
(•'  llandbuch  der  Klimatologie ")  the  temperature  falls 
almost  every  winter  as  low  as  40°  below  zero  F.,  while 
in  summer  it  may  rise  to  100'  F.  Owing  to  the  com- 
parative dryness  of  the  air,  however,  the  cold  is  said  not 
to  be  severely  felt.  The  average  annual  mean  tem- 
perature of  Winnipeg  is  33.8°  F.,  which,  according  to 
Hinsdale,  is  lower  than  that  of  an}'  other  large  city  in 
America. 

The  following  table  of  the  monthly  and  annual  tem- 
perature and  precipitation  was  kindly  furnished  by 
Prof.  R.  F.  Stupart,  director  of  the  Meteorological  Ser- 
vice, Toronto: 


at  intervals  ascending  or  erect;  branches  from  two  to  four 
inches  high,  each  bearing  three  or  four  leaves  and  a  few 
axillar}',  nodding  flowers;  leaves  oval  or  obovate,  thick, 
leathery,  almost  entire,  bright-green  and  shining  above, 
paler  beneath,  with  slightly  revolute  margins,  fragrant 
when  crushed,  and  pleasantly  aromatic  to  the  taste. 
Flowers  small,  calyx  five-toothed,  enclosing  the  small 
capsule,  becoming  fleshy  as  it  ripens,  and  forming  the 
principal  portion  of  the  pleasant-flavored  fruit.  Corolla 
ovoi<i,  five-toothed;  stamens,  ten;  pistil,  one,  with  five- 
celled  ovary;  pod,  five-celled,  manj'-.secdcd,  surrounded 
by  the  juicy  calyx.  The  berry,  which  is  edible  and  oc- 
casionally found  in  the  markets,  is  about  a  fourth  of  an 
inch  in  diameter,  pink  or  red  in  color,  of  a  sweetish,  aro- 
matic, birch-like  taste. 


Winnipeg,  Manitob.a.. 


Table  showing 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Average  mean  highest  temper- 

5.4° 

-16.2 

-5.4 

21.6 

40.0 

-46.0 

'8.7 

10.4° 
-12.6 

-1.1 

23.0 

46.0 

-46.0 

'9.4 

24.6° 
7.4 
16.2 

ml) 

-38.0 
0.25 

8.8 

46.6° 

2.5.3 

36.0   . 

21.3 

90.0 

-14.0 

1.17 

4.3 

65.1° 
39.0 
52.1 
26.1 

74.5° 

49.7 

62.1 

24.8 
9ti.fl 
21.0 

:5.53 
.3 

78.3° 
53.8 
66.1 

24.5 

98.0 

m.o 

3.08 

75.9° 

30.0 

63.2 

25.4 

103.0 

30.0 

2.63 

64.7° 

41.0 

52.8 

23.7 
94.0 
19.0 
2.09 
.   .. 

50.2° 

29.3 

39.7 

20.9 

8.5.0 

-3.0 

1.32 

1.3 

27.8° 

10.0 

18.9 

17.8 

64.0 

-34.0 

.17 

9.8 

14.6° 

-5.3 

4.B 

19.9 

47.0 

-53.0 

.14 

7.6 

78.3° 

Average  mean  lowest  tempera- 

-16.2 

Average  mean  monthly  and  an- 

33.8 

Average   ilaily  range  of  tem- 

Absolute  higliesl  temperature. . 
Absolute  lowest  temperature  . . 
Average  rainfall  in  inches.   ... 
Average  snowfall  in  inches — 

94.( 
13.0 
2.1 

1.3 

5 

103.0 
-.5:1.0 
16.73 
51.5 

The  average  daily  maximum  temperature  for  July  is 
78.3°  F.,  and  the  minimum,  53.8°  F.  The  annual  range 
of  tempei'ature  is  from  130°  to  140°  F.  The  average  total 
annual  precipitation  for  Manitoba  is  17.43  inches,  but  of 
this  12.87  inches  falls  in  the  six  months  fi-om  April  1st 
to  October  1st.  The  mean  relative  humidity  is  about 
seventy-five  per  cent.  The  wind  velocity  is  very  con- 
siderable, averaging  about  eleven  miles  per  hour,  the 
prevailing  direction  being  from  the  north  and  northwest. 

The  most  notable  features,  then,  of  the  climate  of  tliis 
region  are  the  gi'eat  extremes  of  temperature,  the  great 
daily  and  monthly  ranges,  and  the  excessive  cold  of  win- 
ter." From  the  fact,  however,  that  spring  lapidly  ad- 
vances during  the  latter  part  of  April,  and  that  the  day 
temperatures  in  sumiuer  ai'e  high,  with  a  gooil  tleal  of 
sunshine,  the  wheat  matures  quickly.  There  is  no  mal- 
aria, and,  as  has  been  said,  the  climate  is  a  wholesome 
one  for  the  robust,  and  immigration  is  rapidly  filling  up 
this  great  fertile  region.  Edward  0.  Otis. 

WINTERGREEN.— (CJfli/^CAma;   Checkerberry  ;   Box- 
berry;  Partridge-berry;  Tea-berry,  etc.) 
The  dried  leaves  of  Gaultlieria  procumbens  L.  (fam. 


Fig.  5037.— Wintergreen ;  Leaves  and  Berries.    (Baillon.) 

Ericacaf).     This  plant  is  a  little  evergreen  undershrub. 
with  slender,  weak,  creeping  or  subterranean  stems,  and 


Gaultheria  is  a  native  of  North  America,  growing  in 
dry  woods  and  plains.  It  is  in  many  parts  of  the  United 
States  very  abundant,  carpeting  the  ground  under  trees 
and  bushes,  and  is  collected  in  hii'ge  quantities  both  for 
use,  dried,  and  for  immediate  distillation.  All  parts  are 
aroiiialic,  the  leaves  and  stems  astringent  as  well,  and 
owe  their  value  to  an  essential  oil  (Oleum  Gaultheria, 
U.  S.  P.)  of  birch  like  flavor,  consisting  mostly  of  methyl 
salicylate,  with  about  one-tenth  of  a  peculiar  hydrocar- 
bon, gaultherileiie.  Oil  of  wintergreen  is  "a  colorless, 
yellow  or  reddish  liquid  (according  to  age),  of  a  peculiar 
strong  and  aroiuatie  odor,  a  sweetish,  wai'm.  and  aroma- 
tic taste,  and  a  slightly  acid  reaction.  Specific  gravity 
about  1.180.     It  is  readily  soluble  in  alcohol." 

Like  sassafras,  cinnamon,  and  other  pleasant  aromatics, 
wintergreen  is  very  largely  used  as  a  flavor,  and  enters 
into  several  official  preparations  for  that  purpose.  Its 
relation  to  salicylic  acid  has  led  to  its  employment  in 
rheumatism.  The  discussion  is  vei'V  animated  as  to 
whether  oil  of  wintergreen,  oil  of  birch,  and  pure  methyl 
salicylate  are  identical  in  physiological  action.  By  many 
the  liatural  oil  of  wintergreen  is  preferred  to  either  of  the 
others.  Dose  of  the  leaves,  1-4  gm.  (gr.  xv.-lx.);  of  the 
oil,  from  five  to  twenty  drops. 

Preparations:  Of  the  oil,  spirit  (Spiritiis  Gaultheria!, 
U.  S.  P.)  0.05  in  alcohol.  W.  P.  Bolles. 

WITCHHAZEL.— (flamameJts,  U.    S.   P.)    The  dried 

leaves  of  llainamelis  Viiyiniaiia  L.  (fam.  IJainameli- 
dacixt).  The  plant  yielding  this  drug  is  a  tall,  slender, 
straggling  shrub  growing  commonly,  in  moist  woods, 
over  a  large  part  of  the  United  States.  Its  flowei'S  are 
small,  in  little,  sessile,  axillary  clusters,  and  appear  late 
in  the  autumn.  They  persist  through  most  of  the  winter, 
the  fruit  from  themripening  in  the  following  summer. 
Calyx  four-parted;  corolla  of  four  long,  narrow,  sti-ap- 
shaped,  yellow  petals;  stamens,  eight,  shoi-t;  pistil,  one, 
with  two  styles;  and  a  two-celled,  two-ovuled  ovary. 

The  leaves  should  be  collected  in  the  autumn.  They 
ai-e  stoutly  and  very  shortly  petioled,  the  blade  7-15  cm. 
(3-6  in.)  long  and  liearly  as  broad  or  occasionally  even 
broader,  highly  inequilateral,  oval,  with  a  veiy  oblique, 
slightly  cordate  base,  and  usually  a  very  short  obtu.sish 
point  at  the  summit,  the  margin  coarsely  .sinuate;  thick- 
ish,  dull  green  and  with  obscure  venation  above,  paler  or 
brownish-green,  with  a  satiny  lustre  and  very  prominent 
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principal  veins  underneath^  nearly  smooth,  the  few  hairs 
of  the  lower  siirfrtce  having  iiuuli  thiekencrl  walls  and  a 
very  small  Uiiiirn;  odor  ratlicr  faiiil.  characteristic;  taste 
astriiiircnt,  slijilitly  aronialic,  liittcr. 

A  iiumlicr  of  analyses  of  tliis  plant  have  been  made 
without  liiseoveriug  anything  to  explain  its  reputed  vir- 


FIG.  5038.— Witchhazel ;  Flowering  Branob.    (Baillon.) 

tues.  It  is  not  poisonous  in  any  quantity.  There  is 
some  tannin,  and  an  infinitesimal  amount  of  essential  oil ; 
enough  to  give  .smell  and  taste  to  a  distillate,  but  scarcely 
enough  to  isolate. 

It  is  an  old  remedy  of  the  Indians,  and  is  said  to  have 
been  introduced  to  our  notice  by  them ;  but  its  present 
popularity  as  a  wash  for  bruises  and  wounds  in  house- 
hold practice  is  of  very  modern  growth. 

For  twenty  years  or  so  it  has  been,  in  this  eoimtrj^,  the 
most  widely  used  domestic  vulnerary,  taking  the  place 
in  the  popular  estimation  of  arnica,  which  had  held  sway 
for  a  generation  before.  It  is  usually  employed  in  the 
form  of  a  distillate,  made  by  distilling  a  very  weak  mixt- 
ure of  alcohol  and  water  (six-per-cent.  alcohol).  It  has 
an  odor  and  faint  taste  derived  from  the  drug,  but  not 
enough  oil  or  extract  to  be  estimated  in  any  other  way. 
The  odor  is  pleasant  and  suggestive  of  liniment,  and  the 
preparation  is  on  the  whole  a  fair  evaporating  lotion.  A 
fluid  vxti3.ct  (E.rtractum  Uamame.lidis  Flnidum)  is  official, 
and  contains,  besides  the  fragrant  principles,  considerable 


FIG.  5039.— witchhazel ;  Flowers.     (Baillon.) 

tannin,  which  the  distilled  preparation  of  course  does  not. 
It  may  be  diluted  for  washes,  vaginal  douches,  etc. 
Witchhazel  at  present  is  rarely  given  internally. 

The  bark  is  similarly  employed,  and  much  of  the  dis- 
tillate is  said  to  be  ]irepared  from  it.  It  is  regarded  by 
many  as  being  superior  to  the  leaves. 

Henry  17.  Uushy. 

WITTERS  MINERAL  SPRING.— Lake  County,  Cali- 
fornia 

These  springs  an;  pleasantly  located  about  one  mile 
cast  of  Pearson's  Springs,  five  miles  from  Ujiper  Lake, 
and  three  miles  from  Blue  Lake.     The  altitude  is  1,800 


feet.  The  resort  is  a  growing  one,  and  is  very  pictur- 
esquely located,  having  excellent  views  of  the  lakes, 
valleys,  and  mountains  in  the  vicinity.  There  are  a 
good  hotel,  several  cottages,  and  fine  bathing  facilities 
for  hot.  and  cold  mineral  baths.  The  springs  are  all  cold 
and  flow  about  sixty  gallons  an  hour.  There  are  cold 
.soda  and  iion  springs,  and  cold  sulphur  springs.  The 
principal  spring  is  composed  as  follows:  One  United 
States  gallon  contains  (solid.s):  Sodium  chloride,  gr. 
17.42;  sodium  carbonate,  gr.  5.96;  sodium  sulphate,  gr. 
11. .'iO;  potassium  carbonate,  gr.  3.1.5;  magnesium  car- 
bonate, gr.  7.10;  magnesium  sulphate,  gr.  20.63;  ferrous 
carbonate,  gr.  1.17;  manganese  carbonate,  gr.  0.86; 
alumina,  gr,  1.6.T;  borates,  gr.  0.42;  silica,  gr.  6.33;  or- 
ganic matter,  gr.  0.76;  total  solids,  76.94  grains.  Car- 
bonic acid  gas,  7.6,5  cub.  in, ;  sulphureted  hydrogen, 
.5.2.')  cub.  in.     Temperature  of  water,  59.3°  F. 

This  spring  has  received  the  very  emphatic  if  not 
euphonious  title  of  Dead  Shot  Spring,  having  reference 
to  the  action  of  the  water  on  the  diseases  for  which  it  is 
lecommendcd.  The  water  is  said  to  be  highly  ethcacious 
in  liver,  kidney,  and  bowel  disorders. 

James  E.  Crook. 

WOLFER'S  MINERAL  SPRING.— Clarion  County, 
Oregon. 

Post-Office,  —  llubhard.     Hotels. 

Access. — Via  Soutliern  Pacific  Railroad  to  Hubbard, 
thirty -one  miles  from  Portland  and  twenty  miles  from 
Salem.  The  spring  is  withiafive  minutes'  walk  of  the 
depot. 

This  spring  is  mentioned  as  "Lehman's  Spring  "  in  the 
Geological  Reports  for  1895.  Hubbard  is  situated  in  the 
Willamette  valley,  in  the  midst  of  a  fine  fruit  and  garden 
country.  The  spring  (artesian)  is  located  on  the  hillside, 
at  a  level  of  212  feet  above  the  sea.  It  is  surrounded  by 
an  arbor  of  wild  willows,  and  forces  its  way  to  a  height 
of  four  feet  above  the  surface,  forming  a  beautiful  foun- 
tain. It  yields  about  six  thousand  gallons  of  water  per 
hour.  There  are  beautiful  grounds  about  the  springs, 
well  adapted  for  outdoor  sports,  ]iicnies,  etc.  Accord- 
ing to  a  partial  analysis  by  Professor  Fisk,  the  water 
contains:  Calcium  carbonate,  magnesium  carbonate, 
sodium  chloride,  potassium  chloride,  iron  oxide,  silica, 
and  alumina.  The  water  is  said  to  possess  valuable 
properties  as  a  tonic  and  laxative.         James  K.  Crook. 

WOOD-TICK.     See  AracJinida. 

WOOL-SORTERS'  DISEASE.  See  Anthrax,  and  Oc- 
eiijiation.  Hygiene  of. 

WOOTAN  WELLS.— Robertson  County,  Texas. 

P(isT-(  )FFi(K. — Wootan  Wells.     Hotel  and  cottages. 

Access.  —  Via  Houston  and  Texas  Central  Railroad  to 
Wootan  Junction ;  thence  two  miles  to  springs.  Street 
cars  meet  all  trains,  day  and  night,  from  about  April  1st 
to  November  1st ;  during  the  winter  months  there  are 
only  day  trains. 

'The  location  is  145  miles  north  of  Houston,  and  125 
miles  south  of  Dallas.  These  wells  are  located  on  a  pict- 
uresque eminence  about  500  feet  above  the  level  of  the 
gulf.  The  first  well  was  dug  in  1877  by  Mr.  F.  M. 
Wootan,  an  emigrant  from  Alabama.  The  water  was 
found  to  be  useful  for  cooking  or  washing  purposes,  so 
Mr.  Wootan  rented  the  farm  on  which  the  well  was  situ- 
ated to  a  neighbor,  w'hose  health  was  bad  and  who  also 
had  a  puny  wife  and  children.  They  found  it  necessary 
to  use  the  "  bad  "  water  for  drinking  purposes,  and  the 
sickly  family  all  got  well  and  remained  well.  This  was 
the  beginning  of  a  health  resort  which  has  now  become 
widely  and  favorably  known.  Persons  with  means  be- 
came interested.  More  wells  were  dug,  and  at  this  lime 
aliout  all  the  attractions  of  any  first-class  interior  water- 
ing ])lace  will  be  found  here.  The.se  include  a  large, 
well-arranged  brick  hotel,  with  abundant  biitliing  facili- 
ties, an  opera  hou.se,  archery  court,  cro(|uet  grounds, 
beautiful  groves,  camp  grounds,  etc.  The  iilace  is 
naturally  well  adapted  lor  good  drainage,  and  no  pains 
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are  spared  by  the  management  to  keep  tlie  surroundings 
in  a  sanitary  condition.  Tlie  resort  is  open  the  year 
round.  Analyses  of  the  ditTorent  wells  show  very  little 
difference  in  their  chemical  ingredients.  Following  are 
specimen  analyses  of  two  of  the  wells,  the  first  by  Prof. 
Charles  F.  Chandler,  of  New  York,  and  the  second  Ijy 
Dr.  W.  JI.  Mew,  chemist  of  the  United  States  Naval  De- 
partment, Washington,  D.  C. : 

Well  iV'«.  1. — One  United  States  gallon  contains  (solids): 
Chlorides,  gr.  23.34;  magnesium,  gr.  13.11;  calcium,  gr. 
25.31 ;  iron  proto.\ide,  gr.  1.20 ;  iron  sesquioxide,  gr.  0.(5!) ; 
aluminum  sesquio.xidc,  gr.  1.32;  manganese  oxide,  gr. 
0.54;  sulphates,  gr.  59.67;  silica,  gr.  3.28;  organic  and 
volatile  matter,  gr.  9.62.     Total  solids,  137.88  grains. 

Well  J^'o.  4- — One  United  States  gallon  contains  (solids)  r 
Chlorides,  gr.  36.36;  magnesium,  gr.  22.75;  calcium,  gr. 
28.18;  iron  sesquioxide,  gr.  13.06;  aluminum  sesqui- 
oxide, gr.  3.45;  manganese  oxide,  gr.  0.57;  sulphates, 
gr.  86.41;  sodium,  gr.  18.10;  silica,  gr.  4.69.  Total 
solids,  313.57  grains. 

These  waters  show  about  the  same  general  characteris- 
tics. No.  4  being  somewliat  richer  in  mineral  ingredients, 
especially  in  iron,  than  No.  1.  It  will  be  observed  that 
the  chemists  have  not  worked  out  in  full  the  combina- 
tions of  the  various  elements  present.  There  can  be  no 
doubt,  however,  that  the  most  important  compounds 
contained  in  the  waters  are  the  sulphates  of  magnesia 
and  soda,  and  probably  the  sulphate  of  iron.  These  in- 
gredients should  impart,  in  the  proportions  here  probably 
present,  mild  cathartic  properties,  and,  in  No.  4  espe- 
cially, the  effects  of  a  strong  ferruginous  tonic  and  blood 
restorer.  The  waters  are  highly  prized  by  Texas  physi- 
cians in  the  treatment  of  the  various  forms  of  nephritis 
and  in  diabetes  and  rheumatism.  They  are  of  undoubted 
efticacyin  some  cases  of  dyspepsia  and  in  catarrhal  jaun- 
dice anil  other  disorders  of  tlic  liver  and  alimentary  tract. 
The  water  is  \ised  couunercially,  and  is  shipped  to  va- 
rious parls  of  the  United  States.  James  K.  Crook. 

WORMSEED,  AMERICAN— (67(en<)po&«m,  U.  S.  P.; 
Annerine  veniiifurje,  Cotlex  Med.)  The  dried  ripe  fruit 
of  ChenopntHviH  ambnaioides  L.  or  of  C.  antlielininticnm 
L.  (fani.  Chenopodiacea). 

The  first-named  species  is  the  old-fashioned  garden 
plant  Mexican  tea  or  Ambrosia,  native  of  tropical  Ameri- 
ca; the  second  ajipears  to  be  of  European  nativitj'.  Both 
are  common  weeils  in  the  Eastern  United  States,  growing 
along  roadsides,  about  wharves,  lumber  yards,  etc.,  and 
are  of  a  sprawling  and  ascending  habit,  reaching  a  height 
of  two  or  three  feet.  They  have  a  strong,  heavy  odor, 
disagreeable  to  most  people.  The  fruits,  generally  called 
"seeds,"  are  nearly  j\  of  an  inch  (2  mm.)  in  diameter, 
depressed,  globular,  glandular,  dull-greenish  or  brown- 
ish, the  integuments  friable,  containing  a  lenticular,  ob- 
tusely edged,  glossy,  black  .seed.  This  seed  has  a  pe- 
culiar, somewhat  terebinthinate  odor,  and  a  bitterish, 
pungent  taste. 

The  fruits  contain  one  or  two  per  cent,  of  a  rather  dis- 
agreeable, minty,  essential  oil,  which  represents  it  medi- 
cinally. This  oil  is  usually  distilled  from  the  entire 
herb.  It  is  a  thin,  and,  when  fresh,  colorless  licpiid  of 
aromatic  odor  and  bitterish  taste;  specific  gravity,  0.920. 

Like  most  aromatic  herbs,  chenopodium,  in  small 
doses,  is  a  stomachic  tonic;  in  large  doses  it  is  irritating 
and  nauseating.  The  property  for  which  it  is  mostly 
prized  is,  however,  its  poisonous  action  upon  intestinal 
worms,  particularl}'  upon  the  lumbrici.  From  five  to 
fifteen  drops  of  the  oil  in  emulsion  or  on  sugar  is  the 
usual  range  of  doses.  Oil  of  Chenopodium  is  a  very 
powerful  poison  in  overdoses.  The  .symptoms  are  chieflj' 
referable  to  intestinal  irritation  and  cerebial  congestion. 
There  are  drowsiness,  great  thirst,  abdominal  pain,  per- 
haps with  vomiting,  intense  .sensitiveness  to  light  and 
sound,  but  with  indistinctness,  aphasia  of  both  kinds, 
stupor,  coma,  and  death.  The  treatment  is  stomach 
evacuation,  purging,  with  waterj-  stools,  free  adminis- 
tration of  water,  enemata,  brand}',  and  external  heat. 

W.  P.  Bolles. 


WORMSEED,  LEVANT— {Santonica,  V.  S.  P. ;  J^ores 
CiniP,  P.  Ct.  ;  Flares  Artemisirp,  Semen  Contra,  S.  Sanc- 
tum.) The  dried  unexpanded  flower-heads  of  Artemisiei 
panciflora  (Ledeb.)  Weber  (fam.  Campo.iitir).  Although 
the  plant  yielding  these  flower-heads  is  well  known,  there 
is  great  difference  of  opinion  among  botanists  as  to  its 
specific  reference.  By  many  it  is  regarded  as  a  variety 
of  A.  maritinui  L.  of  Southern  Europe.  The  German 
Pharmacopoeia  still  refers  the  drug  to  A.  Ciiia  Berg.  The 
drug  is  collected  in  the  Turkestan  deserts,  and  most  of 
it,  and  the  best,  is  at  once  consumed  there  in  the  manu- 
facture of  santonin,  the  percentage  of  santonica  exported 
being  steadily  on  the  decrease.  Several  related  and  simi- 
lar, but  hairy  products  have  occasionally  been  imported 
from  India  and  Africa,  and  chenopodium  is  occasionally 
sold  for  it.  The  drug  is  also  subject,  through  imper- 
fect cleaning,  to  the  presence  of  pieces  of  braueblets  and 
leaves,  and  dirt  of  various  kinds;  yet  it  is  usually  clean 
and  of  fine  quality.  It  deteriorates  readily  on  being  kept, 
especially  if  not  carefullj'  protected  in  a  closed  and  dark 
container.  In  proportion  as  the  greenish-gra)'  tinge  has 
changed  to  a  brown,  it  may  be  regarded  as  having  thus 
deteriorated.     The  drug  is  thus  described : 

A  yellowish-green  (at  length  greenish-brown)  some- 
what glossy,  mobile  mass;  having  a  strong  and  peculiar, 
somewhat  camphoraceous  odor  and  an  aromatic  and  bit- 
ter taste;  heads  2-4  mm.  (^^i  in.)  long,  oblong-ovoid, 
slightly  flattened,  obtuse,  consisting  of  an  involucre  of 
about  twelve  to  eighteen  closely  imbricated,  glandular 
scales  with  broad  midribs,  enclosing  four  or  live  rudi- 
mentary florets. 

With  gum,  a  little  resin,  and  ordinary  plant  constit- 
uents, three  specific  bodies  exist  in  santonica.  Its  one 
and  one-half  to  two  per  cent,  of  volatile  oil  consists 
chiefly  of  cineol,  and  is  somewhat  like  oil  of  eucalyptus 
in  properties.  Santonin,  of  which  there  is  usually  not 
more  than  two  per  cent.,  as  tlie  drug  occurs  here,  is  the 
active  anthelmintic  agent  and  is  described  under  that 
title.  A  small  and  variable  amount  of  artemisin  occurs, 
obviously  resulting  from  the  oxidation  of  santonin. 

Although  santonica  possesses,  in  correspondingly  lower 
degree,  the  anthelmintic  properties  of  santonin,  the  latter 
alone  is  used  for  that  purpose.  As  an  aromatic  bitter, 
santonica  is  occasionally  used  in  doses  of  0.3-2  gm.  (gr. 
v.-xxs.).     There  is  no  official  preparation. 

Henry  II.  Biisbi/. 

WORMSEED,  POISONING  BY.  —  Chenopodium  am- 
bri/.sif)id,s  L. ;  and  C.  ant/ul/iiiiilieiim  Gray,  which  are 
possibly  only  varieties  of  one  species,  contain  a  volatile 
oil  which  has  a  strong,  disagreeable  odor,  and  decided 
vermifuge  properties.  It  is  most  abundant  in  the  seeds. 
It  is  somewhat  analogous  in  composition  to  oil  of  turpen- 
tine. By  keeping  it  undergoes  oxidation,  and  probably 
other  changes.  The  seeds  of  the  plant  are  used  as  a 
remedy  for  intestinal  round  worms  and  are  often  given 
to  children  as  a  domestic  remedy.  Little  harm  apjiears 
to  result  from  this  practice,  but  the  use  of  the  oil  itself 
has  led  to  fatal  results  in  several  cases.  One  of  the  ear- 
liest of  the  American  cases  to  be  fully  reported  was  that 
by  Dr.  Brown  in  the  Maryland  Medical  Journal  in  1878. 
A  man,  aged  thirty-one  years,  was  supposed  to  have 
taken  over  an  ounce  of  the  oil,  purposely  substituted  by 
him  for  castor  oil.  He  suffered  from  nausea,  later  with 
severe  vomiting,  dizziness,  buzzing  in  the  ears,  dimin- 
ished sensitiveness  to  some  sounds  and  hypersensitiveness 
to  other  sounds.  Still  later,  marked  aphasia  and  con- 
fusion of  ideas  occurred.  He  died  five  days  after  the 
material  was  thought  to  have  been  taken.  He  was, 
however,  a  confirmed  self-drugger,  and  deceived  the 
attending  physician  throughout  the  whole  history  of  his 
illness,  denying  that  he  had  taken  the  oil.  though  the 
odor  of  it  was  unmistakable.  Another  case  was  that  of 
a  child,  aged  two  years,  to  whom  was  given  one  tea- 
spoonful  of  the  oil.  The  immediate  symptoms  were  deep 
sleep,  clammy  skin,  and  muscular  weakness.  Brandy 
and  milk  were  given.  The  patient  became  restless  and 
was  quieted  with  bromides.     She  became  somewhat  bet- 
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ter,  but  then  became  worse,  could  not  stand  up  or  walk 
alone,  and  vomited  material  which  had  the  odor  of  the 
oil.  Her  hearing  was  for  a  while  affected.  She  re- 
covered. 

In  another  case  a  boy,  aged  three  j-ears,  was  given  a 
teaspoonful  of  the  oil.  He  vomited  and  then  went  into 
a  stupor.  The  pupils  were  small  but  equal ;  pulse, 
respiration,  and  temperature  normal.  Salt  water  was 
given  as  an  emetic,  tlieu  one  grain  of  calomel,  and  re- 
peated doses  of  castor  oil.  He  became  worse,  developing 
deep  stupor  and  twitching  of  the  arms,  and  died.  In 
anotlier  case  a  man.  aged  si.xty-three  years,  died  after 
taking,  in  diviilcd  doses  during  the  course  of  a  single 
day,  one  ounce  of  the  oil.  No  direct  antidotal  treatment 
was  em  ploy  I'd.     He  was  comatose. 

The  disturbance  of  hearing  noticed  in  several  of  the 
cases  is  a  remarkable  feature,  but  has  not  been  explained. 
It  must  be  borne  in  mind  that  in  some  of  the  cases  the 
amount  taken  and  the  e.xact  nature  of  the  material  were 
not  established.  From  the  reports  it  appears  that  the  oil 
is  actively  toxic,  and  that  caution  should  be  given  in 
works  on  materia  medica  concerning  its  use.  Very  little 
is  said  upon  this  question  in  the  standard  works.  Its 
effects  seem  to  be  both  as  an  intestinal  irritant  and  as  a 
neurotic  poison.  The  odor  will  probably  afford  the  best 
means  of  making  a  diagnosis.  No  cliaracteristic  post- 
mortem changes  are  recorded. 

Treatment  will  be  difficult.  Early  and  free  evacuation 
of  the  stomach  and  bowels  is  important.  Strong  coffee 
might  be  useful.     Irritating  emetics  are  contraindicated. 

llinvij  Leffmanii. 

WORMWOOD.— (^Jsind/mon,  Vermouth.)  "The leaves 
and  tops oi  ATtemim'ii  Absinthium  L.  (family  Composihe)," 
TJ.  S.  P.  A  half-shrubby  plant,  with  numerous  erect 
stems  two  to  four  feet  high,  grayish  silkjr  tlu-oughout. 
The  leaves  are  nearly  equally  gray  on  both  sides,  twice 
or  thrice  pinnatitid,  the  divisions  oblong  and  obtuse,  the 
larger  ones  three  or  four  times  as  long  as  broad.  The 
small  heads  are  sliorl-peduucled,  solitary,  and  cernuous 
in  the  axils  of  leafy  bracts,  and  the  florifcrous  branches 
are  panicled.  The  characters  of  flowers  and  fruit  will  be 
found  described  under  Artemisia.  The  odor  is  strongly 
aromatic  and  the  flavor  very  bitter. 

The  plant  is  native  to  Asia  and  perhaps  Europe,  and 
has  become  extensively  natiualized  in  nearly  all  temper- 
ate countries,  and  even  in  the  tropics,  at  high  altitudes. 

The  activity  of  absinthium  depends  upon  the  two  con- 
stituents: (ibsinthol,  which  constitutes  the  most  of  its  one 
per  cent,  of  volatile  oil,  and  absinthin,  a  bitter  glucosidc, 
soluble  in  both  alcohol  and  water.  In  its  volatile  oil 
occurs  also  the  blue  oil  of  chamomile  flowers.  Oil  of 
wormwood  is  an  im)5ortant  commercial  article,  being 
largely  in  demand  in  France  for  the  manufacttn-e  of  the 
alcoholic  beverage  absinthe.  Tannin,  resin,  and  succinic 
acid  also  occur  in  this  drug.  Absinthiiun  is  an  aromatic 
bitter,  acting  like  chamomile,  especially  as  a  gastric  tonic. 
It  is  also  mildly  autiperiodic  and  anthelmintic.  The  oil 
has  specific  nervine  properties,  a  dose  of  half  an  ounce 
having  caused  alarming  symptoms,  with  convulsions  and 
insen.sibility.  An  absiiitlie  habit  is  formed  by  the  con- 
tinued use  of  the  liquor,  the  victims  suffering  from  neu- 
ralgia, muscular  tremors,  epilepsy,  and  impaired  intel- 
lect. Observations  liave  established  the  fact  that  these 
effects  are  due  to  the  absinthium  and  not  to  the  alcohol. 
The  dose  of  the  herb  is  1-4  gm.  (  3  i-i.) ;  of  the  oil,  th  i.- 
iij.  Large  quantities  of  the  oil  would  undoubtedlj'  prove 
fatally  jwisonons.  Henry  II.  Rusby. 

WRIST,  JOINTS  OF  THE.— The  skeleton  of  the 
wrist,  being  a  series  of  small  bones  e.sseutially  similar  in 
character,  may  be  considered  as  a  whole,  aiid  we  may 
hence  conceive  a  superior  radiocarjial  or  wri.st-joint 
proper,  between  the  bones  of  the  forearm  and  the  carpus, 
and  an  inferior  or  cariiometaearpal  joint,  between  the 
carpus  and  the  metacarpus.  Again,  we  may  consider 
separately  tlie  two  rows  of  carpal  bones,  and  "regard  the 
somewhat  irregular  union  between  them  as  an  intracarpal 


or  mediocarpal  joint.     Finally,  we  may  consider  each 
bone  as  a  separate  unit  and  its  union  with  each  of  those 

which  it  touches  as  so 
many  carpal  joints  of  a 
secondary  degree. 

Of  the  three  transverse 
joints    formed     by    the 
rows   of    carpal    bones, 
the    upper    one    is   the 
only   one   that  has  any 
very   marked    mobility, 
the  middle  one  has  some- 
what less,  and  the  lower 
or  carpometacarpal  joint 
has  the  least  of 
all.      It    is,    in- 
deed,   instruc- 
tive and  logical 
in  regarding  the 
movements     t  o 
follow  the  plan 
adopted     by 
Meyer,  and  con- 
sider the  lower 
row  of  bones  as 
combined      for 
f^  Mf  i/\'^':MA' {    "^  "     4   practical    pur- 

'         *•  ^  metacarpal 

bones  with 
which  they  ar- 
ticulate and  the  upper  row  as  an  articular  integer  or 
meniscus  which  is  the  essential  interposed  element  be- 
tween the  forearm  and  the  hand.  Viewing  the  form  of 
the  surfaces,  the  articulation  between  the  meniscus  and 
the  forearm  is  a  pommel  or  ellipsoidal  joint.  Movement 
is  necessarily  freest  in  the  direction  of  the  axes  of  the 


Cuneiform. 


FIG.  .5040.— The  Wrist-joints. 


Trjipeztum. 


—  J  Ligamentum  carpi  volare 
I  proprium. 


Fig.  5041.— The  Carpal  Canal. 


ellipsoid,  but  still  a  certain  amount  of  rotation  is  possible. 
The  surfaces  involved  are  those  of  the  triangular  carti- 
lage and  the  radius  above,  and  the  scaphoid,  semilunar, 
and  cuneiform  below.  The  ulna  does  not  enter  into  the 
articulation,  nor  does  the  pisiform  bone.  Many  com- 
parative anatomists  are  of  the  opinion  that  the  triangular 


Fis.  5012.— Articular  Surface  of  the  Wrist-Joint.  (Cunningham.)  1, 
Head  of  ulna ;  3,  styloid  process  of  ulna :  3,  apex  of  triangular 
tibro-cartilage ;  4,  triangular  flbro-cai'tilage :  5,  surface  of  semi- 
lunar bone ;  fi,  groove  for  tendon  of  extensor  longus  pollicis 
muscle ;  7,  surface  for  scaphoid  bone. 

fibro-cartilage  represents  a  carpal  element  which  in  its 
complete  form  long  ago  vanished  from  the  mammalian 
carpus  and  that  the  pisiform  bone  is  another  vestige  of 
the  same  kind.  Certain  facts  of  abnormal  variation  seem 
to  support  this  view  and  to  show  that  the  pentadactylate 
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form  of  tho  human  hand  is  not  the  primitive  form,  firmly 
fixed  tliough  it  now  is,  but  that  a  seven-digit  hand  was 
probably  The  original  mammalian  type.  Odd  cases  of 
supernumerary  wrist-bones  and  fingers,  which  are  occa- 
sional!}' seen,  are,  according  to  this  view,  instances  of 
atavism. 

The  midcarpal  joint  is  of  a  mixed  character,  having, 
like  the  midtarsal  joint  of  the  foot,  a  wavy  outline,  the 
comparativch-  large,  conve-\  ui)per  surfaces  of  the  os 
magnum  and"  uucitorni  bones  making  together  a  sort  of 
bait-like  head  which  fits  into  the  hollow  socket  made  b)" 
the  under  surfaces  of  the  combined  scaphoid,  semihmar, 
and  cuneiform  bones;  while  a  comparatively  small  sur- 
face of  the  scaphoid  articulates  with  the  trapezinm  and 
trapezoid  to  make  a  curve  in  the  opposite  direction. 
This  assists  considerably  in  twisting  movements  of  the 
hand,  such  as  pronation  and  supination,  which  are  verj' 
necessary  to  that  nicety  in  the  management  of  tools 
which  characterizes  the  hand  of  man.  The  liand  of  the 
«pe  is  by  no  means  so  delicately  adjusted  in  this  particu- 
lar. 

It  has  been  well  jiointed  out  by  Professor  Humphrey, 
in  his  classical  treatise  on  the  "Human  Skeleton,"  that 
the  wrist  owes  the  security  of  its  joints,  not  so  much  to 
the  interlocking  shape  of  the  joint  surfaces,  or  to  the 
strength  of  its  ligaments,  as  to  the  strong  tendons  which 
'pass  over  it,  tend  to  prote<tt  it,  and  render  it  at  the  same 
time  flexible.  A  short  examination  of  the  lower  end  of 
the  radius  will  show  that  its  dorsal  aspect  is  deeply 
grooved  for  the  extensor  tendons  which  pass  in  every 
direction  over  the  back  of  the  hand.  They  are  bound 
closely  down  in  their  grooves  by  a  strong  band  of  fascia 
called  the  posterior  annular  ligament,  which  thus  be- 
comes, as  it  were,  one  of  the  most  powerful  protecting 
ligaments  of  the  radiocarpal  joint.  In  a  similar  manner 
the  anteri(n-  surface  of  the  wrist  is  hollowed  out  by  a 
deep  archway,  the  carpal  canal,  so  called  because  it  is 
spread  over  by  strong  bands  of  fascia  which  confine  the 
flexor  tendons  in  a  sort  of  subway. 

English  anatomists  group  these  bands  together  indis- 
criminatelj'  as  the  anterior  annular  ligament,  but  there 
can  readily  be  distinguished  two  bands — a  superficial 
one,  to  which  the  name  of  annular  ligament  may  proper- 
ly be  applied,  as  it  is  a  process  of  the  deep  fascia  of  the 


Fig.  5043.— Ligaments  on  Anterior  Aspect  of  Kadiooarpal,  Carpal, 
and  Carpometacarpjil  Joints.     fCunniuRham.) 

arm  which  passes  over  the  tendon  of  the  palraaris  longus 
and  the  ulnar  vessels  and  nerve,  being  continuous  with 
the  posterior  annular  ligament  at  either  side;  the  second 
is  more  independent,  partaking  more  of  the  nature  of  a 


ligament,  and  therefore  properly  designated  as  the  liga- 
mentum  carpi  volare  proprium.  It  is  a  strong,  firm 
band,  attached  on  either  side  to  the  carpal  eminences — 
that  is  to  say,  the  pisiform  and  unciform  bones  on  the 


ricciformis 

-/ ^of  inferior 

ladio.ulnar 
'^A    joint 


Trapezoid' 


Tr.ipe2iu)n 


Fig.  5044.— Coronal  Section  tlirouRli  tlie  Radiocarpal,  Carpal,  Carpo- 
metacarpal, and  Interuiecacarpal  Joints,  to  show  Joint  Cavities  and 
Interosseous  Ligaments  (diagrammatic).     (Cunningliaiii.) 

inner  side  and  the  tubercle  of  the  scaphoid  and  the  ridge 
of  the  trapezium  on  the  outer  side.  It  passes  viuler  the 
tendon  of  the  pabnaris  longus  and  the  ulnar  vessels  and 
nerve.  Beneath  it  pass  the  great  flexor  tendons  and  the 
median  nerve,  confined  by  several  strong  sheaths  which 
blend  with  each  other  and  send  fascial  processes  to  tlie 
ligament  above  and  the  attachments  of  the  special  bones 
below.  It  is  to  this  arrangement,  combined  with  prona- 
tion, that  we  owe  the  surprising  flexibility  which  charac- 
terizes the  wrist,  a  flexibility  which  permits  the  extraor- 
dinary twists  so  famous  in  the  pitching  of  a  ball,  the 
handling  of  a  tennis  racket,  and  the  parrying  of  the 
thrust  of  a  foil. 

Viewing  the  wrist-joint  with  reference  to  its  synovial 
cavities,  we  find  that  the  radiocarpal  joint  has  its  own 
cavitj',  the  midcarpal  and  carpometacarpal  having  a 
common  cavitj',  there  being  excluded  two  bones,  the 
liisiform  and  the  metacarpal  bone  of  the  thumb,  each  of 
which  has  its  own  special  articulation — the  first  with  the 
cuneiform,  the  second  with  the  trapezium. 

The  intrinsic  ligaments  of  the  carpus  are  of  two  classes: 
one  being  external  strengthening  bands,  the  others  inter- 
nal, interosseous,  serving  as  close  interties  to  keep  the 
whole  system  firm.  On  the  palmar  surface  a  somewhat' 
irregular  mass  of  fibres,  stretching  from  the  bones  of  the 
forearm  to  the  metacarpal  bones,  has  received  the  name 
of  the  ligamentiim  carpi  volare  profundum. 

Separate  jiortions  of  this  have  received  different  names. 
Thus  the  arcuate  ligament  is  that  portion  which  passes 
downward  and  inward  from  the  radius  to  the  cuneiform 
bone;  the  straight  ligament  (ligamentum  carpi  rectum) 
is  a  rounded  fasciculus  that  passes  from  the  styloid  proc- 
ess of  the  ulna  to  the  semilunar  and  cuneiform  bones,  and 
the  funiculus  ligamentosus  a  similar  one  extending  from 
the  same  to  the  cuneiform  and  jiisiform  bones.  Bauds 
from  the  pisiform  bone  to  the  unciform  and  to  the  fifth 
metacarpal  (ligamentum  piso-hamatum,  ligamentum 
piso-metacarpeum)  are  regarded  as  extensions  of  the 
insertion  of  the  flexor  carpi  ulnaris.  A  series  of  short 
bands  connecting  the  os  magnum  with  the  contiguous 
bones  is  known  as  the  radiate  ligament.  Finalh',  the 
most  distal  baud,  connecting  the  bases  of  the  metacarpal 
bones,  is  known  as  the  deejj  transverse  ligament.  All 
these  divisions  seem  hardly  necessary. 
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The  investment  on  the  dorsal  surface  is  not  usually  so 
romplcti'.  'I'lu'strenjilheiiinn;  bands  are  mainly  two — tlie 
rliiiinliiiiil  liijaini'nt,  jias-iiig  douinvaid  and  inward  from 
the  lower  end  of  the  radius  to  thi-  euneil'orni  and  unci- 
foi'm  bones,  and  the  Iransverse  dorsal  ligament,  extend- 
ing Irorn  the  scaphoid  outward  to  the  same.  There  is 
also  a  dorsal  radiate  ligament  diverging  from  the  os  mag- 
num. 

The  only  other  joint  requiring  espeeial  mention  is  that 
of  the  metacarpal  bone  of  the  thumb  with  the  trapezium. 
This  is  an  excellent  example  of  the  joint  by  reciprocal 
reception,  sometimes  termed  the  saddle-joint.  Its  mo- 
tions are  freest  in  two  directions,  which  correspond  to  the 
motions  of  adduction  and  abduction  on  the  one  hand,  and 
of  the  various  adjustments  of  opposition  on  the  other. 

Frank  Baker. 

WRIST-DROP.     See  Lead  PaUy. 

WRITERS'  CRAMP.     &ee  Bands  and  Fingers,  etc. 

WRY-NECK.    See  TorUcvUis. 

XANOL  is  sodium  caffeine  .salicylate,  a  diuretic  of  con- 
siderable jjower,  with  very  little  of  the  caffeine  effect  on 
heart  and  nervous  system.     Dose,  0.3-1  gm.  (gr.  v.-xv.). 

H'   .C Biistedo. 

XANTHELASMA,  XANTHOMA.     Sl-c  Eye.  Tnmor.iof. 

XANTHORRHCEA  RESW.—Resina  lutea ;  Acaroides 
Gum  or  lie^in  :  Butmiy  JSay  Oiiin  or  Resin.  By  these 
names  are  designated  several  closely  rehi  Led  solid  balsams, 
obtained  in  Australia  from  species  of  X(inlliorrh<f(i.  (fam. 
Liliacea). 

The  resinous  sap  exudes  spontaneously,  and  hardens 
upon  the  stem  in  tears  or  masses.  Two  principal  va- 
rieties of  the  "gum  "  are  distinguished:  the  red,  in  deep 
red  lumps  or  fragments  resembling  lumpy  specimens  of 
dragon's  blood,  having  a  weak  odor  of  benzoin,  and  a 
spicy  cinnamon-like  taste;  the  yellow,  in  orange-yellow 
pieces  or  tears,  having  a  strong  benzoin  odor. 

Tlie  balsam  contains,  besides  some  bassorin  and  unin- 
teresting ingredients,  a  large  proportion  of  cinnamic  acid 
and  some  benzoic  acid.  When  it  is  decomposed  with 
melted  potash,  parabenzoic  and  protocatecliuic  acids, 
pyrocatecbin  and  resorein  are  formed.  In  nitric  acid 
the  balsam  dissolves  readily,  and  yields  abundance  of 
picric  acid,  together  with  oxalic  and  nitrobenzoic  acids. 
_  The  .vanllwrrhcea  resins  have  long  been  used  in  Austra- 
lia as  a  remedy  for  gastric  troubles,  intestinal  catarrhs, 
diarrhceas,  etc.,  and  are  occasionally  prescribed  in  this 
coiuitry  for  similar  conditions;  but  their  principal  uses 
are  in  the  arts  as  a  source  of  picric  acid,  and  in  the  manu- 
facture of  lacs  and  varnishes. 

Dose,  from  0..5  to  1  gm.  (gr.  viij.  ad  xvi.).  It  may  be 
given  in  aleoliolie  solution.  W.  P.  Bolles. 

XANTHOXYLUM.     See  Ash,  Prickly. 

XERODERMA.     See  7c/(  thyosis. 

XEROFORM.     Sec  Tribromi)lienol bismuth. 

XEROSTOMIA.    See  Parotid  Gland,  Diseases  of. 

X-RAYS.     See  Roentcjen  Rays,  etc. 

XYLOL. — A  hydrocarbon,  or  mixture  of  isomeric  hy- 
drocarbons of  the  composition  C„H4(CH3)2,  occurs  as'a 
constituent  of  coal  tar,  and  is  known  as  .rylol  or  xylene. 
This  sidjstancc  is  principally  ineta.ryhne  (nietndinu't/ei/l- 
bemene).  with  a  certain  proportion  of  /iam.r//leiic  (jin'ra- 
dimethylhemene),  and  iiossibly  .some  other  hydrocarbons. 
Pur(!  metaxylene  can  be  obtained  by  special  jirocesses. 
Xylol  is  a  thin,  colorless  lltiid  of  a  faint  odor,  reminding 
somewhat  of  that,  of  benzene,  and  of  a  burning  taste.  It 
isins<flublein  water,  but  solublein  alcohol.  Medicinally, 
.<ylol  has  been  used  in  the  treatment  of  smallpox,  and 
liad  at  one  tinie  an  ephemeral,  but  undeserved,  reputa- 


tion as  a  remedy  for  the  disease.  It  was  administered 
internally  in  doses  of  from  ten  to  fifteen  drops,  in  enud- 
sion.  and  was  also  applied  locally  to  the  tliroat.  It  is 
now  olisoletc  as  a  medicine.  Edward  Vitrtis. 

YADKIN  MINERAL  SPRINGS.— Stanley  County, 
North  Carolina. 

Post-Ofkk'E. — Palmersville.     Boarding-houses. 

Access.— Via  Southern  Kailroad  to  "New  Loudon, 
thence  six  miles  by  private  conveyance  to  spring.s. 

This  resort  is  charmingly  located  in  a  wild  and  pictur- 
esque region  penetiated  r)y  the  Yailkin  Hiver,  antl  cov- 
ered by  the  Oconsechee  Range  of  mountains.  Like  the 
usual  North  Carolina  mountain  climate,  the  atmospheric 
conditions  prevailing  in  this  section  are  eminently  con- 
ducive to  good  health  and  longevity.  The  rainfall  at  the 
springs  is  about  tifty-three  inches  annually,  and  is  quite 
uniforndy  distributed  through  the  seasons.  There  is  no 
hotel,  but  during  the  season,  from  May  to  Novendier, 
accommodations  may  be  obtained  at  a  reasonable  rate  in 
a  nuirdier  of  private  boarding-houses.  The  springs  are 
two  in  number,  a  chalybeate  spring  yielding  sixty  gal- 
lons of  water  per  hour,  and  a  sulphur  spring  flowing  at 
the  rate  of  one  hundred  and  eighty  gallons  per  hour. 
No  qualitative  analysis  is  available.  jMuch  beautiful 
scenery  is  foiuid  in  the  neighborhood  of  the  springs;  the 
falls  of  the  Yadkin  Kiver,  the  Narrows,  and  the  "Devil's 
Den,"  a  great  cave  in  the  hills,  being  the  most  promi- 
iiciit.  .J,<ines  K.  Crook. 

YARROW.— .■l'-//('//,Y7,.  ililfoil.  Achillea  L.  (fatn.  Com- 
pemta-}  is  a  genus  of  more  than  one  hundred  species, 
.several  of  which,  from  ancient  times,  have  been  used  iu 
domestic  and  professional  medicine.  The  most  imjior- 
tant  of  these  is  ^4  millefolium  L.,  the  herb  of  which  is 
used.  It  is  a  perennial"  jilant,  indigenous  to  Asia  and 
Europe  and  largely  naturalized  (or"  perhaps  native)  iu 
North  America.  Its  active  principles  are  a  very  small 
amount  of  a  volatile  oil,  and  the  bitter  g\\\cofi\dv  iichillein. 
Aconitic  acid  also  occurs,  with  considerable  tannin,  a  lit- 
tle gum  and  resin.  The  drug  is  to  be  classed  as  an  ordi- 
nary aromatic  bitter,  somewhat  like  chamomile.  The 
dose  varies  from  0.3  to  3  gm.  (gr.  v.  to  xxx.). 

lien  ry  11.  Rushy. 

YAWNING. — (Synonyms:  Gaping,  Oscitation;  Germ., 
Giihnin  ;  Fr.,  BiHllement.) 

Definition. — Yawning  is  a  phy.siological  modification 
of  respiration  by  which  the  act  is  intensified.  It  consists 
in  an  involuntary,  forcible,  and  profound  inspiration, 
followed  by  a  pause  and  a  prolonged  expiration.  When 
fully  developed,  it  is  accompanied  by  a  wide  opening  of 
the  mouth,  an  elevation  of  the  velum  ]ialati,  and  depres- 
sion of  the  larynx,  a  roaring  sound,  and  usually  a  click 
in  each  ear,  a  (low  of  saliva,  and  a  suffusion  of  the  eves 
with  tears,  and  a  more  or  less  imperative  impulse  to  ex- 
tend the  limbs,  especially  the  arms  (pandiculation),  to 
bow  and  twist  the  trunk",  and  to  throw  back  the  head. 
The  inspiratory  act  is  frequently  audible,  and  the  exjiira- 
tion  usually  acquires  a  distinct  blowing  sound.  The 
elevation  of  the  palate  clo.ses  the  posterior  nares  and 
causes  the  air  to  be  admitted  wholly  through  the  mouth. 
In  the  same  way  the  Eustachian  tubes  are  closed,  caus- 
ing momeutaiy  obtunding  of  hearing.  Tlie  contraction 
of  the  palatal  muscles  often  precedes  the  opening  of  the 
mouth,  and  tends  to  persist  for  a  moment  after  its  clos- 
ure. The  commencement  of  their  contraction  is  not  in- 
frequently accompanied  by  a  rapid  succession  of  three  or 
foiu'  short,  broken  ins])iratory  etfortS- 

PtiYsioi.oGY. — Yawning  is  a  physiological  expression 
of  fatigue  and  a  dis])osition  to  sleep.  It  may,  liowever, 
arise  from  a  retardation  of  the  respiration,  or  from  any 
infiuence  which  will  impair  the  oxygenation  of  the  blood. 
It  is  frequently,  therefore,  a  product  of  melancholy,  lan- 
guor, enntn,  torpor,  or  debility,  or  of  the  malaise  "which 
precedes  tlie  onset  of  disease.  It  is  liable  to  follow  pro- 
longed abstraction  of  inind  or  concentration  of  thought. 
It  is  sometimes  the  result  of  feelile  or  laborious  digestion, 
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of  gastralgia,  or  of  otber  disorder  of  the  digestive  organs; 
or  it  may  occur  in  lesponse  to  a  demand  for  increased 
activity  "of  circulation.  It  may  be  sympathetic.  To 
some  individuals  it  is  habitual,  occurring  without 
fatigue,  and  being  but  the  outgrowth  of  the  lassitude  or 
indolence  of  tlieir  natures.  It  may  sometinit'S  be  attrib- 
uted to  the  possession  of  an  inferior  degree  of  intelligence, 
a  slothful,  inactive,  effeminate,  timid,  or  lustful  disposi- 
tion incapable  alike  of  vigorous  mental  exertion  or  of 
prolonged  physical  activity. 

That  yawning  ma_y  be  the  response  to  a  demand  for 
increased  activity  of  o.xygenation  in  the  lungs  is  de- 
monstrated by  placing  an  animal  in  an  irrespirable  at- 
mosphere. Repeated  yawning  occurs  shortly  bctore  the 
animal  sticcumbs  to  asphyxia.  The  phenomenon  is 
therefore  usually  explained  on  the  supposition  that  it  is 
due  to  a  stinuilus  transmitted  from  the  central  nervous 
svstem  in  response  to  a  peripheral  impression,  in  most 
cases  arising,  in  part  at  least,  from  the  respiratory  ai)|)a- 
ratus.  Louget  has  attributed  it  to  the  accumulation  of  too 
great  a  quantity  of  venous  blood  in  the  right  side  uf  the 
heart,  whence  the  peripheral  impression  is  supposed  to 
proceed.  From  wliatever  source  we  derive  the  periph- 
eral impression,  however,  the  act  is  generally  ailmitted  to  . 
be  rellex  in  character.  Of  the  reflex  nature  of  the  stimu- 
lus «lii<h  produces  the  muscle  contractions  in  the  ex- 
tremities, there  can  be  no  doubt;  for  it  is  a  matter  of 
repealed  observation  that  the  hand  which,  owing  to  ]ia- 
ralysis,  has  been  for  years  beyond  control  of  the  will,  and 
has  become  tirmly  contracted  by  post-paralytie  rigidit,y 
of  its  flexor  muscles,  will  often  become  distended  dtiring 
yawning.  It  is  evident  here  that  the  stimulus  can  ema- 
nate only  from  the  spinal  centres. 

The  mechanisin  of  yawning  is  the  same  as  that  of  nor- 
mal respiration  ;  the  same  muscles  are  called  into  action, 
but  their  movements  are  more  extended.  (See  llcxpim- 
tioii.  Vol.  VI.)  The  diaphragm,  the  scaleni,  the  sterno- 
dcido-niastoids,  the  clavicular  portions  of  the  trape/.ii,  the 
lesser  pectorals,  the  subclaviculars,  the  external  iutercos- 
tals,  the  serrati  magni,  the  rhomboids — in  fact,  all  the 
muscles  which  normally  act  as  direct  or  as  auxiliary 
forces  in  the  fidl  expansion  of  the  chest,  take  part  in 
the  insjiiratory  movement ;  and  all  the  muscles  of  forced 
expiraiioM  are  called  into  action  in  the  expiratory  stage. 
In  the  fully  developed  yawn  there  is  the  action  also  of 
the  muscles  of  the  face,  the  depressors  of  the  lower  jaw, 
the  dilators  of  the  nostrils  and  upper  lip,  the  orbiculares 
palpebrariun,  the  zygomatics,  and  of  the  depressors  of 
the  hyoid  bone  and  larynx,  and  finalh'  of  the  mu.sdes  of 
the  back  in  the  bowing  of  the  trunk,  and  of  the  extensors 
of  the  extremities  when  stretching  occurs. 

Yawning  is  involuntary.  It  begins  without  the  sanc- 
tion of  the  will,  and,  once  begun,  it  cannot  be  arrested. 
In  this  it  resembles  sighing,  sneezing,  hiccough,  and 
other  moditications  of  respiration,  without,  however, 
possessing  their  full  spasmodic  quality.  Yet  the  will  is 
not  entirely  deprived  of  influence  over  it;  for  a  yawn 
may  be  often  in  a  measure  concealed  by  a  forcible  effort 
at  "closure  of  the  jaws,  and  the  mouth  may  be  closed 
before  the  yawn  has  subsided.  It  may  be  imitated,  but 
noan-.ount  of  elfort  will  induce  it  unless  a  sufficient  cause 
for  it  exist.  As  Carpenter  .says,  "this  act  may  be  per- 
formed by  the  will,  though  not  completely  :  and  is  one 
that  is  particularly  excited  by  an  involuntary  tendency 
to  imitation,  as  every  one  must  have  experienced  who  has 
ever  been  in  company  with  a  set  of  yaw  ners." 

After  yawning  there  is  usually  a  momentary  pause  in 
the  respiratory  movements,  followed  by  normal,  tranquil 
breatliing.  Tlie  forced  respiration  has  not  only  supplied 
.he  blood  with  its  needed  oxygen,  but,  aided  by  the  mus- 
cular contractions,  has  removed  venous  engorgement  and 
accelerated  the  systemic  circulation.  At  the  same  time, 
a  moment's  relaxation  has  been  given  to  the  fatigued 
body,  and  a  sense  of  relief  is  usually  afforded. 

Symptomatology. — The  value  of  yawning  as  a  s_ymp- 
tom  has  been  at  different  times  very  differentl}' estimated. 
Hippocrates  recognized  it  as  a  precursor  of  a  fever,  par- 
ticularly of  intermittent  fever.     From  its  frequency  and 


intensity  he  prognosticated  the  severity  and  duration  of 
the  disease.  Yawning,  with  suffusion  of  the  eyes  and 
pandiculation,  was  in  early  times  among  the  most  valued 
factors  in  the  diagnosis  of  the  eruptive  fevers.  Occur- 
ring during  parturition,  it  was  an  evil  omen.  Roederer, 
in  1759,  believed  that  he  had  ol.)served  a  death  from  it. 
The  yawning  of  the  infant  wasalsoa  cause  for  solicitude. 

It  is  now  comparatively  seldom,  however,  that  we 
think  of  yawning  as  more  than  an  indication  of  fatigue 
and  a  precursor  of  sleep,  or  of  lassitude  and  a  lazy  dis- 
position. But  that  it  may  denote  a  diseased  state  of  the 
system  is  a  well-recognized  fact.  As  indicative  of 
fatigue,  it  may  be  a  symptom  of  profound  mental  or 
physical  exhaustion.  It  may,  in  fact,  of  it.self  constitute 
a  morbid  condition  of  spasmodic  nature  and  of  grave 
import.  It  is  not  infrequently  indicative  of  a  deficient 
oxygenation  of  the  blood,  especially  when  it  is  associated 
with  the  dyspna-a  which  results  from  the  lung  consoli- 
dation of  fibrinous  pneuuKmia,  the  lung  compression  of 
hydrothorax  or  pneumothorax,  or  after  profuse  and  ex- 
hausting hemorrhages.  In  thS  latter  connection,  it  is 
at  times  a  valuable  factor  in  the  diagnosis  of  concealed 
hemorrhage. 

Modern  experience  has  but  confirmed  the  observations 
of  the  ancients  with  regard  to  the  occurrence  of  yawning 
in  the  prodromal  stage  of  fevers,  particularly  of  tlie  in- 
termittents.  In  these,  as  also  in 'such  neurotic  affections 
as  epilepsy,  hysteria,  catalepsy,  and  somnambulism,  fre- 
quent gaping  often  signifies  the  immediate  supervention 
of  a  seizure.  AVhen  it  occurs  during  the  course  of  a  dis- 
ease it  not  seldom  indicates  the  aiqjrcjach  of  resolution  or 
of  a  crisis.  It  is  so  frequently  observed  during  parturi- 
tion, however,  as  a  consequence  merely  of  fatigue,  that 
no  great  significance  is  now  attached  to  it. 

As  a  symptom  of  feeble  or  suppressed  menstruation  in 
anaemic  young  girls,  it  is  probably  in  most  instances  a 
manifestation  of  hysteria,  .so  often  a  complication  of  this 
disorder.  It  is  probable  also  that  many  of  the  reported 
cases  of  spasmodic  j-awnin.g  have  been  of  hysterical 
origin.  Nevertheless,  cases  have  been  reported  in  which 
yawning  of  a  spasiuodic  character  developed  without 
hysteria,  and  resembled  whooping-cough.  s])asmodic 
laughing,  crying,  sneezing,  etc.  Of  a  refiex  nature,  the 
affection  may  be  indicative  of  various  disorders  of  the 
central  nervous  S3'Stem,  particularly  of  cerebral  antemia, 
of  circulatory  disturbances  in  the  medulla  oblongata,  or 
it  may  occur  in  the  wake  of  cerebral  hemorrhage.  It 
also  shows  a  predilection  for  individuals  who,  from  nec- 
essity, are  confined  to  small,  closely  crowded  work-rooms, 
and  for  convalescents  from  neuralgic  affections,  espe- 
cially cardialgia  and  hemicrauia. 

To  the  surgeon  yawning  is  of  interest  chiefly  on  ac- 
count of  its  occasionally  producing  luxation  of  the  lower 
jaw.  The  tnechanism  of  this  accident  is  considered 
under  Dislocations,  in  Vol.  III.  James  M.  French. 

YAWS  is  a  chronic,  highly  contagious  disease,  prob- 
ably caused  by  a  micro-organism,  confined  to  certain 
tropical  countries,  and  characterized  by  a  peculiar  cuta- 
neous eruption  which  goes  through  the  stages  of  sijuama;, 
papules,  and  tubercles;  it  is  accompanied  by  a  variable 
(but  generally  slight)  amount  of  constitutional  disturb- 
ance, and  tends  to  recovery. 

Synony'ms. — Yaws  is  the  coiumon  name  given  to  this 
disease  in  the  British  colonies  and  by  the  negroes  fnmi 
West  Africa.  Sauvages,  in  17.59,  suggested />((/;//«r.v/((  as 
the  scientific  name,  from  the  resemblance  of  the  split 
tubercle  to  a  raspberry  (/rrtwiozse) ;  though  Rat  thinks 
that  the  characteristic  tubercle  is  more  like  the  top  of  a 
pickled  caidiflower  than  a  raspberry.  Charlouis,  in  18!S1, 
proposed  jmlypapiUoma  tropicum ;  and  later,  Nicholls  has 
suggested  granvloma  tropicum  as  a  more  correct  and 
scientific  designation.  And  it  is  to  be  regretted  that  one 
or  otber  of  these  two  names  has  not  found  universal  ac- 
ceptance. Different  places,  too,  have  furnished  different 
names  for  this  disease,  the  chief  of  which  arc  as  follows: 
In  the  French  West  Indies  it  is  called  jiinn  ;  in  Brazil 
and   the    Spanish  and    Portuguese    possessions,   bubas, 
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bobas  ;  in  Ceylon,  parinu/i ;  in  the  Dutch  Indies,  paiek; 
on  the  Gold  Coast,  djorlor.  diibe,  duhe.n,  toiif/ura  ;  in  Cala- 
har.  fnimosi  ;  iu  Congo,  te.Ua  ;  in  Samoa,  liijuini,  tumo ;  in 
Fiji,"  eoko  ;  in  New  Caledonia,  ton//u,  Umo  ;  in  the  Moluc- 
cas, boiiton  d' Amhoine. 

Geogkai'iiicai,  Distribution.— Yaws  is  endemic  in 
the  tropics,  chiefly  in  the  West  India  Islands  (notably 
Dominica  and  Jamaica),  Central  and  South  America, 
Western  Africa,  Jlozambiciue,  Bladagascar.  Ceylon,  Java. 
the  East  Indian  Archiiiulago,  and  I'olynesia.  Its  limits 
seem  to  be  ten  degrees  on  each  side  of  the  Equator; 
though  lately  cases  "have  been  reported  from  Kiuibcrley, 
in  South  Africa.  Negro  slaves  from  Africa  probably 
took  the  disease  to  the  West  Indies.  The  lirst  account 
of  the  afl:ectiou  was  given  by  Oviedo  in  1.52.^;  he  met 
with  it  in  Hispaniola  (now  St.  Domingo). 

Etiology. — The  direct  cause  of  the  disease  is  un- 
doubtedly a  micro-organism,  but  so  far  it  has  not  been 
absohitefy  identified.  Hirsch,  Pierez,  and  Nicholls  and 
Watts  have  reported  the  finding  of  a  micrococcus,  to 
which  the.v  ascribe  the  disease:  Breda  attributes  yaws  to 
a  bacillus';  and  Powell  to  a  yeast.  Yaws  is  generally 
acquired  hy  direct  contagion,  and  is  inoculable  through 
a  sore,  or  an  abrasion  of  the  skin,  also  b.v  the  nipples  of 
a  nursing  mother  or  the  mouth  of  an  infant;  but  flies, 
mosquitoes,  and  other  insects  may  also  be  the  means  of 
disseminating  the  disease.  It  is  also  transmitted  by 
clothes,  rugs  and  mats,  and  dirt  from  the  flo(n-  or  waifs 
of  filth}-  and  infected  hovels.  As  predisposing  factors 
may  be  mentioned;  Age.  Infants  below  one  or  two  years 
are  generall_v  exempt ;  children  between  two  and  four- 
teen years  are  most  liable  to  be  attacked  by  the  disease. 
Se.v  has  but  little  influence,  the  number  of  males  affected 
being  slightly  in  excess  of  the  females.  Race.  The  negro 
is  much  more  liable  to  yaws  than  the  white  man  or 
mulatto.  Ilyr/iene  is  an  important  factor  in  this  apparent 
inmuinity  of  the  whites;  and  the  negro's  absolute  igno- 
rance of  and  indifference  to  things  hygienic  will  go  far 
to  explain  his  susceptibility  to  j'aws.  A  constitution 
worn  out  by  disease  or  dissipation  and  unhj'gienic  sur- 
roundings are  potent  i>redisposing  factors.  Heredity 
plays  no  part,  for  children  are  not  born  with  j'aws;  this 
is  an  important  difference  between  this  disease  and 
syphilis.  But  Hallen  has  reported  a  case  of  yaws  in  an 
infant  twenty  days  old.  The  mother  was  suffering  from 
yaws  and  the  child  probably  got  infected  during  labor. 
Viicf-inniioii  seems  to  have  a  favorable  influence  on  the 
disease.  In  pei'sons  who  have  been  vaccinated  an  attack 
of  j-aws  is  generally  very  mild,  while  a  similar  result  is 
often  experienced  from  vaccinating  a  person  suffering 
from  yaws.  One  attack  of  yaws  usually  confers  immu- 
nity from  future  attacks,  at  any  rate  for  a  number  of 
years ;  but  occasionally  a  person  acquires  the  disease  a 
second  or  even  a  third  time. 

Symptoms  and  Course  op  the  Disease. — The  disease 
begins  with  a.  period  of  incubation,  of  from  two  to  eight 
weeks  (but  generally  nearer  the  former  figure),  and  last- 
ing till  the  appearance  of  the  local  lesion.  Usually  tliere 
are  no  prodromes,  and  occasionally  there  are  a  few  vague 
symptoms,  such  as  malaise,  languor,  headache,  itching, 
pains  in  the  limbs,  vertigo,  constipation,  fever,  and  palpi- 
tation of  the  heart.  In  children  these  symptoms  are  apt 
to  be  more  pronounced.  This  is  followed  by  the  ervptiiv 
star/e,  which  may  last  for  a  ]icriod  varying  from  a  couple 
of  months  to  as  many  years.  The  symptoms  mentioned 
above  become  more  pronounced,  and  the  skin  becomes 
dry,  scaly ,_  and  lustreless,  and  in  the  negro  lighter  in 
color.  This  squamous  eruption  soon  gives  place  to  pap- 
ules, one  or  more  of  which  may  sometimes  be  found,  on 
close  examination,  at  the  scat  of  the  inoculation.  These 
papules  at  the  point  of  inoculation  may  either  heal  (with 
treatment  in  about  two  weeks,  or  without  treatment  in 
about  two  months),  or  break  down  and  ulcerate.  They 
arc  most  apt  to  appear  on  the  face,  peiineum,  areola  of 
the  breast,  genitals,  anus,  toes,  lips,  mouth,  and  nose, 
also  at  the  junction  of  the  mucous  membranes  with  the 
skin.  The  papule,  which  at  first  is  about  the  size  of  a 
pinhead,  grows  to  the  dimensions  of  a  pea  or  a  pingpoug 


ball,  or  even  larger.  It  is  conical  in  shape,  and  the  skin 
over  it  becomes  thinner  and  redder  and  more  shiny,  and 
eventually  splits  in  the  centre  of  the  tubercle  or  granu- 
loma, as  it  is  now  called.  On  the  splitting  of  the  skin 
there  appears  a  raw  protuberance  which  seems  to  push 
itself  through  the  epidermis;  this  is  t!ie  " framheiise,''  and 
is  often  covered  with  an  offensive  exudate  of  a  dull  sero- 
purulent  fluid,  which  forms  a  scab;  and  this,  if  removed, 
is  replaced  by  new  crusts.  The  surface  under  these 
crusts  is  red  except  in  cachectic  individuals,  when  it  is  of 
a  dirty-yellow  color.  These  tubercles  are  either  single 
or  they  coalesce,  or  they  may  appear  in  successive  crops; 
they  are  the  essential  lesion  of  yaws.  They  may  measure 
as  much  as  two  or  three  inches  in  diameter,  and  a  quarter 
of  an  inch  in  thickness.  They  are  not  painful  or  tender 
to  pressure,  except  when  they  are  situated  in  the  palms 
of  the  hands  or  the  soles  of  the  feet  or  under  the  nails. 
When  situated  in  the  axilla  or  on  the  thigh  they  are  apt, 
from  ])ressnre,  to  become  flat.  The  tubercles  gradually 
shrink,  and  the  scabs  or  crusts  drop  off,  leaving  only  a 
macule  which  itself  eventually  disappears.  The  lym- 
phatic glands  in  the  immediate  neighborhood  are  some- 
times involved,  in  which  case  they  become  swollen,  and 
may  even  suppurate.  During  this  stage  some  squama; 
and  papules  may  also  be  present.  A  few  papules  occa- 
sionally remain  after  the  others  liave  disappeared,  and 
are  called  by  the  negroes  "  memba  "  yaws  ("  memha  "  being 
equivalent  to  remember).  In  a  inilfl  case  of  yaws  there 
are  no  seciueUi! ;  but  in  severe  cases  and  in  the  debilitated 
and  dis.sipated  there  may  be  .serious  ulceration,  also  bone 
lesions;  but  the  latter  are  more  apt  to  be  a  result  of 
syphilis,  and  the  possibility  of  this  disease  being  present 
with  yaws  must  not  be  overlooked.  At  the  same  time 
care  must  be  taken  not  to  give  too  much  mercury,  or 
serious  results  may  follow,  for  which  the  yaws  is  not  re- 
sponsible. 

Irregular  Vakieties. — Occasionally  one  of  the  yaws 
tubercles  is  larger  than  the  others,  is  more  or  less  isolated, 
comes  eai'lier,  or  la.sts  longer,  and  is  considered  by  the 
negroes  to  be  responsible  feu-  the  other  tubercles ;  such  a 
one  is  called  a  '^maman  "  pian  or  "  mother  "  yaw.  When 
the  soles  of  the  feet  and  palms  of  the  hands  are  affected, 
there  is  apt  to  be  severe  inflammation ;  and  the  disease 
thus  localized  is  called  erab  yaws,  crabs,  crappox,  tubboes, 
or  tubba.  liinr/trorm  pairs  is  the  name  given  when  the 
papules  become  confluent  and  are  arranged  circularly. 

Pian  d'arlre  is  the  name  given  when  most  or  all  of  the 
tubercles  are  replaced  by  yellowish  spots  slightly  ele- 
vated. 

When  a  number  of  tiny  vesicles  remain  scattered  over 
the  trunk  the  condition  is  called  Pian  gratelle.  This  is 
an  occasional  sequel  of  yaws. 

Diagnosis. — The  transition  of  the  squamse  to  papules 
and  later  to  tubercles  which  split  and  exhibit  a  tumor 
with  a  yellowish  discharge,  is  fairly  characteristic  of 
yaws.  Syphilis  is  the  disease  Avith  which  yaws  is  most 
likel}'  to  be  contouuded.  Hutchinson  believes  yaws  to 
be  a  species  of  sj'philis  modified  perhaps  by  climate  and 
race,  but  still  syphilis.  Pierez,  Powell,  Nicholls,  Rat, 
and  most  other  observers  believe  that  these  two  diseases 
are  absolutely  distinct.  Among  the  points  of  difference 
may  be  mentioned ;  1.  Yaws  is  practically  confined  to  the 
tropics,  while  syphilis  is  found  almost  ever3-where.  2. 
Yaws  is  not  hereditary;  ,sy]ihilis  is  hereditarj-.  3.  In 
yaws.the  primary  lesion  when  found  is  a  soft  ulcer;  in 
syphilis  it  is  a  hard  chancre.  4.  Yaws  does  not  invade 
tiie  nervous  system  or  viscera;  s.ypliilis  attacks  both.  ,5. 
In  yaws  there  is  considerable  itching;  in  syphilis  none. 
6.  The  eruption  in  yaws  is  characteristic  and  sui  generis  ; 
that  of  syphilis  is  polymorphous.  These  are  enough  to 
differentiate  lietwecn  the  two  diseases;  but  it  must  be 
remembered  llial  both  syphilis  and  yaws  can  occur  in  the 
same  patient. 

P.VTUOLOGY. — According  to  Macleo_d  ("Pathology  of 
the  Skin"),  the  clinical  lesions,  namely,  S(|Uames,  pap- 
ules, and  tubercles,  are  stages  in  the  evolution  of  a  com- 
mon histological  process. 

I.  "  Changes  in  the  Coriiim. — 1.  Blood-vessels;  Dilata- 
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tion,  and  tortuosity  of  those  in  the  papillaiy  and  sub- 
papillary  layers;  no  thickening  of  the  vessel  walls  or 
endothelial  proliferation ;  vessels  persist  in  the  granuloma. 
2.  Cellular  infiltrate  consists  of:  ('()  Plasma  cell  infiltra- 
tion at  first  most  marked  in  tlie  neighborhood  of  the  ves- 
sels, follicles,  and  glands,  rapidly  becoming  diffused ;  no 
definite  arrangement  in  rows;  no  large  multinuclear  cells 
or  true  giant  cells,  (b)  JIast  cells,  ccmneetivc-tissue 
cells,  and  small  mononuclear  cells;  no  tendency  to  organ- 
ization detected,  (c)  Marked  extravasation  of  polynu- 
clear  leucocj'tes.  3.  Fibrous  stroma:  (a)  Collagen  at- 
tenuated where  the  granuloma  is  densest;  no  definite 
degeneration,  (i)  Elastin  similarly  alfected.  4.  Hair 
follicles,  sebaceous  glands,  and  coil  glands  seemed 
healthy. 

"II.  Cluiiiffcs  in  the  Epidermis. — 1.  Marked  prolifera- 
tion and  down  growth  of  the  interpapillary  processes  so 
great  in  the  older  lesions  as  to  resemble  condyloma  acu- 
minatum. 2.  Basal  layerinterrupted.  3.  CEdema  aifect- 
ing  prickle  cells  and  interepithelial  spaces.  4.  Disaji- 
pearanceof  pigment  in  the  affected  area.  5.  Transitional 
layers  imperfect.  6.  Cornification:  marked  hyperkera- 
tosis and  parakerato.sis,  with  deposition  of  leucocytes  and 
debris  between  the  horny  lamella-."     (Jliicleod.) 

Prognosis. — This  is  favorable,  as  the  disease  nearly 
always  terminates  in  recovery.  Under  proper  treatment 
a  period  of  a  few  months  suffices  for  restoration  to  liealth. 
Very  young  cliildreu  and  the  feeble  and  dissipated  may 
die  of  exhaustion. 

TnEAT.MENT. — Cleanliness  and  proper  hygiene  are  the 
best  prophylactic  measures.  Tb.e  first  step  in  treatment 
is  the  segregation  of  those  afflicted.  So  necessary  has 
this  been  found  that  in  some  of  the  West  India  islands, 
e.g.,  Dominica,  there  are  yaws  hospitals  to  which  those 
suffering  from  the  disease  must  go  under  pemilty  of  im- 
prisonment. Actual  treatment  con.sists  in  cleansing  the 
patient,  then  in  the  use  of  local  antiseptic  washes,  good 
nourishing  food,  and  tonics.  The  drugs  most  often  used 
are:  iron,  arsenic,  iodide  of  potassium,  mercury.  The 
bowels  must  be  regulated,  and  any  concurrent  diseases, 
such  as  syphilis,  be  appropriately  treated.  In  fruh  yaii-s 
the  feet  and  hands  should  be  soaked  in  hot  water  and 
the  softened  skin  then  pared  away  till  the  yaw  growth 
is  exposed ;  it  can  then  be  treated  as  mentioned  above. 

li.  J.  E.  S-ott. 

LlTKF.ATUEE. 

Scbpiibe"s  Diseases  of  'VVanii  Cliiiiiites;  Hirscli's  Geopraplilcal  and 
Historiral  Patholofr.v  ;  a  pa(n'r  l>y  I'ierez.  in  the  Ti-ansuL-tiuns  of  the 
Pan-AnnTiean  Medical  con^rej^s  "f  1893;  an  article  l>y  Firth  in 
Allbutt's  Sy.stem  of  Medicine;  and  an  article  by  Nicholls  in  the 
Twentieth  CentuiT  Practice  of  Medicine ;  with  the  bibliogi'aphy 
supplied  in  each. 

YEAST. — (Cerevisiiv  FermenUnn  ;  Leai-en.)  The  fun- 
gus Snccharomyces  Cenrisia;  Meyer  (fam.  Saccharoiny- 
eeten).  in  its  commercial  forms  more  or  less  mixed  with 
vegetable  substances  constituting  its  nutrient  medium. 

The  alcohol   ferment  so  well  known  under  the  name 

brewers'  yeast,  consists  chiefiy  of  living  cells  of  the  plant 

named  above,    mixed  according   to    convenience    wilh 

starch,   sugar,    malt,    meal,  or  similar  substances,  and 

•  sometimes  with  hops. 

This  little  plant  consists,  in  its  usual  form,  of  single 
ovoid  cells  containing  turbid  protoplasm  and  vacuoles 
(vide  Fig.  5045,  /)  about  the  ^ijf^^^  of  an  inch  in  length. 
These  cells,  in  active  }'east,  increase  in  numbers  to  an  in- 
credible extent  by  budding  (Fig.  5045,  ('/,  Hi,  ir),  usu- 
ally separating  almost  as  fast  as  the  new  cells  attain  an)- 
considenible  size,  but  also  often,  especially  upon  the  sur- 
face or  where  the  fermentation  is  slower,  cohering  for  a 
while  in  colonies  (c);  under  rare  circumstances,  mother 
cells  (asci  ?)  are  formed  in  which  two  or  several  cells  are 
differentiated,  and  finally  lilierated  by  the  disappearance 
of  the  original  cell  wall ;  these  then  grow  and  bud  in  the 
same  way  as  tlie  preceding,  Duiing  the  growth  and 
mnltiplication  of  these  little  cells  starch  and  the  different 
sugars  ai'e  ultimately  disintegrated  into  alcohol  and  car- 
bon dio.\ide.  (See  the  articles  on  Bacteria,  Enzymes,  and 
Feniieiitdtiiiii.) 

Vol.  Vm.— 21 


The  early  history  of  yeast  is  lost  in  antiquity.  It  is 
frequently  mentioned  in  the  Bible  as  leaven,  and  in  somtj 
shape  or  another  has  been,  and  is,  used  by  nearly  all  races 
of  mankind;  its  production  in  the  great  beer  and  spirit 
breweries  of  Europe  and  America  amounts  to  thousands 
of  tons,  and  it  is  consumed  and  often  made  in  nearly 
every  family  of  Christendom. 

As  a  commercial  product,  yeast  exists  in  three  principal  ■ 
forms:  (1)  Brewers'  yeast  (formerly  official  in  England), 
the  skimmings  of  the  fermenting  beer  vats,  containins:  the 
plant  in  a  state  of  high  activity,  of  which  the  following 


Fi(i.  5(14.1.— rells  of  Ordinary  Brewer's  Yeast.     (Copied  from  an  Atlas 
of  Practical  Elementary  Biology,  by  (i.  B.  Howes,  London,  1885.) 
i.  a.  Hi,  ii\  Stages  in  division  of  the  same  cell ;  ia,  cell  i  as  seen 
under  Gundlach's  one-si.\teenlh  immersion  lens ;  r,  a  branching  I 
colony,  the  cells  of  which  still  retain  their  original  connections. 

was  the  official  description:  "Viscid,  semi-fluid,  frothy, 
exhibiting  under  the  microscope  numerous  isolated, 
roundish,  or  oval  cells,  or  short-branchud  filaments  com- 
posed of  united  cells;  odor  peculiar,  taste  bitter";  (2) 
cake  yeast  (di-y)  consists  of  the  above  mixed  witb  starch 
flour  or,  usually,  in  this  country,  Indian  meal,  rolled  and 
cut  into  little  biscuits  and  dried ;  and  finally,  (3)  super- 
seding both  the  above  forms  for  domestic  Use  in  cities 
and  towns,  the  German  or  compressed  yeast  in  little 
moist  cakes  enclosed  in  tiitfoil,  which  consists  of  an  al- 
most solid  mass  of  yeast  ceils  with  a  minimum  of  starch  or 
sugar.  This  is  made  by  taking  the  beer  skimmings  and 
repeatedl}' washing  and  straining  them,  and  allowing  the 
cells  to  settle,  and  finally  pressing  nearlv  diy  between 
cloths;  or  by  propagating  them  in  a  definite  mixture  of 
barley-malt,  rye  flour,  and  barley,  and  collecting,  wash- 
ing, and  pressing  in  the  same  way.  "  Compressed  "  yeast 
is  a  very  concentrated  and  active  form  of  yeast.  In  its 
moist  state,  however,  it  does  not  keep  very  well,  and 
should  be  obtained  fresh  every  day  or  two,  and  laid  in 
the  ice  chest  until  wanted. 

Whether  the  characteristic  properties  of  yeast  are  de- 
pendent upon  the  existence  and  manifestation  of  life  in 
the  plant,  or  are  merely  the  result  of  chemical  activity 
on  the  part  of  some  principle  capable  of  extraction  in  an 
active  state,  has  been  an  intensely  interesting  and  liighlj- 
important  question  ever  since  the  discovery  of  active 
constituents  in  plants.  The  most  recent  experiments  by 
Bl'iehner  seem  to  prove  that  the  latter  is  true,  the  enzyme 
zymase  having  been  described  bj'  him.  Since  it  is  inca- 
pable of  escaping  through  the  pores  of  the  cell  wall,  its 
extraction  is  dependent  upon  a  process  of  extreme  dis- 
integration. Zymase  retains  its  properties  after  extraction 
for  only  a  comparatively  short  period,  a  few  months  be- 
ing the  longest  time  recorded. 

Into  the  geuei-al  uses  of  yeast  it  is  not  the  design  of 
this  article  to  enter.  It  is  concerned  in  the  production  of 
all  beers,  wines,  and  liquors,  and  of  the  common  "raised  " 
breads  and  cakes.  As  a  modifier  of  food  in  these  in- 
stances it  has   considerable  dietetic   importance;   when 
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mixed  with  a  modorately  tliick  dough,  the  disengage- 
nieut  of  carbonic  acid  talving  place  throughout,  tills  it 
■with  innumerable  niiiiule  interstitial  bubbles,  or  makes 
it  sponsiy.  US  the  housewives  say,  or  light.  If  baked  in 
thiscond'ilion  tlu'sebubblcscxpand  with  the  heat,  making 
the  bread  still  "lighter,"  or  more  porous,  and  in  a  condi- 
tion for  luore  ready  disintegration  in  the  stomach  and  in- 
testine than  breads  made  without  yeast,  and  depending 
upon  the  vaporization  of  water  only  for  their  lightness. 
The  alcohol  is  mostly  dis.sipatcd  in  the  baking  and  cool- 
ing of  the  bread:  the  cooked  yeast  itself  is  probably  of 
no  special  dietetic  consequence. 

In  medicine  yeast  is  now  scarcely  used.  It  has  been 
given  in  indigestion,  dyspepsia,  etc.,  but  is  of  little  con- 
Bequeuce  (there  are  yeast  cells  in  or  upon  our  food  almost 
always).  Dose  of  liquid  yeast,  1.5  or  20  gm.  (  3  ss.).  It 
Btill  survives  to  a  moderate  extent  as  a  poultice  (Cata- 
plasma  Fermenti),  which  is  simply  a  thin  raised  dough. 

Take  of  beer  yeast,  0  fluidounces;  wlieaten  flour,  14 
ounces;  water  heated  to  100°  F.  (37.8"  C),  6  fluidounces. 
Mix  the  yeast  with  the  water  and  stir  in  the  flour.  Place 
the  massnear  the  tire  till  it  ri.scs. 

Yeast  poultice  is  a  light,  agreeable  application,  and 
is  thought  to  overcome  the  odor  and  reduce  the  decom- 
position of  sloughing  sores.  It  is  seldom  used  in  this 
country.  W.  P.  B'lUefi, 

Revised  by  Henry  II.  Rust/y. 

YELLOW  FEVER:  HISTORICAL  SKETCH  OF  THE 
DISEASE,  ITS  ETIOLOGY  AND  MODE  OF  PROPA- 
GATION.— HisToHV. — The  remotest  records  about  epi- 
demic diseases  in  the  Old  World  fail  to  show  that  yellow 
fever  or  any  other  disease  presenting  similar  epidemi- 
ological features  had  ever  been  observed  previous  to  tiie 
discovery  of  America  in  1492;  while  in  the  newly  dis- 
covered lands  it  soon  became  apparent  that  every  expe- 
dition of  European  settlers  that  came  to  the  Antilles  or 
to  the  Spanish  Main  had  to  pay  a  heavy  tribute  to  au 
unknown  pestilence,  during  the  first  summers  of  their 
residence,  suffering  thereafter  no  further  trouble  from 
the  climate.     Was  this  pestilence  yellow  fever? 

In  order  to  answer  that  question  Berenger-Feraud  and 
I,  independently  of  each  other,  undertook  minute  histori- 
cal researches,  some  fifteen  years  ago.  We  both  came  to 
the  same  conclusion:  that  the  disease  mentioned  in  the 
old  Spanish  chroniclers  as  the  "peste,"  "contagio,"  or 
"epidemia,"  was  no  other  than  our  modern  j-ellow  fever; 
and  that,  at  the  time  of  the  discovery,  it  was  endemic  on 
the  coast  of  Mexico,  at  the  present  site  of  Vera  Cruz,  as 
well  as  on  the  Atlantic  side  of  the  isthmus,  and  on  the 
Spanish  Main  along  the  coast  of  Colombia  and  Venezuela 
inhabited  by  the  Carib  Indians.  These  warlike  Indians 
were  constantly  plying  across  the  Caribbean  Sea  in  their 
canoes,  and  through  them  j-ellow  fever  appears  to  have 
been  sometimes  conveyed  to  their  own  Isles  of  Dominica, 
Guadeloupe,  Porto  Rico,  and  to  the  eastern  end  of  His- 
paniola  (the  Province  of  Higue.y  in  Santo  Domingo) 
which  was  often  visited,  if  not  held  in  actual  subjection 
by  that  fierce  Indian  tribe.  The  disease  was  called 
"Poulicantina"  by  the  Caribs  (Berenger-Feraud)  and 
"Cocolitzle  "  by  the  Mexicans  (see  my  "Epidemiologia 
primitiva,"  in  Cronica  Medico-Quirurgica  de  la  Habana, 
Mayo  l."),  1897). 

The  Caribs  maintained  in  captivity  upon  their  own 
isles  a  utunber  of  women  and  youths  captured  b}'  them 
from  the  peaceful  and  even  timorous  tribes  who  dwelt 
upon  the  greater  Antilles,  the  male  adult  prisoners  having 
been  disposed  of  to  satisfy  the  cannibal  instincts  of  the 
captors.  Being  born  or  bred  in  the  endemic  foci  on  the 
mainland,  the  Caribs  must  have  been  immune  against 
the  Poulicantina,  just  as  the  natives  of  Cuba  have  been 
hitherto  against  yellow  fever;  but  the  presence  of  the 
non-immune  captives  may  have  supplied  the  required 
material  for  the  occasional  development  of  poulicantina 
epidemics  in  the  Carib  Isles,  and  also  in  the  Higuey  dis- 
trict of  San  Domingo:  and  in  this  waj'  the  disease  could 
readily  have  reached  any  foreigners  who  chanced  to  visit 
those  islands.     This  is  indeed  what  seems  to  have  hap- 


pened to  the  Spaniards,  newly  arrived  in  Hispani-ila, 
during  a  long  succession  of  summers  ever  since  their  t'rst 
settlement  in  1494;  and  to  the  French  ever  since  tiieir 
first  attempts  to  colonize  the  Carib  Isles,  one  and  a  lialf 
centuries  later.  The  French  missionaries,  less  reticent 
than  the  Spanish  colonists  had  been,  made  no  mysterj'  of 
the  symjitoms  of  the  epidemic  disease  which  attacked 
them,  and  which,  they  said,  was  known  in  the  Spanish 
Islands  under  the  names  of  "  peste  "  or  "  epidemia  " ;  so 
that  the  identity  between  our  modern  yellow  fever  and 
the  poulicantina  as  well  as  with  the  "peste,"  "contagio," 
"epidemia,"  of  the  Spanish  colonies,  could  no  longer  be 
doubted,  after  the  description  of  Du  Tertre,  who  wit- 
nessed the  epidemic  of  Guadeloupe  in  1648,  and  Cogol- 
ludo's  minute  account  of  that  of  Yucatan  the  same  year. 
First  Hamcs  Giren  by  the  Spaniards  to  the  Pestilential 
Disease  which  Attacked  the  Spanish  Settlers  Newly  Arrived 
in  Eispaniola  and  Daricn. — On  the  2d  of  February  of 
1494,  two  months  after  the  arrival  of  Columbus  at  His- 
jianiola,  on  his  second  voyage,  bringing  with  him  the 
first  European  expedition  (fifteen  hundred  men)  that  ever 
set  foot  on  American  soil,  twelve  of  the  seventeen  vessels 
on  which  that  expedition  had  come  sailed  away,  under 
conunand  of  Antonio  Torres,  for  Spain,  taking,  no 
doubt,  the  route  through  the  Canary  Islands  which  was 
still  followed  in  those  ilays.  At  the  jiort  of  departure 
where  the  colonists,  by  order  of  the  admiral,  were  build- 
ing the  town  of  Ysabela,  most  of  the  men  had  been  fall- 
ing sick  since  the  last  week  of  .January;  but  though 
many  were  on  the  sick  list  only  few  died.  Critics  are 
mostly  agreed  in  attributing  to  malarial  fevers  the  illness 
which  attacked  the  men  at  this  time,  the  admiral  himself 
having  been  one  of  the  sufferers.  It  is  possible,  how- 
ever, that  some  of  the  fatal  cases  may  have  been  yellow 
fever.  At  any  rate,  as  the  year  advanced,  the  situation 
became  more  critical,  and  b\'  the  end  of  May,  when  the 
admiral's  brother,  Bartolome  Colon,  arrived  with  three 
vessels  laden  with  provisions  from  Spain,  sickness  and 
death  had  been  rife  among  the  Spanish  settlers  in  His- 
paniola,  not  only  at  the  port  of  Ysabela,  but  also  in  the 
interior  of  the  island  where  forts  had  been  constructed 
near  the  gold  mines.  The  Indians  then  began  to  run 
away  from  their  masters,  deserting  the  culture  lands, 
perhaps  in  order  to  preserve  themselves  from  a  conta- 
gion with  which  they  were  already  familiar;  but- the 
Spaniards  attributed  their  dispersion  to  a  preconcerted 
plan  for  starving  the  foreign  invaders  out  of  their  coun- 
try by  not  planting  at  the  proper  season  the  vegetables 
upon  which  the  inhabitants  were  most  dependent  for 
their  subsistence.  Oviedo attributes  to  this  action  of  the 
Indians  the  great  mortality  which  followed.  From  two- 
thirds  to  one-half  of  the  Spaniards  died,  but  innumerable 
were  also  the  deaths  among  the  Indians  themselves,  whose 
cadavers  lay  strewn  in  the  fields,  producing,  says  the 
chronicler,  a  most  horrible  and  pestilential  stench.  Co- 
lumbus, in  the  mean  time,  had  been  absent  from  the  isl- 
and since  the  end  of  April,  exploring  the  coasts  of  Cuba 
and  Jamaica,  and  intending  also  to  visit  Porto  Rico. 
About  the  middle  of  September,  on  his  way  from  Jamai- 
ca to  Porto  Rico,  he  came  close  to  the  shore  on  the  south 
coast  of  Hispaniola,  holding  intercourse  with  the  Indians 
and  landing  nine  men  of  his  crew  to  convey  information 
about  his  own  movements  to  his  people  at  Ysabela, 
across  the  island.  He  was  detained  by  a  severe  hurri- 
cane dining  seven  or  eight  days  in  a  narrow  pass  be- 
tween the  coast  and  the  islet  of  Saona,  close  to  the 
Higuey  district.  On  the  25th  or  26th  of  September,  as 
lie  was  proceeding  toward  Porto  Rico,  he  was  suddenly 
attacked  by  a  grave  illness,  which  deprived  him  of  his 
senses  and  so  much  alarmed  the  crew  that  they  turned 
from  their  intended  course  and  brought  the  admiral  and 
the  other  two  vessels  back  to  Ysabela,  where  they  ar- 
rived on  the  29th.  He  continued  several  days  ill,  and 
had  a  long  convalescence,  probably  prolonged  by  a  re- 
turn of  his  malaria  infection,  as  often  happens  in  Cuba 
in  the  convalescence  of  yellow  fever.  In  a  letter  which 
the  admiral  wrote  to  the  King,  he  states  that  his  illness, 
on  that  occasion  had  been  a  "niodorra  pestilencial,"  prob- 
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ably  the  name  which  Dr.  Chancas,  the  phj'sician  attached 
to  the  expedition,  had  given  to  the  disease  whicli  had 
been  causing  so  many  deaths  on  the  island  since  the  ad- 
miral's departure  in  April.  This  same  pestilential  dis- 
ease appears  also  to  have  been  carried  from  Hispauiola 
to  the  Canary  Islands,  either  by  the  vessels  of  Antonio 
Torres,  or,  more  probabh-,  by  tiie  three  which  returned 
to  Spain  after  having  landed  D.  Bartolome  Colon  at  Ysa- 
bela;  for  Humboldt  and  Bonplaud  inform  us  that  "  what 
remained  of  the  Guanches  on  the  Island  of  Tcneriffe  per- 
ished mostly  in  1494,  in  the  terrible  epidemic  called  the 
"Modorra."  Though  every  subsequent  expedition 
which  lauded  at  Hispaniola  lost  one-third  or  more  of 
their  contingent  from  the  same  pestilence  during  the 
first  summers  of  their  residence  on  that  island,  the  chroni- 
clers, warned  by  tlie  panic  which  had  been  created  in 
Spain  by  rumors  of  the  first  epidemic,  were  silent  as  to 
the  name  and  symptoms  of  the  disease,  always  attribut- 
ing the  great  mortality  to  the  bad  quality  of  the  food 
and  to  the  change  of  climate.  But  in  1514,  when  Pedra- 
rias  Davila  landed  at  Daricn  with  a  splendid  expedition, 
among  whom  were  the  Chronicler  Oviedo  and  Andagoya, 
both  of  whom  had  lived  in  former  j'ears  in  Hispaniola,  a 
terrible  epidemic  broke  out  among  the  newcomers,  caus-' 
ing  seven  hundred  deaths  in  one  month,  and  each  of  the 
above-mentioned  authors  declares  that  the  cause  of  it  was 
the  "modorra  sickness":  adding. that  after  the  new- 
comers had  gone  through  that  ordeal,  the  climate  proved 
as  salubrious  to  them  as  that  of  Spain.  Tiie  name  of 
"modorra"  was,  however,  soon  abandoned,  probably 
because  the  stupor  or  coma  which  characterizes  some 
particular  epidemics  of  yellow  fever  (see  Cornillac, 
ed.  1875;  p.  423)  was  found  to  be  a  less  constant  symp- 
tom than  Dr.  Chancas  had  imagined.  In  subsequent 
years  the  uncompromising  terms  of  "  peste,"  "pestilen- 
cia,"  "epidemia,"  "contagio,"  were  substituted,  and  con- 
tinued in  use  till  the  end  of  the  seventeenth  centur}'. 

The  names  of  vomito  negro  and  yellow  fever  were  first 
given  to  tlie  disease  in  tlie  early  part  of  the  eighteenth 
century.  In  1753,  a  surgeon  of  the  Spanish  navy,  Dr. 
Josef  Gastelbuondo,  who  had  settled  in  private  practice 
at  Cartagena  de  Indias,  published  a  book  on  the  "vomito 
negro,"  stating  in  his  preface  that  he  had  been  studying 
the  disease  and  investigating  its  causes  during  the  pre- 
vious forty  years,  and  had  performed  several  autopsies. 
Strange  to  say.  he  attributes  the  disease  to  the  same 
causes  which  had  been  constantly  invoked  by  the  early 
Spanish  colonists  of  the  two  previous  centuries,  namely, 
to  the  change  of  climate  and  to  the  poor  quality  of  food 
for  which  "the  newcomers  were  unprepared.  Other 
names  such  as  typhus  amaril,  typhus  icterode,  ha^mo- 
gastric  pestilence,  malignant  remittent,  putrid  fever, 
etc.,  continued,  howevei',  to  be  u.scd  conjointly  with  that 
of  "vomito  negro,"  yellow  fever,  fievre  jaune.  febre 
gialla,  till  the  commencement  of  the  nineteentli  century. 

During  the  first  two  hundred  years  after  the  discovery 
of  America  the  ports  of  Santo  Domingo,  Cartagena  de 
Indias,  Porto  Bello,  Darien,  Vera  Ci'uz,  where  the  "flotas 
de  Indias"  brought  each  year,  during  the  summer 
months,  a  large  number  of  nonimmunes  from  Spain,  j^el- 
low  fever  assumed  the  character  of  a  permanent  endemic, 
while  on  the  Island  of  Cuba,  owing  perhaps  to  its  cooler 
climate  and  to  the  fact  that  its  communication  with  Spain 
was  less  direct,  the  disease  obtained  a  permanent  foot- 
hold only  in  1761,  after  the  occupation  of  Havana  by  the 
English  and  the  subsequent  opening  of  Cuban  ports  to 
general  commerce.  Since  that  time  and  until  1901  Ha- 
vana has  been  considered  a  constant  menace  of  yellow- 
fever  infection  for  the  United  States  and  for  European 
ports.  Rio  de  Janeiro,  Brazil,  on  the  other  hand,  has 
become  an  endemic  focus  only  since  1850. 

New  Orleans  also  was  at  one  time  considered  an  en- 
demic focus  of  yellow  fever,  not  less  than  forty-eight 
epidemics  having  been  recorded  in  tlie  first  sixty  years  of 
the  nineteenth  centur}' ;  but  the  success  which  has  fol- 
lowed the  observance  of  strict  quarantine  measures  after 
the  civil  war  plainly  shows  tliat  the  infection  of  that 
port  had  in  reality  been  derived  from  repeated  importa- 


tions from  Vera  Cruz,  Havana,  Central  America,  or  from, 
the  West  Indies.  The  propen.sity  of  yellow  fever  to 
spread  into  neighboring  countries,  along  the  lines  of 
tralHc,  and  to  be  carried  in  ships  to  far  distant  ones  when 
certain  climatic  and  topographical  conditions  are  realized, 
has  been  verified  again  and  again,  causing  innumerable 
victims  as  well  as  serious  financial  distress,  and  spread- 
ing terror  over  large  areas  in  North  and  South  America, 
on  the  western  coast  of  Africa,  in  the  Canary  Islands,  in 
the  southwest  part  of  Europe,  and  at  times  reaching  as 
far  north  as  Quebec  and  Swansea,  and  as  far  south  as 
Montevideo  and  Buenos  Aires.  The  climatic  and  topo- 
graphical conditions  to  which  reference  has  been  made 
are  essentially  those  which  are  compatible  with  the  ex- 
istence and  functional  activity  of  the  insect  which,  a& 
will  be  seen,  assumes  the  role  of  a  natural  transmitter  of 
the  yellow-fever  infection;  the  principal  ones  being  the 
prevalence  of  temperatures  between  70'  and  90^  F  ,  low 
levels  above  the  seaboard,  proximity  to  the  sea  or  to 
watercourses,  and  protection  from  strong  winds.  There 
is,  however,  another  condition  which  mu.st  be  inferred  by 
reason  of  the  geographical  distribution  of  the  disease,  but 
for  which  no  satisfactory  explanation  has  yet  been 
offered.  I  refer  to  the  fact  that  while  yellow  fever  is  so 
frequently  carried  over  the  waters  of  the  Atlantic  Ocean, 
and,  very  exceptionally,  far  into  the  Mediterranean  Sea, 
it  is  a  remarkable  fact  that  there  is  no  record  of  the  dis- 
ease having  ever  been  conveyed  over  the  waters  of  the 
Pacific  Ocean  beyond  the  western  coast  of  America, 
where  epidemics  have  often  occurred.  Whether  or  not 
this  fortunate  state  of  things  will  continue  after  the 
Panama  canal  is  thrown  open,  must  be  a  matter  of  con- 
jecture; but  the  bare  possibility  that  it  might  not  so 
continue  should  be  borne  in  mind  and  act  as  a  stimulus 
for  all  nations  interested  in  the  matter  to  urge  the  stamp- 
ing out  of  yellow  fever  from  the  Caribbean  Sea  and  the 
Gulf  of  Mexico,  as  well  as  from  the  western  shores  of 
America,  before  free  communication  is  established  be- 
tween the  waters  of  the  two  oceans  in  the  very  heart  of 
the  yellow-fever  territory  par  excellence. 

For  a  detailed  account  of  yellow-fever  epidemics  in 
different  countries  the  readers  must  be  referred  to  Beren- 
ger-Feraud's  valuable  chronologv  of  the  disease  ("La 
Fievre  Jaune,"  Paris,  1890),  and'  to  Dr.  G.  M.  Stern- 
berg's article  in  the  first  edition  of  this  IL-vndbook. 

E'noLOGY  AND  MoDE  OP  Prop.^gatiox. — In  the  first 
edition  of  this  II.\kdbook,  Dr.  G.  M.  Sternberg  ex- 
pressed himself  in  the  following  terms  regarding  the  eti- 
ology of  yellow  fever. 

"  As  to  the  nature  of  the  specific  caiise  of  the  disease 
there  can  scarcely  be  two  opinions.  The  present  state  of 
science  justifies  the  belief  that  it  is  a  living  micro-organ- 
ism ,  and  facts  relating  to  the  origin  and  extension  of  epi- 
demics show  that,  as  in  cholera  and  in  typhoid  fever,  this 
micro-organism  is  capable  of  development  outside  of  the 
human  body  under  ccmditions  which  will  be  discussed 
hereafter.  "Unfortunately,  the  present  state  of  science 
does  not  enable  us  to  give  an  account  of  the  deadly  mi- 
crobe which  we  assume  to  be  the  cause  of  the  disease 
under  consideration.  "We  know  to-day  the  morphologi- 
cal and  physiological  characters  and  the  habitat,  within 
the  body  of  an  infected  individual,  of  the  specific  cause 
of  cholera,  of  typhoid,  and  of  relapsing  fever,  but  the 
researches  made  up  to  the  present  time  have  failed  to 
demonstrate  the  'germ'  of  yellow  fever"  (Reference 
Handbook  of  Medical  Sciences,  Vol.  VI.,  1887). 

My  tetragenus  febris  flavse  (M.  tetragenus  versatilis 
Sternberg)  fared  no  better  under  Dr.  Sternberg's  keen 
criticism"  than  did  the  germn  of  Freire,  Carmona,  or 
Gibier,  nor  shall  I  at  present  renew  my  claim  as  to  its 
etiological  significance;  but  I  think  it  worth  while  re- 
cording the  following  remarkable  coincidence.  In  1895, 
in  a  paper  on  "Tetracoccus  Versatilis,"  which  was  pub- 
lished in  the  Edinburgh  Medical  Jorirnnl  (December, 
1895),  I  called  attention  to  the  curious  circumstance  that 
pure  cultiu-es  of  my  tetragenus,  which  had  been  filtered 
through  Kitasato  filters,  had  on  two  occasions  given  evi- 
dence that  some  of  the  tetragenus  germs  had  passed 
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through  the  pores  of  the  filter;  while  in  1901,  in  the  last 
ex]U'rinu'Uts  performed  by  the  United  States  Army  Board, 
we  are  iiil'oniied  lliat  the  blood  .serum  of  a  yellow-fever 
patient,  after  being  passed  through  a  Berketeld  filter, 
gave  evidence  that  the  germ  had  jmssed  llnviugh  the  fil- 
ter, for  positive  results  were  obtained  when  the  filtrate 
was  iujeeted  into  uoniunuunes,  and  Drs.  ]{eed  and  Car- 
roll infer  that  f  he  .said  germ  must  be  ultra-niicroseopic 
(see  the  article  published  bv  Ors.  Heed  and  Carroll  in 
AmeriMit.  Midinne.  February  22d,  1903,  p.  304).  Shovdd 
the  fact  be  confirmed  that  m"y  letragenus  possesses  ultra- 
mieroseopie  spores  l)esides  the  coarser  forms  which  it 
develops  in  our  artilicial  culture  media,  most  of  the  ob- 
jections whicli  have  lieen  raised  against  its  etiological 
significance  would  fall  to  the  grouud. 

In  1897  Dr.  Sanarelli  discovered  in  his  cultures  from 
yellow-fever  material  collected  in  Brazil  a  new  bacillus 
which  he  still  considers  the  specific  germ  of  the  dis- 
ease. This  discovery  attracted  a  good  deal  of  attention, 
having  been  confirmed  by  some  other  observers,  while 
others  again  strenuousl.y  denied  that  it  had  an_y  etiologi- 
cal significance.  The  unquestionable  competence  of  the 
discoverer  and  his  ]n'Cvious  good  record  at  the  Institut 
Pasteur  added  considerable  weight  to  his  claim.  A  final 
verdict,  however,  was  given  against  him  after  it  was 
averred  that  his  bacillus  icteroides  never  developed  in 
any  of  the  bouillon  tubes  that  were  planted,  by  Drs. 
Reed,  Carroll,  and  Agramonte,  with  samples  of  yellow- 
fever  blood  which,  inoculated  into  nonimmunes,  iuvaria- 
bl.y  reproduced  the  disease.  I  believe,  however,  that  the 
bacillus  of  Sauarelli  may  be  one  of  the  promoters  of  the 
secondary  infections  Avhicli  characteri/.e  the  hicmogastric 
forms  of  j-ellow  fever,  and  in  that  capacity  it  may  yet 
be  found  to  constitute  an  important  factor  in  the  develop- 
ment of  the  worst  complications  which  are  ajit  to  occur 
in  the  course  of  an  attack  of  yellow  fever. 

However  much  it  may  be  regretted,  that  u]i  to  the 
present  day  the  specific  germ  of  yellow  fever  has  not 
been  identified,  so  that  the  diagnosis  of  some  abortive  or 
atypical  cases  must  often  be  considered  problematic,  it 
is,  however,  a  great  source  of  satisfaction  that  Ave  posi- 
tively know  the  manner  in  which  the  disease  is  trans- 
mitted in  nature,  and  that  this  knowledge  enables  .us  to 
control  with  great  success  its  propagation  and  to  stamp 
it  out,  as  has  been  done  in  Havana  during  the  last  sixteen 
months. 

Discovery  of  the  Yellow-fever  Mosquito. — Apart  from  the 
historic  interest  wjiich  the  matter  might  afford.  I  think  it 
proper  to  ac(iuaiut  the  reader  with  the  arguments  which 
led  to  the  discovery  of  the  particular  mosquito  by  which 
yellow  fever  is  transmitted,  inasmuch  as,  considered  from 
an  a  priori  point  of  view,  those  same  arguments  should 
prove  more  convincing  than  when  they  are  presented 
merely  as  a  sequel  to  the  demonstration. 

In  1880,  after  receiving  the  valuable  report  given  out 
by  Prof.  Stanford  Chaille  as  president  of  the  Havana 
Yellow-fever  Commission  of  1879,  I  undertook  a  careful 
revisal  of  all  the  facts  which  had  been  collected  since 
1853  in  the  United  States,  and  arrived  at  certain  conclu- 
sions which  are  here  summarized  in  the  form  of  proposi- 
tions, and  which  afforded  a  solid  foundation  for  my 
future  investigations. 

Proposition  A.  Though  yellow  fever  must  be  con- 
sidered to  be  a  germ  disease,  it  is  transmissible  only  un- 
tler  certain  topographical  and  climatological  conditions 
which  arc  r(sdi/.ed  at  all  seasons  of  the  year  only  in  cer- 
tain localities  along  the  Atlantic  shores  of  tropical  Amer- 
ica, where  the  disease  is  considered  endemic,  and  of  which 
Havana  might  be  considered  a  type. 

Proposition  B.  Even  within  the  infected  foci,  the  dis- 
ease is  ajiparcntly  not  contracted  through  contact  with 
the  patient  or  his  secretions,  nor  by  breathing  the  air  of 
the  sick  room,  nor  by  the  use  of  contaminated  food  or 
drinks. 

Proposition  (;,  The  pathological  lesions  pointed  out 
by  Crevaux.  Gama  Lobo,  and  other  competent  observers, 
in  the  walls  of  the  blood  capillaries  of  yellow-fever  ca- 
davers, and  the  hemorrhagic  tendency  which,  as  a  rule. 


develops  in  the  course  of  the  attack,  even  in  mild  cases, 
suggested  the  idea  that  the  mesoblastic  tissue  from  which 
the  vascular  endothelium  is  formed  might  prove  to  be 
the  most  apjnopriate  source  from  which  the  infective 
material  coidd  be  obtained. 

Fi-om  jjroi^osition  A,  I  had  inferred  that,  for  the  pro- 
duction of  a  case  of  yellow  fe\er,  a  third  factor  was 
required  besides  the  yellow  fever  patient  and  a  person 
susceptible  to  the  infection— a  factor  which,  though  in- 
dispensable for  the  trausmi-ssion.  might  exist  independ- 
ently of  the  patient  and  of  the  disease.  It  should,  how- 
ever, be  essentially  dependent  for  its  existence  and  tor 
its  functional  activity  on  the  topographical  and  clima- 
tological conditions  which  favor  the  transmissibility  of 
yellow  fever. 

From  proposition  B.  I  inferred  that  the  indv  unexjilored 
channel  by  whicli  the  virus  or  germ  might  prove  patho- 
genic for  human  lieings  must  be  by  a  jirocess  of  inocula- 
tion. 

From  proposition  C,  I  surmised  that  in  order  that  the 
inoculation  should  prove  effective,  the  infectious  mate- 
rial might  be  obtainable  onlv  from  the  blood  or  from  the 
walls  of  the  blooil  ca|iilhuies  of  a  yellow-fever  patient, 
and  might  require  also  to  be  inserted  into  the  capillaries 
of  a  non  innnuue. 

I  was  thus  letl  to  conclude  that  the  transmission  was 
effected  through  the  .agcncj'  of  some  blood-sucking  in- 
sect which  was  peculiar  to  yellow-fever  countries,  and 
which  was  able  to  retain  upon  its  mouth  parts  the  living 
germ  so  as  to  inoculate  it  afterward  into  those  whom  it 
chanced  to  bite.  In  searching  for  such  an  insect  I  came 
across  the  day  mosquito  of  Havana  (culex  niosqinto 
Desv. ,  Stegomyia  fasciata  Theo.),  in  which  I  had  ob- 
served certain  peculiarities  in  the  manner  of  la3'ing  its 
ova,  and  in  its  readiness  to  renew  its  bites  whenever  the 
digestion  of  a  previous  meal  of  blood  had  been  com- 
pleted, both  of  which  peculiarities  .seemed  to  dilferentiate 
it  from  other  species  of  gnats  and  to  make  it  particularly 
well  suited  for  the  purpo.se  of  reproducing  a  di.sease  in 
an  epidemic  form.  Upon  investigation  I  found  that  this 
insect  was  benumbed  and  vuiable  to  bite  imder  the  influ- 
ence of  temperatures  of  15"  C.  (59'  F.),  at  which  degree 
of  cold  epidemics  of  yellow  fever  were  known  to  cease  in 
New  Orleans,  in  Rio  Janeiro,  and  in  Havana ;  and  also 
that  after  being  kept  for  a  while  in  a  rarefied  atmosphere 
corresponding  to  altitudes  of  four  thousand  to  six  thou- 
sand feet,  at  which  elevation  j-ellow  fever  is  intransmis- 
sible, the  insect  lost  to  a  great  extent  the  power  of  driv- 
ing its  sting  into  the  flesh. 

M_y  next  step  was  to  submit  my  theory  to  an  experimen- 
tal test  by  applying  to  nonimmunes  mosquitoes  of  that 
species  which  had  been  made  to  bite,  two  ^r  three  days 
before,  a  severe  case  of  yellow  fever.  Among  twenty 
non-immune  soldiers  who  were  set  apart  and  kept  under 
observation  during  two  months,  five  were  on  different 
dates  bitten  by  a  mosquito  which  had  been  contaminated 
in  that  manner.  Three  of  the  five  were  taken  sick  after 
their  inoculation,  one  after  fourteen  days  with  a  mild  but 
characteristic  attack  of  albuminuric  yellow  fever,  two 
were  attacked  on  the  fifth  day  after  the  inoculation  with 
an  abortive  form  of  yellow  fever,  while  neither  of  the 
other  two  showed  any  symptoms  characteristic  of  the 
disease.  None  of  the  fifteen  who  had  not  been  inocu- 
lated suffered  any  similar  attack  of  fever  during  the  two 
months  that  they  remained  under  observation.  After 
the  lapse  of  four  _vears  I  ascertained  that  none  of  my  five 
iuocidated  soldiers  had  been  reported  again  as  suffering 
from  yellow  fever. 

During  the  next  twenty  years  I  continued  to  perform 
that  mihl  form  of  inoculation,  my  object  being  to  ascer- 
tain whether  or  not  some  degree  of  inununity  might 
thereby  be  obtained  even  when  no  immediate  pathogenic 
effect  had  followed  the  inoculation.  The  principal  data 
concerning  each  of  the  mosquito  inoculations  that  were 
lierformed  either  by  me  or  by  my  collaborator.  Dr.  Clau- 
dio  Delgado,  have  been  set  down  in  Table  1.,  so  that  the 
reader  may  judge  for  himself  and  draw  his  own  conclu- 
sions.    Two  of  the  inoculations  (No.  3  and  No.  104  of 
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Tables  of  Mosquito  Inoculations  Peuformed  in  Havana. 

Abbreviations  which  are  used  in  these  tables: 

"eph." Ephemeral  fever  without  eharacteiistic  symptoms. 

"  Abort." Abortive  yellow  fever,  with  albuminuria! 

"abort" The  same  witlmut  albuminuria. 

"N-a" Non-albuminaric  yellow  fever  with  well-marked  fever  curve  and  other  symptoms. 

"n-a." The  same  with  milder  symptoms. 

"y-f." Yellow  fever  about  which  particulars  are  not  given,  but  not  fatal  unless  so  expressed. 

•'Alb." Regular  albuiisi untie  vellow  fever. 

"alb." The  same  nf  mild  type. 

"Hg." Hcemogastrir  yellow  fever,  with  black  or  bloody  vomit  or  melicna,  of  fatal  termination. 

"hgr." The  same,  not  fatal. 

"s." Severe. 

"  f." Fatal. 

"m." Mild. 

"  vm." Very  mild. 

Symbol  of  contamination.  The  flpures  to  the  left  of  the  oblique  stroke  express  the  days  that  have  elapsed  since  the  insects  have  bitten 
the  infecting  patient.  To  the  right  of  the  oblique  stroke  are  expressed.  In  abbreviation,  the  type  of  the  disease,  and,  in  Roman  numerals,  the 
day  of  the  attack  when  this  patient  was  bitten. 

Table  I. — Inoculations  with  Recently  Contaminated  Mosquitoes. 


No. 

Inoculation. 

Mos- 
quitoes. 

Contamination. 

Result  in  first 
twP!ilv-t1ve  days. 

Ulterior  yellow  lever. 

Subsequent 
residence. 

1 

30  June,  1881. 

2,  Hg.,  iv. 

U.iuli,  l.s-i,  alb. 

0. 

4 

2 
3 
4 

22  July,  1881. 

6/ Alb.,  V. 

27  August,  1881,  abort. 

0. 

4 

31  Julv,  1881. 

2/H(r.,  iii. 

5  August,  1881,  abort. 

0. 

4 

S 

2  Ausust.  W1. 

3/H(r.,  V. 

17  August,  1881,  eph. 

0. 

2 

6 

15  Autrust,  IWIl. 

2/Hk.,  vi. 

0. 

0. 

4 

7 

7  Auiriist.  IWIl. 

2/Alb..  iii. 

0. 

11  Sc|itHmlieT.  1881. 

2/Hk..  vii. 

0. 

10  September,  1882,  N-a. 

10 

8 

22  June,  188:i 

2,  Hk.,  vi. 

9  July,  188:^  N-a. 

0. 

10 

9 

ISJulv,  188:^. 

2,  Alb.,  vii. 

0. 

17  Ausrust,  188.3. 

2,4  Hg.,  v. 

26  August,  188.3,  N-a. 

0. 

12 

10 

15  Julv,  ls,H:i. 

2  Alb.,  vii. 

0. 

17  August,  1883. 

2,  4  Hr.  v. 

0. 

n. 

3 

11 

21  AuKHst,  1883. 

6,  8,  Hg.  V. 

0. 

5  June,  1884,  hg. 

3 

12 

16  Julv.  1883. 

3,  Alb.,  vii. 

0. 

0. 

9 

13 

16  Julv,  188:i. 

2,  4,  Alb.,  vii. 

0. 

18  Aujiust,  1883. 

3  Hg.  V. 

9  September,  18.S!,  alb. 

0. 

10 

14 

26  September,  188?. 

2,  3/Alb.,  V. 

0. 

? 

9 

13 

29  November,  1883. 

3,  Alb.,  iii. 

0. 

21  July,  1884,  Hg. 

X 

16 

29  November,  1883. 

4,  Alb.,  iv. 

0. 

30  Mav.  1881. 

3,  Hg.,  vi. 

0. 

7  August,  1884,  y-f. 

U 

1- 

1  December,  1883. 
6  Jlav,  188:i 

4  Alb.,  V. 
4,  Alb.,  iv. 

0. 
0. 

23  Februarv,  1887. 

2,  Alb.,  v. 

0. 

?  July,  1890,  y-f. 

14 

18 

25  Januarv.  1884. 

■(,  Hg.,  vi. 

0. 

V 

y 

19 

16  June,  1884, 

4Hg.,  v. 

0. 

6  June,  IS^-),  alb. 

7 

20 

26  June.  1884. 

3  Hg.,  v. 

0. 

28  September,  18S4,  Abort. 

10 

21 

27  June,  1884. 

3,  Hg..  V. 

0. 

23  November,  1884,  N-a. 

14 

22 

26  June,  1884. 

3/Hg.,  ill. 

0. 

0. 

14 

23 

28  Auffusl,  is.'il. 

3,  Hg..  iv. 

0. 

0. 

4 

24 

29  Autrust.  1S.K4. 

4,  Hg.,  V. 

0. 

0. 

1 

25 

2Selitellll»T.  1884. 

2/Hg.,  iv. 

0. 

0. 

4 

28 

27  AllL-'Usl.  1SS4. 

2/Hg.,  iv. 

0. 

0. 

4 

27 

14  S.-|it.-i[il.iT,  1886. 

2/? 

0. 

22  June,  1887,  alb. 

4 

28 

7  Seplemlier,  1886. 

6,  4/  ? 

23  September.  1886,  N-a. 

0. 

5 

29 

14  September,  1886. 

2  Hg.,  vi. 

0. 

0. 

4 

30 

21  May,  1887. 

2,  Hg.,  vi. 

0. 

8  July,  1887,  alb. 

6 

31 

21  Mav,  1887. 

2  Hg.,  vi. 

0. 

15  July.  1887,  alb. 

15 

32 

16  June,  1887. 

2 

2  Hg..  iv. 

11  July,  1887,  alb. 

0. 

14 

33 

?  July,  1887. 

2 

2,  Hg.,  vi. 

0. 

?  August,  1889,  y-f. 

14 

34 

11  September.  1887. 

2 

2  Alb.,  iii. 

0. 

17  September,  1893,  Hg. 

z 

35 

11  September,  1887. 

2 

2,  Alb.,  iii. 

(I. 

0. 

4 

36 

13  September,  1887. 

2 

2,  Alb.,  iv. 

0. 

0. 

4 

37 

14  September,  1887. 

2 

2,  3,  Alb.,  vi. 

0. 

0. 

4 

38 

12  September,  1887. 

2 

3  Alb.,  ii. 

0. 

30  August,  1889,  alb. 

4 

39 

14  September,  1887. 

2 

3,  Alb.,  vi. 

0. 

30  August,  189:3,  alb. 

11 

40 

18  September.  1887. 

2 

2  Alb.,  vi. 

0. 

?  August,  1888.  N-a. 

10 

41 

30  Septen)ber,  1887. 

1 

3,  Alb.,  vii. 

0. 

?  January,  1889.  Alb. 

? 

42 

8  June,  1888. 

1 

3,  Hg.,  iv. 

1  July,  1888,  N-a. 

4  November,  1888,  N-a. 

14 

43 

12  September,  1888. 

1 

2,  Alb.,  iv. 

0. 

18  June,  1890,  n-a. 

4 

44 

12  September,  1888. 

1 

2/Alb.,  iv. 

0. 

21  September,  1889,  Abort. 

3 

45 

22  Oct(.)ber,  18.SS. 

1 

a  Alb.,  vi. 

0. 

0. 

4 

m 

22  0ct<.ber,  IR'tfl. 

1 

3/Alb.,  vi. 

0. 

13  September.  1891,  N-a. 

4 

47 

23  (ii-t..ber.  lw<. 

1 

4/Alb.,  vi. 

0. 

23  September,  1889,  n-a. 

8 

48 

16  November  1.S88. 

1 

2/N-a.,  ii. 

0. 

29  Jiinuiirv,  1SS9. 

1 

3/Hg.,  Iii. 

0. 

24  November,  1889,  n-a. 

8 

4(1 

16  N"V.-iiil»T,  1888. 
2^  .bomarv.  ls,s9. 

1 
1 

2/N-a.,  ii. 
2/Hg.,  iii. 

0. 
0. 

2(1  \pril.  lss»). 

2 

?/Alb..  iv. 

0. 

30  October,  1889,  N-a. 

7 

50 

16  N.iveuiber.  188,8. 

1 

2/N-a.,  ii. 

0. 

1  July,  1889,  Abort. 

4 

51 

11  April.  IS.^^'.!. 

1 

?,  Alb.,  V. 

0. 

0. 

3 

52 

10  August,  1S89. 

2 

3,  Alb.,  iv.;  Hg.  v. 

0. 

10  September,  1892.  N-a. 
13  May,  1893.  N-a. 

4 

53 

16  AuBust,  1889. 

•? 

3/AUi..  iv. 

0. 

16  August,  1893,  alb. 

5 

54 

16  August,  1889. 

1 

2/Alb.,  iv. 

0. 

0. 

2 

55 

17  AuKiisl,  l.w.l. 

2 

3/Alb.,  iv. 

26  August,  1889,  Abort. 

0. 

5 
.5 

56 

16  Aut:ust.  IS.'^O. 

1 

3/N-a.,  V. 

0. 

0. 

57 

22  Mav.  18'.»l. 

2/Hg..  iii. 

0. 

17  November,  1890,  N-a. 

7 

58 

23  Mav,  1890. 

2 

2,  3,  Hg.,  iii. 

0. 

0. 

7 

59 

24  May,  1890. 

2 

3  Hg..  iii. 

0. 

5  November,  1890,  alb. 

3 

60 

27  Mav.  1890. 

2 

7,  6  Hg.,  iii.,  V. 

(I. 

13()i-t..ber.  1890. 

1 

2  Hg..  V. 

0. 

16  August,  1892. 

5 
3 
5 

61 
62 

13  Aut'usl.  ISIKI. 
13  August,  1890. 

1 
1 

2/Alb.,  iv. 
2/Alb.,  iv. 

0. 
0. 

0. 
4  September,  1893,  alb. 
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Table  I. — Inoculations  witu  Recently  Contaminated  Mosquitoes. — Contimied. 

No. 

Inoculation. 

Mos- 
quitoes. 

Contamination. 

Result  in  flrst 
twenty-flve  days. 

Ulterior  yellow  fever. 

Subsequent 
residence. 

63 

13  Aujrust.  isno. 

.2  'Alb.,  iv. 

0. 

14  September,  1898,  alb. 

3 

m 

13  AUL'USI.  IS'HI. 

2,  Alb.,  iv. 

0. 

(1. 

5 

65 

13  Auu'ust.  l««i. 

2.Alb.,  iv. 

II. 

0. 

7 

66 

14  AUKllsI.  IMHI. 

3  Alb.,  iv. 

21  August,  1890,  Abort. 

4  July,  1895,  Abort. 

12 

67 

13lli-tol)CT.  ISiKI. 

2,  Hk.,  iv. 

0. 

12.1  line.  IS'.il. 

2  Alb.,  V. 

0. 

19  September,  1895,  Abort. 

9 

68 

12  Juuf.  USUI. 

2/Alb.,  iii. 

0. 

4  July,  1890,  Hg. 

4 

69 

15  June,  1S!)1. 

3/Alb.,  V. 

0. 

0. 

3 

70 

15  June.  18111. 

3/Alb..  V. 

0. 

0. 

3 

71 

lO.Umc,  1«11. 

4,  3/Alb..  iv. 

0. 

0. 

5 

72 

Hi  Allgusl.  l«tl. 

3.  2/Alb..  iv. 

0. 

0. 

5 

73 

Hi  Autriisi.  IS'.il. 

3,  2  Alb.,  iv. 

0. 

0. 

3 

74 

lli  AU!.'USl.  isni. 

3,  2  Alb.,  iv. 

0. 

0. 

5 

75 

It)  Ausriisl.  isiil. 

3,  2/Alb.,  iv. 

0. 

0. 

5 

76 

2")  Au^'us!.  isii:;. 

2/Hg.,  v. 

0. 

0. 

4 

77 

27  Aii!rust.  isie. 

2/H(r.,  iv. 

0. 

8  September,  1893,  Alb. 

6 

78 

27  AllL'llsI.  1S<!2. 

2/Hg.,  iv. 

0. 

0. 

1 

79 

17  A|.ril.  !««. 

2/HK.,  V. 

0. 

0. 

5 

80 

17  May,  18a3. 

2/Alb.,  It. 

22  May,  1893,  epn. 

18  October.  1893,  N-a. 
26  August,  1811-1,  Irg. 

5 

«1 

28  Mav.  1893. 

2/Alb.,  iv. 

0. 

20Septei]iln  r,  isici,  n-a. 

5 

82 

28  Mav.  1883. 

2/Hg.,  iii. 

11  June,  1893,  eph. 

1  September,  1SU3,  hg. 

8 

m 

17  June,  1803. 

6,  3/Alb.,  V. 

0. 

23  November,  1893,  Hg. 

X 

84 

12  AURUSt,.  18113. 

3/Hg.,  v. 

17  August,  1893,  N-a. 

0. 

5 

85 

12  Auffiist.  18113. 

2/Alb.,  iii. 

0. 

0. 

1 

86 

12  Auvriisi.  18113. 

2/AIb.,  iii. 

0. 

0. 

5 

»7 

5Se|.l.-iiil«T,  1893. 

2/Alb.  vi. 

0. 

13  December,  1894,  abort. 

8 

S8 

2.3  Il,-,-.-iiilier,  1893. 

2/Hg.,  iv.,  V. 

0. 

25  Fehniarv,  1894,  Alb." 

4 

S9 

12  Mav.  1S114. 

4,  2/Alb.,  iv. 

0. 

IT  Se|.t.-iiilier.  181l.">,  eph. 

3 

90 

()  JuiH'.  ISIH. 

.3/Hg.,  iv. 

22  June,  1894,  Abort. 

IS  AiiL'ust,  lsii:>.  Ahiirt. 

4 

«1 

l.l  Auiriist,  181M. 

2/Hg.,  iv. 

0. 

y  February,  1898,  y-I. 

4 

*2 

8  AllL'Usl.  181H. 

3/Hg.,  vi. 

0. 

?  June,  1896,  v-f. 

4 

93 

2(1  Au'-'UsI,  18114. 

2/Alb.,  iv. 

0. 

?  June,  1896,  y-I. 

4 

■94 

211  .\UKllst,  18114. 

2/Hg.,  iv. 

0. 

0. 

4 

«5 

211  AUL'iist,  18114. 

2/Alb.,  iv. 

0. 

0. 

4 

96 

211  Allirilst,  18114. 

2/Alb..  iv. 

0. 

0. 

4 

97 

31  Aiisriisi.  18114. 

3/Alb.,  iv. 

0. 

0. 

4 

98 

21  Aiiiriisi.  18114. 

3/Alb.,  iv. 

0. 

0. 

4 

99 

8  ii«-Hiiih.T.  1894. 

3/Hg.,  iv. 

0. 

14  July,  1895,  alh. 

4 

100 

Ill  Jallllal  V,  IK9.5. 

2/Alb.,  Tl. 

0. 

IS  July,  1895,  Alb. 

4 

101 

7  lli-IolliT,  I8P.5. 

3/Alb.,  ?. 

0. 

11  Xoveuili.T.  1895. 

4/Hg.,  viii. 

0. 

12  August,  1897,  N-a. 

6 

102 

2  September,  1896. 

3/Hg.,  iv. 

0. 

0. 

4 

103 

10  July,  1800. 

2/Hg.,  vi. 

0. 

16  September,  1900,  Alb. 

3 

my  former  tables)  have  been  omitted,  because  the  mos- 
qiiito  in  those  two  cases  had  not  previously  bitten  any 
yellow-fever  patients. 

I  was  fully  awiire,  at  the  time,  of  the  shortcomings  in 
my  mode  of  proceeding,  the  principal  ones  being:  1. 
That  I  had  neither  leisure  nor  other  facilities  for  breetl- 
ing  my  mosquitoes  from  the  ova  or  from  the  larvse,  but 
had  to  rely  on  the  outward  appearance  of  the  winged 
in.sects  and  on  the  conditions  of  the  locality  where  they 
had  been  cauglil.  in  order  to  exclude  as  far  as  possible 
the  chances  that  the  insects  might  have  been  already  in- 
fected at  the  time  when  they  were  caught.  2.  That  with 
the  exception  of  one  case  (No.  9  of  Table  I.),  in  none  of 
my  cases  had  I  been  able  to  e.xclude  altogether  the  pos- 
sibility that  the  inoculated  person  might  have  been  in- 
fected from  some  other  source  after  my  own  inoculation. 
3.  That  I  could  not  assume  the  responsibility  of  at- 
tempting to  produce  severe,  perhaps  fatal  e.\]ierimeutal 
attacks  by  applying  more  llian  two  or  three  recently 
contaminated  insects  at  one  time,  or  even  one  mosqinto 
■whose  contamination  dated  back  from  several  days  or 
■weeks,  by  either  of  which  processes  I  had  assumed  that 
a  dangerous  experimental  result  might  follow. 

The  outcome  of  my  continued  study  had  led  me,  in 
1898.  to  the  following  conclusions: 

1.  Tiiat  the  germ  of  yellow  fever  is  only  pathogenous 
for  human  beings  when  introduced  by  inoculation.  3. 
That  the  regular  process  by  which  the  inoculation  of  the 
germ  is  accomplished,  in  nature,  is  through  the  bites  of 
the  cide.x  mosquito  (Stegomyia  fasciata  Theo.).  the  in- 
sect having  previously  become  contaminated  through  the 
act  of  luting  a  yellow-fever  patient  within  the  first  five 
days  of  his  attack.  3.  That  although  the  biles  of  a  re- 
cently contaminated  mosquito  can  produce  at  most  onlj' 
a  very  iiiiid  attack  of  yellow  fever,  or  simply  confer  la- 
tent immunity  without  eliciting  any  obvious  pathogenic 
manifestation,  the  liites  of  the  same  insect,  when  its  con- 
tamination dated  back  from  several  days  or  weeks,  might 
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produce  severe  or  fatal  attacks.  4.  That  the  yellow- 
fever  mosquitoes,  after  they  have  once  become  contami- 
nated, retain  the  power  of  inoculating  the  disease  during 
the  rest  of  their  lives.  .5.  That  yellow  fever  might  be 
stamped  out  of  Havana  bj' just  such  a  method  as  the  one 
which  was  adopted  bj'  Major  W.  C.  Gorgas,  with  signal 
success,  in  1901. 

Experimental  Demonstration  "op  the  Mosquito 
Theory  and  New  F.\cts  Brought  to  Light  by  the 
United  St.vtes  Army  Yellow-Fever  Commission  * 
IN  Havana. 

A  most  eventful  period  in  the  historj'  of  yel' '  w-fever 
investigation  opened  in  the  month  of  July,  1900,  when 
the  yellow-fever  commission,  which  had  been  sent  from 
Washington  to  study  that  disease  in  Havana,  undertook 
to  investigate  the  mosquito  theory  of  yellow-fever  trans- 
mission with  a  brood  of  those  insects  developed  from  ova 
of  the  culex  mosquito  (Stegomyia  fasciata  Theo.)  which 
I  had  preserved  and  placed  at  their  disposal. 

In  the  course  of  twenty  days,  from  August  11th  to 
■31st.  1900,  they  tried  the  mosquito  inoculations  upon 
eleven  nonimmunes.  The  results  were  negative  in  their 
first  nine  attempts,  which  consisted  in  applying  to  a  nou- 
imnuine  one  or  two  insects  which  had  bitten  a  case  of 
yellow  fever  (mostly  of  a  mild  type)  two,  three,  four, 
five,  six,  eight,  or  thirteen  daj'S  before  biting  the  non- 
immune. Their  next  two  attempts,  however,  iiroved 
successful  beyond  their  expectations.     The  first  of  these 

*  This  couimission  was  composed  of  Walter  Reed.  M.D..  Surgeon, 
U.  S.  .\.,  James  carnill,  M.D.,  and  A.  Agramonte,  M.D..  Jesse  W.  La- 
zear,  M.D..  Aetiiig  Surgeons.  U.  S.  A.  Dr.  Lazear  died  of  yellow- 
fever  while  Dr.  carriili  was  barely  convaleseent  of  his  exiierinientul 
attack.  He  attributed  his  own  attacl<  In  iiie  eireiimstiinee  thai  during 
a  visit  to  the  yeIlow-fe\er  ward  of  Las  .\nimas  Hnspiiai.  four  or  tlve 
days  before  he  was  taken  sirk.  he  had  noticed  a  mosquito  biting  his 
hand,  and  being  already  a  lieliever  in  the  mosquito  theory  lie  had  re- 
frained from  driving  away  the  insect  and  had  allowed  It  to  Ull  itselt 
completely  in  order  to  watch  the  result. 
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Yellow  Fover. 
Velloiv  Fever, 


was  made  upon  a  member  of  the  commission,  Dr.  Carioll, 
wlio  applied  to  his  own  arm  a  mosquito  which  had  bitten 
four  yellow-fever  patients  (two  of  them  severe  cases) 
two.  four,  six,  twelve  days  before  the  inoculation. 
Three  da_vs  and  seven  hours  after  the  bite  of  the  con- 
taminated mosquito.  Dr.  Carroll  was  taken  sick  with  a 
severe  attack  of  well-characterized  albuminuric  yellow 
fever  (see  No.  1,  Table  H.).     The  second  .successful  in- 


temperatures  (80°  to  82°  F.),  they  had  no  difficulty  in 
obtaining  well-marked  results,  the  failures  having  been 
the  exception.  They  were  thus  able  to  contaminate  their- 
fresh  mosquitoes  from  previous  experimental  cases  of 
their  own,  and,  on  some  occasions,  to  confirm  a  doubtful 
clinical  diagnosis  by  applying  to  a  non-immune  mosqui- 
toes which  had  bitten  the  patient. 
The  fourteen  successful  mosquito  inoculations  obtained 


T.4BLE  H.— Successful  Mosquito  Inoculations  by  the  United  States  Yellow-Fever  Board,  1900  and  1901. 


No. 

Subject. 

Inoculation. 

Mosquitoes. 

Contamination. 

Incubation. 

Experimental  Attaclc. 

1 

Dr.  C. 

27  August,  1900 

1 

12/4/s.,  11. 
6/2/m.,  11. 

3  days  7  hours 

August  31 :  s.  Alb. 

2 

X. 

31  August,  1900 

4 

la/f.,  i.,  li. 
12/l()/()/-t/2/s..  1.,  11. 
lO/H/3/m.,  1.,  11. 

6  days  2  hours 

September  7 :  Alb. 

3 

J.  B.  K. 

.5  December,  1900 

5 

15/f/i.,  19/s.,  11. 
21/m.,  11. 

3  days  9  hours 

December  9:  Alb, 

4 

Sp.  a. 

S  December,  1900 

4 

n/f..  Ill,,  19/22/s.,  ill. 
24/m.,  ill. 

5  days  17  hours 

December  14:  alb. 

5 

Sp.  b. 

9  December,  1900 

1 

19/f.,  ii. 

3  days  11  hours 

December  12:  alb. 

6 

Sp.  c. 

11  December,  1900 

4 

20/f.,  Hi, 
3.VS.,  lii. 
27/m.,  ill. 

3  days  10  hours 

December  15 :  alb.  tr. 

Sp.  d. 

31  Deceml)er.  1900 

? 

Mosquito  house. 

3H  days  1 

December  25:  alb. 

K 

Sp.  e. 

30  Dk-i-.-inli.-r,  1900 

4 

17/(qi.se5),i. 

3  days  32  hours 

January  3 :  alb. 

» 

L.  F. 

19  .liuiuiirv.  l!«ll 

3 

39/s.,  ill. 

4  days 

January  2:5:  Alb. 

1(1 

C.  W. 

31  Jaiiiiarv,  l!«ll 

2 

51/s.,  lii. 

3  days  3  hours 

February  3:  alb.  tr. 

11 

J.  H. 

(i  Fehruarv.  imil 

.5r/s.,  ill. 

3  days  6  hours 

February  9:  Alb. 

13 

c.  s. 

T  IVliriiiirv.  l!«il 

3 

HVf.,  11. 

2  days  32  hours 

February  10:  N-a. 

13 

Sp.f. 

IBSepleliiber,  1901 

4 

M/f..  lii. 
34/t.,  11. 

3  days 

September  10:  Alb. 

14 

Sp.  g. 

9  October,  1901 

8 

18/(casel3),ll. 

■iMs  days 

October  13 :  alb.  tr. 

oculation  was  obtained  upon  a  non-immune  American, 
who  offered  himself  for  the  trial.  He  was  bitten  by  four 
mcsquitoes  which,  between  them,  had  previously  bitten 
ten  yellow-fever  patients  (two  of  them  fatal  and  two 
severe  ones)  at  dilferent  intervals  varying  between  two 
and  sixteen  days  before  the  inoculation.  This  Ameiicau 
was  attacked  at  the  end  of  six  days  and  two  hours  with 
high  fever,  and  presented  all  the  characteristic  symptoms 
of  yellow  fever,  the  albuminuria  and  jaundice  continuing 
till  several  days  after  convalescence  (No.  2  of  Table  II.). 

In  neither  of  these  two  cases  had  the  inoculated  sub- 
jects been  isolated  or  kept  under  close  observation  until 
the  first  symptoms  of  the  attack  had  declared  themselves; 
tut  the  circumstance  that  their  insects  were  home-bred, 
that  the  attack  had  commenced  within  the  classical  limits 
of  the  yellow-fever  incubation,  and  that  the  symptoms 
were  very  characteristic,  convinced  them  not  only  of  the 
fact  that  the  mosquito  was  indeed  the  transmitter  of  the 
disease,  but  also,  by  reason  of  their  first  negative  results, 
that  an  interval  of  at  least  ten  or  twelve  days  must  ela])se 
after  the  insect  has  bitten  a  yellow-fever  patient  before 
it  aeq\iires  the  faculty  of  inoculating  the  disease.  They 
decided,  therefore,  to  act  in  accordance  with  this  principle 
in  all  their  future  experiments. 

After  delivering  their  preliminary  report  with  a  minute 
account  of  their  two  successful  inoculations,  the  same 
commission  returned  to  Havana  with  instructions  to 
carry  out  to  a  close  the  demonstration  of  the  important 
question  involved:  Whether  or  not  the  Stegomyia  mos- 
quito is  the  natural  transmitter  of  yellow  fever.  For 
this  purpose  they  weie  provided  by  Gov. -Gen.  L.  Wood 
with  ample  means,  and  permitted  to  repeat  their  mos- 
quito inoculations  upon  any  non-immune  who,  after 
being  informed  of  the  risks,  should  consent  to  be  experi- 
mented upon. 

After  a  careful  preparation  of  the  premises  and  the 
adoption  of  many  ingenious  devices  to  exclude  chances 
of  error,  the  connnission  started  a  series  of  mosquito  in- 
oculations which,  iinder  the  circumstances  in  which  they 
were  performed,  left  no  room  for  a  doulit  as  to  the  fad 
that  the  experimental  attacks  which  followed  the  inocu- 
lations could  be  attributed  only  to  the  bites  of  their  con- 
taminated mosquitoes. 

By  adhering  to  the  rule  of  using  in  their  experiments 
only  mosquitoes  having  more  than  ten  or  twelve  days 
of  contamination,  and  which  had  been  kept  at  summer 


by  the  Army  Board  during  the  years  1900  and  1901  have 
been  tabulated  for  future  references  (see  Table  II.), 
leaving  their  other  valuable  experiments  with  the  injec- 
tion of  yellow-fever  blood,  and  others  also  for  the  pur- 
]iose  of  demonstrating  that  fomites  and  air-borne  germs 
have  no  share  in  the  propagation  of  the  disease,  to  lie 
considered  after  I  have  completed  the  record  of  all  the 
inoculations  with  mosquitoes  that  have  so  far  been  pub- 
lished. 

The  following  series  of  Prof.  John  Guiteras  will  show 
the  advantage  of  including  in  such  reports  not  only  the 
successful  experiments,  but  also  the  negative  ones. 

During  the  spring  and  summer  of  1901  Professor  Gui- 
teras, being  in  charge  of  the  Experimental  Station  at  Las 
Animas  Hospital,  undertook  to  ascertain  whether  the 
mosquito  inoculation  could  be  safely  used  as  a  means 
of  conferring  immunity  upon  new  comers.  His  ex- 
periments at  Las  Animas  were  performed  according 
to  the  rules  set  down  by  the  Army  Board,  and  the 
same  precautions  were  taken  to  exclude  sources  of  error. 
In  the  course  of  nine  months,  from  Felnuary  to  October, 
1901,  he  performed  forty -nine  inoculations  upon  twenty- 
three  subjects  who  were  supposed  to  be  nonimmunes, 
but  two  of  them  apparently  were  not.  Nine  of  the  forty- 
nine  attempts  were  followed  by  a  well-marked  attack  of 
yellow  fever  within  three  to  six  days  after  the  bites  of 
the  infected  mosquitoes.  The  first  successful  inocula- 
tion (No.  2,  Table  III.)  was  performed  with  a  mosquito 
which  had  been  presented  to  me  by  Dr.  Carroll,  of  the 
Army  Board,  and  which  had  bitten  only  once  an  experi- 
mental blood  case  (No.  4,  Table  IV.)  about  nine  hours 
after  the  invasion.  This  insect  was  applied  on  the  28d 
of  February  to  a  non-immune  Spaniard  who  was  taken 
sick  on  the  36th  at  midnight  with  a  mild  but  characteris- 
tic attack  of  albuminuric  yellow  fever  (No.  3.  Table  III.). 

Seven  of  Dr.  Guiteras'  successful  inoculations  were  ob- 
tained with  mosquitoes  which  had  been  contaminated 
from  a  particular  patient  (Alvarez),  while  other  mos- 
quitoes which  had  bitten  different  yellow-fever  patients 
coming  from  the  same  locality,  and  who  had  been  at- 
tacked about  the  same  time  as  Alvarez,  all  gave  negative 
results,  even  when  applied  to  subjects  who  afterward 
succumbed  to  the  Alvarez  mosquitoes.  The  attack  in 
the  infecting  patient  (Alvarez),  though  severe,  had  not 
been  fatal:  yet  the  insects  which  had  bitten  him  only 
once  acquired  such  a  virulent  contamination  that  out  of 
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TfclIoH-  Fever, 
lfeIlo«-  Fever. 
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Table  III.— Mosquito  Inoculations  Pebpormed  by  Pkof.   J.   Gditeeas  at   Las   Animas   Experimental 

Station,  Havana,  1901. 


No. 

Name. 

Inoculation. 

Mosquitoes. 

Contamination. 

Result. 

Incubation. 

"T 

Gross 

(a)  22  Fel>rnarv 

1 

13/?  iii. 

0 

(b)  17  Miin-h 

1 

17/(No.  21,  ii. 

0 

(c>  U  Aprii 

1 

1.5/vm.,  ii. 

0 

(d)  2  June 

3 

19/vm.,  ii. 

0 

2 

Vergani 

23  February 

1 

26/(4,  Table  IV.),  i. 

Alb.  y-t. 

3  days  10  hours. 

3 

Qulntillan 

8  March 

1 

9/vm.,  iv. 

0 

4 

Maas 

(a)  17  March 

1 

17/(No.  2),  it. 

0 

(b)  2.1  March 

1 

a5/(No.  2),  ii. 

0 

(c)  16  May 

3 

6/ni.,  ii. 

0 

Id)  27  May 

1 

18/m..  ii. 

0 

(e)  4  June 

4 

26/m.,  ii. 

0 

(f)  Li  August 

3  Alv. 

24/hg.,  iii. 

Fatal  Hg. 

3  days  21  hours. 

5 

Martinez 

36  March 

1 

2o/m.,  il. 

0 

6 

Represas 

(a)  17  March 

1 

18/m.,  il. 

0 

(b)  31  March 

1 

2.5/m.,  ii. 

0 

(c)  8  August 

4  Alv. 

19/hg.,  iii. 

Severe  hg. 

3  days  3  hours. 

7 

Santiso 

(a)  m  April 

1 

21/ni.,  ii. 

0 

(b)  16  May 

9 

7/m.,  ii. 

0 

(c)  2  June 

3 

20/vm.,  ii. 

0 

8 

Cairo 

(a>  25  April 

1 

2.5/m.,  ii. 

0 

(b)  24  May 

4 

15.  m.,  ii. 

0 

(c)  8  August 

4  Alv. 

19  hg.,  iii. 

Fatal  lig. 

4  days  5  hours. 

» 

Taylor 

(a)  1  May 

3 

9/m.,  ii. 

0 

(b)  8  May 

3 

17/m.,  ii. 

0 

(c)  15  May 

•J 

23/m.,  ii. 

0 

(dl  29  May 

3 

20/m.,  ii. 

(1 

(el  7  June 

4 

24/m.,  ii. 

0 

(f)  7  August 

5 

20/m.,  ii. 

0 

(g)  13  August 

1  Alv. 

24/lig.,  iii. 

Alb.  y-f. 

3  days  14  hours. 

10 

Vazquez 

31  May 

4 

22/m.,  ii. 

0 

11 

Campa 

(al  31  Jiily 

4 

5/Hg.,  iii. 

0 

(b)  9  August 

3  Alv. 

20/hg.,  iii. 

Fatal  Hg. 

5  days  3  hours. 

12 

Martin 

(a)  4  August 

4 

17/m.,  ii. 

0 

(b)  13  August 

2  Alv. 

34/hg..  iii. 

0 

13 

Varela 

(a)  4  August 

4 

17/111.,  ii. 

0 

(b)  14  August 

3  Alv. 

24/lig.,  Iii. 

Severe  y-t. 

5  days  21  hours. 

14 

Holmes 

(a)  7  August 

1 

14/bg.,  iii. 

0 

(b)  8  August 

1 

15/hg.,  iii. 

0 

1.5 

Mipues 

10  August 

2 

22/m..  ii. 

0 

16 

Thomlison 

10  August 

2 

22/bg.,  iii. 

0 

17 

DoniinRuez 

10  August 

4 

15/Hg..  iii. 

0 

18 

A  lonso 

24  August 

2  Alv. 

34/hg.,  iii. 

Severe  hg. 

3  days. 

19 

Vicente 

24  August 

2  Alv. 

36/hg.,  iii. 

0 

20 

Semil 

17  November 

1 

57/(13,  Talile  11.),  ii. 

Alb.  y-f. 

4  days  2  hours. 

21 

Kivero 

(a)  17  November 

1 

aj/(Nci.l,  Table  VI.),  ? 

0 

(b)  19  December 

1 

23/(No.  20,  Table  III.),  iv. 

0 

22 

Kirby-Smith 

28  November 

1 

3/(No.  20,  Table  III.),  iv. 

0 

23 

Lopez 

(a)  28  November 

1 

3/(No.  20,  Table  III.),  iv. 

0 

(b)  15  December) 

1 

16/(No.  20,  Table  HI),  iv. 

0 

Table  IV.- 


-EXPEEIMENTAL    YeLLOW    FeVER   PkODUCED   BY   THE   ArMY   BoARD   WITH   THE   INJECTION   OP    BloOD 

FROM  Yellow-Fever  Patients,  1901. 


No. 

Name. 

Injection. 

Quantity. 

Source. 

Attack. 

Incubation. 

1 
2 
3 
4 
5? 

W.  J. 
W.  0. 
W.  F. 
J.  H.  A. 
J.  M.  B. 

January  4th,  1901 
January  .^th 
January  22d 
January  25th 
October  22d 

2.0  c.c. 
1.5  c.c. 
.5  c.c. 
1.5  c.c. 
1.5  c.c. 

(m.,  y-f),  Ii. 
(No.  1,  T.  IV.),  i. 
(f.  Hg.i.  ii. 
(No.  3,  T.  IV.),  ii. 
(No.  1,  T.  VI.),  iv. 

January  8th :  Alb. 
January  11th:  m.  y-f. 
January  24th :  s.  Alb. 
January  28th:  Alb. 
October  23d  ? 

3  days  22  hours. 
2ii  days. 
1  day  19  hours. 
3  days  8  hours. 
24  hours. 

Case  5  received  an  injection  of  filtered  serum  on  the  15th  and  another  of  fresh  blood  on  the  22d  :  opinions  being  divided  as  to  which  of  the  two 
injections  was  the  successful  one,  the  case  has  been  recorded  with  a  query,  both  in  this  table  and  in  the  following  one  (No.  3  ?  T.  V.). 


nine  persons  to  •whom  they  weie  afterward  aiJpHed  seven 
were  attacked  with  severe  j-ellow  fevei',  and  tliree  of 
them  proved  fatal.  A  mosquito  which  had  been  fed 
from  tlie  arm  of  Dr.  Guiteras'  first  experimental  case 
(No.  2,  Table  III. )  gave  a  negative  result  when  applied 
after  .seventeen  days,  and  again  eight  days  later,  with 
twenty-five  days  of  contamination,  to  Miss  Maas  (No.  4. 
a  and  h.  Table  III),  who  died  tliree  months  later  from 
the  biles  of  two  of  the  Alvarez  mosquitoes  (No.  4,  /, 
Tabic  III.).  Another  mosquito  which  had  bitten  the 
patient  upon  whom  Dr.  Carroll  had  experimented  with 
unhealed  defibrinated  blood  (No.  1,  Table  VI.),  was  ap- 
plied, twenty-six  days  after  biting  this  patient,  to  a  non- 
immune (No.  31  a.  Table  III.)  with  a  completely  negative 
result.  Fiiuilly,  three  mosquitoes  which  hadbilten  Dr. 
Guiteras'  last  successfully  inoculated  patient  (No.  20, 
Table  III.)  thi-ee  days  and  five  houi's  after  the  first  onset 
of  the  fever,  wen;  tipplied  at  the  end  of  three,  sixteen, 
and  twenty-three  days  respectivelj'  to  three  non-immunes 
(No.  22,  23  a  and  0,  21  4),  and  the  I'esult  was  negative  in 


all  three.  These  results  evidently  prove  that  not  all  the 
Stegomyia  mosquitoes  that  bite  genuine  j'ellow-fever 
patients  become  infected,  even  when  all  the  conditions 
set  down  by  the  Army  ]5oard  are  complied  with.  This 
had  already  been  interred  by  Dr.  Reed  after  witnessing 
an  instance  in  which  the  simultaneous  bites  of  twelve 
mosquitoes  which  had  bitten  a  mild  experimental  case 
(No.  8,  Table  II.)  faiU'd  tJi  transmit  tlie  disease  to  a  per- 
son considered  nun-immune,  although  the  injection  of 
2  c.c.  of  blood  drawn  from  the  same  patient  had  pro- 
duced a  characteristic  attack  iu  another  non-immune  (No. 
1,  Table  IV.).  The  only  hypothesis  which  affords  a  sat- 
isfactory explanation  of  these  apparent  anomalies  seems 
to  be  that  many  of  tlie  natural  or  experimental  cases  of 
genuine  j-ellow  fever,  but  principally  among  those  of  a 
mild  tj'pe.  are  due  to  the  introduction  of  a  limited  num- 
ber of  germs  wliieb.  having  taken  root,  as  it  were,  in 
some  undetermined  region  of  the  body,  establish  a  local- 
ized infection;  and  that  the  general  symptoms  of  yellow 
fever  which  follow  are  elicited  by  the  soluble  toxins 
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A'olloiv  Fever. 
Vollow  FcTier. 


conveyed  through  the  blood  circulation.  Under  these 
circumstances  mosquitoes  fed  from  the  germ-free  per- 
ipheral blood  would  not  become  infected,  while  a  direct 
injection  of  the  blood  itself,  saturated  with  toxins,  might 
produce  a  purelj'  to.\a-mic  attack  of  yellow  fever  insus- 
ceptible of  furtlier  rcpi'oduction. 

The  importance  of  this  hypothesis  will  be  better  ap- 
preciated after  one  has  gone  over  the  interesting  and 
highly  instructive  experiments  which  were  performed  by 
the  Army  Board  with  blood  freshly  drawn  from  the  gen- 
eral circulation  of  yellow-fever  patients  on  the  first  or 
second  day  of  their  attack. 

Their  first  series  consisted  in  injecting  subcutaneously 
from  0..5  to  8  c.c.  of  blood  drawn  from  a  vein  in  the  arm 
of  a  yellow-fever  patient.  They  have  reported  five  suc- 
cessful experiments  of  this  kind  (Table  IV.),  but  the 
fifth,  as  will  be  explained  farther  on,  belongs  more  prop- 
erly to  their  other  experiments  with  filtered  blood  serum 
(Table  V.),  and  has  for  that  reason  been  included  in  both 
tables,  with  a  query  appended  to  each. 

Tlie  conclusions  of  the  Army  Board  regarding  tlieir 
blood  inoculations  were  expressed  in  the  following  terms: 
"First,  that  the  parasite  is  present  in  the  blood — at  least 
during  the  early  stages  of  the  disease;  secondly,  that  the 
pas.sage  through  an  intermediate  liost  is  not  essential  in  , 
the  life  cycle  of  the  parasite.  Thus  j-ellow  fever  is  anal- 
ogous to  the  malarial  fevei's  in  that  it  may  be  produced 
either  by  tlie  bite  of  a  certain  species  of  mosquito  or  b\' 
injection  of  blood  taken  from  the  general  circulation." 
(American  Medicine,  July  6th.  1901,  p.  16.) 

Another  very  important  investigation  was  carried  out 
by  tlie  Army  Board  with  blood  drawn  from  a  vein  at  the 
bend  of  the  elbow  of  a  mild  experimental  case  (No.  14, 
Table  II.).  This  blood,  amounting  to  65  c.c. ,  was  placed 
in  a  sterile  test  tube  and  set  aside  during  five  and  one- 
half  hours  in  the  refrigerator.  At  the  end  of  that  time 
19  c.c.  of  the  sujiernatant,  slightl}'  blood-stained  serum 
■was  pipetted  olf  into  another  sterile  tube,  and  after  dilut- 
ing it  with  an  equal  quantity  of  sterilized  distilled  water, 
it  was  filtered  through  a  Berkefeld  filter,  previously 
tested  and  sterilized.  Ten  and  a  half  hours  after  the 
blood  had  been  drawn  from  the  patient,  3  c.c.  of  the  fil- 
trate, corresponding  to  1..5  undiluted  serum,  was  injected 
into  two  American  non-immunes(Nos.  1  and  2,  Table  V.). 


had  been  observed  at  the  end  of  the  seventh  day,  and 
the  same  subject  was  again  utilized  for  another  expcri- 
nient.  He  was  injected,  at  the  commencement  of  the- 
eighth  day  since  his  previous  injection  with  filtered 
serum,  with  1.5  c.c.  of  blood  freshly  drawn  from  the  arm 
of  the  first  American  (No.  1,  Table  V. )  on  the  fourth  day 
of  the  attack.  The  object  of  this  blood  injection  had 
been  to  ascertain  whether  the  experimental  attack  in  No. 
1  (Table  V.)  should  be  attributed  to  soluble  to.xins  con- 
tained in  the  filtered  serum,  in  which  case  the  second  in- 
jection must  be  expected  to  give  a  negative  result,  or  to 
the  presence  of  ultra-microscopic  germs  which  had  passed 
through  the  Berkefeld  filter,  and  which,  having  multi- 
plied after  being  inoculated,  would  enable  the  disease  to 
be  reproduced  through  the  injection  of  the  patient's  blood. 
This  well-conceived  experiment  was,  however,  deprived 
of  its  significance  by  the  circumstance  that,  not  having  at 
hand  a  fresh  non-immune,  it  was  performed  upon  a  sub- 
ject who  might  still  be  under  the  influence  of  a  previous 
experiment.  In  point  of  fact,  exactly  eight  days  after 
this  third  American  had  received  the" injection  with  fil- 
tered serum,  and  just  twenty-four  hours  after  his  injec- 
tion with  the  fresh  blood  (No.  3,  Table  V.,  and  No.  5, 
■  Table  IV.),  he  was  attacked  with  a  mild  form  of  yellow 
fever,  showing  a  trace  of  albumin  on  the  fourth  day.  The 
question  as  to  which  of  the  two  injections  had  been  the 
successful  one  rests,  therefore,  on  the  greater  probabilities 
of  an  incubation  period  of  eight  days  rather  tlian  of  one 
of  twenty -four  hours.  The  experinienters  decide  in  favor 
of  the  latter,  but  I  cannfit  agree  with  them  on  that  decis- 
ion, for  there  is  no  reliable  precedent  for  such  a  brief  in- 
cubation as  twenty-four  hours  in  the  records  of  either 
natural  or  experimental  cases,  while  there  are  examples 
of  both  kinds  regarding  an  incubation  of  eight  days.  Dr. 
Carter,  in  his  valuable  paper  on  that  subject  (New  York 
Medical  Record.  March  9tli,  1901,  p.  366),  gives  the  par- 
ticulars about  four  members  of  a  family  w'ho  at  different 
hours  of  the  same  day  had  gone  from  a  non-infected 
house  where  they  lived  to  an  infected  one  at  a  short  dis- 
tance from  their  home,  and  they  were  all  taken  sick  with 
j'ellow  fever  in  the  course  of  the  eighth  or  ninth  day  after 
that  visit,  while  a  fifth  member  of  the  family  who  liad  not 
accompanied  the  others  in  their  visit  to  the  infected  house, 
only  took  the  disease  several  weeks  later.     As  an  experi- 


T.\liLE    V. 


-ExPERiMENT.\L  Yellow   Feveh   WITH    Injection  of  1.5  c.c. 

Case  (No.  14,  T.\ble  II.)  IV. 


OF  Filtered   Blood   Sercm  from 


No. 

Name. 

Injection. 

Time  in  t>i't)-o. 

Attack. 

Incubatioil. 

1 
2 
3(?) 

P.  H. 
W.  C. 
J.  M.  B. 

October  1.5th. 
October  1.5th. 
October  15th. 

10!^  hours. 
KIH  hours. 
H  hours. 

m..  y-f.,  tr..  alb. 
abort.,  y-f.,  no  alb. 
vm.,  y-f.,  tr.,  alb. 

4  days  4  hours. 
4  days  1  hour. 
8  days. 

NOTE.— Case  3,  see  note  to  Table  IV. 
T.\BLE    VI. — COMPAEISON   BETWEEN   UnHEATED   BlOOD  AND  THE   SAME  BLOOD   AFTER   HAVTNG   BEEN   HeATED   TO 

55"  C,  Ddrino  Ten  Minutes,  when  Injected  into  Non-immunes. 


No. 

Name. 

Injection. 

Source. 

Quantity. 

Condition. 

Result. 

1 
2 
3 
4 

(Control)  M.G.  M. 
Sp.  A.  C. 
Sp.  U.  F.  M. 

Sp  S.  0. 

October  Loth. 
October  1.5th. 
October  15th. 
October  loth. 

(14  Table  II.)  iv. 
(14  Table  II.)  iv. 
(14  Table  11.)  iv. 
(14  Table  II.)  iv. 

0.75  c.c. 
1.5   c.c. 
1.5  c.c. 
1.5  c.c. 

Unheated. 
Heated. 
Heated. 
Heated. 

m.,  y-1.,  tr.,  Alb.,  October  20th. 
0. 
0. 
0. 

Both 

days 

a  tra( 
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fact. 
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the  36th  at  11:45  am.,  with  a  characteristic  attack  of 
non  albuminuric  yellow  fever,  only  a  doubtful  trace  of 
albuniiii  liuviug  been  obtained  in  tlie  night  of  the  foui  th 
day.  There  were  hawking  up  of  bloody  phlegms,  bleeding 
from  the  gums  ou  pressure,  yellowness,  and  the  sponta- 
neous defervescence  on  the  seventh  day.  and  his  immunity 
was  subsequently  proved  by  more  than  twelve  years  of 
residence  in  Havana.  In  this  experimentol  case,  there- 
fore, the  incubation  was  between  eight  and  nine  days. 

Until  some  more  decisive  e.xperimental  proof  can  be 
given,  I  must  therefore  adhere  to  my  belief  that  the 
pathogenic  effects  which  followed  the  injection  of  filtered 
blood  "serum  in  the  experiments  by  the  Army  Board  were 
due  to  the  soluble  toxins  contained  in  that  serum  rather 
than  to  the  hypothetical  ultra-microscopic  germ  invoked 
by  the  experimenters.  I  believe,  furthermore,  that  those 
experiments  confirm  my  opinion  about  m}' own  experi- 
mental cases  (see  Table  I.),  and  that  some  of  the  patho- 
genic effects,  which  were  oljservetl  after  a  few  of  my  in- 
oculations with  recently  contaminated  mosquitoes,  may 
have  been  due  to  the  direct  inoculation  of  human  germs 
which  had  been  retained  upon  the  setiC  of  the  insect's 
sting;  these  germs  having  found  an  appropriate  nesting- 
place  in  some  region  of  the  body  of  the  inoculated  person 
and  producing  through  their  toxins  mild  non-infectious 
attacks  of  3-ellow  fever,  such  as  I  have  mentioned  in  con- 
nection with  Dr.  Guiteras'  experiments  at  Las  Animas. 

While  the  inoculations  with  filtered  serum  were  being 
carried  on  by  the  Army  Board,  the  residual  blood  which 
had  remained  in  the  test  tube  after  the  supernatant  serum 
had  been  pipetted  oflE  was  mi.xed  with  19  c.c.  of  sterilized 
distilled  water  and  beaten  up  with  a  sterilized  egg-beater, 
to  remove  most  of  the  fibrin.  This  mixture  may  be  sup- 
posed to  have  differed  from  the  original  6.5  c.c.  of  blood, 
in  that  it  would  be  poorer  in  soluble  toxins  by  the  quan- 
tity contained  in  the  19  c.c.  of  supernatant  serum  which 
had  been  pipetted  off,  but  richer  in  living  germs,  for 
these  would  naturally  gravitate,  together  with  the  red 
globules,  to  the  bottom  of  the  test  tube.  Fifteen  and  a 
half  hours  had  elapsed  since  the  blood  had  lieen  drawn 
from  the  patient  (five  and  a  half  in  the  refrigerator  and 
ten  at  room  temperatures)  when  they  injected  0.75  c.c.  of 
the  above  mixture  into  a  non  immime  Spaniard  who  was 
attacked,  at  the  end  of  five  days  and  two  hours,  with  a 
mild  but  characteristic  yellow  fever  showing  a  trace  of 
albumin  on  the  fo\irth  day.  In  the  mean  time  another 
portion  of  the  same  blood  mixture  was  subjected  during 
ten  minutes  to  a  heat  of  5.5°  C,  and  of  this  healed  por- 
tion, after  it  had  been  cooled  down,  1.5  c.c.  were  injected 
into  three  non  inuuune  Americans,  with  a  completely 
negative  res>dt,  "no  rise  of  temperature  nor  other  symp- 
toms of  ill-health  having  followed  the  injection." 

The  outcome  of  these  important  experiments  seems  to 
be  that  the  yellow-fever  germ  is  killed  by  ten  minutes' 
exposure  to  5.5"  C,  but  is  not  entirely  deprived  of  its 
virulence  hy  exposure  to  the  cold  of  a  refrigerator  (pre- 
sumably between  40°  and  .50°  F.)  during  five  and  a  half 
hours,  nor  l)y  being  kept  in  ritro  fifteen  and  a  lialf  hours 
after  having  been  drawn  from  the  liuman  subject.  The 
soluble  toxins  contained  in  the  filtered  .serum,  on  the 
other  hand,  appear  to  lose  some  of  their  vindence  when 
ke])t  beyond  ten  hours  in  the  refrigerator ;  but  nothing 
is  known  aliout  their  susceptibilitj'  to  heat. 

The  original  finding  of  the  Army  Board  that  through 
the  bites  of  the  insect  variously  named  Culex  mosquito 
Desv.,  Culex  fasciatus  Fab-,  Stegomyia  fasciata  Theo. , 
experimental  attacks  of  yellow  fever  can  be  produced 
almost  at  will  has  now,  therefore,  been  established  be- 
yond the  possibility  of  a  doubt.  But  the  Board  had  yet 
another  task  to  fulfil,  namely,  to  show  that  the  disease  is 
not  also  transmitted  by  any  of  the  other  modes  of  conta- 
gion which  had  formerly  been  invoked.  For  this  pur- 
pose they  instituted  two  very  convincing  experiments. 
One  consisted  in  partitioning  a  room,  liy  means  of  mos- 
quito-proof wire  netting,  into  two  compartments,  so  that 
a  certain  number  of  contaminated  mostiuitoes  which  had 
been  introduced  into  one  of  the  compartments  could  be 
seen  from  the  other  side  of  the  screen,  but  could  not  cross 


the  barrier.  A  non-immune  was  then  introduced  on  three 
occasions  on  two  successive  days  into  the  compartment 
with  the  contaminated  insects,  while  at  the  same  hours 
two  other  nonimmunes  occupied  the  compartment  on 
the  other  side  of  the  screen.  At  the  end  of  three  day^, 
and  twenty-three  hours  from  his  first  visit  to  the  mos- 
quito comjiartraent  the  first  of  these  non-immunes  was 
taken  sick  with  a  characteristic  attack  of  yellow  fever, 
while  neither  of  the  two  who  had  been  in  the  mosquito- 
proof  compartment  experienced  the  slightest  inconveni- 
ence. 

The  other  experiment  consisted  in  accumulating  in  a 
mosquito-proof  building  constructed  ad  hoc  all  sorts  of 
garments,  bedding,  rags,  and  refuse  which  had  been 
soiled  or  used  by  yellow-fever  patients  or  by  their  dis- 
charges, under  the  worst  imaginable  conditions,  and 
allowing  three  non-immunes  not  only  to  enter  that  build- 
ing, but  to  handle  the  objects,  and  to  unpack  them  out 
of  the  boxes  in  which  they  had  been  preserved,  to  sleep 
in  the  soiled  beds,  etc.,  during  twenty  successive  days. 
This  performance  was  again  gone  through  by  two  other 
couples  of  non-immunes  during  the  two  following  pe- 
riods of  twentj'  days,  and  yet  none  of  the  seven  who 
were  thus  exposed  su£E(;red  the  slightest  disturbance  in 
their  health. 

In  order  to  try  whether  the  local  influence  had  con- 
tributed to  these  negative  results.  jNIajor  J.  Ross,  United 
States  Navy,  as  director  of  Las  Animas  Hospital,  repeated 
the  same  experiment  some  months  later  at  this  hospital, 
and  the  results  were  ei|ually  negative. 

Tile  tmiversal  conviction  which  has  now  been  reached 
as  to  the  fact  that  the  mosquito  does  transmit  3'ellow 
fever  has  given  rise  to  the  suggestion  that  other  blood- 
sucking insects  should  also  be  able  to  do  so.  That  this 
is  not  the  case  must  be  directly  inferred  from  the  circum- 
stance that  most  of  the  blood-sucking  insects,  apart  from 
the  Stegomyia  fasciata  (Culex  mosquito  Desv.),  are  com- 
mon to  localities  where  j-ellow  fever  is  transmissible, 
and  to  others  where  it  is  not  transndtted  from  the  sick  to 
the  healthy.  In  point  of  fact  the  difficulty  in  the  study 
of  yellow-fever  etiology  has  not  been  to  find  an  agent 
which  should  transmit  the  disease  indiscriminately,  but, 
on  the  contrary,  to  account  for  the  fact  that  the  disease 
has  a  very  limited  geographical  distribution,  and  that  its 
propagation  is  markedly  affected  by  local  conditions 
which  are  not  known  to  affect  in  an  equal  degree  any 
other  blood-sucking  insect  but  the  Culex  mosquito. 

Deductions  from  the  Experimental  Facts  that  hare  been 
Recorded. — 1.  Only  two  ways  are  known  by  which  yel- 
low fever  can  be  experimentally  transmitted  from  a  yel- 
low-fever patient  to  a  non-immune :  one  is  through  the 
bites  of  Stegomyia  mosquitoes  which  have  previously 
bitten  a  well-marked  case  of  yellow  fever  within  the  first 
days  of  his  attack,  and  which  have  been  kept  at  summer 
temperatures  (80°  to  83°  F.);  and  the  other  through  the 
injection  of  blood  or  blood  serum  collected  from  a  yel- 
low-fever patient,  also  within  the  first  days  of  ins  attack. 
In  nature,  only  the  first  of  these  processes  can  occur. 

2.  Other  modes  of  infection  through  fomites,  both 
while  fresh  and  after  having  been  kept  during  several 
months,  have  proved  ineffectual  as  a  means  of  reproduc- 
ing the  disease. 

3.  While  severe  cases  o.  yellow  fever  appear,  as  a 
rule,  to  be  infectious  for  yellow-fever  mosquitoes  that 
have  been  kept  at  summer  temperatures,  not  a  few  of 
the  mild  cases  seem  to  be  incapable  of  infecting  those 
insects,  even  when  the  injection  of  blood  collected  from 
the  same  patient  does  occasion  a  mild  attack. 

4.  The  occurrence  of  attacks  of  3-ellow  fever  which 
cannot  infect  mosquitoes  suggests  a  localized  infection 
in  some  undetermined  region  of  the  body,  within  the 
boundaries  of  which  the  germs  remain  confined.  The 
general  symptoms  would  then  be  due  to  the  soluble  tox- 
ins conveyed  through  the  general  circulation,  so  that  an 
injection  of  this  sterile  blood,  saturated  with  toxins, 
might  yet  develop  a  purely  toxtemic  attack  insusceptible 
of  further  reproduction,  while  moscpiitoe?  "^ed  with  the 
same  blood  would  not  become  infected. 
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5.  Nou  infectious  forms  might  follow  the  bites  of 
recently  contaminated  mosquitoes,  when  the  live  germs 
retained  upon  the  setiuof  the  insect's  sting  are  deposited 
in  the  wound  inflicted  with  its  next  bite,  and  find  an  ap- 
propriate nesting  place  in  which  a  local  infection  may  be 
originated. 

6.  The  more  acute  course  observed  in  the  experimental 
cases  produced  with  tbe  blood  injection,  as  compared 
with  tliose  resulting  from  the  bites  of  moquitocs,  may  be 
due  to  the  fact  that  with  the  former  not  only  the  live 
germ,  but  also  the  soluble  toxins  are  injected,  while 
the  mosquito  bite  cannot  be  expected  to  convey  any  of 
the  human  toxins. 

7.  Table  VI.  shows  that  the  yellow-fever  germ  is  killed 
by  ten  minutes'  exposure  to  a  heat  of  C'5'  C,  but  not 
bv  exposure  to  low  temperatures  in  a  refrigerator  during 
five  and  a  half  hours,  nor  b3-  being  preserved  in  vitro 
during  fifteen  hours.  Table  V.,  on  the  other  hand,  sug- 
gests that  the  soluble  toxins  lose  some  of  their  virulence 
when  tliey  have  been  ki'pt  in  vitro  beyond  ten  hours  at 
temperatures  between  40   and  50'  F.  (in  a  refrigerator). 

8.  Tlie  immvinity  acquired  by  foreigners  after  long 
residence  in  yellow-fever  countries,  witlmut  ever  having 
■suffered  an  attack  of  tlie  disease,  is  probably  due  to 
repeated  inoculations  with  recently  contaminated  mos- 
quitoes, such  as  I  liave  recorded  in  Table  I. 

Distinctiee  Features  and  Habits  of  the  Yellow-Fever 
Mosquito. — The  yellow-fever  mosquito  is  the  regular 
da)'  mosquito  by  which  all  the  houses  in  Havana  are 
infested  during  the  sunuiier  season,  and  even  during 
winter  some  are  habitually  seen  flying  about  and  ready 
to  bite  whenever  tbe  temperature  rises  above  75'  F.  It 
remains  hidden  or  asleep  during  the  night  hours  unless 
disturbed  in  its  rest  b)- the  admission  of  artificial  light: 
but  is  wide  awake,  on  the  contrary,  from  daybreak  till 
niglit-time.  Tbej^  are  more  abundant,  however,  at  some 
hours  than  at  others. 

The  j'ellow-fever  mosquito  has  been  included  among  a 
^roup  of  gnats  variously  naiued  by  tlieir  discoverers  and 
some  of  which  present  more  or  less  marked  differential 
characters,  but  having  in  common  the  peculiar  scale 
.arrangement  upon  the  nape  and  scutellum  that  charac- 
terizes Theobald's  new  Stegomyia  fascia  ta  species.  With- 
out calling  into  question  the  scientific  grounds  for  this 
classification,  it  may  be  doubted  whether  all  the  members 
of  tlie  group  possess  the  faculty  of  rejjroducing  yellow 
fever,  inasmuch  as  the  regular  liabitat  of  yellow  fever 
is  confined  to  the  intertropical  zone  of  the  Atlantic 
ocean,  while  the  geographical  distribution  of  the  entire 
Stegomyia  fasciata  species  is  said  to  extend  over  almost 
all  the  lowlands  of  the  tropical  and  intertropical  belt 
around  the  globe.  The  ouh'  variety  of  that  species 
which  has  so  far  proved  capable  of  transmitting  yellow 
fever  was  named  C'ulex  mosquito  !iy  Robineau  Devoid_v 
and  agrees  in  all  respects  with  Ficalbi's  description  of 
his  Cidex  elegans.  The  characters  by  which,  as  a  tyro 
entomologist,  I  was  able  to  differentiate  it  from  the  night 
mosquito  of  Havana,  and  also  from  another  day  mos- 
quito which  occasionally  makes  its  appearance  in  the 
.same  city,  were  the  following  ones:  Its  graceful  form 
and  agility  of  movements;  dark  gra_y,  sometimes  almost 
black  color  of  its  body  with  silver  or  snow-white  orna- 
mentation; white  rings  around  the  five  last  joints  of  its 
hind-legs — three  upon  those  of  the  middle  legs,  and  two 
upon  the  front  ones;  ventral  segments  of  the  abdominal 
rings  of  a  dirty  white;  sides  of  the  abdomen  presenting 
a  double  row  of  white  dots:  sides  of  the  thorax  orna- 
mented with  several  white  patches  of  irregular  outline; 
front  view  of  the  thorax  froiu  above  presents  a  com- 
bination of  white  lines  figuring  a  two-stringed  Ij're. 
the  two  parallel  lines  corresponding  to  the  strings  having 
at  times  a  slight  golden  tinge :  the  face  presents  three 
white  spots  forming  between  them  a  symmetrical  tri- 
angle pointing  downward ;  the  proboscis  is  uniformly 
black,  but  when  the  white  tips  of  the  palps  (in  the  female) 
are  resting  on  the  upper  jiart  of  the  sheath,  they  may  be 
mistaken  for  markings  on  the  proboscis.  The  shortness 
of  the  wings  in  the  yellow-fever  mosquito  struck  me  as 


a  very  convenient  differential  feature ;  when  closed  they 
leave  the  last  segment  of  the  body  uncovered;  in  the 
night  mosquito  (C.  pungens  or  pipiens?)  they  are  just 
long  enough  to  cover  the  posterior  end  of  the  body; 
while  in  the  other  day  mosquito  referred  to  above,  and 
which  resembles  the  night  mosquito  in  many  respects, 
the  wings  when  closed  project  beyond  the  posterior  end 
of  the  bod_y.  The  yellow-fever  mosquito  has  a  pecidiar 
way  of  laying  its  ova,  not  in  the  shape  of  a  neat  boatlet, 
like  the  night  mosquito,  nor  in  an  irregular  lump  like  the 
other  day  mosquito,  but  singly,  in  rows,  or  irregularly  dis- 
posed upon  the  surface  of  the  water  or  upon  the  walls  of 
the  receptacle  above  the  water-line. 

With  tlie  yellow-fever  mosquito,  as  with  the  general- 
ity of  gnats,  it  is  only  the  female  that  bites  and  sucks 
blood.  It  disa]i pears  from  view  when  the  temperature 
falls  below  70"  F. .  hiding,  in  a  state  of  semi-hibernation, 
in  dark  corners,  behind  presses  or  book-shelves,  etc.,  but 
comes  out  again,  anxious  to  bite,  when  the  temperature 
rises  to  between  70°  F.  and  80°  F.  The  shortest  interval 
between  two  successive  bites,  when  the  insect  has  had  a 
full  meal  of  blood,  is  fortj'-eight  hours  :n  the  hot  season, 
but  when  the  temperature  is  cool  tlie  interval  may  ex- 
tend to  five  or  six  da3'S.  Ovulation  is  to  a  great  extent 
regulated  by  the  opportunities  which  the  insect  has  had 
of  biting  and  sucking  blood.  As  a  rule,  it  does  not  bite 
before  having  been  fecundated ;  one  fecundation  proves, 
however,  sutticient  tor  all  the  ova  that  are  to  be  laid  by 
a  female.  All  the  ova  are  not  laid  in  one  batch,  but  at 
different  intervals,  a  new  feed  of  blood  being  apparently 
necessary  for  every  new  batch.  The  natural  longevity 
of  the  female  insect  varies  considerably  under  different 
circumstances,  and  even  when  several  are  caged  together 
some  may  be  short-lived,  while  others  attain  an  old  age.  . 
Probabl)'  the  circumstance  of  not  being  allowed  to  bite, 
so  that  all  their  ova  cannot  be  laid,  may  tend  to  prolong 
the  term  of  their  lives.  In  the  condition  of  semi-hiber- 
nation which  is  produced  by  a  temperature  of  40°  to  50° 
F.,  Dr.  Guiteras  informs  me  that  lie  has  had  under  ob-  ^ 
servation  Stegomyia  mosquitoes  which  have  reached  the 
age  of  two  and  a  half  months,  without  any  food  and 
with  no  other  water  supply  but  the  droplets  condensed 
upon  the  walls  of  the  cage.  A  contaminated  mosquito 
which  had  never  been  allowed  to  bite  after  its  contami- 
nation lived  at  room  temperatures  upon  sugar  and  with 
a  provision  of  water,  five  months  (from  August  to  De- 
cember, 1902).  In  their  natural  condition,  however,  even 
without  taking  into  consideration  their  numerous  ex- 
posures to  violent  death,  I  imagine  that  the  yellow-fever 
mosquito  seldom  lives  beyond  forty  or  fifty  days  in  the 
summer  season.  They  have,  moreover,  many  natural 
enemies,  some  of  which  attack  them  in  the  larval  stage, 
as  do  the  larv;e  of  the  Psorophora,  and  others  also  as  a 
winged  insect  The  j'ellow-fever  mosquito  is  killed  by 
temperatures  above  40°  C. 

For  a  more  technical  account  of  the  Stegomyia  fasciata 
the  reader  must  be  referred  to  Prof.  H.  B.  Ward's  article 
on  Mosquitoes  in  delation  to  Human  Pathology  in  Volume 
V.  of  this  Handbook. 

Propagation  op  Yellow  Pevek. 

A  recognition  of  the  fact  that  yellow  fever  can  be 
transmitted  in  nature  only  through  the  agency  of  the 
contaminated  Stegomyia  mosquito  leads  to  the  follow- 
ing conclusions: 

When  a  case  of  undoubted  yellow  fever  originates  in  a 
locality  known  to  have  been  free  from  the  disease  during 
a  certain  length  of  time,  including  several  months  of 
summer  temperatures,  in  a  person  who  has  not  absented 
himself  from  the  locality  during  the  last  ten  or  fifteen 
days  previous  to  his  illness,  one  of  three  events  must  be 
supposed  to  have  happened. 

1.  If  in  tlie  locality  considered  the  Stegomyia  mosquito 
does  not  exist,  one  or  more  mosquitoes  of  that  species 
having  had  opportunities  for  biting  yellow-fever  patients 
must  in  some  way  have  been  introduced  and  had  access 
to  the  first  person  attacked  with  the  disease.     The  incrim- 
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juated  insect  must  have  become  infected  since  at  least 
ten  or  twelve  ilavs.  but  possibly  as  far  back  as  several 
months,  before  biting  the  new  case  on  hand,  and  the 
latter  was  proliably  bitten  by  the  contaminated  mos- 
quito between  three  and  nine  days  before  he  was  taken 
sick. 

2.  If  the  yellow-fever  mosquito  is  a  normal  dweller  in 
the  Incality'which  we  are  considering,  there  is  a  possi- 
bility that" an  unrecognized  yellow-fever  patient,  within 
the  "tirst  days  of  his  illness  (perhaps  a  passenger  in  a 
railway  train  stopping  a  few  moments  in  the  city  station, 
on  a  ferr\',  or  in  any  other  conveyance)  may  have  been 
bitten  incidentally  by  one  of  the'  local  Stegomyia  mos- 
quitoes, so  that  after  the  lapse  of  a  couple  of  weeks  cases 
of  yellow  fever  may  begin  to  develop  in  the  locality. 

3.  Contaminated"  mosquitoes  may  be  introduced"  with 
an  innuature  contamination,  so  that  the  first  non-immunes 
who  happen  to  be  bitten  by  them  will  not  take  the  dis- 
ease wliile.  a  few  days  lat"er,  every  non-immune  wiio 
is  l)itten  by  the  same  insects  will  be  likely  to  be  at- 
tacked with  yellow  fever  within  the  week  following 
the  bite. 

Manner  in  which  Contaminated  Mosquitoes  may  be  Con- 
veyed from  One  Place  to  Another. — The  luost  obvious 
modes  of  conveyance  include  the  casual  imprisonment  of 
contaminated  insects  inside  of  trunks,  boxes,  parcels, 
etc..  and  it  soiuetimes  happens  that  a  mosquito  is  en- 
trapped under  a  hat  at  the  moment  when  it  is  actually 
biting  the  wearer's  head.  Within  certain  variable  liiuits 
of  time,  in  accordance  with  what  has  been  said  regard- 
ing the  longevity  of  the  yellow-fever  mosquito,  the  con- 
taminated insect  may  be  restored  to  liberty  when  the 
trunk  or  the  box  comes  to  be  opened,  or  the  first  time  the 
wearer  of  the  hat  uncovers  his  head;  and  thus  the  founda- 
tion for  an  epidemic  ma}-  be  laid.  The  mosquito,  as  a 
rule,  does  not  fly  away  to  any  distance  from  the  dwelling 
where  it  has  established  itself:  but  it  may  wander  away 
the  length  of  one  or  two  blocks  in  pursuit  of  a  victim  or 
when  driven  from  its  quarters  by  obnoxious  fumes  such 
as  are  developed  in  disinfecting  a  house  or  a  room,  if  the 
retreat  of  the  infected  insects  has  not  been  cut  off.  With 
its  short  wings  the  yellow-fever  mosquito  is  incapable 
of  supporting  itself  in  the  air  when  a  strong  wind  is 
blowing.  Under  these  circumstances,  if  carried  away  by 
the  wind  from  tlie  deck  of  a  ship,  or  from  the  shore,  it 
might  strive  to  save  itself  from  drowning  by  alighting 
upon  some  floating  object,  which,  drifting  with  the 
current,  wouhl  perhaps  land  the  insect  at  a  greatt!r  dis- 
tance than  it  could  have  reached  flying.  Vessels  trading 
■with  ports  in  the  yellow-fever  zone  are  apt  to  be  boarded 
by  the  Stegomyia  luosquito,  and  new  liroods  of  that 
species  may  be  developed  in  the  water  tanks  or  barrels, 
or  in  accidental  collections  of  stagnant  fresh  water  in 
any  part  of  the  ship.  Fruit  vessels  or  those  laden  with 
sugar  must  be  particularly  attractive  to  these  insects. 
Thus  it  is  evident;  that  without  anj'  actual  imprisonment 
the  Stegomyia  may  make  its  temimi-ary  or  permanent 
home  in  vessels  as  well  as  in  public  conveyances,  railway 
carriages,  freight  cars  laden  with  fruit,  etc.,  when  tlie 
local  conditions  are  favorable.  In  the  presence  of  so 
many  sources  of  danger  it  must,  therefore,  be  recognized 
that  our  only  chance  of  actually  controlling  the  propaga- 
tion of  yellow  fever  lies  in  our  ability  to  c^arry  out  the 
following  precepts: 

1.  To  protect  yellow-fever  patients  from  the  bites  of 
mosquitoes. 

2.  To  prevent  the  escape  of  any  of  the  jnosquitoes  that 
have  bitten  a  yellow-fever  patient  before  adequate  meas- 
ures can  be  taken  for  their  destruction. 

3.  To  prevent  the  access  of  non-immunes  to  localities 
in  which  contaminated  mosquitoes  may  still  be  alive. 

Thr  fact  that  by  satisfying  these  conditions  the  prop- 
agation of  yellow  fever  can  be  absolutely  controlled  has 
been  fully  demonstrated  by  Major  W.  C.  Gorgas  while 
he  was  at  the  head  of  the  Sanitary  Department  of  Ha- 
vana, and  by  our  subsequent  experience  in  the  same  city, 
showing  that  non-immunes  run  no  risk  of  becoming  in- 
fected by  staying  in  the  presence  of  imported  cases  of  the 


disease,  when  both  the  patient  and  tiie  nonimmunes  are 
effectually  protected  against  the  bites  of  the  yellow- 
fever  mosquito.  Charles  J,  Finlay. 

YELLOW  FEVER:  SYMPTOMATOLOGY  AND 
TREATMENT.     S,  u  The  Appendix. 

YELLOW  SPRINGS.— Greene  County,  Ohio.     Hotel. 

Access. — Yellow  Springs  is  a  station  on  the  Little 
Miami  Railroad,  seventy-four  miles  northeast  of  Cincin- 
nati (Walton). 

The  springs  are  pleasantly  situated  on  the  banks  of 
the  Little  Mianu  River.  The  surrounding  country  is 
undulating,  and  attractive  drives  lead  in  all  directions. 
The  springs  yield  about  six  hundred  and  sixt}'  gallons 
of  water  per  hour.  An  analysis  by  Messrs.  Wayne  and 
Locke  resulted  as  follows :  One  United  States  gallon  con- 
tains (solids):  Calcium  carbonate,  gr.  19.57:  calcium 
sulphate,  gr.  1.35;  sodium  chloride,  gr.  0.15;  magnesium 
chloride,  gr.  0.17;  calcium  chloride,  gr.  1..54;  iron  oxide, 
gr.  0.39.     Total,  23.17  grain.s. 

The  water  possesses  mild  diuretic  and  tonic  properties. 

James  K.  Crook. 

YELLOW  SULPHUR  SPRINGS.  —  Montgomery 
C'oiuUy,  Mrginia. 

Post-Okfice. — Yellow  Sulphur  Springs.  Hotels  and 
cottages. 

Access.  — -Via  Norfolk  and  Western  Railroad  to  Chris- 
tianburg  depot,  thence  three  and  one-half  miles  by  stage 
to  springs. 

This  resort  is  located  near  the  summit  of  the  Alle- 
ghany Mountains,  at  an  elevation  of  2,000  feet  above  the 
sea.  We  find  here  the  usual  beautiful  scenery  and  charm- 
in.g  climate  characteristic  of  the  Alleghany  resort.  Four 
miles  north  of  the  springs  is  the  village  of  Blacksburg, 
the  location  of  the  Virginia  Agricultural  and  Mechanical 
College  and  tlie  State  Experimental  Station.  The  Mont- 
gomerj' White  Sulphur  Springsare  also  within  a  distance 
of  only  four  miles.  The  Alleghany  Springs  are  fifteen 
miles,  and  the  wonderful  5Iountain  Lake  and  Bald  Knob 
eigliteen  miles  distant.  A  large  new  hotel,  having  sixt}-- 
four  bed-chambers,  a  handsome  ball-room,  a  large  and 
well-ventilated  dining-room,  numerous  bath-rooms,  etc., 
are  among  the  recent  improvements.  The  laWn  and 
pleasure  grounds  are  shaded  by  magnificent  forest  trees, 
whose  dense  foliage  makes  a  delightful  and  luxurious 
shelter  in  warm  weather.  The  Yellow  Sulphur  Springs 
yield  one  hundred  and  eighty  gallons  of  water  per  hour. 
This  water,  which  has  a  temperature  of  55'  F..  is  trans- 
parent and  very  palatable.  Baths  of  this  water  are  always 
to  be  had  at  any  desired  temperature.  The  following 
analj'sis  of  the  water  is  taken  from  the  United  States 
Dispensatory  for  1880,  p.  1IS32: 

One  United  States  gallon  contains  (solids):  Calcium 
carbonate,  gr.  8.64;  magnesiinn  carbonate,  gr.  1.38;  iron 
carbonate,  gr.  0.62;  free  carbonic  acid.  gr.  4.68:  calciiuu 
sulphate,  gr.  63.30;  magnesium  sulphate  ,gr.  21.09:  alu- 
minum sulphate,  gr.  3.18;  potassium  sulphate,  gr.  0.11; 
.soiliiuu  sulphate,  gr.  0.75;  calcium  phosphate,  gr.  0.01; 
magnesium  phosphate,  gr.  0.  01 ;  potassium  chloride,  gr. 
0.09;  sodium  chloride,  gr.  0.08;  organic  matter,  gr.  3.73; 
and  traces  of  iron  protoxide.     Total,  107.67  grains. 

The  title  to  the  desigtiation  "sulphur"  water  is  not 
made  clear  by  this  analysis,  yet  it  shows  a  valualjle  com- 
bination of  mineral  ingredients.  The  water  should  pos- 
sess antacid,  diuretic,  and  laxative  properties.  It  contains 
sufficient  iron  to  give  it  a  tonic  influence  and  enough  free 
carbonic  acid  to  impart  a  pleasant  sparkle  and  to  endow 
it  with  a  grateftd  sedative  action  on  the  stomach.  The 
water  has  been  found,  on  continued  u.se,  to  lirace  up  and 
give  tone  to  the  muscular  system  and  to  allay  chronic 
and  stibacute  inflammation  of  the  gastro-intestinal  rau- 
cous membrane,  thus  regulating  the  secretory  function, 
tranquillizing  the  nervous  system,  and  tending  to  pro- 
mote soiuid  and  refreshing  sleep.  It  is  highly  recom- 
mended in  chronic  disorders  of  the  female  generative 
organs,  especially  in  amenorrha'a,  indj'smenorrhteaof  cer- 
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tain  forms,  and  iu  leucoiTbo?a.  It  also  acts  as  a  valuable 
restorative  in  neucral  debility  and  in  couvalescence  from 
acute  pi'ostratiug  diseases.  "The  baths  are  recommended 
for  rheumatism  aud  chronic  squamous  skin  affections. 

.hums  K.  Viruik. 

YELLOWSTONE  NATIONAL  PARK  SPRINGS.— The 

::reat  Yellowstone  Hark  is  undoubtedly  destined  to  be- 
come prominent  as  a  health  resort.  Within  its  limits  are 
contained  upward  of  two  thousand  springs,  many  of 
which  have  been  found  to  be  highly  mineralized  as  well 
as  thermal.  We  present  the  following  table  of  reactions, 
etc.,  of  thirty-four  of  these  springs,  geysers,  and  streams, 
which  we  liave  compiled  from  analyses  made  iu  1SH3, 
1884,  and  188.J  by  Messrs.  Frank  Austin  Gooch  and 
James  Edward  Whitfield*; 

Springs  and  Geysers  or  the  Yellowstoxe  National  Park. 


Tempera- 
ture °F.+ 


Cleopatra  Sprinp 

Orange  Spring 

Hot  River 

Soda  Bath  Spring 

Fearless  (ievser 

Peail  (ic'vsiT 

Constant  liryser 

Cnnil  S|iiiTiL' 

Ei-hiiiiis  S|ti]iig 

Sflllailtliikfssel  

Fountain  Cn-yser 

Great  Fountain  Geyser 

Hygeia  Spring 

Madison  Spring 

Excelsior  Spi'lng 

Old  Faithtul  Geyser 

Splendid  Geyser 

Glantli'ss  iH-yser 

Bi-i'-liivri,.vser 

Gfittn  (.■■vsfr 

Ttiii«iii  and  (irand  Geysers. 

AitiMiijsia  iiryser 

Taiiiiis  (■■  vsi-r 

Asta  iioysiM 

Benrli  spring 

Chi-ome  Spring 

Almii  Cn^i'k 

ilusli-p"t  Silling 

Bevil's  Ink  Pot 

Fireliole  lliver  at  Marshalls 
Gardiner    Kiyer    above    Hot 

River    

Water  Supply    at    Mammotli 

Hoi  Spiini-'s 

Sotia  S|>iiii'/s 

Yellowstone  Lake 


159. SO 
145.40 
]»;.40 
t>4.4n 
191.40 

isT.a) 

197. (iO 
1(3.40 
195.80 
195. SO 
179. 1» 
17M.W) 

to  199. SO 
109.40 
lltl.OO 
197.  liO 
1S9.» 

to  191.40 
Hill. SO 
199. .Stl 
ItKI.SIl 
1119. .Stl 
195. SO 
192.02 
197.  GO 
187. 2tl 
191.40 
197.80 


185.(0 
197.  tiO 
44.40 

44.40 


Neutral 


Solid  con- 
tents per 

U.S. 
gallon.* 


(inilns. 
121. tU 
101.. 54 
11.3.10 


Slightly  acid 

Neutral 

Acid 


Alkaline 


43.80 


Acid 


95.02 

I'liiii 
111.:15 
4«.38 
98..53 
81.03 

70.37 
C8.79 
70.95 
85.70 

81.03 
95.02 
82.20 
70.54 
82.78 
81.03 
8«.2S 
74.(12 
39.05 
27.40 

KUJ.Ifi 
71.13 
04.13 

197. ft5 
•H.-Ha 

13.34 

15.74 
48.90 
99.11 


+  Converted  from  degrees  centigrade. 
%  Converted  from  grams  per  kilograms. 

Most  of  these  waters,  it  will  be  seen,  are  not  only 
highly  thermal,  but  are  ciuite  heavily  mineralized,  the 
solid  contents  ranging  from  13.24  to  197.05  grains  per 
gallon.  These  minera'l  ingredients  consist  chietly  of  cal- 
cium, sodium,  potassium,  lithium,  magnesium,  silicon 
dio.xide,  sulphur  trioxide,  carbon  dioxide,  chlorine,  and 
basic  oxygen.  The  chemists  also  discovered  the  follow- 
ing ingredients  in  small  quantities  or  traces:  Titanium, 
arsenic,  iron,  bromine,  aluminum,  manganese,  barium, 
strontium,  rubidium,  ca'sium,  ammonium,  liydrogen  sul- 
phide, boron,  phosphoric  and  hydrochloric  acids.  The 
various  combinations  of  these  elements  and  bases  have 
not  been  fully  determined,  but  the  waters  may  in  gen- 
eral terms  be  classed  as  calcic,  alkaline,  silicious,  sahnc. 
and  snlphureted.  It  may  be  stated  that  the  waters  for 
the  aliove  examinations  were  collected  during  the  months 
of  July,  August.  September,  and  October,  and  the  thermo- 
metriij  records  represent  as  a  rule  the  summer  temjier- 
atures.  It  is  probable  that  the  waters  of  the  hot  springs 
show  little  variation  iu  temperature  at  the  fountains 
during  the  year.     We  present  in  full  the  analysis  of  the 

*  Bulletin  47  of  the  United  States  Geological  Survey,  1888. 


Fountain  Geyser,  which  may  be  regarded  as  fairly  repre- 
sentative of  "the  group.  The  hypothetical  combinations 
have  been  worked  out  for  the  author  bv  E.  E.  Sniitli, 
M.D.,  Ph.D.,  of  New  York. 

Fountain  Geyser  (Yellowstone  National  Park).  One 
L'nited  States  gallon  contains  (solids):*  Sodium  cliloride, 
gr.  30.4T:  potassium  chloride,  gr,  2.09;  sodium  bromide, 
gr.  0.03;  lithium  bicarbonate,  gr.  1.98;  sodiuni^bicarlum- 
ate,  gr.  22.46;  magnesium  bicarbonate,  gr.  0.3.1;  calcium 
bicarbonate,  gr.  0.33;  iron  bicarbonate,  gr.  0.035;  potas- 
sium sulphate,  gr.  3.48;  sodium  phosphate,  gr.  0.01; 
sodium  tetraborate,  gr.  1.16;  sodium  arseuiate.  gr.  U.20; 
alumina,  gr.  0.96;  silica,  gr.  19.33;  and  a  trace  of  man- 
ganese bicarbonate.  Total,  81.885  grains.  The  water 
also  contains  free  carbonic  acid  and  a  trace  of  sulphtir- 
eted  liydrogen. 

This  analysis  presents  a  fairly  strong  alkaline-saline 
water.  It  possesses  useful  propei'ties  as  an  antacid,  diu- 
retic, and  aperient.  In  addition,  it  contains  an  appreci- 
able quantity  of  arsenic,  and  in  continued  dosage  should 
speedily  produce  the  physiological  elfects  of  tliat  drug. 
The  water  of  La  Bourboule,  in  France,  which  contains 
but  slightly  more  arsenic  than  this  geyser,  has  long  been 
celebrated  in  the  treatment  of  skin  diseases,  notablv  in 
'eczema  and  the  other  rheumides.  The  Yellowstone 
waters  will  no  doubt  in  time  be  found  to  possess  ei|ual 
virtue  in  these  affections.  At  the  present  time  Ihe  waters 
are  used  for  bathing  only  at  the  Fountain  Geyser  Hotel. 
At  this  resort  the  waters  are  conducted  into  tlie  hotel 
building,  which  is  supplied  with  an  excellent  system  of 
bath-ro'oms.  The  thermal  waters  of  the  park  will  proba- 
bly come  into  high  repute,  iu  the  near  future,  in  the 
treatment  of  gout,"rbeumatism,  and  syphilitic  all'ectious. 
Some  of  the  springs  contain  a  considerable  proportion  of 
sulphureti'd  hydrogen,  while  free  hydrochloric  acid  is 
found  in  several  others.  We  may  expect  that  all  of  these 
dilferent  waters  will  at  some  fiiture  time  render  useful 
service  in  practical  therapeutics.  We  are  informed  that 
intensely  hot  weather  is  practically  unknown  in  the  park. 
Following  is  a  temperature  table  of  the  summer  and  early 
autumn  mouths,  made  during  a  recent  season: 


Sunrise. 

Midday. 

.Sunset. 

Mean. 

July                  

.55°  F. 
50 
41 
41 

77°  F. 
79 

57 

69°  F. 
66 
58 
53 

67°  F. 

65 

55 

October          

50 

Visitors  to  the  park  should  be  amply  prepared  for  cool 
weather,  no  matter  what  the  season  may  be. 

James  K.  Crook. 

VERBA  SANTA.— (&»o*Wyo7i,  U.  S.  P.;  "Consump- 
tive's weed,"  "Mountain  balm,"  etc.)  The  dried  leaves 
of  Kriodictyun  Califoniicniii  (H.  et  A.)  Greene  (fam.  Hy- 
drophijllaceo').  A  very  pretty  evergreen  shrub,  growing 
on  the  western  side  of  the  United  States  and  in  northern 
Mexico,  in  gregarious  clumps  and  patches  in  barren  soils 
and  among  rocks.  The  drug  is  thus  described:  Usually 
much  broken;  blade  narrowed  into  a  very  short  and 
broad  petiole,  5-13  cm.  (2-5  in.)  long  and  rarely  exceed- 
ing 3  cm.  (liin.)  in  breadth,  oblong-lanceolate,  gradually 
tapering  to  an  acutish  point,  most  irregularly  serrate-  or 
crenate-'dentate,  thick  and  brittle,  or  flexible  in  a  damp  and 
warm  atmosphere,  the  margins  more  or  less  incurved; 
upper  surface  yellowish-green,  more  or  less  resinous, 
smooth,  the  veins  somewhat  impressed ;  lower  surface 
whitish  or  yellowish-white,  with  finely  and  conspic- 
uously reticulate  dark  veins,  densely  but  very  shortly 
tomeiitose;  odor  somewhat  aromatic,  strongly  balsamic 
if  heated  in  the  closed  hand;  taste  balsamic,  sweetish, 
somewhat  tea-like. 

The  principal  constituent  of  this  drug  is  its  ten  to 

*The  combinations,  as  estimated  by  the  original  tinalysts,  have  re- 
cently come  under  our  observation.  The  ivsnlt  .li.cs  not  materially 
differ  from  those  given  above.  It  is  probalile  that  the  proportion  of 
sodium  arsenlate  is  somewhat  over-estimated. 
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twelve  per  cent,  of  resin,  divisilile  into  two  parts,  one  of 
wliich,  coustiluting  its  eliicf  bulk,  possesses  tlie  property 
of  precipitating  (juinine  from  its  salts.  It  also  contains 
volatile  oil,  evieiiiol.  sugar,  and  the  peculiar  body  eriodic- 
tyonic  acid,  which  in  some  respects  resembles  tannin. 

Yerbn  saiita,  as  one  of  its  names  shows,  has  a  local 
reputation  on  the  Pacific  slope  for  coughs,  colds,  bron- 
chitis, and  |)litliisis,  a  reinitation  which  is  shared  by  many 
ol her  resinous  substances  and  has  .some  foundation.  It 
is  also  a  pretty  .good  vehicle  for  the  administration  of 
quinine,  wliose  taste,  like  liquorice  or  glycyrrhizin,  it 
covers  pretty  well.  Of  the  official  fluid  extract,  3  or  4 
c.c.  (TIL  .\lv.  ad  l.w.)  may  be  given  for  coughs.  A  syrup. 
as  a  vehicle  for  quinine,  is  sometimes  prepared. 

Henry  II.  Busby. 

YOLK  SAC— (Umbilical  vesicle:  Vitelline  sac.)  Since 
the  human  yolk  sac  is  a  vestigial  organ,  its  significance 


consumed  as  food  and  the  ventral  swelling  is  gradually 
taken  up  until  no  trace  of  it  remains.  In  the  mesoderm 
of  the  yolk  sac  blood-vessels  develop  very  early  and  e.\ 
tend  to  and  from  the  body  of  the  embrj-o.  In  some  vivip- 
arous sharks  the  vascular  yolk  sac  is  thrown  into  folds 
which,  by  fitting  into  corresponding  uterine  folds,  also 
vascular,  constitute  a  sort  of  placenta  (Balfour). 

In  birds  the  yolk  material  is  enormously  developed, 
and,  though  not  at  first  divided  into  cells,  is  still  to  be 
regarded  as  intracellular  and  as  belonging  chiefly  to  the 
entoderm.  The  germ  layers  spread  gradually  over  its 
surface  (Pig.  504(5,  B).  The  small  eml]r_vo  sinks  into  the 
yolk  mass,  and  the  ectodermal  layer,  with  the  accom- 
panying mesoderm,  closes  in  over  its  back  to  form  the 
amnion,  Arii,  and  to  become  cut  off  from  the  chorion, 
Cho.  The  e.\tra  embryonic  ccelom  consequently  becomes 
dilated.  These  relations  are  further  illustrated  in  the 
cross  section.  Fig.  5047.     From  the  posterior  end  of  the 


Fig.  5046.-  -Diagrams  IllustratinK  the  Development  of  the  Tolk  Sac :   A,  In  flsh ;  B,  in  birds ;  C,  in  the  rabbit :  D.  in  man.    The  embryos  are 
•  drawn  in  blacl;,  the  ectoderm  In  heavy  lines,  the  entoderm  in  light  lines,  and  the  mesoderm  in  dotted  lines.    The  yolk  is  shaded,    ,4  m., 
Amnion ;  Cho.,  chorion ;  Coe.,  extra-embryonic  coelom ;  Y.  S.,  yolk  sac.    (After  Hertwig,  Duval,  and  Minot.) 


can  be  appreciated  only  after  examining  the  correspond- 
ing structure  in  other  animals. 

Co5iP.\R.\TivE  Embrvologt. — In  fish  embryos  the  ento- 
derm lining  the  digestive  tract  is  distended  ventrally.  and 
its  cells  are  loaded  with  nutritive  material  in  the  form  of 
granules.  This  solid  mass  of  yolk-laden  entoderm  is 
covered  on  the  outside  with  a  layer  of  mesoderm,  and  the 
entire  structure  is  known  as  the  yolk  sac.  In  sharks  the 
sac  joins  the  body  by  a  constricted  portion,  the  j'olk  stalk 
(Fig.  5046,  A).     The  ventral  body  wall,  composed  of 


Fig.  5047.— Diagrammatic  Cross-Section  of  an  Amniote  Embryo.  The 
body  of  the  embryo  is  shaded ;  the  extra-embryonic  mesoderm  is 
rt'prfsented  by  a  dotted  line.  Sojh,  somatopieure ;  Spl,  splanch- 
uoplcnre:  Cfw.  chorion;  Am,  amnion;  Coe,  ccelom  ;  In,  intes- 
tine ;  i'olh,  yolk  sac.    (Minot.) 

ectoderm  with  a  lining  of  mesoderm,  extends  over  the 
yolk  sac.  but  is  separated  from  it  by  an  extension  of  the 
body  cavity  or  ccelom.     As  the  fish  grows,  the  yolk  is 


intestinal  tract  an  out-pocketing  projects  into  the  ccelom, 
in  which  it  lies  free.  Thisentodermal  pocket  is  the  allan- 
tois,  an  organ  composed  of  the  same  layers  as  the  yolk 
sac,  and  like  it,  highly  vascular.  Its  competition  with 
the  3'olk  sac  in  placental  mammals  will  be  described 
presently.  The  yolk  sac  of  birds,  in  later  stages,  is 
drawn  into  the  abdominal  cavity,  and  there  it  remains  in 
Avater  fowl,  as  a  permanent  diverticulum  at  about  the 
middle  of  the  small  intestine.     (Oppel.) 

The  mammals  present  several  types  of  yolk  sac.  Ex- 
cept in  the  monotremes  the  sacs  are  empty;  the  yolk- 
charged  protoplasm  has  given  place  to  a  single  layer  of 
well-defined  entodermal  cells  surroimding  a  cavity  tilled 
with  thin  fluid.  The  conditions  in  the  rabbit,  at  a  stage 
comparable  with  the  bird.  B,  are  shown  in  Fig.  5046,  C. 
The  allautois  does  not  lie  free  in  the  ccelom,  but  has 
fused  with  the  chorion,  into  which  its  vessels  extend  to 
form  the  fcetal  part  of  the  placenta.  In  the  rabbit  the 
coelom  never  exteuds  farther  around  the  yolk  sac  than  is 
shown  in  the  figtu-e.  The  lower  half  of  the  sac  consists  of 
entoderm  and  ectoderm  only.  This  lower  half  soon  breaks 
down  and  disappears,  leaving  the  entoderm  of  the  uiqier 
half  to  rest  against  the  uterine  wall.  It  is  then  said  to 
liecome  villous  and  perform  placental  functions.  (0. 
Schultze.)  Except  in  some  rodents  and  in  the  marsu- 
pials, the  mesoderm  extends  completely  around  the  yolk 
sac.  In  the  marsupials  the  sac  is  large,  almost  envelop- 
ing the  embryo  and  its  amnion.  It  unites  with  the  chor- 
ion and  becomes  the  fretal  portion  of  the  placenta. 
(Osborn.)  The  allantois  in  these  animals  does  not  reach 
the  chorion.  In  the  carnivora  both  yolk  sac  anil  allau- 
tois are  connected  with  the  chorion  until  birth,  and  both 
are  vascular.  The  horse  shows  similar  relations,  but  the 
area  of  chorionic  connection  with  the  yolk  sac  becomes 
very  small,  and  at  birth  is  merely  a  scar.  (Bonnet.)  In 
ruminants  and  swine  the  contact  of  sac  and  chorion  is 
slight  and  transient.  In  Tarsius  and  the  primates  the 
yolk  sac  is  very  small,  and  in  early  stages  quite  distant 
from  the  chorion  (Fig.  5046,  B).  The  extra  embryonic 
ctt'lom  is  correspondingly  greatly  developed.    The  human 
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Fig.  .5(M8.— 'I'he  Placental  Insertion 
ot  an  Umbllicul  Cord,  sbuwint' 
Schiiltze's  Fold.  A  part  ot  the 
amnion  covering  the  fold  has  been 
reflected,  disclosing  the  yolk  sac 
and  persistent  vitelline  vessels. 
One-half  natural  size.  (Alter 
Lonnberg.) 


yoik  sac  is  therefore  a  small  and  rudimentary  organ, 
neither  containing  yolk  material  nor  performing  placen- 
tal functions. 

Gross  Anatomy  op  the  Human  Yolk  Sac. — The 
youngest  human  embrj'os known,  and  those  1..5mm.  long, 
are  attached  to  a  rounded  yolk  sac  haviug  a  diameter 
Bqual  to  the  length  of  the  embryo  and  being  connected 
\Yith  nearly  the  whole  extent  of  the  intesti- 
nal tract.  The  embryo  grows  faster  than 
the  yolk  sac.  At  3.15  mm.  the  relations  are 
those  shown  in  Fig.  4837  in  the  present 
volume.  The  opening  of  the  globular  yolk 
Siic  now  occupies  the  middle  third  of  the 
eutodermal  tract.  A  little  later  the  sac  be- 
comes pyriform  (Fig.  4839),  and  its  intes- 
tinal orifice  is  relatively  much  smaller. 
In  embiyosof  about  7  mm.,  or  in  the 
fourth  week,  the  yolk  sac  is  said  to 
attain  its  maximum  de- 
velopment. It  is  then 
round  or  oval,  4-7  mm. 
ill  diameter,  connected 
with  the  intestine  b}'  a 
slender  yolk  stalk.  The 
sac  lies  between  the  am- 
nion and  the  chorion;  its 
stalk  has  become  in- 
cluded in  the  umbiliciil 
cord  (see  Umbilical  Cord, 
and  Fig.  4831).  Subse- 
ijuently  the  3'olk  stalk 
loses  its  lumen  and  pro- 
ceeds to  disintegrate,  be- 
ginning at  a  point  near 
the  future  umbilicus. 
Thus  in  a  three  months'  embiyo  the  yolk  stalk  is  found 
in  the  proximal  part  of  the  cord,  but  no  trace  of  it  exists 
in  the  distal  portion  At  birth  the  part  within  the  cord 
has  gone,  but  beyond  the  cord,  between  the  chorion  and 
amnion,  traces  of  it  are  found,  and  the  sac  itself  is  al- 
most invariably  present.  ( ?  Mayer,  1834 ;  B.  S.  Schultze, 
1861.) 

The  umbilical  cord  is  attached  to  the  mature  placenta 
at  an  angle  varying  from  0  to  90'.  If  the  cord  is  gently 
extended,  a  thin,  triangular  or  crescentic  fold  may  be  ex- 
pected in  this  acute  angle  of  insertion.  It  is  thinner  than 
other  folds,  which  are  due  to  blood-vessels.  Sometimes 
it  is  inconspicuous  or  absent ;  in  other  cases  it  is  .5  or  6 
cm.  high  and  veiy  prominent  as  in  Fig.  5048.  It  is  the 
only  ptace  where  the  amnion  is  not  closelj'  adherent  to 
the  cord.  In  it  and  beyond  it  Wharton's  jelly  is  found, 
sometimes  extending  a  considerable  distance  over 
the  placental  surface.  The  amniotic  villi  occur 
chietly  on  this  fold.  (Winkler,  1868.)  According  to 
its  discoverer,  Schultze,  the  fold  is  caused  by  the 
yolk  stalk,  which,  if  present,  is  seen  within  it  as  a 
delicate  thread  running  just  beneath  the  surface. 
It  may  be  absent,  or  present  in  detached  frag- 
ments, occasionally  it  is  continuous  from  the 
cord  to  the  yolk  sac.  If  the  amnion  is  removed 
from  the  chorion  in  the  quadrant  indicated  by 
Sehultze's  fold,  the  mc  will  appear  as  a  round  or 
oval  vesicle  adhering  to  the  amnion  (rarely  to  the 
chorion),  being  about  5  mm.  in  diameter,  and  pos- 
sessing a  whitish,  yellow,  brown,  or  greenish  nu- 
cleus. Lonnberg,  in  two  hundred  placentas,  found 
the  j'olk  sac  under  the  placental  area  thirty-one 
times,  at  the  placental  border  nine  times,  and  be- 
yond  the  placenta  one  hundred  and  sixty  times,  an  ex- 
treme case  being  27  cm.  from  the  placental  insertion  of 
the  cord. 

The  proximal  end  of  the  yolk  stalk  enters  the  ileum. 
In  young  embryos  the  extensive  loop  of  intestine  to 
which  the  stalk  'is  attached  is  found  outside  of  the  body, 
in  the  ccelom  of  the  umbilical  cord.  As  the  intestine  is 
withdrawn  into  the  body,  a  part  of  the  yolk  stalk  passes 
from  the  navel  inward,  to  a  point  on  the  small  intestine 
which  at  birth  is  about  one  foot  from  the  ccecum,  and 


in  the  adult  some  four  feet.  This  section  of  the  yolk 
stalk  is  normally  obliterated.  The  place  where  it  en- 
tered the  intestine  may  be  marked  bj'  a  diverticulum, 
generally  less  than  four  inches  in  length,  although 
sometimes  much  longer,  known  as  Meckel's  diverlicu- 
lum.  Meckel  in  1809  understood  its  origin  and  knew 
that  the  yolk  sac  was  never  connected  with  the  vermi- 
form appendix ! 

Blijod-Tessels.  —  The  vitelline,  omphalo-mesenteric,  or 
omphalo-mesaraic  vessels,  which  supply  the  yolk  sac,  are 
among  the  first  blood-vessels  to  develop.  In  young  chick 
embryos  blood  from  the  yolk  sac  enters  the  body  by  two 
veins  which  unite  to  form  the  heart.  These  are  the  vitel- 
line veins.  From  the  heart  two  arteries  extend  back 
along  the  body  of  the  embryo  and  branch  out  on  either 
side  over  the  j-olk  sac.  There  a  vascular  network  places 
them  in  connection  with  the  veins  just  described.  In 
later  stages  a  caudad  continuation  of  each  artery  in  the 
body  of  the  chick  causes  the  portion  which  passes  to 
the  yolk  sac  to  appear  as  a  branch,  the  vitelline  artery. 
The  stems  from  which  these  branches  arise  fuse  to  form 
the  dorsal  aorta.  In  mammals  there  are  at  first  many 
vitelline  arteries  on  each  side,  irregularl}'  distributed. 
These  are  replaced  by  a  few  vessels  said  to  be  segmen- 
tally  arranged  in  pairs.  (Mall,  Tandler.)  Finally  a  sin- 
gle pair  becomes  predominant. 

By  the  early  development  of  the  vitelline  circulation 
the  nutritive  yolk  is  transferred  to  the  body.  The  spread 
of  the  vascular  network  over  the  yolk  proceeds  from  the 
embryonic  pole.  Its  extent  is  bounded  by  an  encircling 
vessel,  the  terminal  sinus.  This  sinus  is  well  defined  in 
birds,  is  less  distinct  in  mammals,  and  in  man  has  never 
been  seen,  since  in  the  youngest  known  human  embryos 
the  yolk  sac  is  already  completely  covered  with  blood- 
vessels. In  birds  the  vitelline  area  is  the  seat  of  the 
extensive  formation  of  blood  corpuscles,  and  in  mam- 
mals it  may  have  the  same  function. 

The  vitelline  arteries  fuse  with  one  another  between 
the  aorta  and  the  intestine,  and  again  ventral  to  the  in- 
testine. The  intestine  becomes  encircled  bj'  a  vascular 
ring,  one  half  of  which,  ustially  the  left,  soon  disappears. 
A  single  vitelline  artery  is  thus  formed  which  passes  on 
the  right  side  of  the  intestine  to  the  yolk  sac.  With  the 
degeneration  of  the  yolk  .sac  this  artery  is  oljliterated, 
except  that  portion  between  the  aorta  and  intestine,  which 
remains  as  the  superior  mesenteric  artery. 

The  vitelline  veins,  at  first  a  pair,  also  fuse,  and  form 
two  loops  around  the  intestine.  From  tlie  intestine  they 
extend  as  a  single  fused  vessel  across  the  abdominal  cav- 
ity  to  the  umbilicus.  The  distal  part  of  this  vein  is  later 
obliterated.     Portions  of  the  loops  around  the  intestine 


Fig.  5049.— Vertical  Section  of  the  Wall  of  the  Yolk  Sac  of  a  Babbit  Embryo 
of  Thirteen  Days.  F,  Blood-vessels:  hh  blood  cells;  mt's.  mesoderm. 
(Minot.) 


become  the  portal  vein,  from  which  a  new  branch  arises 
to  form  the  superior  mesenteric  vein      (Dexter). 

In  the  carnivora  the  vitelline  vessels  are  pervious  for 
a  few  days  after  birth  In  man  the  extra-abdominal 
part  is  usually  obliterated  in  the  first  half  of  pregnancy. 
Cases  of  persistent  vitelline  vessels  at  birth  have  been 
reported,  first  by  Bischoff  in  1834.  Lonnberg  states  that 
there  maj'  be  two,  three,  or  four  vessels,  usual!}'  three. 
The  arteries  may  anastomose  with  the  umbilical  arteries, 
but  the  vein  goes  through  the  cord  to  enter  the  foetus 
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directly.     Fig.  5048  shows  tlie  persistt'ut  vessels  around 
the  voik  sac. 

Ihs-roi.oc.y.— The  wall  of  the  .yolk  sac  of  a  young  rab- 
bit consists  of  two  layers,  a  lining  of  simple  cylindrical 
entodernial  eiuthcliuiu  and  an  outer  layer  of  vascular 
mesoderm  (Fig.  •")049.  from  Minot).  The  latter  soon  ap- 
pears divisible  into  mesencliy  ma  and  mcsnthelinm.  These 
with  the  entoderm  )nake  lli'c  three  layers  which  arc'  char- 
acteristic of  later  stages.     The  lining  of  the  human  yolk 


Fig.  50.")0.— Cross  Section  of  a  Human  Yolk  Sac,  from  a  9.4  mm. 
Embr.vo.    .x  95  diameters. 

sac  is  said  to  be  of  simple  epithelium  at  first.  Subse- 
cjuently  it  becomes  stratified  and  thrown  into  folds,  vari- 
ously interpreted.  Kijllikerand  von  Baer  have  described 
villi  containing  blood-vessels,  and  Paladino  has  figured 
iri'egular  elevations  in  the  yolk  sacs  of  dog  and  rabbit. 
Tourneu.x  found  epithelial  depressions  extending  into  the 
mesoderm,  separated  fi'om  one  another  by  mesodermal 
papillre.  Spee  observed  slender  tubes  of  entoderm  ex- 
tending across  the  mesoderm,  branching  dichotomously, 
and  ending  in  alveolar  enlargements.  These  he  found 
all  over  human  yolk  sacs  of  six  to  nine  weeks.  With 
Paladino,  who  regards  the  mammalian  yolk  sac  as  a 
gland  with  an  internal  ,secretion,  and  Saxer  who  finds  it 
a  blood-forming  organ  containing  giant  cells  and  blasts, 
Spee  imites  in  making  cumiiarisons  with  the  liver. 

The  yolk  .sac  of  a  human  embryo  9.4  mm.  long,  of 
about  four  weeks,  is  without  villi.  Its  proliferated  epi- 
thelitun  shows  alveolar  pockets  sometimes  resting  on 
the  mesothelium  and  often  having  no  outlets.  Between 
the  alveoli  there  is  a  small  amount  of  vascular  mesoderm, 
covered  with  a  layer  of  mesothelium  (Fig.  5050). 

In  a  better  preserved  yolk  sac  from  a  33  mm.  embryo 
of  about  two  months,  only  an  occasional  epithelial  cyst 
is  found.  The  dense  mesenchynia  forms  a  more  definite 
layer,  and  the  mesothelium  is  quite  distinct  (Fig.  5051). 
The  blood-vessels  cause  elevations  on  the  outer  surface 
which  are  macroscopic.  The  entodernial  cells  are  vacu- 
olated, probably  containing  fat  droplets,  and  are  degen- 
erating. They  possibly  account  for  some  of  the  stages 
in  blood  formation  described  by  Saxer.  The  resemblance 
witli  the  liver  seems  to  be  remote.  At  birth  the  ento- 
derm has  wholly  disappeared,  leaving  acoiuiective-tissue 


Flfi.   50.^!. —Cross  Section  of  a  Human  Yolk  Sac  fi-om  a  'Si  mm. 
Embryo.    X  95  diameters. 

enveloi)e  surnmnding  debris,  calcareous  granules,  fat, 
and  alb\nuinoid  bodies  (Lfinnberg).  Rauber  described 
yolk  elements  lying  free  in  the  mammalian  yolk  sac.  If 
yolk  is  pi'eseut  il  should  !)e  within  the  entodermal  cells; 
probably  Rauber's  yolk  is  a  degeneration  product. 

The  volk  stalk  in  the  eonl  can  be  distinguished  from 
theallantois  by  its  cylindrical  epithelium,  generally  sim- 
ple, but  sometimes  two-  or  three-layered.  The  epithe- 
lium of  the  allautoic  duct  is  cuboidal. 


Patiioi.ogy. — Meckel's  diverticulum  may  contain  con- 
cretions, and  become  intlamed  like  the  vermiform  appen- 
dix. Tlie  intra-abdominal  yolk  stalk  sometimes  persists 
as  a  band  of  fibrous  tissue,  a  frequent  cause  of  intestinal 
obstruction.  (Fitz. )  Portions  of  the  stalk  may  form  large 
cysts,  and  be  connected  with  the  intestine  or  the  tunbilicus, 
or  lie  free  in  the  mesentery.  (Roth.)  The  stalk  may  re- 
main open  from  intestine  to  umbilicus,  producing  an  intes- 
tinal fistula.  (Neurath  and  Roth.)  Fungiform  adenoma 
at  the  umbilicus  has  been  attributed  to  the  yolk  stalk 
remains.  (Hiitlenbrenncr.)  Cysts  which  ma)'  be  niuner- 
ous  along  the  extra-abdominal  yolk  stalk  (Ahlfeld)  and 
jicrsistent  viielliue  vessels  have  no  harmful  elTect  upon 
lh<'  fa'tus.  Frederic  Thtimas  Leitis. 
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YOUNGS    NATURAL    GAS  WELL    AND    MINERAL 

SPRINGS.— Lake  County,  California. 

These  natural  wonders  are  located  in  the  eastern  edge 
of  Kel.scyville  on  a  slightly  elevated  ground,  about  three 
miles  south  of  Clear  Lakeand  nearthe  baseof  Uncle  Sam 
Miuintain.  The  well  is,  so  far,  more  of  a  curiosity  than 
a  health  resort.  While  boring  for  gas,  in  1888,  the  pro- 
prietors set  free,  at  a  depth  of  idjout  one  hundreil  and 
fifty-eight  feet,  a  large  volume  of  water  mingled  with 
gas.  It  rushed  out  with  great  force,  and  the  flow  has 
continued,  geyser  fashion,  ever  since.  For  an  instant  it 
stops,  iind  then  comes  another  violent  ejection  to  the 
i  height  of  about  forty  feet ;  this  occurs  as  often  as  seventy 
or  eighty  times  to  the  minute.  The  How  of  water,  which 
has  a  temperature  of  76'  F.,  is  about  six  thousand  gal- 
lons per  hour.  Many  people  froiu  various  localities  visit 
the  place  to  witness  the  peculiar  jjhenomenon.  The 
water  has  been  extensively  used  by  the  people  of  Kelsey- 
ville  and  vicinity,  and  they  pronounce  it  excellent  for 
liver,  kidnc)',  and  bowel  disorders.  The  following  anal- 
ysis of  the  water  was  made  by  Winslow  Antlcrsou  in 
1889.  One  United  Sttttes  gallon  contains  (solids) ;  Sodium 
chloride,  gr.  15.70;  sodium  carbonate,  gr.  36.52;  sodinni 
sulphate,  gr.  19.16;  potassium  carbonate,  gr.  3.40;  potas- 
sium iodide,  gr.  0.78;  m.'",gnesium  carbonate,  gr.  7.14; 
magnesium  sulphate,  gr.  21.90;  calcium  ciu'bouate.  gr. 
6.36;  calcium  sulphate,  gr.  9.72;  manganese  carbonate, 
gi-.  0.18;  ferrous  carbonate,  gr.  4.95;  borates,  gr.  3.12; 
alumina,  gr.  5.18;  silicates,  gr,  6.45;  and  tracesof  barium 
carltonate,  lithium  carlionate.  anil  oi-ganic  matter.  Total 
solids.  140.62  grains.  Free  carboiiie'acid  gas,  0.60  cubic 
inches;  also  tracesof  petroleum  and  carbureted  hydrogen 
(inflammable  gas). 
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The  water  ma}-  be  described  as  a  fairly  strong  saline 
chal3'beate.  If  sufficiently  palatable  it  ought  to  prove 
useful  as  a  therapeutic  agent.  Its  action  is  tonic,  ant- 
acid, aperient,  and  diuretic.  It  is  the  owner's  intention 
to  establish  a  health  ami  pleasure  resort  on  the  premises. 
Several  inflammable  gas  wells  are  also  found  on  the 
ground.  These  j'ield  a  gas  composed  lai'gely  of  light 
carbureted  hydrogen.  James  K.  Crook. 

YUMA,  ARIZONA— This  desert  "city"  of  1,800  in- 
habitants lies  in  tlie  extreme  southwestern  corner  of 
Arizona,  at  the  pmction  of  the  Gila  and  Colorado  rivei's. 
It  has  an  elevation  of  only  140  feet,  and  is  situated  in  the 
Great  Arizona  Desert,  about  sixty  miles  from  the  Gulf  of 


dry  heat— the  dryness  of  the  desert,  and  hence  more  en- 
durable than  a  lower  temperature  would  be  in  combina- 
tion with  a  moist  atmosphere.  From  the  table  we  see, 
again,  that  the  relative  humidity  is  very  low,  40.3  per- 
cent, for  the  year;  and  the  average  rainfall  for  the  year 
only  2.08  inches,  and  in  some  years  much  less  than  his. 
Thus,  for  example,  in  1899,  tliere  was  onlv  0.6  inch  of 
rain,  0.5  of  which  fell  in  November.  (Hinsdale,  "Sys- 
tem of  Physiologic  Therapeutics,  Climatology.")  The 
winter  climate,  the  season  in  which  an  invalid  would 
seek  such  a  resort,  is  sunny  and  mild,  the  average  tem- 
perature being  56.1°  F.,  about  five  degrees  higher  than 
that  at  Phoenix  for  the  same  season,  and  about  two  de- 
grees lower  than  that  of  Cairo,  which  is  58.3 '  F. 


Climate   op    Yuma,    Akizona. 


Latitude,  32°  45';   Longitude,   114° 
Years. 


36'.— Period   op   Observation,  Eight 


Temperature —  ( Dcirrt'es  Fabr. ) 

Average  or  nontial 

Mean  of  wannest 

Mean  of  coldest 

.^vi-raiie  daily  rauge 

Hitrtifst  or  maximum...  

Lowest  or  minimum 

Huniidily— 
.Average  relative 

Precipitation- 
Average  in  inches 

Wind- 
Prevailing  direction — From 

Average  hourly  velocity  in  miles 

"Weather- 
Average  nuiittur  clciir  days 

Average  lunid'-r  tuir  days 

Average  tuuulier  clear  and  fair  days. 


iAM 

.43 

N. 
5.6 

20.8 

8.1 

28.9 


59.0° 
65.0 
52.2 
12.8 
90.0 
25.0 

42.2« 

.52 

N. 


19.2 

6.6 

25.8 


March. 


6.5.0° 
71.8 
.58,3 
13.5 
100.0 
31.0 

41.6^ 

.08 

W. 

5.9 

23.1 

6.6 

29.7 


May. 


77.3° 
8l.8 
.74.4 
7.4 
108.7 
49.0 

33.8? 

.01 

W. 


28.0 

2.6 

30.8 


July.        August. 


92.4° 
94.0 
89.6 
4.4 
118.0 
61.0 


23.5 

7.8 

30.3 


91.0° 
92.7 
88.6 
4.1 
115.0 
64.0 

42.3^ 

.25 

S.  E. 
5.5 

21.8 

7.7 

39.5 


Oct. 


72.0° 
77.0 
66.7 
10.3 
102.0 
41.4 

m.n 

.04 

N. 
4.4 

34.1 
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California  and  a  few  miles  from  the  Mexican  border.  It 
is  on  the  line  of  the  Southern  Pacific  Railroad. 

Like  Phaniix  in  the  same  State,  Yuma  is  famed  for  its 
sunshine,  heat,  and  dryness.  It  can  be  used  only  as  a 
winter  resort,  for  it  is  excessivel)'  hot  in  the  summer, 
the  thermometer  sometimes  rising  as  high  as  115°  F.  or 
over,  and  tor  niauv  daj-s  in  succession  it  ranges  above 
90°  F. 

Such  a  region  and  climate  present  conditions  closely 
resembling  those  which  are  found  at  the  health  resorts  of 
Egypt,  which  ai-e  in  nearly  the  same  latitude.  The  ac- 
commodations in  the  latter  country,  however,  are  vast!}- 
superior  in  abundance  and  excellence  to  those  at  Yuma, 
which  ai'e  insignificant  in  comparison,  although  we  are 
told  that  "am]ile  accommodation  is  had  at  the  Depot  Eat- 
ing House,  situated  on  the  very  bank  of  the  Colorado, 
with  encircling  balconies  for  enjoyment  of  guests."  One 
would  hardly  choose,  however,  a  railroad  station  for  a 
pulmonary  invalid  seeking  pure  air  free  from  dust. 
What  other  suitable  accommodations,  if  any,  exist  is  un- 
known to  the  writer.  There  is  little  at  Yiima  to  attract 
one  in  the  way  of  amusements  or  diversion.  Such  vege- 
-  tation  as  is  found  here  is  of  a  semitropical  nature.  The 
soil  is  that  which  is  peculiar  to  all  desert  regions. 

The  climate  is  that  typical  of  the  desert  in  a  tropical 
latitude,  and  presents  many  interesting  phases  for  study. 
In  the  first  place,  we  observe  from  the  chart  that  there 
are  382.4  clear  days,  and  351.7  clear  and  fair  days,  or  over 
90  per  cent.  The  mean  nimiber  of  cloudy  days  for  6 
years  was  21  (Solly).  One  may  therefore  enjoy  here 
almost  continuous  sunshine.  What  a  contrast,  for  in- 
stance, to  Sitka,  Alaska,  where  there  are  only  66  clear 
days  on  an  avei-age  dui'ing  the  year!  Secondly,  the  ex- 
traordinary heat  of  the  Avarmer  months  of  the  year  is  to 
he  notioeti,  the  tempei-ature  in  the  shade  having  been 
known  to  rise  as  high  as  118°  F.  ;  and  in  the  year  1893, 
from  April  to  October  inclusive,  out  of  214  d'ays.  there 
were  162  during  which  the  thermometer  stood  above 
90°  F.,  and  the  maximum  temperature  for  the  year  was 
111°  F.     (Solly.  "Medical  CHmatology.") 

It  is  to  be  borne  in  mind,  however,  that  this  is  a  very 
Vol.  VIII.— 22 


For  a  comparison  of  the  climate  of  this  desert  region 
of  Arizona  with  that  of  the  winter  resorts  of  Egypt,  the 
reader  is  referred  to  the  article  on  the  latter  country  in 
Vol.  III.  of  this  Handbook.  It  will  be  seen  how  closely 
the  climatic  characteristics  of  these  two  regions  resemble 
each  other;  both  illustrate  the  featui'es  of  a  warm  desert 
climate,  and  with  equally  good  accommodations  and  at- 
tractions both  would  probably  produce  similar  results  in 
the  treatment  of  disease. 

The  conditions  and  diseases  for  which  such  a  climate 
as  that  to  be  found  at  Yuma  is  to  be  recommended  are 
also  those  for  which  the  Eg_yptian  climate  is  favorable. 
All  stages  of  phthisis  may  be  favorably  influenced  by  a 
residence  in  this  desert  climate,  provided  the  conditions 
are  not  acute.  As  in  Egypt,  the  disadvantage  of  such 
a  resort  is  the  short  time  of  year  during  which  it  is  avail- 
able ;  this  is  a  distinct  objection  in  the  treatment  of  phthi- 
sis, although  even  with  this  disease  change  is  sometimes 
desirable  and  advantageous,  and  this  is  oftener  true  of 
many  other  maladies.  Change  per  se  is  a  therapeutic  re- 
source of  no  mean  value. 

For  the  consideration  of  the  climate  of  Arizona  as  a 
whole,  the  reader  is  referred  to  the  article  on  Arizona  in 
Vol.  I.  of  this  Handbook.  Edimrd  0.  Otis. 

ZEA.    See  Corn  Silk. 

ZEDOMiy. —(RMzoma  Zedoaria,  P.  G.)    The  rhizome 

of  Viircuiua  Zcdoaria,  Hoscoe,  order  Zi/iffiberaceiT.  This 
is  one  of  the  numerous  ginger-like  plants  which  inhabit 
the  warmer  parts  of  Asia,  and  whose  rhizomes  or  seeds 
are  used  as  spices  or  condiments.  Zedoary  is  indigenous 
in  India  and  China,  in  which  places  it  is  also  cultivated. 
It  is  introduced  and  cultivated  also  in  Java  and  other 
Pacific  islands.  The  rhizome  is  the  part  used,  being 
dug  up,  washed,  or  scraped,  and  then  sliced  and  dried. 
It  is  commonly  stated  that  the  smaller  branches  form  the 
"long  Zedoary,"  and  the  central  tubercles  or  clumps  the 
"  round  Zedoary  "  ;  but,  according  to  the  French  Codex 
and  some  other  authorities,  the  latter  is  the  rhizome  of 
a  related  plant,  C.  aromatica  Salisbury.     Zedoary  comes 
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also  occasionally  mixed  with  curcuma.  The  long  vari- 
ety of  Zcdoaiy  is  oi'  old  occuncucc  in  commefce,  and  was 
formerly  a  greater  favorite  than  uow,  when  its  place  is 
mostly  "taken  by  .gi'ig^''.  curcuma,  sweet  flag,  etc.  In 
this  couMtrv,  iuileed,  it  is  wcUnigh  obsolete,  but  on  the 
contini'ut  of  Euro|ie  it  is  still  olHcial  in  most  countries, 
although  but  very  little  used. 

It  figures  mostly  in  external  applications  as  an  ingre- 
dient of  several  proprietary  liniments  and  "balsams." 
The  French  "  Bmime  de  Fwriii'dnii"  contains  zodoary 
along  witli  fifteen  other  resins  and  spices. 

In  its  composition  zedoary  resembles  ginger  and  cur- 
cuma, and  like  these  it  contains  an  abundance  of  stai'ch. 

W.  P.  Bolles. 

ZEM  ZEM  SPRINGS.— Lake  County,  California. 

These  springs  are  located  on  the  southeastern  side  of 
Clear  Lake,  and  take  their  name  from  the  Holy  Well  in 
Mecca.  The  waters  have  a  temperature  of  64°  F.,  and, 
according  to  au  analysis  said  to  have  been  made  b_y 
Dr.  Boon,  they  contain  the  following  ingredients:  One 
United  States  gallon  contains:  Sulphur,  gr.  29L15;  iron, 
gr.  1-57. .")0;  magnesia,  gr.  103.24;  solid  matter,  gr.  613.15. 
Total  solids,  1,224.04  grains. 

They  have  some  notoriety  in  the  treatment  of  dyspep- 
sia, rheumatism,  and  diseases  of  the  liver  and  kidnej's. 

James  K.  Crook. 

ZENKER'S  NECROSIS.     See  JMtisde.  Putliology  of,  and 

i\\,-/V'.V,-.,. 

ZINC— I.  GiiNER.\L  JIf.dicin.^l  Pkoperties  of  Com- 
porNDS  OF  ZiKC. — Charging  the  blood  with  zinc  affects 
nutrition  in  e-\cess,  developing  poisonous  sj'mptoms,  but 
the  action  is  not  so  profound  as  with  the  majoritj'  of  the 
heavy  metals,  and  in  medicinal  dosage  deleterious  effects 
need  not  be  feared.  Therapeutically,  the  constitutional 
influence  shows  itself  in  a  tendency — not  very  strongly 
pronounced,  but  still  useful — to  abate  spasmodic  nervous 
disorders,  such  as  epilepsy,  chorea,  hj-steria,  etc.  In- 
deed, before  the  rise  of  bromides  into  medicinal  promi- 
nence, zinc  was  a  standard  medicine  for  the  relief  of 
epilepsy  and  hysteria.  At  present,  it  can  only  be  said 
that,  among  the  heavy  metals,  zinc  combines  more  po- 
tency and  availability  as  a  constitutional  nervine  than 
an_y  other — which  is  not  saj'iug  much.  Locallj',  the 
properties  of  the  zinc  compounds  ditt'er  with  the  chem- 
istry of  the  different  compounds,  mainly  according  to 
solubility,  the  soluble  salts  being  caustic  or  initant  and 
astringent,  and  the  insoluble  compounds  operating  as 
absorbent,  soothing,  healing,  and  disinfectant  dressings. 
Internally,  the  soluble  compoimds  in  moderate  dosage 
determine  prompt  and  thorough  vomiting,  after  the 
manner  of  copper  salts,  though  with  less  .severity  of  ac- 
tion. In  large  doses  they  are  corrosive  or  ii'ritant  poi- 
sons, according  to  the  activity  of  the  individual  com- 
pound. The  insoluble  compounds  in  small  dose  allay 
gastric  and  intestinal  irritabilitv,  but  in  large  dose,  prob- 
ably thrt)>igh  chemical  conversion,  may  nauseate,  and 
even  vomit.  Zinc  compounds  are  disinfectant,  the  solu- 
ble salts,  esjiecially  the  chloride,  notably  so,  and  since 
they  do  not  stain  thej'  are  the  most  generally  available 
of  metallic  salts  for  the  purpose. 

The  Ihcmpefitics  of  zinc  con.sist  of  the  following  appli- 
cations: coiistitutionnUy,  as  a  medicine  of  second-  or  third- 
rate  power  to  control  spasmodic  nervous  disease ;  in  the 
atoimifh.  to  allay  pain  or  nausea,  for  which  purpose  an 
insoluble  compound  is  commonly  selected;  in  the  boicels, 
to  control  diarrho'a,  especiall}'  when  the  affection  seems 
a  reflex  of  nervous  irritation  rather  than  the  expression 
of  a  catarrh ;  and,  crternaUy,  the  soluble  compounds,  to 
cauterize,  or,  to  jicrformthe  usual  functions  of  a  metallic 
astringent  irritant  in  the  way  of  determining  absorption 
of  granulation  tissue,  and  abating  catarrh  ;  and  the  insol- 
uble preparations  to  act  as  soothing,  healing,  or,  applied 
dry,  alisorbent  and  disinfectant  dressings.  Solutions  of 
the  .solubli!  sails  are  al.so  available  as  efficient  disinfec- 
tants of  tlieir  kinti  for  W(junds,  fabrics,  floors,  and  all 
non-metallic  receptacles. 


11.  The  Compounds  of  Zinc  Used  ix  Medicine. — 
These  are  the  oxide,  carhonate.  elduride.  hnmride.  iodide, 
sulphate,  dcetate,  valeriaiiiite,  and  ])hos]ihidc,  and  all  hough 
not  orticial,  the  /titrate  and  oleate. 

Zinc  Oxide  (ZnO). — Zinc  oxide  is  oflicial  in  the  United 
States  Pharmacopa-ia  as  Zinci  U-ridiun,  Zinc  Oxide.  It 
is  a  smooth  white  powder,  odorless  and  tasteless,  and  in- 
soluble in  either  water  or  alcohol.  It  dissolves  in  acids 
without  ert'ervesceuce.  It  i.s  peimanent  in  the  air.  but 
should  be  kept  in  well-stoppered  bottles.  Zinc  oxide  is  a 
commercial  article,  and  impure  and  even  fraiidulent  speci- 
mens are  not  uncommon.  Zinc  oxide  is  the  principal 
iusolulile  zinc  compound.  It  may  be  used,  given 
internally,  for  the  constitutional  effect  of  zinc,  or  to  allay 
vomiting  or  diarrhwa;  dose,  from  0.06  lo  0.30  gm.  (gr. 
i.-v.),  several  times  a  day,  in  powder  or  pill.  Externally, 
zinc  oxide  may  be  used,  alone  oi'  mixed  with  ]iowdered 
starches  ov  gums,  as  an  absorbent  jiowder  dressing  to  ex- 
coriatiims  and  sores,  or,  in  ointment,  as  a  soothing  and 
healing  application,  for  which  purpose  it  is  very  effi- 
cient. There  is  au  official  ointment,  L'nyiient'tni  Ztnri 
Oxidi,  Ointment  of  Zinc  Oxide,  consisting  of  twenty  per 
cent,  of  the  oxide  in  benzoinated  lard,  which  may  be  ap- 
plied in  full  strength  to  sores  or  eruptions. 

Zinc  Varhonate. — Normal  zino  carbonate  occurs  in  the 
mineral  Ji«c  spar  or  calimine,  which  was  formerly  official 
in  the  United  States  Pharmacopieia,  as  a  medicine.  Imt 
was  dropped,  because  of  its  impurities,  in  the  revision  of 
the  Pharmacopoeia  of  1860.  In  its  place  is  official,  now, 
the  mixture  of  carbonates  that  results  from  precipitating 
a  boiling  solution  of  zinc  sulphate  by  sodium  carbonate. 
Such  precipitate  is  entitled  Zinci  Carhonas  Pra:cipi/attis, 
Precipitated  Zinc  Carbonate.  Precipitated  zinc  carbon- 
ate is,  like  the  oxide,  a  smooth,  white  powder,  without 
odor  or  taste,  and  insoluble  in  water  or  alcohol.  It  ili.s- 
solves  in  acids  with  copious  effervescence.  Zinc  carbon- 
ate is  substantially  a  duplicate  of  the  oxide  in  medicinal 
properties,  but  its  use  is  commonly  confined  to  external 
application  as  au  absorbent  powder. 

Zinc  Chloride  (ZnCU). — The  salt,  commonly  called  Init- 
ter  of  zinc,  is  official  in  the  United  St.ates  Pharmacoprcia 
as  Zinci  Chloridnm,  Zinc  Chloride.  It  occurs  in  a  white 
crystalline  powder,  or  in  white,  opaque  lumps,  and  is 
exceedingl}'  deliquescent.  It  is  odorless,  but  hasa  very 
caustic  saline  and  metallic  taste  (but  it  is  so  corrosive  that 
tasting  is  dangerous).  It  dissolves  very  freely  in  water 
and  in  alcohol.  It  should  be  kept  in  small,  glass-stop- 
pered bottles.  The  chloride  is  the  most  active  of  the 
zinc  salts,  being  highly  corrosive  and  antiseptic  both. 
It  has  little  eflect  on  the  sound  skin,  but  upon  a  raw 
surface  or  mucous  membrane  it  disorganizes  tissues, 
forming  a  white,  tough  slough.  The  action,  though 
powerful,  is  not  diffuse,  so  that  it  can  be  regulated  quite 
exactly  in  area  and  depth.  The  slough  remains  odorless 
during  its  attachment,  and,  when  finally  cast  off,  as  hap- 
pens in  a  week  or  ten  days,  exposes  an  underlying  sur- 
face presenting  clear,  healthy  granulations,  which  rapid- 
ly proceed  to  cicatrization.  Zinc  chloride  thus  makes 
an  excellent  e.scharotic,  combining  the  features  of  being 
powerful,  yet  manageable,  of  disinfecting  its  own  slough 
for  determining  kindly  healing  of  the  resulting  ulcer,  and 
of  being  free  from  danger  of  producing  constitutional 
poisoning.  Its  operation  is,  however,  very  painful.  In 
solution,  zinc  chloride  is  a  standard  disinfectant,  but,  if 
strong,  acts  upon  metallic  surfaces.  Internally,  it  is  a 
corrosive  or  irritant  poison,  accoi'ding  to  concentration. 

For  use  as  a  caustic,  patent  lint  may  be  soaked  in  a 
concentrated  solution  of  the  salt,  dried,  and  then  cut — 
with  an  old.  worthless  pair  of  scissors — into  proper  size 
anil  applied  to  the  part,  which,  if  covered  with  skin, 
uuist  first  have  the  epithelium  removed  by  blistering. 
Much  more  convenient,  however,  is  the  plan  of  making 
the  chloride  into  a  paste  with  flour  and  water.  Such 
paste  can  be  applied  moist,  or  may  be  dried  and  cut  into 
pointed  rods,  wliich  arc  then  available  for  thrusting  into 
any  large  ma.ss  requiring  destruction,  such  as  a  cancerous 
tumor.  This  paste  was  devised  by  a  Dr.  Caiiquoin.  of 
Paris,  and  often  goes  by  his  name.     It  is  made  by  rapid 
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admixture  of  zinc  chloride  and  wheat  fiour  with  a  verj- 
little  water — a  few  drops  only  to  the  ounce  of  paste. 
The  strength  iu  zinc  salt  will  range  from  fifteen  to  thirty 
per  cent.,  according  to  the  character  of  the  tissue  requir- 
ing destruction. 

As  a  disinfectant,  zinc  chloride  can  be  prescribed  in 
the  official  Liquor  Zinci  Uhloridi,  Solution  of  Zinc  Chlor- 
ide. This  is  a  solution  of  the  salt  iu  water,  fifty  per 
cent.,  by  weight,  in  strength.  It  is  made  directly  from 
the  metal  by  the  action  of  hydrochloric  acid,  the  result- 
ing solution  being  purified  from  contaminating  iron  by 
a  special  procedure,  and  brought  to  standard  strength  by 
distilled  water.  The  solution  is  a  clear,  colorless  liquid, 
odorless,  liaving  a  very  astringent,  sweetish  taste  and  an 
acid  reaction.  In  its  pharmacopoeial  strength,  this  solu- 
tion is  entirely  too  strong  for  direct  application,  being, 
indeed,  corrosive.  As  a  general  disinfectant,  it  should 
be  diluted  to  three-per-cent.  strength,  and  as  a  lotion  for 
wound  surfaces  or  ulcers  to  one  per  cent.  It  has  the 
merit  of  being  deodorant  and  disinfectant,  while  at  the 
same  time  it  has  no  smell,  does  not  slain,  and,  in  the 
dilution  enjoined,  does  not  attack  fabrics  nor  injiire 
metallic  receptacles. 

Zinc  Bromide  (ZnBrj). — Zinc  bromide  is  official  in  the 
United  States  Pharmacopicia  as  Ziiiri  Broniidinn.  Zinc 
Bromide.  It  is  a  white,  or  nearly  white,  granular  pow- 
der, very  deliquescent,  odorless,  having  a  .sharp  saline 
and  metallic  taste,  and  a  neutral  reactfion.  It  is  veiy 
soluble  in  water  and  in  alcohol.  Because  of  its  ready 
deliquescence,  the  salt  should  be  kept  in  small  glass- 
Stoppered  bottles.  Zinc  bromide  closely  resembles  the 
chloride  in  general  properties,  being  deliciuescent  and 
highly  irritant.  Its  official  recognition  is,  however,  not 
for  its  duplicature  of  the  chloride  in  uses,  but  for  its  in- 
ternal employment  iu  nervous  disease,  with  the  notion  of 
getting  the  combined  antispasmodic  effect  of  zinc  and  a 
bromide.  But  in  the  small  dosage  which  the  character 
of  salt  enjoins,  the  quantity  of  bromine  ingested  is  medi- 
cinall}'  insignificant.  The  salt  is  given  in  doses  of  from 
0.10  to  0.30  gm.  (gr.  iss.  to  v.)  in  syru)iy  solution. 

Zinc  Iodide  (Znin). — Zinc  iodide  is  official  in  tlie  United 
States  PharmacopoMa  as  Zinei  lodidnni,  Zinc  Iodide. 
This  is,  again,  a  white,  granular  and  very  deliquescent 
powder,  odorless,  but  of  a  sharp,  saline,  and  metallic 
taste.  It  is  very  soluble  in  water  and  in  alcohol.  It 
must  be  kept  in  small  glass-stoppered  bottles.  Zinc 
iodide,  like  the  bromide,  resembles  the  chloride  in  qual- 
ity; but,  like  the  bromide,  is  suggested  for  the  ])urpose 
of  getting  the  effects  of  the  acid  radical  along  with  those 
of  zinc,  in  constitutional  medication.  But,  again,  tlie 
necessaril}'  small  dosage  defeats  the  purpose.  The  salt 
is  given  in  doses  of  from  0.10  to  0.30  gm.  (gr.  iss.  to  v.) 
iu  syrup.  Locally,  the  iodide  has  been  applied  for  the 
general  purposes  of  the  metallic  astringents,  in  solutions 
ranging  in  strength  from  the  one-flfth  of  one  per  cent,  to 
six  per  cent.,  or  in  a  twelve-percent,  ointment. 

Zinc  Sulphate  (ZnSOj.THoO). — Zinc  sulphate  is  official 
in  the  United  States  Pharmacopoeia  as  Zinci  Sulphas. 
•Zinc  Sulphate.  It  is  crj-stalline,  occurring  in  small, 
colorless,  right  rhombic  prisms,  or  acicular  needles 
which  slowly  effloresce  in  dry  air.  It  is  odorless,  but  has 
a  sliarply  saline,  metallic,  and  nauseous  taste.  It  dis- 
solves in  0.6  part  of  cold  water  and  in  0.3  part  of  boil- 
ing water.  It  is  insoluble  in  alcohol.  It  should  be  kept 
in  well -.stoppered  bottles.  Zinc  sulphate  is  the  sulpliate 
whose  commercial  impure  variety  is  called  white  vitriol. 
The  pure  quality,  official  as  above,  is  in  the  small  crys- 
tals described,  which  look  not  unlike  those  of  Epsom 
salt.  Zinc  sulphate  is  decomposed  by  alkalies  and  their 
carbonates,  hydrosulphates,  lime  water,  soluble  lead  salts, 
and  vegetable  astringents.  By  heating,  it  can  be  made 
to  part  with  its  water  of  crjstallization,  forming  what 
is  called  dried  Hnc  sulpliate. 

Zinc  sulphate  is  an  irritant  astringent,  and,  in  the  dried 
form,  is  even  caustic,  though  less  powerfully  so  than  the 
chloride.  Internallj-,  in  moderate  dose,  it  is  emetic;  in 
excessive  quantity,  an  irritant  poison,  though  again  less 
potent  than  the  chloride.     The  salt  is  a  favorite  metallic 


astringent,  being  milder  than  copper  or  silver  .salts,  of 
less  harsh  taste,  and  does  not  stain.  It  has  thus  a  wide  . 
range  of  applicability,  but  j-et,  where  a  powerful  action  is 
wanted,  it  is  distinctly  inferior  to  silver  nitrate  or  copper 
sulphate.  The  crystals  are  too  small  to  permit  tlie  salt 
to  be  used  in  solid  form;  it  is  therefore  used  locally  in 
solution,  the  strength  ranging  from  the  one-fifth  of  one 
per  cent,  to  about  four  per  cent.  Dried  zinc  sulphate 
has  been  employed  as  a  caustic,  made  into  paste,  with 
one-eighth  part  "of  glycerin,  or  into  ointment  with  one- 
fourth  part  of  lard."  Internally,  the  salt— crystalline 
form — may  be  given  for  the  constitutional  effects  of  zinc, 
in  doses  of  from  0.01.5  to  0.06  gm.  (gr.  J  to  i.),  several 
times  a  day;  or  as  an  emetic  in  dosesof  from  1  to  2  gm. 
(gr.  .w.  to  XXX.). 

Zinc  Acetate  {'lu\C^Yl:i0^y.,  3H.0).— Zinc  acetate  is 
official  in  the  United  States  Pliarmaco]ioeia  as  Zinci  Ace- 
tas.  Zinc  Acetate.  It  occurs  iu  soft,  white,  pearly,  six- 
sided  tablets  and  scales,  which  effloresce  somewliat  in 
dry  air.  It  has  a  faint,  acetous  odor  and  a  sharp,  metallic 
taste.  It  dissolves  in  2.7  parts  of  cold  water  and  in  1.5 
parts  of  boiling  water;  in  36  parts  of  cold  alcohol  and  in 
about  3  parts  of  boiling  alcohol.  It  should  be  kept  iu 
well-stoppered  bottles. 

Zinc  acetate  is  practically  a  duplicate  of  the  sulphate; 
but  its  use  has  been  rather  restricted  by  custom  to  local 
application  for  the  purposes  of  the  metallic  astringents. 
Solutions  may  bo  employed  of  the  same  strength  as  of  the 
sulphate. 

Zinc  Valerianate  (Zn[CJI.,0.;].j,  11.0).— The  salt  is  offi- 
cial in  the  United  States  Pharmacopoeia  as  Zira:i  Vale- 
rianns.  Zinc  Valerianate.  It  is  in  soft,  white,  pearly 
scales,  permanent  in  the  air.  It  has  a  faint  odor  of 
valerianic  acid,  and  a  taste  at  first  sweet,  then  styptic 
and  metallic.  It  dissolves  in  about  100  parts  of  "cold 
water  and  in  40  parts  of  cold  alcohol.  Boiling  in  either 
solvent  determines  loss  of  acid  and  the  formation  of  a 
basic  salt,  with  resulting  turbidity  of  the  solution.  The 
salt  should  be  kept  in  small,  well-stoppered  bottles. 
From  its  comparative  insolubility,  zinc  valerianate  is 
locally  less  active  in  every  way  than  the  salts  typified  by 
the  cliloride  and  sulphate.  Its  place  in  medicine  rests 
upon  the  idea  of  combining  in  one  drug  the  antispas- 
modic virtues  of  zinc  and  valerian  ;  but  since  the  effects 
of  zinc  are  feeble  at  best,  and  valerianic  acid  is  probably 
not  the  active  principle  of  valerian  root,  there  is  little 
ground  on  which  to  rest  a  valid  claim  for  the  salt's  effi- 
cacy'. This  valerianate  also  has  the  positive  disadvan- 
tages of  disagreeable  smell  and  taste,  and  costliness. 
The  salt  has  been  given  in  doses  of  from  0.06  to  0.12 
gm.  (gr.  i.-ij.)  several  times  a  daj',  best  in  pill. 

Zinc  Phosphide  (ZuaPn).— This  salt  is  of  value  solely  as 
a  means  of  giving  phosphorus,  and  has  been  described 
under  the  title  Phosphorus. 

Zinc  Xitrate  (ZnfNOa]^,  6HoO).— Zinc  nitrate  forms  by 
the  direct  action  of  nitric  acid  upon  metallic  zinc.  It 
occurs  in  colorless  prismatic  crystals  which  are  soluble  in 
water  and  alcohol,  and  are  very  deliquescent.  The  salt 
is  fusible,  and  has  been  employed,  although  it  is  unoffi- 
cial, in  the  form  of  sticks  of  the  fused  suljstance  cast  in 
paper  moulds,  for  application  to  sores  and  ulcers.  The 
action  is  caustic  and  healing,  after  the  manner  of  silver 
nitrate.  Sticks  of  zinc  nitrate  must  be  kept  drv  iu  well- 
stoppered  bottles,  else  they  will  be  destroyed  by  deliques- 
cence of  the  salt. 

Zinc  Oleate. — An  oleate  of  zinc  is  obtainable  in  the 
form  of  a  fine,  soapy-feeling  powder,  of  a  pearl  color. 
This  powder  proves  to  be  a  serviceable  bland  absorbent 
and  detergent  for  local  dusting  upon  the  skin. 

Edward  Curtis. 

ZINC-HEMOL.     See  Ecmols. 

ZINC,  POISONING  BY.— The  most  important  salts  of 
zinc,  from  a  medico-legal  point  of  view,  are  the  sulphate 
and  chloride. 

Zinc  sulphate,  or  white  vitriol  (ZnSOi.TH^O),  is  a  color- 
less salt,  crystallizing  iu  small  four-sided  prisms,  which 
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slowly  effloresce  in  dry  air.  It  is  soluble  in  about  two 
times  its  weight  of  water  at  the  ordinary  temperature, 
and  in  less  than  its  own  weight  of  boiling  water;  insolu- 
ble in  alooliol,  etlier.  and  clUoroform.  Its  taste  is  astrin- 
gent and  metallic;  its  reaction,  acid. 

Zinc  chloride  (ZnCU).  commonly  called  butter  of  unc. 
is  a  soft,  white,  very  deliiiuescent,  readily  fusible  solid, 
freely  soluble  in  water  and  in  alcohol.  Its  taste,  in  the 
solid" state  or  in  concenti'ated  solution,  is  acrid  and  corro- 
sive; in  dilute  solution,  astringent  and  metallic.  Its  re- 
actiou  is  acid.  Wlieu  brought  into  contact  with  raw 
surfaces  or  mucous  membranes  it  acts  as  a  corrosive. 
It  has  considerable  antiseptic  power  also,  and,  in  aque- 
ous solution,  is  frequently  used  as  an  antiseptic,  deodo- 
rizer, and  disinfectant.  The  liquid  known  under  the 
name  of  "Sir  William  Burnett's  disinfecting  fluid"  is 
such  a  solution,  containing  over  two  hundred  grains  of 
the  salt  in  each  fluidounce. 

Cases  of  poisoning  by  these  salts  have  been  of  rare 
occurrence  and  usually  the  result  of  accident.  Zinc  sul- 
phate resembles  magnesic  sulphate  (Epsom  salts)  very 
closely  in  its  appearance,  and  has  frequently  been  taken 
by  mistake  for  the  latter,  while  Burnett's  fluid,  which 
has  been  the  cause  of  most  of  the  reported  cases  of  poi- 
soning by  zinc  chloride,  has  frequently  been  mistaken 
for  water  or  other  harmless  liquid. 

Symptoms. — Zinc  sulphate  acts  as  an  irritant  poison, 
but  only  when  a  large  quantity  has  been  taken.  The 
symptoms  are  almost  entirely  local.  The  most  promi- 
nent arc:  an  astringent  and  metallic  taste,  burning  pain 
in  the  oesophagus,  stomach,  and  bowels,  nausea,  vomit- 
ing, purging.  dyspno?a,  small  and  frequent  pulse,  and 
cold  extremities.     The  intellect  usually  remains  clear. 

The  symptoms  usuall}'  make  their  appearance  almost 
immediately  after  swallowing  the  poison;  but,  in  rare 
cases,  they  have  been  more  or  less  dela_yed. 

Wormley  quotes  a  case  in  which  vomiting  was  delayed 
for  fifteen  minutes,  and  there  was  no  purging  for  ten 
hours.  In  this  case  a  solution-  containing  46..5  gm. 
( I  iss.)  of  the  salt  was  swallowed.  In  a  case  communi- 
cated by  Lutier  active  symptoms  appeared  13rst  after  the 
lapse  of  fifteen  hours. 

The  symptoms  produced  by  zinc  chloride  are  similar  in 
character  to  those  just  described.  This  salt  has,  how- 
ever, a  violent  corrosive  action,  which  is  Avanting  in  the 
sulphate.  The  local  symptoms  are  therefore  usually 
more  severe  than  they  are  in  cases  of  poisoning  by  the 
sulphate,  and  are  more  frequently  followed  by  sj'mptoms 
of  profound  collapse  and  death.  In  non-fatal  cases  re- 
coverj'  may  not  be  complete  until  alter  the  lapse  of  sev- 
eral days,  or  even  weeks. 

The  investigations  of  C.  Ph.  Falck,  Blake,  Letheby, 
and  Haruack  show  that  the  salts  of  zinc  paralyze  the 
striated  muscles  and  cause  death  by  their  action  on  the 
heart  and  muscles  of  respiration,  without  influencing,  to 
any  great  extent,  the  central  nervous  system.  F.  A. 
Falck,  who  experimented  with  rabbits,  found  that  the 
temperature  of  the  body  is  reduced  T'-IS"  C.  in  cases  of 
acute  zinc  poisoning. 

F.vrAL  QrA>-TiTV;  F.vt.vl  Period. — The  quantity  of 
any  of  the  iireparatious  of  zinc  required  to  endanger  life 
is  not  exactly  known.  The  sulphate  is  not  a  powerful 
irritant.  In  large  doses  it  acts  as  a  prompt  emetic,  and 
is  frequently  rejected  by  the  stomach  without  producing 
any  other  serious  symptoms.  Quantities  varying  from 
4.3  to  124  gm.  (gr.  l.xvij.  to  |  iv.)  have  been  taken  with- 
out fatal  result.  Death  has  occurred  in  five  hours  (a 
child),  thirteen  and  a  half  hours  (adult,  .5.8  gm.),  thirty- 
six  hours  (7.6  gm.).  three  days  (adult,  quantity  un- 
known), and  five  days  (adult,  15.5  gm.).  The  chloride 
is  much  more  dangerous  than  the  sulphate.  !Most  of  the 
reported  cases  of  poisoning  by  this  salt  have  been  caused 
by  Burnett's  solution,  and  the  quantity  taken  has  usu- 
ally been  known  only  approximately.  Recovery  has 
followed  the  administration  of  quantities  of  this  solution 
varying  from  half  a  wiueglassful  to  three  flnidounces, 
the  quantity  of  salt  varying,  so  far  as  known,  from  0.8 
to  26  gm.  (gr.  xij.-cd.).     Six  and  one-half  grams  (gr.  c.) 


has  caused  death.  Death  usually  takes  place  within 
twenty-four  hours.  The  shortest  fatal  periods  are  two 
hours  (Tajior),  four  hours  (Allanson),  seven  and  a  half 
hours  (Cousins),  ten  hours  (Letheby).  Occasionally  the 
patient  has  recovered  from  the  primary  effects,  only  to 
succumb  to  the  secondary  effects  after  the  lapse  of  several 
weeks.  In  such  cases  death  usually  results  from  starva- 
tion, following  upon  stricture  of  the  oesophagus,  pylorus, 
or  intestines. 

Post-mortem  Appe.^rances. — "When  the  sulphate  has 
been  taken,  the  lesions  are  substantially  similar  in  char- 
acter to  those  observed  in  cases  of  poisoning  by  other 
pure  irritants.  A  slight  ulceration,  near  the  pyloric  end 
of  the  stomach,  has  been  noted  in  a  single  case.  Rarely, 
there  may  be  contraction  of  the  stomach  or  intestines. 

The  chloride  of  zinc  resembles  in  its  action  the  mineral 
acids  and  caustic  alkalies.  In  cases  of  poisoning  by  this 
salt  the  mucous  membranes  of  the  mouth,  throat,  o?soph- 
agus,  stomach,  and  intestines  are  usually  more  or  le.ss 
disorganized.  In  a  few  cases,  however,  there  has  been 
an  absence  of  corrosion  even  in  the  mouth.  Perforation 
of  the  .stomach,  and  stricture  of  the  a?sophagus,  pj'lorus, 
and  intestines  maybe  met  with,  especially  in  cases  which 
are  not  rapidly  fatal.  Congestion  of  the  brain  and  its 
membranes,  and  of  the  lungs  and  kidneys,  are  usual  se- 
quels of  acute  poisoning. 

Treat.ment. — Vomiting  should  be  encouraged  if  nec- 
essarj'.  Sodic  carbonate  precipitates  zinc  carbonate  from 
solutions  of  soluble  zinc  salts  and  may  therefore  be  em- 
ployed as  a  temporary  chemical  antidote.  lu  other  re- 
spects treatment  must  be  symptomatic. 

Other  Compounds  op  Zinc. — The  remaining  soluble 
salts  of  zinc  are  substantially  duplicates,  in  their  effects, 
of  the  sulphate  or  chloride. 

Zinc  oxide  and  zinc  carbonate  are  white  amorphous  .solids, 
insoluble  in  water,  but  soluble  in  dilute  acids,  the  carbon- 
ate dissolving  with  effervescence.  Either  of  these  com- 
pounds, if  taken  internally  in  consideralile  quantit}',  may 
dissolve  in  the  fluids  of  the  stomach  and  intestines  and 
give  rise  to  acute  or  subacute  poisoning,  with  the  usual 
symptoms  of  irritant  poisoning. 

Chronic  zinc  poisoning  has  been  ascribed  to  the  long- 
continued  inhalation  of  the  vapors  of  zinc  oxide.  This 
form  of  poisoning  has  been  observed  in  workers  in  zinc, 
brass,  and  galvanized  iron,  and  is  characterized  by  head- 
ache, chilliness,  pains  in  the  extremities,  a  strong  metallic 
taste,  nausea,  vomiting,  diarrhQ?a,  and  colic.  It  is  to  be 
borne  in  mind  in  this  connection  that  commercial  zinc 
usually  contains  lead,  and  frequently  arsenic,  and  that 
the  above  symptoms  may  be  those  of  poisoning  by  one 
or  the  other  of  these  metals,  and  not  by  zinc  oxide. 

The  use  of  galvanized  iron  pipes  for  conveying  water, 
and  of  galvanized  iron  utensils  for  the  preparation  and 
storage  of  food,  appears  to  be  attended  with  some  dan- 
ger. Water  that  has  passed  through  galvanized  iron 
pipes  almost  always  contains  zinc  compounds,  cither  in 
solution  or  in  suspension.  There  is  some  difference  of 
opinion  as  to  the  effect  of  such  water  on  health,  but  it  is 
generally  believed  that  the  danger  of  poisoning  from  the 
zinc  in  solution  in  the  water  is  very  slight.  When  the 
water  lias  stood  in  contact  with  the  pipe  Un-  several 
hours  it  frequently  holds  in  suspension  a  considerable 
quantity-  of  insoluble  zinc  compounds.  It  seems  prob- 
able that  the  use  of  such  water  would  be  attended  with 
danger.  As  a  precautionary  measure,  therefore,  the 
water  that  has  stood  in  contact  with  a  galvanized  iron 
pipe  for  several  hours  should  be  allowed  to  run  to  waste, 
or  should  be  filtered  before  use. 

Certain  lifiuidsused  in  cooking,  especially  such  as  con- 
tain vegetable  acids,  may  dissolve  a  sufficient  quantit}' 
of  zinc  from  galvanized  iron  utensils  to  produce  symp- 
toms of  poisoning.  AVorndey  reports  a  case  of  zinc  poi- 
soning caused  bj'  the  u.se  of  apple  butter  prepared  with 
cider  which  had  been  concentrated  in  a  galvanized  iron 
pan.  The  concentrated  cider  was  found  to  contain  1.14 
grains  zinc  oxide  to  each  fluidounce. 

Absorption  and  Elimination. — When  compounds  of 
zinc  are  taken  internally  the  metal  is  absorbed,  presu- 
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mably  in  the  form  of  albuminate,  and  may  be  detected, 
after  death,  in  the  blood  and  in  all  the  tissues  of  the  bod)-. 
Ma tzkewitsch  administered  the  acetate  of  zinc  to  dogs  by 
subcutaneous  injection,  and  found,  as  the  result  of  five 
experiments,  that  the  greater  proportion  of  the  zinc  thus 
introduced  was  localized  in  the  muscles  and  bones.  The 
skin,  brain,  liver,  heart,  lungs,  kidneys,  bladder,  stomach, 
and  intestines  contained  zinc,  but  in  relatively  small 
quantities.  Zinc  is  eliminated  with  the  urine,  bile,  and 
milk  (Falck,  Harnack).  According  to  Michaelis  the 
metal  is  first  detected  in  the  excretions  on  the  fourth  or 
fifth  day  after  the  administration  of  its  compounds.  The 
time  required  for  complete  elimination  is  unknown.  Ac- 
cording to  Popoff  it  can  be  detected  in  the  urine  for 
months  after  removal  from  its  influence. 

The  study  of  the  localization  and  elimination  of  zinc  is 
attended  with  peculiar  difficulties,  inasmuch  as  the  hu- 
man system  frequently  contains  small  quantities  of  the 
metal  even  when  its  compounds  have  not  been  purposely 
administered.  Raoult  and  Breton  isolated  7  mgm.  of  zinc 
from  700  gm.  of  human  liver  in  one  case;  13  mgm.  from 
400  gm.  of  liver  in  a  second  case.  In  four  other  cases 
they  extracted  10,  30,  34,  and  76  mgm.,  respectively, 
from  1,000  gm.  of  liver.  Lechartier  and  Bellamy  ob- 
tained similar  results.  In  one  case  1,780  gm.  of  liver 
contained  20  mgm.  of  zinc  oxide.  The  same  authors  ex- 
tracted 30  mgm.  of  zinc  oxide  from  913  gm.  of  muscle 
from  the  ox,  and  20  mgm.  from  1,153  gm.  hard-boiled 
egg.  They  also  detected  traces  of  zinc  in  corn,  maize, 
barley,  and  white  beans. 

The  frequent  presence  of  small  quantities  of  zinc  in  the 
organs  of  the  body  may  be  explained  in  some  cases  by 
the  use  of  water  which  has  been  conveyed  through  gal- 
vanized iron  pipes,  or  by  the  use  of  food  which  has  ab- 
sorbed zinc  from  galvanized  iron  utensils ;  in  other  cases, 
by  the  medicinal  administration  of  preparations  of  zinc 
before  death,  or  the  introduction  of  embalming  fluids 
containing  salts  of  zinc,  after  death. 

In  consideration  of  the  foregoing  facts  it  is  obvious  that 
the  detection  of  zinc  in  the  tissues  after  death  cannot, 
when  unsuiiported  by  other  evidence,  be  accepted  as 
proof  that  death  was  caused  by  zinc  poisoning. 

^Yilliam  D.  Hills. 

ZINGIBER.    See  Ginger. 

IONIAN  SPRINGS.— Kane  County,  Illinois. 

These  springs  are  three  or  four  in  number,  and  are 
located  one  mile  north  of  the  city  of  Elgin,  in  a  fine, 
wooded,  rolling  country,  about  3,000  feet  above  the  sea- 
level.  The  atmospheric  temperature  varies  from  about 
75°  to  80°  F.  during  the  summer,  and  from  10°  to  60°  F. 
during  the  winter  months.  The  following  analysis  of 
the  water  was  made  by  J.  E.  Seibel,  analytical  chemist, 
Chicago : 

One  United  States  gallon  contains  (solids):  Calcium 
carbonate,  gr.  9.56;  iron  carbonate,  gr.  0.49;  magnesium 
carbonate,  gr.  2.49;  sodium  carbonate,  gr.  0.45;  sodium 
sulphate,  gr.  1.75;  sodium  carbonate,  gr.  0.70;  silicaand 
aluminum,  gr.  0.26.     Total,  15.69  grains. 

It  is  stated  that  the  water  also  contains  a  considerable 
amount  of  free  carbonic  acid.  The  flow  of  water  amounts 
to  about  one  barrel  per  minute  from  each  spring.  Kid- 
ney, stomach,  and  liver  troubles  are  said  to  be  beneflteil 
by  the  waters.  James  K.  Crovk. 

ZYMASE.— In  1897  E.  Buchner  demonstrated  that  the 
phenomena  of  alcoholic  fermentation  can  lie  brought 
Hl)out  without  the  presence  of  living  j'cast  cells  or  other 
•rgauized  ferments.  By  subjecting  yeast  which  has  been 
LMound  up  with  sand,  kieselguhr,  and  water  to  a  pressure 
of  four  hundred  to  five  hundred  atmospheres  it  is  possible 
to  collect  a  fluid  free  from  protoplasmic  particles  or  liv- 
ing matter  in  any  form.  When  this  juice  is  brought  into 
contact  with  strong  sugar  solutions  it  provokes  a  vigor- 
ous evolution  of  carbon  dioxide  (CO2),  alcohol  (C2H5.OH) 
being  simultaneously  formed  in  the  mixture.  The  reac- 
tion proceeds  unaltered  even  in  the  presence  of  one-per- 
cent, sodium  arsenite  or  of  chloroform  and  other  sub- 


stances which  readily  destroy  micro-organisms.  The 
activity  of  the  juice  is  lost  by  heating  above  40'-50°  C. 
From  these  facts  it  follows  that  the  reaction  is  attrib- 
utable to  an  enzj'me  to  which  the  name  zyma.v;  has  been 
given.  Despite  the  vigorous  criticism  which  the  an- 
nouncement of  this  discovery  speedily  provoked,  it  is 
now  fiinily  established  that  ordinary  alcoholic  fermenta- 
tion is  not  a  "  vital "  process  of  the  yeast  cell,  but  is 
brought  about  by  the  intermediation  of  soluble  enzymes. 
The  change  which  sugars  undergo  in  the  presence  of 
yeast  has  always  been  pointed  out  as  a  typical  "  fermen- 
tatioti "  reaction,  in  distinction  from  "zymolytic"  (enzy- 
matic) transformations.  Accordingly  the  detection  of 
zymase  will  emphasize  more  than  ever  the  wide  distri- 
bution and  significance  of  enzymes  in  the  life  processes ; 
and  we  ma.y  almost  confident!)'  expect  sooner  or  later  to 
find  a  specific  enzyme  for  every  vital  chemical  reaction. 

Zymase  is  already  known  to  occur  wide!)'  in  nature. 
The  observations  of  Buchner  on  the  yeast  have  repeated- 
ly been  verified ;  Maze  has  isolated  zymase  from  fungi ; 
and  Stoklasa  and  his  co-workers  have  demonstrated  its 
occurrence  in  many  of  the  higher  plants  like  the  sugar 
beet,  as  well  as  in  various  animal  tissues.  The  impor- 
tance of  this  for  the  carbohydrate  metabolism  and  internal 
respiration  of  both  animals  and  plants  can  as  yet  scarcely 
be  foretold.  It  is  impossible  at  the  present  time,  how- 
ever, to  assert  that  the  zymases  isolated  from  the  various 
sources  referred  to  are  identical.  As  far  as  has  been  in- 
vestigated the  products  of  the  reaction  occur  very  nearly 
in  the  proportions  demanded  by  the  equation  CoHi^Oo  = 
2C.H5.OH, -f-2C0=,  only  small  quantities  of  side  pro- 
ducts being  found.  It  seems  likely  that  one  of  these,  lac- 
tic acid,  owes  its  existence  to  the  activity  of  a  specific 
enzyme. 

Zymase  maj'  be  isolated  by  the  method  of  Buchner  and 
Albert.  The  intracellular  juices  olitaiued  by  the  method 
already  indicated  are  treated  with  alcohol  and  ether,  and 
the  precipitate  containing  the  enzyme  is  dried  at  a  low 
temperature.  The  details  of  the  method  as  applied  to 
various  animal  and  vegetable  tissues  must  be  consulted 
in  the  original  papers.  The  glycolytic  enzyme  in  animal 
tissues  like  the  heart,  lungs,  etc.,  may  also  be  demon- 
strated by  immersing  the  sterile  tissue  in  a  sterile  sugar 
solution  in  an  atmosphere  of  hj'drogen.  The  evolution 
of  CO2  and  the  formation  of  alcohol  are  then  readily  de- 
monstrated. Experiments  of  this  sort  serve  to  aw-aken 
interest  in  the  possible  formation  of  alcohol  in  the  inter- 
mediar)'  metabolism  of  animals. 

x\.lthough  dried  preparations  of  zymase  retain  their 
glycolytic  properties  for  a  long  time,  solutions  of  yeast 
zymase  soon  lose  their  power  if  a  proteolytic  enzyme 
(like  yeast  endotrypsin)  is  simultaneously  present.  Com- 
pared" with  equivalent  portions  of  yeast,  the  cellular 
juices  containing  zymase  are  less  efficient  as  fermentative 
agents.  This  is  doubtless  attributable  to  the  constantly 
renewed  production  of  enzyme  in  the  case  of  the  living 
cells.  Zymase  ma)'  readily  be  demonstrated  in  carefully 
dried  yeast  in  which  all  the  cells  are  dead.  A  method 
for  making  a  permanent  sterile  preparation  of  this  sort 
by  the  use  of  acetone  (Aceton-Dauerhefe)  has  been  devised 
by  Albert.  Lafayette  B.  Mendel. 
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ZYMOGENS.— This  generic  name  has  been  applied  to 
tbe  jirecursory  stage  in  which  the  enzymes  are  present  in 
the  cells  of  secretory  glands.  In  this"  condition,  there  is 
no  activity,  but  in  the  process  of  secretion,  or  in  some  in- 
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stances  after  the  secretiou  is  thrown  out  upon  the  mucous 
surface  and  lias  conic  in  contact  witli  activating  sub- 
stances present  in  other  secretions  with  wliicli  it  is  mixed, 
the  zymogen  undergoes  a  chemical  change,  the  nature  of 
which  is  unknown,  by  which  the  active  ferment  is  formed. 
Snch  a  conversion  into  active  ferment  can  also  be  pro- 
duced artiticially  in  many  instances  by  treating  the  fresh 
glauil  with  very  dilute  acetic  acid,  or  it  occurs  sponta- 
neously on  allowing  fhe  gland  to  remain  for  some  hours 
after  removal  from  the  body,  especially  if  it  be  kept  dur- 
ing this  interval  at  body  temperature. 

3i2 


The  presence  of  zymogens  has  been  known  now  for 
many  years,  and  recently  great  advance  has  been  made 
in  our  knowledge  of  the  conditions  under  which  they  are 
set  free  (see  for  example,  euterokinaso,  in  the  article  on 
Pancrean,  Physiology  of). 

For  further  information  on  zymogens,  see  the  article 
on  Enzymes.  Benjamin  Moore. 

ZYMOLYSIS.— Thisis  a  general  term  used  to  designate 
the  changes  produced  by  enzymes.  See  articles  on  Dif/a- 
tivn,  on  Enzymes,  and  on  Pancreas.  B.  M. 
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ALASKA. — This  vast  northwestern  possession  of  the 
United  States,  extending  over  16  degrees  of  latitude  and 
35  degrees  of  longitude,  and  embracing  590,884  scjiiare 
miles  of  territory,  equal  to  nearly  one-sixth  of  the  area 
of  the  United  States,  exhibits  a  variety  of  climatic  con- 
ditions and  contrasts  ilcpendent  not  only  upon  latitude, 
but  upon  the  tui)<>,urapliy  of  the  country  and  the  in- 
fluence of  the  surrounding  waters  and  currents.  Two 
great  climatic  divisions  can  be  made:  southern  or  tem- 
perate Alaska,  which  can  be  subdivided  into  the  Sitiia, 
Kadiak,  and  Aleutian  divisi<jns,  and  northern  Alaska  or 
the  Yukon  district,  embracing  the  vast  region  to  the 
north  and  west  of  the  Alaskan  Mountains. 

The  climate  of  temperate  Alaska  is  characterized  by 
two  striking  peculiarities:  comparative  warmth  and 
great  moisture,  caused  by  the  Ktiro  Siwo,  the  "Gulf 
Stream  "  of  the  Pacitic.  This  current  crosses  the  Pacific 
in  about  latitude  45'  X.,  and  impinges  on  tlie  coast  of 
British  Columbia  wliere  it  divides,  one  portion  turning 
northward  and  westward  and  the  other  southward.  As 
a  residt  of  this  condition,  tlie  temperature  is  greatly 
moditied  from  what  the  latitude  alone  would  lead  one  to 
expect,  exactly  as  the  climate  of  Great  Britain,  for  ex- 
ample, is  moditied  by  the  gulf  stream.  The  isollierm  of 
40'  mean  animal  lemiH'rature,  tliat  of  the  lower  St.  Law- 
rence vallej-,  is  the  mean  annual  isotherm  of  the  Southern 
Alaskan  coast  region.  Sitka,  witli  a  latitude  of  57.03% 
which  is  the  same  as  the  latitude  of  Labrador  on  the 
Atlantic  coast,  has  a  mean  annual  temperature  of  43.9'  F., 
which  is  only  3.6'  lower  than  tliat  of  Portland,  Me.,  and 
a  mean  winter  temperature  of  32.5',  which  is  6.9  higher 
than  that  of  Portland,  and  only  a  little  less  than  that  of 
Washington,  1).  t'.  The  extreme  range  of  temperature 
is  from  a  point  a  trifle  below  zero  to  90°  above.  Simi- 
larly, Juneau,  in  the  Sitka  district,  northeast  from  Sitka, 
has  a  mean  annual  temperature  of  40.9'  F.  The  annexed 
chart  of  the  maximum,  minimum,  and  mean  tempera- 
tures of  Juneau  and  Sitka  for  the  year  indicate  still 
further  the  moderate  temperature  of  the  region. 

The  second  peculiarity  of  temperate  Alaska  is  moisture 
in  the  form  of  rain  or  fog,  and  in  the  Sitka  division, 
which  extends  from  Dixon  Kntrance  to  William's  Sound, 
the  yearly  rainfall  is  from  eighty  to  one  hundred  and 
three  inches,  and  there  are  on  an  average  but  sixty-six 
clear  da^'s  in  the  j-ear.  "  When  the  sun  shines,  the  at- 
mosphere is  remarkablj'  clear,  the  scenic  effects  are  mag- 
nificent, all  nature  seems  to  be  in  holiday  attire.  But 
the  scene  may  change  very  quickly;  the  sky  becomes 
overcast;  the  winds  increase  in  force;  rain  begins  to  fall; 
the  evergreens  sigh  ominously,  and  utter  desolation  and 
loneliness  vrevail."     [United  States  Departmentof  Agri- 


culture, Weather  Bureau.]  The  Sitka  district  is  very 
mountainous,  and  the  coast  bold  and  steep  with  few 
beaches.  The  mountain  sides  are  denselj-  wooded,  and 
the  snow  line  begins  at  an  elevation  of  from  three  thou- 
sand to  five  thousand  feet.  The  prevailing  winds  being 
westerly  and  off  the  .ocean,  bring  the  moisture  to  the 
snowy  mountains,  which  condense  it.  Hence  it  is  the 
combination  of  the  mountains,  the  prevailing  moist  winds 
from  the  sea,  and  the  warm  Japan  cui-rent,  which  results 
in  tills  enormous  rainfall,  uowheie  else  equalled  in  the 
United  States,  the  annual  rainfall  at  Sitka  being  more 
than  double  that  on  the  Atlantic  coast.  At  Sitka  the 
rainfall  for  the  three  winter  months  is  about  thirty 
inches,  and  for  the  three  summer  months  sixteen  inches. 

The  Sitka  region  is  the  scenic  portion  of  Alaska,  visited 
by  tourists,  and  here  are  found  immense  glaciers  descend- 
ing into  tlie  ocean. 

The  country  is  heavily  wooded  with  spruce,  hemlock, 
and  cedar,  and  the  vegetation  is  dense.  On  account  of  the 
sparse  sunshine  agriculture  is  dilhcult,  but  many  garden 
vegetables  are  successfully  grown. 

In  the  Kadiak  district,  which  comprises  Cook's  Inlet, 
the  peninsula  of  Alaska,  anil  the  Kadiak  Islands,  the 
climate  is  similar  to  that  of  the  Sitka  region,  but  there  is 
more  sunshine  and  less  rain,  and  the  seasonal  extremes  of 
temperature  are  greater.  At  Kadiak  the  annual  mean 
temperature  is  40.6'  F.,  and  the  number  of  days  of  rain  or 
snow  for  ten  months  of  the  year  1899  was  133,  and  the 
number  of  cloudy  daj's  124,  making  257  cloudy  and  rainy 
days  out  of  304.  'The  monthly  mean  temperature  at 
Kadiak  for  eight  years  is  as  follows: 

Kadhk— Lat.  .^7°  48';  LoxG.  152°  19'.     Monthlv  Mea.v  Tempera- 

Tt;RE  (DEGREES  FAHRE.NHEIT)  FOR  EIGHT  YEARS. 


Jammry 30.0 

February 28.3 

March 33.6 

April 36.3 

May 43.3 

June 49..5 

July 54.7 

In  the  Aleutian  district,  comprising  the  range  of  Aleu- 
tian Islands,  the  range  of  temperature  is  much  the  same, 
as  the  following  chart  of  Unalaska  indicates : 


.\ugllst 55.3 

September .50.0 

Uiaober 43.3 

November 34.7 

December 30.5 

Year 40.6 


UNALASKA— Lat.  53°   54' ;  Long.  161)"  24'.    Monthly  Mean 
PERATURE  (Degrees  Fahrenheit)  for  Six  Years. 


Te.m- 


January 30.0 

February 31.9 

Mairli 30.4 

April 35.6 

May 40.9 

June 46.3 

July 50.6 


August 51.9 

September 45.5 

October 37.6 

November 33.6 

December 30.1 

Year 38.7 


Average  JIostiilt  Maximdm;.  Minimum,  and  Mean  Temperatures  (Degrees  Fahrenheit)  of  Juneau  and 

SITK.V  FOB  THE  FocB  Years  1899-1903  Inclusive. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Mean  maximum 

41.7° 

43.0° 

50.7° 

57.2° 

66.3° 

73.3° 

78.5° 

67.7° 

63.7° 

58.7° 

49.6° 

47.6° 

9,5 

12.0 

6.0 

29.5 

33.3 

39.2 

44.0 

41.7 

a5.7 

37.0 

19.3 

11.0 

Daily  mean 

29.7 

39.1 

33.8 

40.6 

46.6 

56.6 

57.5 

.54.3 

49.8 

43.0 

35.9 

32.6 

Sitka— 

51.0 

47.3 

.53.6 

68.0 

64.7 

67.7 

78.5 

65.2 

65.0 

60.0 

54.0 

49.7 

23.3 

16.3 

7.6 

38.3 

31.3 

34.7 

40.0 

39.7 

37.7 

30.5 

33.3 

21.3 

Daily  mean 

35.7 

34.3 

35.8 

43.0 

44.6 

50.6 

55.5 

54.4 

50.9 

45.2 

38.0 

34.3 
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According  to  Harriniaii  (Alaskan  expedition),  there 
were  at  Unalaska  only  8  days  in  the  year,  during-  several 
year.s'  record,  which  were  cutirel.v  clear,  the  remaining 
3Vi  being  cloudy  and  271  of  these  were  rainy  or  snowy. 

Tlie  Yukon  district,  or  Northern  Alaska,  comprises 
that  vast  region  of  the  Yukon  Valley  which  extends  from 
the  Alaskan  3[ountaius  to  the  Arctic  Ocean  on  the  north 
and  Behring  Sea  and  Strait  in  the  west. 

In  the  interior  of  this  region  the  climate  becomes  colder 
and  drier — extremely  rigorous  during  the  long  winter  and 
relatively  hot  in  tlie  short  summer.  As  one  continues 
north  arctic  conditions  of  climate  begin.  On  the  Behr- 
ing Sea  coast,  north  of  the  Aleutians  Islands,  the  winter 
climate  is  much  more  severe  than  that  of  temperate  Alas- 
ka on  the  Pacific  coast,  but  in  summer  the  dilTerence  is 
less  marked.  At  St.  Michaels,  on  the  south  side  of  Nor- 
ton Sound,  the  mean  summer  temperature  is  50'  F., 
which  is  but  4"  below  that  of  Sitka ;  and  at  Point  Bar- 
row, on  the  Arctic  Ocean,  the  most  northerly  point  in  the 
United  States,  the  mean  summer  temperature  is  36.8°  F. 
Furthermore,  the  winter  on  the  Behring  Sea  coast  about 
the  mouth  of  the  Yukon  River  and  the  Seaward  Penin- 
sula is  somewhat  less  protracted  and  severe  than  in  the 
interior,  although  it  is  still  long,  and  from  October  to 
May  the  temperature  rai'ely  rises  above  the  freezing 
point. 

Extreme  cold,  however,  as  one  knows  from  the  experi- 
ence of  Arctic  explorers,  is  not  detrimental  to  health,  and 
at  Nome,  the  most  populous  mining  town  in  Alaska,  the 
winter  is  said  to  be  the  most  agreeable  season  of  the  year, 
in  spite  of  the  fact  that  in  midwinter  there  are  but  few 
hours  of  daylight,  the  shortest  days  giving  but  about 
three  and  a  half  hours  of  dusk}-  light.  "  With  hands  and 
feet  warmly  protected,  and  winter  underwear  and  wind- 
proof  outer  clothes  and  exercise,  one  can  comfortably 
weather  a  degree  of  cold  which,  in  lower  latitudes, 
would  immediately  transform  him  to  an  icicle.  This  is 
due  to  the  dryness  of  the  cold."  (" The  Land  of  Nome," 
by  Laurie  McKee,  New  Y'ork,  1903.) 

The  following  table,  compiled  from  observations  of  the 
United  States  Weather  Bureau,  gives  the  annual  and 


September  or  1st  of  October.  The  prevailing  winds  are 
from  the  north,  and  severe  blizzards  with  strong  north- 
east gales  are  frequent  in  winter.  In  comparing  the  cli- 
mate of  Nome  with  that  of  the  Klondike  region  to  be 
spoken  of  directly,  it  may  be  said  that  in  general  the  cli- 
mate of  the  latter  is  rather  more  favorable  than  that  of 
the  former.  The  most  trying  climatic  element  is  the  con- 
tinual wind. 

Fifteen  hundred  miles  in  the  interior,  to  the  east  of 
Nome  City,  is  the  Klondike  region,  also  famed  and  fre- 
quented for  the  gold  discovered  there.  It  is  readied 
either  overland — the  common  passenger  route  from  Skag- 
way  by  rail  for  about  one  hundi-ed  miles  by  the  White 
Pa.ss  and  Yukon  Railroad,  and  thence  by  steamer  on  the 
upper  Yukon  to  Dawson — or  by  the  longer  all-water 
route,  which  is  principally  used  for  freight,  by  way  of 
the  lower  Y'ukon.  The  distance  from  Skagway  to  Daw- 
son, the  principal  city  of  the  Klondike  (in  Canadian  Ter- 
ritory), is  five  hundred  and  eighty  miles. 

The  general  characteristics  of  the  Klondike  climate  are 
similar  to  those  of  Nome — long,  extremely  cold  winters, 
with  much  snow  and  "brief  but  relatively'hot  sunmiers." 
"  In  midwinter  the  sun  rises  from  9  ;30  to  'lO  A.  M. ,  and  sets 
from  2  to  3  p.m.,  the  total  length  of  daylight  being  about 
four  hours."  (United  States  Weatlier  Bureau  report.) 
In  June  the  sun  rises  about  1  ;30  in  the  morning  and  sets 
at  10:80  P.M.,  "giving  about  twenty  hours  of  daylight, 
and  diffuse  twilight  the  remainder  of  the  time."  "Dur- 
ing the  warmer  days  of  sunnner  the  heat  feels  almost 
tropical;  the  winter'cold  is,  on  the  other  hand,  of  almost 
the  extreme  Siberian  region."  "Yet  a  beautiful  vegeta- 
tion smiles  not  only  over  the  valleys,  but  on  the  hilltops, 
the  birds  gambol  in  the  thickets,  and  the  tiny  mosquito 
pipes  out  its  daily  sustenance  to  the  wratli  of  man." 
(Heilprin,  "Alaska  and  the  Klondike.") 

The  following  observations  of  mean  and  extreme  tem- 
peratures of  the  L'nited  States  Weather  Bureau  made  at 
the  Yukon  River  at  the  international  boundary,  about 
eighty  miles  north  of  Dawson,  from  September,"  1689,  to 
June,  1891,  will  indicate  approximately  the  temperature 
conditions  of  the  Klondike. 


St 

Mien 

AELS. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year. 

Mean  maximum  (rtefrs.  Fahr.) . 

33.5° 

-34.0 

-8.0 

44.0 

-47.0 

7 

38,0° 
-20.0 
-2.3 

41.0 
-41.0 

4 

32.0° 

-17.0 

8.9 

43.0 
-89.0 

6 

40.5° 

-20.5 

19.9 

46.0 

-27.0 

8 

48.5° 
-7.0 
33.1 
57.0 
-2.0 

9 

62.. 5° 
27.0 
46.3 
75.0 
23.0 

9 

77.0° 
40.0 
53.6 
75.0 
33.0 

12 

65.0° 
37.0 
51.9 
69.0 
32.0 

14 

56.0° 
25.0 
43.9 
69.0 
18.0 

14 

47.5° 

6.5 

30.5 

54.0 

3.0 

11 

37.0° 
-4.0 
15.6 
42.0 
-24.0 

9 

34.0° 

-24.0 

4.8 

45.0 
-43.0 

5 

75  0 

Extreme  minimum 

Mean    number   of   rainy  and 
snowy  (lays 

-47.0 
108 

monthly  mean  temperatures  and  the  extremes  for  St. 
Michaels,  which  is  on  the  southern  side  of  Norton  Sound ; 
it  also  may  be  utilized  for  ascertaining  approximately 
the  yearly  temperature  of  Cape  Nome,  which  is  one  hun- 
dred and  fifty  miles  distant  on  the  northern  shore  of  Nor- 
ton Sound,  at  its  junction  with  Behring  Sea.  In  the 
same  table  will  be  found  a  statement  of  the  mean  num- 
ber of  rainy  and  snowy  days.  As  will  be  seen,  the  rain- 
fall is  very  light,  and  is  about  fourteen  inches  annually, 
a  striking  contrast  to  that  of  Southern  Alaska. 


From  observations  made  on  the  Y'ukou,  not  far  from 
the  site  of  the  gold  discoveries,  by  the  United  States 
C'oast  and  Geodetic  Siirvc}'  for  a  series  of  six  months,  the 
following  temperatures  are  noted :  From  October,  1889, 
to  April,  1890,  the  mean  temperature  was  as  follows: 
October,  33°  (above  zero) ;  November,  8°  (above  zero) ; 
December,  11°  (below  zero);  January,  17°  (below  zero) 
February,  1.5°  (below  zero);  March,  6°  (above  zero); 
April,  30°  (above  zero).  "Tlie  daily  mean  temperature 
fell  and  remained  below  the  freezing  point  (33°  F.)  from 


Yukon  River  at  International  Boundary,  Lat.  65°,  Long.  141° 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Tear. 

Mean  tenipt'niturefdeprs.Fahr.) 

-17.0° 

25.0 

-HO.U 

-10.0° 

37.0 

-55-0 

7.0° 

38,0 

-4.5.0 

24.0° 

.56.0 

-28.0 

45.0° 
74.0 
8.0 

.57.0° 
84.0 
30.0 

60  0° 
87.0 
35.0 

.52.0° 
74.0 
31.0 

39.0° 
66.0 
14.0 

31.0° 
52.0 
4.0 

3.0° 

39.0 

-35.0 

-16.0° 

17.0 

-49.0 

23.0° 
87.0 

-60.0 

One  cannot  be  sure  of  reaching  Nome  by  sea  much  be- 
fore the  middle  of  June  on  account  of  the  ice  in  Behring 
Sea,  or  of  getting  away  from  there  after  the  latter  part  of 
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November  4th,  1889,  to  April  31st,  1890,  thus  giving  one 
hundred  and  sixty-eight  days  as  the  lengtli  of  the 
closed  season.     The  lowest  temperatures  registered  dur- 
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ing  the  winter  were :  32°  below  zero  in  November ;  47" 
below  zero  in  December;  59°  below  zero  in  January; 
55°  below  zero  in  Februarj- ;  45°  below  zero  in  March ; 
26°  below  zero  in  April.  "The  greatest  continued  cold 
occurred  in  Februar}',  1S90,  when  the  daily  mean  for  live 
consecutive  days  was  47°  below  zero.  The  weather 
moderated  slightly  about  the  1st  of  March,  but  the  tem- 
perature still  remained  below  the  freezing  point.  Gen- 
erally cloudy  weather  prevailed,  there  being  but  three 
consecutive  days,  in  any  month,  with  clear  weather,  dur- 
'ing  the  whole  winter.  Snow  fell  upon  one-third  of  the 
days  in  winter,  and  a  less  number  in  the  early  spring  and 
late  fall  months.  The  change  of  temperature  from  win- 
ter to  summer  is  rapid  owing  to  the  great  increase  in  the 
length  of  the  day."  (Bufletin  of  the  United  States 
Weather  Bureau,  July  29th,  1897.) 

Harriman  (Alaska  expedition)  saj's  that  the  mean  tem- 
perature of  tlie  warmest  month  on  the  Yukon,  in  latitude 
64'  41',  was  4  higher  than  at  Sitka  over  five  hundred 
miles  farther  soutli ;  but  while  at  Sitka  the  extreme  range 
of  temperature  is  90°,  it  will  be  seen  from  the  above  table 
that  on  the  Yukon  it  is  147°. 

"  With  a  chiim  to  have  seen  many  distant  lands,"  says 
Pi-ofessor  Heilprin,  ''I  can  truthfully  say  that  never  be- 
fore had  it  been  my  fortune  to  e-xperience  such  a  succes- 
sion of  wonderful  summer  days  as  during  my  stay  in  the 
region  about  Dawson.  From  August  6th  to  September 
20tli.  barring  tlu'ee  days  of  partial  rain,  and  perhajis  a 
fourth  of  cloudiness  and  mist,  tlie  weather  was  simply 
perfection — a  genial,  steady,  mild  summer,  with  a  tem- 
perature rising  at  its  highest  to  about  80°  or  83°  F.  in  the 
shade." 

The  average  annual  rainfall  is  given  as  from  ten  to 
twenty-five  inches,  and,  according  to  the  authority  just 
quoted,  the  weather  is  bright  and  sunny,  and  there  is 
practically  no  fog.  "There  is  more  sunshine."  says 
Harriman,  "in  a  month  (in  the  interior)  than  at  Sitka  in 
a  year." 

Such  a  climate,  although  severe,  is  said  to  be  a  healthy 
and  invigorating  one  to  most  people,  for  the  cold  is  uni- 
form and  dry,  and  there  is  very  little  wind,  a  contrast,  in 
this  respect,  to  Nome.  In  a  report  by  Capt.  W.  P.  Rich- 
ardson, Eighth  Infantry,  U.  S.  A.,  the  fact  is  stated  that 
when  the  thermometer  rises  to  zero,  as  it  sometimes  does 
in  midwinter,  it  is  too  warm  for  comfortable  travel.  The 
best  temperature,  he  states,  is  from  10°  to  35°  or  30°  be- 
low zero.  "  With  this  temperature  the  sleds  run  easily, 
dogs  work  with  spirit,  and  one  can  exercise  with  the 
warm  clothing  necessary  at  all  times  in  Alaska  without 
discomfort."  The  ground  is  frozen  deeph",  and  in  the 
warmest  season  only  thaws  to  the  de]5th  of  a  foot  or  two. 

The  vegetation  in'the  Klondike  region  is,  comparatively 
speaking,  far  mure  luxuriant  than  at  Nome,  where  it  is 
of  arctic  cluiiacter,  chiefly  mosses  and  lichens,  and  the 
tuiidra  or  thick  peat  moss,  or  grass  which  renders  foot 
travelling  wearisome  and  slow-.  In  the  Klondike  region 
the  country  is  well  wooded,  principally  with  the  spruce, 
although  the  aspen,  birch,  balsam,  and  poplar  are  found, 
and  this  region  of  forest  extends  with  breaks  several 
huttdred  miles  northward  of  Dawson.  In  the  summer 
the  country  is  green  and  variegated,  with  a  rich  flora. 
Grass  grows  abundantly,  and  all  the  hardy  vegetables  are 
said  to  grow  without  trouble.  Grain,  vegetables,  and 
fruit  have,  been  raised  in  small  quantities.  The  native 
strawberry  is  found  in  many  parts  of  the  Yukon  vallc)', 
and  so  also  are  various  native  berries,  especially  the  blue- 
berry. In  the  Yukon  valley,  near  Dawson,  celery,  let- 
tuce, potatoes,  turnips,  etc.,  have  been  successfully 
grown,  as  well  as  oats  and  wheat,  and  this  in  a  latitude 
which  runs  through  Greenland  and  Iceland !  Of  course 
such  results  would  be  impossible  were  it  not  for  the  fact 
that  the  summer  days,  though  few,  are  very  hot  and  the 
sun  is  almost  continually  above  the  horizon. 

Fish,  furs,  and  gold  are  the  principal  industries  of 
Alaska.  The  discovery  of  gold  has  naturally  attracted 
the  most  attention,  but  the  fisheries  form  one  of  the  most 
important  industries,  and  next  in  importance  to  the  fur 
trade  is  the  salmon  industry.     The  population  was  63,593 


at  the  census  of  1900,  of  which  number  over  45,000  were 
males  and  about  half  were  whites. 

Nome  City  is  the  largest  town,  with  a  population  of 
over  13.000,  and  next  comes  Skagway,  with  a  littla  over. 
3,000.  Dawson,  the  principal  town  of  the  Klondike  re- 
gion, in  Canadian  Territory,  had  in  1899  16,000  inhabi- 
tants. 

The  testimony  is  somewhat  conflicting  regarding  the 
mosquitoes,  but  they  are  ajipareutly  pretty  abundant, 
and  at  certain  times  and  places  constitute  a  veritable 
scourge.     The  gnats  are  also  very  annoying. 

The  accommodations,  especially  in  the  mining  towns, 
are  naturall_y  not  of  the  best,  and  are  expensive;  still, 
any  one  possessed  of  robust  health  need  nut  be  deterred 
either  by  the  climate  or  by  the  poor  accommodations  from 
a  journey  to,  or  a  permanent  abode  in,  Alaska.  The 
steamer  accommodations  from  San  Francisco,  Seattle,  or 
Vancouver  are  by  some  lines  quite  satisfactory.  A  sum- 
mer excursion  to  the  southeastern  coast  of  Alaska — the 
iceberg  region — is  a  favorite  one. 

References. — Various  government  re|3ortsfrom  the  Inte- 
rior Department;  Department  of  Commerce  and  Labor; 
Department  of  Agriculture,  and  the  Weather  Bureau; 
yearly  reports  of  the  governor  of  Alaska:  Harriman, 
"Alaska  Expedition";  Heilprin's  "Alaska  and  the 
Klondike";  "The  Land  of  Nome,"  by  Laurie  McKee; 
"The  Pacific  Coast  Pilot,"  and  many  other  special  works. 

Edward  0.  Otis. 

ARSENIC,  POISONING  BY.— It  has  been  estimated 
that  of  all  the  recorded  deaths  due  to  poisoning,  at  least 
three-fourths  have  probably  been  due  to  arsenic  in  some 
form.  So  powerful  a  factor  has  this  poison  proved  in  the 
history  of  the  world's  progress,  and  so  instructive  are  the 
records,  that  a  glance  at  the  past  seems  necessarj'. 

The  knuwletlge  of  the  poisonous  nature  of  the  com- 
pounds of  arsenic  seems  to  have  first  come  from  out  the 
mysterious  East.  Long  before  the  dawn  of  written  his- 
tory the  Asiatics,  the  Egyptians,  and  doubtless  other  Eiist- 
ern  peoples,  seem  to  have  been  well  acquainted  with  the 
sulphides  of  arsenic  and  probably  also  with  the  method 
of  preparing  the  trioxide  by  roasting  arsenical  ores.  The 
oldest  of  the  manuscripts  and  papyri  dealing  with  mate- 
ria medica,  etc. ,  which  have  come  down  to  us  (the  famous 
Leyden  collection),  include  the  name  "  arsenic  "  in  the  list 
of  "substances  with  medicinal  or  poisonous  action.  We 
are  ignorant,  however,  of  the  part  this  substance  played 
in  the  world's  drama  prior  to  the  first  century  a.d.  But 
about  this  period  the  writings  of  Dioscorides  and  of 
Olymiiiodorus  caused  the  method  for  the  preparation  of 
the  oxide  to  be  well  known  and  its  poisonous  property  to 
be  well  understood.  From  this  time  on,  arsenic  trioxide, 
because  of  its  being  colorless,  odorless,  tasteless,  and  in- 
sidious in  its  action,  became  a  factor  in  history.  Profes- 
sional poisoners  soon  appeared  on  the  stage  and  succeeded 
in  developing  poisoning  into  an  art — if  this  be  not  a  pros- 
titution of  this  term.  The  first  of  these  artists  in  crime 
seems  to  have  been  Locusta.  Attached  to  the  court  of 
Agrippina  she  caused  the  death  of  Claudius  by  means  of 
arsenic;  later,  as  the  tool  of  Nero,  she  accomplished  the 
death  of  Britaunicus  and  threw  Rome  into  consternation 
and  terror.  Put  to  death  by  Galba  in  68  a.d.,  she  was 
succeeded  by  an  adept  disciple,  Canidia,  who  admin- 
istered arsenic  to  a  large  number  of  victims.  From  this 
time  on,  Italy  proved  a  hotbed  for  schools  of  crime  in 
which  arsenic  was  always  the  chief  agent.  Until  the 
thirteenth  and  to  a  certain  extent  to  the  fifteenth  cent- 
ury, murder  by  means  of  arsenical  preparations  knew 
no  bounds  and  overflowed  all  Europe.  Standing  forth 
among  the  many  historical  lesser  criminals,  we  have 
Charles  the  Bad,  King  of  Navarre,  whose  remarkable 
letters  patent  (fourteenth  century),  giving  directions  for 
the  poisoning  of  his  brothers  and  uncles  by  means  of 
white  arsenic  to  be  mixed  with  food  or  wine,  are  still  ex- 
tant; the  Pope  Alexander  VI.,  murdering  out  of  revenge 
those  of  his  cardinals  who  disagreed  with  him,  and  the 
wealthy  cardinals,  his  friends,  in  order  that  he  might 
seize  their  property,  meeting  death  himself  through  the 
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mistake  of  a  servant  who  gave  him  a  bottle  of  wine  con- 
taininir  ai'senie  iuteude<l  for  Ciinlinal  Corueto.  Alcx- 
ander'left  two  of  his  tivc  children.  Lueretia  and  Ca;sar 
Borgia,  of  hideous  memory,  demons  in  human  form,  to 
distribute  arsenic  in  all  directions.  About  this  time  arose 
the  famous  C<iuncil  of  Ten  of  Venice,  spreading  murder 
abroad  largely  through  the  agency  of  an  adept  in  the  use 
of  arsenic. "de'Uagubo,  the  Franciscan. 

A  century  later  makes  us  acquainted  with  the  cele- 
brated ••  Acqua  TolTana."  which  probably  consisted  of  a 
solution  of  arsenic  trio.xide  in  acpia  cyndjaliU'ia,  to  which  a 
smallamounl  of  tincture  of  cantharides  wasadded.  The 
woman  Tofl'ana.  living  in  Palermo  and  Naples,  discoverer 
and  dispenser  of  this  Tiqnid,  is  credited  with  the  death  of 
over  five  hundred  victims,  including  several  crowned 
heads  and  two  popes.  While  she  practised  her  nefarious 
trade  for  years  unsuspected,  the  Acqua  Toffana  struck 
terror  throughout  all  Italy,  and  even  throughout  France 
and  Austria.  After  her  detection  she  fled  for  safety  to  a 
convent,  where  for  twenty  years  longer  her  horrible 
trade  flourished  in  secret.  Upon  her  liual  detection  and 
execution  La  TolTaua's  clients  were  supplied  with  the 
arsenical  fluid  by  Spara,  who  had  obtained  the  secret  of 
its  prepai-ation  from  Toffana.  Spara  sold  her  prepara- 
tions under  a  variety  of  other  names,  as,  for  example, 
"Manna  di  S.  Nicolas  di  Bari,"  "Acquetta  di  Napoli," 
etc.  Since  Spara's  clients  seem  to  have  been  mostly  of 
the  middle  class,  records  are  lacking  as  to  the  extent  of 
her  criminal  practices.  Toffana  and  Spara  also  prepared 
and  dispensed  another  poison  even  more  potent,  in  which 
arsenic  was  combined  with  putrefactive  compounds  (the 
arsenical  ptomains  of  Selmi).  This  preparation,  sold 
under  the  name  of  "Acquetta  di  Peruzia,"  was  prepared 
by  sjiriukling  the  viscera  of  a  freshly  killed  pig  with 
white  arsenic,  hanging  them  up  and  then  collecting  in  a 
vessel  the  drippings  of  the  putrefying  material. 

France  now  became  the  theatre  of  the  great  arsenical 
crimes  of  history'  through  Catlierine  de  Medici,  who 
brought  with  her  to  France  arch  poisoners  from  her  na- 
tive hrnd.  The  court  of  Louis  XIV.  was  fairly  smoth- 
ered in  crime.  Among  the  hundreds  of  petty  poisoners 
two  remarkable  women,  doubtless  the  greatest  criminals 
France  has  ever  seen,  stand  head  and  shoulders  above  the 
rest.  The  first  of  these,  Marguerite  d'Auljray.  JVIarquise 
de  Brinvilliers,  angelically  beautiful,  with  winning  voice 
and  saint-like  appearance,  yet  addicted  to  unspeakable 
vices  from  a  child  up,  had  been  taught  the  methods  of 
mixing  arsenic  with  foods  and  beverages  by  lier  para- 
mour Saint  Croix.  This  woman  had  set  her  heart  upon 
inheriting  the  family  estate,  and  to  gain  her  end  it  be- 
came necessary  to  cause  the  death  of  her  father,  brolhers, 
and  sister.  In  order  to  accomplish  this  she  obtained  en- 
trance to  the  great  hospitals  of  Paris  under  the  guise  of  a 
Sister  of  Mercy.  Here  as  a  nurse  she  administered 
arsenic  with  food  and  medicine,  noted  the  effects,  going 
each  day  to  the  internes  to  learn  the  jjrogress  of  the  dis- 
ease. Finding  that  her  practices  were  unsuspected  and 
undetected,  she  carried  her  experiments  still  further  by 
giving  arsenic  in  food  to  the  poor  who  called  at  lier  door, 
dosing  her  servants  and  visiting  the  hospitals  to  which 
they  were  taken  in  order  to  learn  the  effect.  Having  at 
last  satisfied  herself  that  she  knew  the  dose  and  the  rate 
at  which  the  poison  should  be  administered,  she  pro 
ceeded  with  the  execution  of  her  long-planned  crime. 
During  a  jieriod  of  over  eight  months  she  administered 
arsenic  to  her  father,  thirty  times  by  her  own  hands  and 
a  ninnber  of  times  by  a  servant.  At  the  end  of  this 
period  the  nuirder  was  accomplished  by  giving  a  double 
dose.  In  a  like  manner  she  disposed'  of  two  brothers 
and  attempted  the  life  of  Iier  sister.  If  her  servants 
displeased  her,  a  little  arsenic,  carefullj-  dispensed,  put 
tliem  out  of  lier  way.  It  has  been  impossible  to  ascer- 
tain the  number  of  her  victims,  so  cunningly  did  she 
work.  Not  only  did  she  use  arsenic  trioxide  alone,  but 
also  a  carefully  compounded  mixture  of  this  substance 
wilh  meroiric  chloride.  Her  crimes  being  discovered 
upon  l!ie  death  of  Saint  Croix,  she  was  tried,  found 
guilty,  and  executed  in  July,  1676.     Thus  it  was  that 


the  Marquise  de  Brinvilliers  invented  the  infamous 
"poudre  de  succession,"  which  in  the  hands  of  the  sec- 
ond of  the  women.  La  Voisin  and  her  accomplices,  liter- 
ally jiowdered  Paris  and  part  of  Fi'ance  with  arsenic. 

The  revolting  story  of  La  Voisin  is  foreign  to  the  topic 
under  discussion.  Sufiice  it  to  say  that  the  p(-iisou  she 
dispensed  was  generally  white  arsenic;  but  what  is  note- 
worthy, is  that  she  followftl  the  de  Brinvilliers'  method, 
which  had  been  experimentally  developed,  namely,  slow 
poiscming.  Poisoning  became  such  an  epidemic  in 
France,  following  the  publicity  of  these  cases,  that  the 
notorious  special  court  (La  Chandjre  ardente — Court  of 
Poisoners)  was  established.  This  body  pniceeded  so  per- 
severingly,  thoroughly,  and  mercilessly  that  since  1682 
there  have  been  no  systematic  poisonings  by  professional 
poisoners,  clubs,  or  bands.  It  has  been  recently  stated 
that  in  modern  times  no  Locusta,  Toffana,  nor  de  Brin- 
villiers can  exist,  that  the  illness  of  the  victims  would 
promptly  be  diagnosed  as  arsenical  poisoning  and  the 
criminal  discovered.  Unfortunately,  this  belief  is  not 
justified,  for  there  are  many  cases  which  demonstrate 
that  slow  poisoning  by  arsenic  is  not  readily  diagnosed. 
Take,  for  example,  the  case  of  the  monomaniac  Helene 
Jegado,  who  from  1833  to  18.53  poisoned  some  47  per- 
sons, about  30  of  whom  died,  all  of  arsenic  poisoning;  or 
again  there  is  the  woman  Van  der  Linden,  who  in  1887, 
acting  as  a  nurse  and  at  the  same  time  agent  for  an  acci- 
dent insurance  company,  poisoned,  or  attempted  to  poi- 
son, 103  persons.  Twenty-seven  died;  47  were  made 
seriously  ill.  As  a  nurse  she  dosed  her  victims,  in  whose 
names  she  her.self  had  made  out  policies.  In  due  time 
she  collected  from  the  company  the  amount  of  the  policy 
for  illness  or  death.  So  caret ullv  did  she  proceed  that 
the  illnessof  her  victims  wasnot  diagnosed  as arsenicism. 
Again,  take  tlie  cases  of  great  mass-poisoning  by  wiue 
containing  arsenic  at  Hyeres  in  1887,  due  to  the  cir- 
cumstance that  a  wine  merchant,  with  the  intention  of 
plastering  his  wine,  had  dropped  into  the  fermentation 
vat  by  mistake  a  quantity  of  white  arsenic.  There  were 
over  400  victims  and  4  deaths.  All  sorts  of  diagnoses 
were  made  by  the  physicians,  and  it  was  not  until  many 
months  afterward  that  the  true  cause  was  discovered. 
Similar  errors  were  made  in  1900-03  in  the  famous  beer 
poi.soniugs  in  Great  Britain.  In  this  eiudemic  there  were 
over  4,000  victims  and  300  deaths.  The  first  cases  of  ill- 
ness were  reported  in  the  latter  part  of  April  and  early  in 
May,  but  it  was  not  until  the  following  November,  seven 
months  later,  that  the  proper  diagnosis  of  arsenical  poi- 
soning was  surely  established,  and  it  was  shown  that  the 
trouble  came  from  impure  sulphuric  acid  used  for  the  in- 
version of  sugar  and  starch,  which  materials  under  the 
Gladstone  bill  could  be  used  for  the  manufacture  of  beer. 

Within  a  few  months  two  cases  of  slow  poisoning  by 
arsenic  have  come  to  the  author's  attention,  in  each  of 
which  the  attending  physician  failed  properly  to  diag- 
nose the  illness.     One  of  these  cases  was  homicidal. 

The  lessons  to  be  drawn  from  the  historical  cases  and 
others  cited  above  seem  i|uite  ]ilain.  The  physical  diag- 
nosis of  subacute  or  chronic  arsenical  poisoning  is  often 
uncommonly  difficult. 

5I0ST    lMi'0KT.\XT    COMPOUNDS   WITH    REFERENCE    TO 

Poisonings. — Arsenic  trioxicle,  As^Os  (s.yuonyms:  ar- 
senious  acid,  arsenious  anhydride,  white  arsenic,  arsenic, 
ratsbane,  rough-on-rats,  etc.)  exists  in  two  allotropic 
modifications,  the  amorphous  and  the  crystalline.  The 
crystalline  form  is  of  a  dead  white,  opaque,  and  porce- 
lain-like appearance;  the  amorphous,  on  the  other  hand, 
is  clear,  transparent,  and  glass-like,  and  for  this  reason 
is  often  termed  vitreous,  and  has  a  tendency  to  pass 
slowly  into  the  crystalline  state.  Because  of  this  change, 
commercial  samples  of  lump  white  arsenic  are  mixtures 
of  the  two  modifications.  Save  in  India,' where  it  is  some- 
times colored  yellow  with  cow's  urine,  arsenic  trioxide 
occurs  in  commerce  as  a  heavy  white  powder,  or  in  the 
form  of  opaque  white  lumps,  which  when  broken  show 
a  transparent  glassy  centre.  The  solubility  of  the  com- 
mercial samples  varies  within  quite  wide  limits;  this  is 
due  to  the  fact  that  the  solubility  of  the  two  modifica- 
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tions  of  AS2O3  are  different,  that  of  the  pure  crystalline 
being  about  1  iu  350  of  water  at  15^  C,  and  that  of  the 
pure  amorphous  1  in  108.  Cooled  from  boiling,  1  part 
in  45  of  the  crystalline  remains  in  solution  and  1  part  in 
30  of  the  amoriihous.  No  two  observers  agree,  however, 
as  to  the  solubility  of  AS2O3. 

Arsenites. — All  the  samples  of  commercial  d>y  arsenite 
of  sodium  and  of  potassium  which  have  been  examined 
by  the  author  seem  to  correspond  most  closely  to  the 
formulas  NaAsOj  and  KAsOs.  Their  solubility  in  water 
is  quite  variable,  but  is  always  much  greater  than  that 
of  the  trioxide.  The  majority  of  cases  of  jioisouing  from 
alkaline  arsenites  have  been  from  the  medicinal  prepara- 
tions of  these  salts,  such  as  Fowler's  solution,  etc.  Only 
a  very  few  of  these  cases  have  been  criminal. 

Arsenates. — These  salts  corresjjond  to  the  general  for- 
mula RsAsOi.  They  are  of  little  toxicological  interest 
save  for  the  fact  that  arsenic  acid  has  been  largely  used 
in  certain  industries  (e.g.,  manufacture  of  aniline  dyes) 
as  an  oxidizing  agent,  and  the  products  placed  ou  the 
market  in  an  impure  condition  contain  arsenic  in  enor- 
mous quantities. 

Stilp/iides  of  Arsenic . — The  disulphide,  AsjSa,  occurs  iu 
nature  as  realgar,  and  was  known  to  the  ancients  under 
the  name  sanilarac  or  sandaracque.  Realgar,  both  the 
mineral  and  the  artificial  compound,  has  been  used  as  k 
pigment,  in  pyrotechnics,  etc.  The  trisulphide,  As-Sa, 
long  known  as  the  mineral  orpiment  or  auripigment,  has 
had  a  variety  of  commercial  uses.  It  was  formerly  used 
iu  printing,  iu  tanning  as  a  deijilatory.  In  medicine,  as  a 
pigment,  etc.  The  pentasulphide,  As^Ss,  is  of  no  medi- 
cinal importance.  AH  the  sulphides  met  with  in  com- 
merce are  amorphous  yellow  powders,  varying  in  color 
from  a  light  lenujn  yellow  to  a  deep  gulden  or  even 
orange  tint.  When  pure  they  are  insoluble  iu  water, 
hence  their  toxicity  is  very  low.  Some  authorities  hold 
that  the  luire  sulphides  are  not  poisonous.  Experimen- 
tal evidence  shows,  however,  that  these  compounds  are 
acted  upon  by  the  fluids  of  the  bod.y,  and  that  arsenic  is 
resorbed.  Doubtlessa  long  sojournof  these  sulphides  in 
the  alimentary  canal  woidd  lead  to  serious  results.  The 
commercial  sulphides  are  invariably  violent  poisons,  since 
they  contain  arsenic  trioxide,  sometimes  to  the  extent  of 
as  much  as  thirty  per  cent.  Le  Prince  and  Chabenat 
report  the  case  of  a  young  girl  who  used  an  ointment 
consisting  of  65  parts  of  butter  and  35  parts  of  orpiment 
as  a  dressing  for  a  tumor  of  the  breast.  Acute  arsenic 
poisoning  resulted,  with  death  on  the  tifth  day  after  the 
application  of  the  dressing.  As  a  depilatory,  orpiment 
has  been  used  from  earliest  times.  It  was  a  mixtiu'e  of 
orpiment  with  lime  or  chalk,  which  was  used  by  the  an- 
cients for  the  removal  of  the  ptibic  hair.s — a  practice  said 
to  be  still  extant,  at  least  in  the  case  of  women,  in  cer- 
tain JIussulman  tribes  of  the  East. 

Cases  of  poisoning  from  organic  compounds  of  arsenic 
have  not  yet  been  reported,  if  we  except  tliose  due  to  the 
notorious  Acquettadi  Peruzia.  Butconsiderable  experi- 
mental work  has  been  done  on  animals  with  kacodyl, 
kacodylic  acid,  diphenylarsiue,  inonophenylarsine,  arsen- 
dimetiiylcyanide,  etc. 

Culoriiuj  matters,  pigments,  containing  arsenic,  are  re- 
sponsible for  a  large  percentage  of  cases  of  poisoning, 
both  acute  and  chronic.  Scheele's  green  (synonym- 
mineral  green,  Swiss  green)  is  copper  arsenite  of  somewhat 
variable  composition.  It  is  insoluble  in  water,  and  cor- 
responds to  tlie  formulas  CuIIAsOs  or  Cu3(As03)33H20. 
This  beautiful  compound  is  used  as  a  pigment  in  paint- 
ing, printing,  etc.,  and  as  an  insecticide.  Paris  green 
(synonyms:  Vienna  green,  mitis  green,  Schweinfurter 
green)  is  a  double  salt,  copper  aceto-arsenite,  correspond- 
ing to  the  formula  Cu  (As:04)3,Cu(CoH302)2.  The  com- 
mercial product  is  of  variable  composition  according  to 
the  method  employed  in  its  manufacture.  It  is  now  used 
in  enormous  quantities  as  an  insecticide;  rarel.y  as  a  pig 
ment  in  jiainting,  coloring,  etc.  Aniline  d}-es of  the  rose- 
aniline  group,  which  have  been  made  by  the  old  arsenical 
process,  usually  contain  arsenic  in  large  amount.  The 
most  important  of  these  are  the  magentas  and  reds,  but 


the  blues,  violets,  purples,  etc.,  may  also  be  arsenical.  In 
fact,  it  may  be  said  that  there  is  scarcely  a  shade  which 
cannot  be  obtained  by  blending  arsenic-containing  dyes. 
Practically  all  the  manufacturers  of  aniline  dyes  have 
now  abandoned  the  arsenical  jirocess,  but  the  author  is 
informed  that  there  is  still  one  firm  in  New  York  State 
tliat  uses  ansenic  acid  in  tlie  preparation  of  fuchsin. 
Closely  related  to  the  aniline  d3-cs  are  the  arsenical  lakes, 
such  as  Cochineal  red,  Vienna  red,  etc.  King's  yellow 
consists  of  impure  arsenic  trisulphide,  hence  is  essen- 
tially orpiment.  It  often  contains  eighty  to  ninety  per 
cent.  ASjOa.  Mineral  blue,  a  pigment  in  which  copper 
arsenite  and  potassium  arsenite  enter  in  about  equal 
parts,  contains  about  thirty-nine  per  cent,  arsenic. 

Arsenical  insecticides  are  responsible  for  a  large  number 
of  deaths,  accidental,  suicidal,  and  criminal.  Of  these 
substances  the  most  important  is  Paris  green.  Its  com- 
position and  quality  are  now  coutroUed  by  statutory  en- 
actment in  several  States  of  the  Uuion.  When  sold  as 
an  insecticide  the  statutes  call  for  a  product  containing 
combined  arsenic  in  an  amount  which  shall  be  not  less 
than  fifty  per  cent,  calculated  as  As.>03,  not  over  four 
per  cent,  of  which  shall  be  soluble  in  cold  water.  Most 
of  the  cases  of  poisoning  by  tliis  material  occur  in  the 
United  States  and  in  Russia.  London  purple  (synonyms: 
English  purjde,  Paris  jnirple),  formerly  much  used,  is 
olitained  by  treating  a  by-pi'oduct  of  the  aniline  dye  in- 
dustry with  lime.  The  arsenic  is  present  both  as  calcium 
arsenite  and  as  calcium  arsenate,  the  latter  in  excess  of 
the  former.  Calculated  as  arsenic  the  average  amount 
present  in  London  purple  is  about  twenty -nine  per  cent. 
Arsenoids,  substitutes  for  Paris  green,  have  been  placed 
on  the  market  in  recent  years.  Green  arsenoid  contains 
on  an  average  about  sixty  per  cent.  AsoOs,  and  has  been 
incorrect!}'  called  Scheele's  green.  White  arsenoid  con- 
tains barium  arsenite ;  thirty -three  per  cent,  of  the  arsenic 
present  is  water-soluble.  Para  green  is  a  mixture  of 
Paris  green  with  about  thirty-si.x  per  cent,  gypsum. 
Laurel  greeu  consists  essentially  of  calcium  arsenite  (thir- 
teen per  cent.),  gypsum,  calcium  carbonate,  and  magne- 
sum  carbonate. 

Vermin  Killers. — Of  the  man}'  arsenical  poisons  on  the 
market  for  the  purpose  of  destroying  rats,  mice,  etc., 
only  one  needs  discussion,  i.e.,  rough-on-rats.  This 
preparation  has  been  employed  in  many  crimes  in  the 
L^nited  States  and  consists  of  arsenic  trioxide  about 
seventy-two  percent.,  barium  carbonate  twenty-six  per 
cent.,  Siiud  two  per  cent.,  with  u.sually  a  little  carbon  to 
color  it.  In  case  of  a  question  of  poisoning  by  this  ver- 
min killer,  barium  should  always  be  searched  for.  The 
author  has.  however,  in  his  possessiou  a  sample  of  this 
material  purchased  some  years  ago  which  contains  no 
barium. 

Arsenic  in.  Foods,  Beverages,  etc.,  occurs  (1)  as  a  preser- 
vative, (3)  in  coloring  matter  added,  or  (3)  as  an  acciden- 
tal impurity.  In  official  reports  issued  by  the  German 
Government  the  claim  is  made  that  there  are  annually 
exported  from  the  United  States  to  European  ports  enor- 
mous quantities  of  dried  apples  which  have  been  treated 
with  weak  arsenical  solutions  to  preserve  them  from  de- 
cay and  from  the  attacks  of  insects.  Moscow,  Russia, 
suffereil  severely  some  years  ago  from  a  cholera-like 
epidemic,  the  cau.se  of  which  was  eventually  traced  to 
sturgeon  flesh  which  had  been  sprinkled  with  white 
arsenic  to  arrest  decomposition.  The  addition  of  arseni- 
cal colors  to  foods  and  beverages  has  given  rise  to  a  large 
number  of  cases  of  arsenical  poisoning.  Sausage,  jellies, 
preserved  fruit,  wines,  fruit  sj'rups,  confectionery,  cakes, 
etc.,  have  all  been  found  to  have  caused  trouble.  Usu- 
ally this  has  been  due  to  arsenical  aniline  dyes,  but  in  a 
few  instances  Paris  green  has  been  present.  Accidents 
arising  from  the  presence  of  ai'senic  as  an  impurity  in 
some  product  used  in  the  manufacture  of  the  food  or  bever- 
age are  usually  confined  to  beers,  ales,  or  glucose  prepara- 
tions. While  we  are  considering  poisonous  food  mate- 
rials, the  fact  must  not  be  overlooked  that  cattle  feeding 
in  the  iieii;hborhood  of  industries  throwing  out  arsenic 
may  become  poisoned  or  else   relatively  imnuiue  from 
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habitual  use,  aud  their  flesli  when  eateu  hy  man  may 
lead  to  very  serious  results.  Tlie  same  holds  true  for 
milk  secreted  by  an  animal  which  has  taken  arsenic  into 
its  system. 

Arge7iic  in  Colored  Pajiera,  Inks,  Clothing,  dc. — Many 
cases  of  very  serious  eln-onic  arsenical  poisoning  have 
been  traced  io  these  sources.  A  decade  ago  the  amount 
of  higlily  arsenical  wall  papers  was  appalling,  and  in 
spite  of  the  denial  of  eminent  chemists  and  hygienists, 
the  evidence  is  such  that  chronic  poisoning  from  arseni- 
cal wall  jiapers  must  be  accepted  as  an  established  fact, 
pnividing  tliat  the  room  so  papered  is  small,  damp,  and 
ill  ventilated,  and  the  alleged  victim  spends  much  time 
in  the  room.  Contrary  to  jiopular  opinion,  green-tinted 
papers  are  rarely  arsenical ;  those  which  have  caused 
trouble  in  the  United  States  have  almost  invariably  been 
tinted  in  shades  of  red.  In  an  investigation  conducted 
by  the  author  some  years  ago  upon  an  undoubted  case  of 
arsenicism  from  wall  paper,  it  was  found  that  over  ninety 
per  cent,  of  the  red  and  maroon  papers  obtainable  of  the 
same  date  of  manufacture  as  that  on  the  walls  of  the 
room  were  liighly  arsenical.  JIany  samples  of  wall  pa- 
pers manufactured  within  the  last  six  years  have  since 
been  examined,  but  none  of  these  modern  papere  have 
thus  far  been  found  which  contain  more  than  mere  traces 
of  arsenic.  In  all  probability  the  cause  of  arsenicism 
from  wall  jiajjcrs  is  largely  due  to  the  formation,  by 
moulds  and  bacteria,  of  arsine  and  of  a  volatile  organic 
arsenic  compound.  This  peculiar  action  is  so  well 
marked  in  the  case  of  Penicilliura  brevicaude  that  advan- 
tage is  taken  of  the  fact  for  the  purpose  of  testing  for 
the  presence  of  arsenic.  Mucor  mucedo,  Aspergillus  glau- 
cus,  Aspergillus  virescensalso  possess  this  same  property, 
but  to  a  less  degree.  Colored  papers  other  than  wall 
papers  have  also  given  rise  to  poisoning:  as,  for  exam- 
ple, the  chewing  of  such  papers  by  children,  the  moisten- 
ing with  the  tongue  of  many  colored  gummed  labels. 
In  1S89  several  cashiers  in  German  banks  were  poisoned 
through  handling  with  moistened  fingers  large  numbers 
of  Swiss  banknotes  printed  with  arsenical  ink.  Several 
cases  are  on  record  of  poisoning  from  using  copj'ing  inks, 
typewriter  ribbons  and  indelible  pencils  made  with 
arsenical  aniline  dyes.  Graifsky  has  described  several 
very  serious  cases  of  chronic  poisoning  from  handling 
colored  challc  in  one  of  the  schools  of  Germany.  A  vio- 
let-colored crayon  was  found  to  contain  over  seven  per- 
cent, arsenic.  Clothing  dyed  with  impure  aniline  colors 
has  been  the  cause  of  many  a  sad  case  of  illness.  These 
cases  have  usuallj'  been  caused  by  such  wearing  apparel 
as  comes  in  direct  contact  with  the  skin,  such  as  stock- 
ings, trousers,  waists,  etc.  In  Germany  copper  arsenite 
has  been  used  for  coloring  tarlatan  and  several  cases  of 
serious  poisoning  have  resulted  therefrom.  Two  of  the 
most  striking  cases  of  arsenical  paralysis  with  which  we 
are  acquainted  were  due  to  green  tarlatan  ball  gowns. 
Zinreck  states  that  he  found  in  twenty  yards  of  this 
material  used  for  a  ball  gown  300  gm.  of  Paris  green. 

Medicinal  ■pre^xiraliuns  have  given  rise  to  poisoning, 
either  from  overdosage  or  because  of  the  presence  of 
arsenic  as  an  impurity  in  the  substance  administered,  as, 
for  example,  in  bismuth  subnitrate  and  other  bismuth 
preparations,  sodium  phosphate,  glycerin,  chloroform, 
phosphoric  acid,  sulphuric  acid,  etc.  For  the  composi- 
tion and  dosage  of  arsenical  medicines,  see  Arsenic,  Vol. 
I,,  of  Reference  H.^ndbook. 

Industrial  poisoning  by  arsenic  is  bv  no  means  rare,  for 
in  a  large  number  of  industries  the  workmen  are  exposed 
to  compounds  of  this  element  in  one  form  or  another.  In 
the  following  table  will  be  found  a  list  of  trades  or  arti- 
cles manufactured  which  are  credited  with  cases  of 
arsenicism,  and  a  brief  statement  of  the  cause  of  the 
illness. 


Name  of  Industry  or  Article 
Manufaetured. 
Paints  In  whkli  the  liasls  Is  orpl- 
menl,  copper  arsenltes,  mineral 
blue,  et<,'. 
White  enamel  glass,  stained  glass 
and  certain  other  glasses. 


Causes  ot  PoisoniDg. 
Arsine,  arsenical  dust. 

Arsine,  arsenical  dust. 


Name  of  Industry  or  Article 
Manufactured. 
Copper,  cobalt,  nickel,  zinc,  tin. 

Copper  reflnt'd  in  the  wet  way. 

Ilydrot^i-ri  for  balloons,  limelights, 
when  inarle  from  iron  or  zinc 
and  an  acid. 

Phosphoric  acid. 

Sulphur  and  allied  industries. 

Arsenic  and  arsenical  prepara- 
tions. 

(jalvani/;ed  iron,  tinned  iron. 
Zinc  chloride. 

Ct)pp(Ta.s  Ucr-rous  sulphate). 
Aniline    dyes    by    the    arsenical 

method. 
Artificial  flowers,  leaves,  etc. 

Stuffed  animals,  birds,  preparation 
of  natural  history  specimens. 

Bird  shot  (arsenic  used  to  harden 

the  lead). 
Aniline  from  nitrobenzene. 
IndlRO  lilue. 
Embalming  fluids. 

Preservation  of  wood. 
Wall  papers,  colored  papers. 


Causes  of  Poisoning. 

Arsenic  dust  in  air  from  roasting 

arsenical  ores. 
Arsine. 
Arsine. 


Arsenic  trioxide. 
Arsenical  dust,  arsine. 
Arsenical  dust  in  mines,  charging 

and  emptying  retorts,  handling 

products. 
Arsine. 
.Arsine. 
Arsine. 
Ai-senic  acid,  arsenous    acid   in 

dust,  in  air  or  on  hands. 
Arsenical  pigments   or    dyes  by 

contact,  or  in  dust  in  air. 
Arsenic  trioxide.  arsenical   soai> 

and  fluids  absorbed  by  hands  or 

in  dust. 
Arsenical  dust. 

Arsine. 

Arsine. 

Arsenic  trioxide,  arsenltes  of  so- 
dium, potassium  calcium. 

Arsenical  dust. 

Arsenical  dyes  and  pigments  in 
dust  or  by  handling. 

Chamiels  of  Introduction. — Accidental  poisonings  are 
the  result  of  swallowing  the  poisonous  material,  breath- 
ing arsine  or  arsenical  dust,  or  occasionally  absorption 
througli  wounds  or  through  the  sound  skin.  But  in 
criminal  cases  every  conceivable  channel  has  been  used, 
the  usual  mode  oi  introduction  being  in  food  or  drink. 
A  number  of  cases  are  recorded  in  which  the  poison  has 
been  administered  to  the  victims  by  enemas  or  vaginal 
douches.  The  legend  that  Ladislas,  King  of  Naples,  met 
his  death  in  1414  by  arsenic  introduced  into  the  vagina  of 
his  mistress  bj'  a  jealous  courtier,  and  that  Calpurneus 
murdered  his  wives  by  digital  introduction  of  ai'senic 
into  the  vagina  are  probably  not  mere  myth  and  fiction, 
for  we  find  several  modern  imitators  of  Calpurneus.  In 
one  instance  the  arsenical  material  was  introduced  by 
placing  the  poison  under  the  prepuce,  and  introducing  it 
into  the  vagina  in  this  mannei',  so  as  to  avoid  all  danger 
of  detection.  In  another  instance  three  wives  were  suc- 
cessively murdered  by  placing  in  the  vagina  a  mixture 
of  flour  and  arsenic  trioxide.  Experiments  on  animals 
have  shown,  beyond  the  possibility  of  a  doubt,  that  death 
may  result  from  arsenical  poisoning  through  such  an  in- 
troduction of  the  poison  into  the  body.  A  few  cases  are 
found  in  which  arsenical  vapors  have  been  employed 
with  criminal  intent,  as  for  example  the  vaporization  of 
arsenic  trioxide  and  the  roasting  of  arsenical  pyrites  in  a 
room. 

Fatal  Dose. — Brouardel's  investigations  have  shown 
that  the  toxicity  of  arsenic  varies  according  to:  (1)  The 
method  of  administration ;  (3)  the  kind  and  age  of  ani- 
mal ;  (3)  the  nature  of  the  food  material  present  in  the  ali- 
mentary canal.  Owing  to  the  fact  that  some  persons 
have,  to  a  certain  degree,  a  natural  or  acquired  resistance 
to  arsenic  it  is  difficult  arbitrarily  to  set  an}'  detinite 
figure  as  representing  a  fatal  dose.  Moreover,  when  the 
stomach  contains  a  large  amount  of  fatty  material  a  huge 
dose  can  apparently  be  ingested  without  fatal  results.  It 
is  to  be  said  in  this  connection  tliat  a  very  large  dose  is 
.selilom  as  dangerous  as  one  consisting  of  close  to  what 
may  be  said  to  be  the  normal  fatal  dose,  for  the  reason 
that  vomiting  is  apt  to  be  immediate  and  the  poison  is 
removed  at  once  without  having  undergone  resorption. 
For  ASnOs  the  toxic  dose  for  man  can  be  set  as  lying  be- 
tween 5  mgm.  and  50  mgm.  (0.07-0.77  grain),  and  the 
fatal  dose  100-300  mgm.  (1.54-4.63  grains).  For  Paris 
green  the  doses  are  ijrobably  somewhat  higher  than  twice 
these  quantities.  The  above  figures  refer  to  per-os  ad- 
ministration. When  the  poison  comes  in  direct  contact 
with  the  blood,  as  for  example  through  wounds,  the 
abraded  skin,  or  the  direct  introduction  into  the  body  by 
some  sharp  instrument,  it  is  about  ten  times  as  active. 
Rouycr  has  attempted  to  calculate  the  toxic  and  fatal 
doses  on  the  basis  of  the  amount  of  poison  resorbed  rather 
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than  the  total  amouut  taken.  According  to  his  experi- 
ments and  calculations  0.6  mgm.  AsjOs  resorbedper  kilo- 
gram body  weight  will  give  rise  to  serious  symptoms; 
2.5  mgm.  "per  kilogram  may  cause  death  in  twenty-four 
to  t'ft'enty-five  hours,  while  3  mgm.  per  kilogram  will 
always  cause  death  in  about  eiglit  hours.  It  would  seem 
that  Rouyer's  figures  are  prohably  too  high,  for  thej' 
would  require  the  resorption  of  about  200  mgm.  to  cause 
the  death  of  a  man  of  average  weight.  The  actual  dose 
to  be  ingested  would  therefore  be  considerably  higlier. 

In  the  case  of  animals  we  find  great  variation  in  the 
intensity  of  the  action  of  arsenical  compounds,  not  only 
with  respect  to  species,  but  also  in  different  individuals 
of  the  same  species.  Von  Gohier  has  seen  a  horse  remain 
to  all  appearances  in  good  health  after  a  dose  of  30  gm. 
of  arsenic  trioxide,  while  on  the  other  hand  3  gm.  has 
caused  death.  Not  only  do  we  have  this  variability  of 
action  on  different  individuals,  but  veterinarians  are  fair- 
ly well  agreed  that,  particularly  in  the  case  of  cattle  and 
sheep,  an  animal  may  at  one  time  stand  a  dose  as  high  as 
20-30  gm.,  while  the  same  identical  animal  will  suffer 
severe  Illness  from  5  gm.  at  another  time.  The  follow- 
ing table,  while  necessarily  more  or  less  arbitrar}',  can  be 
taken  as  probably  as  nearly  in  accord  with  experimental 
data  as  is  possible  with  our  present  knowledge. 


Fatal  Dose. 

When  taken  Internally. 

When  by  wounds. 

10.0  to  30.0  gm. 
10.0  to  25.0  gm. 
5.0    to  15.0   gm. 

.5    to    1.0   gm. 

.1    to      .2  gm. 

.1    to      .15  gm. 

.05  to      .1   gm. 

2.0     gin. 

2.0     gm. 

.2     gm. 

.2    gm. 

Dogs 

.02  gm. 

Fowl 

.01    gm. 

.005  gm. 

It  will  be  seen  from  the  above  that  sheep  and  goatsare, 
per  kilogram  weight,  remarkably  resistant.  A  similar 
resistance  is  frequently  met  with  in  certain  dogs. 

Habitual  Use,  Tolerance,  Arsenicop/iagia.— Aside  from 
certain  species  of  fungi  and  bacteria,  arsenical  com- 
pounds are  toxic  to  all  other  forms  of  life.  But  by  re- 
peated small  doses  a  certain  immunity  is  at  last  acquired, 
after  which  enormous  doses  can  be  swallowed  with 
impunity.  This  fact  was  known  in  mo.st  ancient  times, 
for  we  are  told  that  ]\Iithridates  (first  century  B.C.),  who 
was  well  versed  in  the  poison  lore  of  his  time,  acquired 
immunitv  in  this  manner  to  protect  himself  against  poi- 
soners. By  far  the  most  striking  cases  of  acquired  toler- 
ance are  to  be  founfl  among  the  mountaineers  of  T3'rol, 
Styria,  Carinthia,  the  Punjab,  and  in  some  parts  of  the 
mountain  ranges  of  South  America.  These  mount<aineers 
start  taking  arsenic,  in  the  form  of  orpiment  or  the  tri- 
oxide, from  their  youth ;  the  men  believing  that  it  en- 
ables them  to  endure  greater  fatigue,  wards  off  the  moun- 
tain sickness  and  makes  breathing  easier ;  the  women  in 
order  to  improve  their  complexion,  to  acquire  shining 
eyes,  a  rosy  tint,  and  a  well-rounded  form.  These 
arsenicophages  seem  to  enjoy  perfect  health  and  reach 
an  advanced  old  age.  They  exist,  however,  in  a  pseudo- 
normal  state,  for  the  suppression  of  the  daily  dose  of 
arsenic  leads  to  serious  illness.  The  majority  never  reach 
a  very  high  daily  consumption  of  the  drug,  "but  instances 
are  not  lacking  in  which  the  amount  taken  daily  reaches 
800-400  mgm.  We  also  have  proof  positive  that  certain 
individuals  have  taken  this  same  amouut  at  a  single  dose 
without  suffering  any  inconvenience  thereby.  This 
tolerance  and  habit  seem  in  many  cases  to  be  hereditary. 
A  somewhat  similar  resistance  is  met  with  in  patients 
who  have  been  subjected  to  arsenical  treatment  with  in- 
creasing dosage.  After  a  time  considerably  over  the 
maximum  dose  is  tolerated.  In  Europe  and  in  America 
certain  waters  are  found  containing  arsenic.  These 
waters  have  been  long  used  by  the  inhabitants  of  the 
district,  but  no  evil  effects  have  been  reported. 
The  administration  of  arsenic  to  horses  by  grooms  in 


increasing  doses  has  been  practised  for  many  years,  espe- 
cially in  England,  the  object  being  to  improve  the  ani- 
mal's coat,  aid  the  assimilation  of  food,  and  to  give  them  . 
a  plump,  well-rounded  appearance.  The  arsenic  is  either 
mixed  with  the  food  or  is  tied  in  a  tiny  piece  of  cloth 
and  attached  to  the  bit.  This  latter  procedure  results  in 
the  production  of  a  slight  salivation  and  the  ap]iearance 
of  white  foam  about  the  mouth,  the  animal  holding  its 
head  erect  and  champing  at  the  bit,  conditions  which  are 
supposed  to  indicate  a  spirited  animal.  Horses  subjected 
tor  any  length  of  time  to  this  treatment  require  a  contin- 
uance of  the  daily  dose,  without  which  they  rapidly  lose 
flesh  and  condition. 

There  is  as  yet  no  satisfactory  explanation  for  the  ac- 
quired tolerance  of  arsenic.  The  theory  that  there  is  an 
abnormal  rate  of  elimination  by  the  kidneys  is  not  well 
established,  and  is  insufficient  to  account  for  all  the  facts. 

Symptoms.  Action. — With  the  possible  exception  of 
the  gaseous  compounds  all  other  arsenical  substances  may 
be  .said  to  have  a  like  action  on  man.  No  matter,  there- 
fore, in  what  form  arsenic  is  administered  the  symptoms 
observed  will  not  differ  to  any  appreciable  extent. 
These  symptoms  can  be  grouped  under  four  different 
heads.  Those  typical :  (1)  Of  a  mineral  acid — acidismus. 
(2)  Of  a  mineral  salt — -metal  toxicosis.  (3)  Of  action  on 
the  nervous  system;  (a)  splanchnic  paralysis,  resulting  in 
hyperemia  of  all  abdominal  organs ;  (i)  neuritis.  (3)  Of 
inflammation  of  the  intestinal  tract  and  of  fatty  degene- 
ration, especially  of  the  heart.  The  residt  of  the  inges- 
tion of  the  poison  may  lead  to  either  acute  or  chronic  poi- 
soning. In  acute  poisoning  it  is  possible  to  distinguish 
three  forms;  A  gastroenteric  or  ordinary  form,  paralj'sis 
arsenicalis,  and  asphyxia  arsenicalis. 

AcLite  Poisoning. — Ordinnry  Form.  Soon  after  swal- 
lowing the  poison  the  victim  complains  of  a  disagreeable 
metallic  taste  in  the  mouth,  of  an  annoying  burning,  itch- 
ing, or  tickling  dryness  of  the  throat,  there  being  usually 
frequent  spitting  and  more  or  less  salivation.  This  is 
generally,  but  not  always,  followed  by  pain  in  the  upper 
part  of"  the  alimentary  canal  which  gradually  passes 
downward,  increasing  in  severity.  In  most  cases  in  from 
one  to  two  hours,  rarely  later,  after  swallowing  the  poi- 
son, nausea,  vomiting,  and  purging  set  in.  In  the  event 
of  Paris  green  being  taken,  vomiting  sets  in  at  an  earlier 
stage  th;in  is  the  case  with  other  arsenical  compounds. 
The  vomited  matter  may  be  streaked  with  blood,  or 
green  if  copper  compounds  are  present.  In  a  short  time 
the  stools  which  were  at  first  colored  with  bile,  become 
frequent  and  rice-water-like.  Usually  there  is  tenesmus. 
The  patient  linds  more  or  less  difficulty  in  swallowing, 
suffers  from  dizziness,  headache,  pains  in  the  limbs,  a 
burning  unquenchable  thirst,  and  often  a  distressing  hic- 
cough. The  abdomen  is  distended  and  is  painful  on 
pressure,  the  secretion  of  urine  is  diminished,  and  there 
may  even  be  anuria.  The  patient's  voice  becomes  hoarse, 
features  pale  and  haggard,  eyes  sunken,  skin  cold  and 
dry.  The  pulse  becomes  slow  and  weak :  respiration 
difficult  and  oppressed,  and  death  usually  takes  place 
in  fifteen  to  twenty-four  hours,  but  often  on  the  second 
day.  The  patient  is  ordinarily  conscious  to  the  last,  but 
there  may  be  coma,  paralysisj  or  convulsions.  If  death 
does  not  "occur  before  the  second  or  third  day,  there  is 
usually  an  apparent  general  improvement,  save  for  the 
persistence  of  the  dryness  of  the  mouth  and  severe  thirst. 
The  temperature  remains  about  normal  or  very  little 
above.  There  is  apt  to  be  extensive  erythema  or  an  ery- 
sipelas or  oedematic  swelling  which  is  most  marked  on 
the  face  and  genitiils,  but  there  are  patches  more  or  less 
scattered  over  the  body.  There  may  be  falling  out  of 
the  hair.  Blebs  or  pustules  may  appear  on  various  parts 
of  the  body,  or  there  may  be  circumscribed  efflorescences. 
In  manj'  "instances  recovery  is  difficult  and  very  pro- 
tracted. Arsenical  applications  to  the  sensitive  skin 
ordinarily  give  rise  to  severe  dermatoses ;  as,  for  example, 
arsenicareczema  of  the  legs  and  thighs  from  contact  with 
trousers  or  stockings  colored  with  arsenical  aniline  dyes. 
There  may  even  be  gangrene. 

Arsenical  paralysis  is  seen  in  both  acute  and  chronic 
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poisoning,  but  an  extensive  paralysis  is  rare.  Seisser  in 
the  famous  Wurtcmberg  mass-poisoning  observed  only 
1  case  in  373.  Alexander  has  collected  the  records  of  05 
cases  of  arsenical  paralysis;  of  these  17  resulted  from 
cln-onic  arsenicism,  \vliii<'  38  were  acute.  In  the  great 
niass-poisouiiig  in  Gri'at  Britain  in  1900,  a  very  large  pro- 
portion seem  to  have  licen  tioubled  with  paralytic  symp- 
toms. AVlien  ar.siaiical  p;iralysis  results  from  acute  poi- 
soning it  does  not  usually  appear  prior  to  the  fourth 
day,  or  even  tlie  end  of  the  first  weelv.  The  normal  ter- 
mination of  the  seizure  is  the  lirst  half  of  the  second 
week.  The  beginning  of  tlic  trouble  is  marked  by  pain 
and  paran;eslhesia:  soon  there  is  numbness  of  the  hands 
and  feet,  e.xtendiiig  to  the  forearm  and  lower  leg:  very 
rarely  is  'Aw  paralysis  of  greater  extent.  Pain,  which  is 
seldo"m  absent,  may  be  very  severe  (anresthesia  dolorosa); 
it  may  lie  either  constant  or  intermittent.  The  paran;es- 
thesiii  has  been  variously  designated  by  patients  as  a 
"sleepy,"  "fnriy,"  "itching,"  or  "tingling"  sensation. 
The  liands  and  feet  are  cold,  the  tactile  sense  is  disturbed 
as  well  as  the  temperature  sense,  cold  water  is  mistaken 
for  warm,  while  hot  water  is  not  recognized  as  such.  As 
a  rule  loss  of  molilitv  follows  in  a  few  days,  but  niayalso 
occur  simultaneously  with  the  paraujestliesia.  In  the 
majority  of  cases  the  patient  cannot  walk  or  stand  for 
weeks,  or  even  montlis.  after  the  attack,  but  occasionally 
the  effects  soon  disappear.  The  muscles  lirst  and  chietly 
affected  are  the  extensors  and  abductors  of  the  toes,  later 
those  of  the  fingers,  and  finally  these  of  the  lower  and 
upper  limbs.  According  to  the  investigations  of  Imbert- 
Gouebeyre  the  paralysis  may  he  confined  to  the  kuces 
and  elbows.  Following  the  paralysis  there  is  increasing 
muscular  atrophy,  which  ma}'  reach  an  extraordinary 
degree  of  severity.  Von  JIarik  has  describi'd  a  case  in 
which  almost  all  "the  body  muscles  were  affected. 

Paralysis  arsenicalis  may  be  confused  Avith  tabes,  alco- 
hol neuritis,  syringomyelitis,  etc. 

Axplijj.via  arseni'ciilis  is  a  term  given  by  several  authori- 
ties to  rare  cases  of  exceptionally  acute  arsenic  poisoning 
with  unusually  rapid  death.  In  this  form  there  isextraor- 
dinarily  severe  intestinal  catarrh  with  vomiting,  diar- 
rluea  with  rice-water  stools,  tenesmus,  tonic  convulsions 
first  of  the  lower  limbs,  later  of  the  upper  liiubs,  cyanosis 
and  death,  with  marked  paralysis  of  the  muscles  of  res- 
piration in  a  few  ho>irs.  This  form  of  poisoning  bears 
a  striking  resemblance  to  cholera  asiatica  of  malignant 
type. 

Chronic  poisoniiir/  is  seen  most  often  in  workmen  m  the 
metallurgical  industries,  in  dj'e  and  paint  works,  among 
taxidermists,  etc.  A  detailed  list  has  already  been  given. 
Hill  has  also  recorded  a  very  unusual  case,  the  alleged 
result  of  burning  gas  made  from  coal  very  high  in 
arsenic. 

According  to  Bronardel  and  Pouc:het,  who  have  made 
one  of  the  most  careful  studies  of  arsenicism,  there  are 
four  distinct  phases  in  the  jjrogress  of  the  ilisease.  These 
phases  correspond  quite  closely  to  the  grouping  given 
above  under  acute  poisoning,  but  are  more  markeil.  The 
early  stages  of  the  disease  can  be  characterized  as  pro- 
tracted gastro-enteric  catarrh.  There  are  loss  of  appetite 
and  vomiting  of  mucus  and  bile.  Vomiting  and  pain 
may,  however,  be  alisent.  The  patient  is  apt  to  suffer 
from  headache,  faintness,  irregularity  of  the  bowels,  de- 
pression, and  loss  of  sleep.  The  breath  is  fetid,  and  the 
perspiration  exhales  an  alliaceous  odor  like  that  of  ar.sine. 
There  is  great  emaciation.  Fever  and  redema  may  or 
may  not  appear.  The  urine  is  albuminous,  contains 
hyaline  cylinders,  and  substances  reducing  Fehling's 
solution.  Sugar  is  rarely  jjresent.  The  urine  contains 
arsenic,  and  on  standing  dejiosits  magnesium-ammonium 
arsenate.  A  coiuinon  accompanying  symptom  of  much 
diagnostic  value  is  obstinateeonjunctivitis,  together  with 
redness  and  buridiig  of  the  eyelids,  and  defective  tear 
secretion.  The  throat  and  nasal  pas.sages  are  sometimes 
dry  and  irritated.  The  voice  is  hoarse.  There  may  be 
slight  cough,  which,  in  cases  arising  from  breathing 
arsenical  dn.st.  passes  into  more  or  less  severe  bronchitis. 
At  other  times  the  victims  suffer  from  an  influenza  like 


snuffle  and  the  nasal  secretions  are  flecked  with  blood. 
Many  cases  of  arsenicism  have  been  diagnosed  as 
"grippe,"  "cold  in  the  head,"  etc.  The  skin  is  far  more 
severely  aft'ected  than  in  acute  poisoning.  There  is 
generally  urticaria  or  an  erythematous  eruption,  or  des- 
quamation. Sometimes  papules  or  vesicles  form  on  the 
breast,  back,  and  face,  while  later  pustules  may  appear 
in  the  arm  pits,  upon  the  scrotum,  or  in  the  vulva.  Fre- 
quenth'  the  face  takes  on  a  dusky  tint,  and  there  is 
marked  pigmentation  of  most  of  the  exposed  parts  and  the 
pressure  areas  of  the  body,  or  this  pigmentation  is  eon- 
fined  to  the  knees,  about  the  neck,  and  to  the  region  of  the 
stomach.  The  victim  appears  to  be  dirty.  So  dirt-like 
is  this  pigmentation  that  patients  upon  their  admission 
to  hospitals  have  been  given  .several  successive  baths. 
The  hair  first  turns  gray,  then  falls.  There  may  be 
growths  on  the  nails;  the  latter  may  even  be  shed.  Hy- 
perkeratosis of  the  hands  and  feet  of  short  duration  is 
seen  in  not  a  few  cases.  Following  tlie  tvpical  symp- 
toms of  cachexia  and  muscular  atrophy  there  is  wasting 
away  of  the  muscles,  especially  of  the  lower  limbs, 
though  the  arms  may  also  be  affected  and  the  hands  be- 
come claw -like.  Icterus  is  neither  constant  nor  charac- 
teristic, yet  is  frequently  observed.  It  never  reaches  the 
intensity  met  with  in  poisoning  by  phosphorus.  True 
paralysis  arsenicalis  seems  to  be  of  less  frequence  in 
chronic  poisoning  than  in  acute;  but  if  it  does  appear  its 
effects  are  of  greater  duration,  lasting  even  a  life-time. 
There  are  often  hemianesthesia  and  hemiplegia.  Accord- 
ing to  the  repi>rts  of  cases  of  poisoning  from  arsenical 
beer,  published  in  the  Lunat  in  1900-03,  it  would  ap- 
pear that  a  large  percentage  of  the  victims  suffered  from 
more  or  less  marked  paralysis,  as  shown  liy  ditficulty  in 
walking,  numbness,  pricking,  tickling,  etc.,  of  the  lower 
limbs  from  the  knees  down,  and  from  the  elbows  down, 
often  accompanieil  by  exquisite  pain. 

Mackensie  has  reported  cases  marked  by  paralysis  of 
the  vocal  cords.  Another  peculiar  form  of  paralysis  has 
been  studied  by  Charcot  and  Biett,  and  has  received  the 
designation  anaphrodisia  ar.senicalis,  because  of  the  fact 
that  the  disease  is  characterized  by  a  paralysis  of  the 
nerves  of  sexual  sensation.  Five  typical  casvfs  are 
known.  The  phj-sical  diagnosis  of  chronic  arsenical 
poisoning  is  very  ditficult.  The  most  reliable  method 
of  reaching  a  decision  consists  in  testing  the  urine 
for  ar.seuic.  This  chemical  diagnosis  must  never  be 
omitted.  The  fatal  period  in  chronic  poisoning  is  too 
variable  to  permit  of  any  statement. 

Poisoning  hy  arsenic  may  sometimes  be  confused  with 
poisoning  by  phosphorus,  antimony,  ricinus,  croton, 
abrus,  robinia,  jiodophylluiu,  etc. 

EliiniiKition  of  arsenic  takes  place  chiefly  by  the  kid- 
nej's ;  but  there  is  reason  to  believe  that  in  addition  to  the 
urine,  the  bile,  milk,  and  perspiratory  fluid  play  an  im- 
portant part,  and  that  a  certain  jiortion  of  the  poi.son  is 
still  further  thrown  out  through  the  intestines.  Ar.senic 
can  be  detected  in  the  urine  in  from  two  to  eight  hours 
after  resorption,  and  is  usually  completely  eliminated 
from  the  body,  save  from  the  bones,  in  from  eight  to 
twenty  days.  The  normal  period  of  elimination  seems  to 
bo  from  twelve  to  fifteen  days.  This  holds  true  only  for 
acute  poisoning,  since  in  chronic  poisoning,  followed  by 
recovery,  the  liver  seems  to  retain  arsenic  for  a  long 
period;  just  how  long  is  not  known,  btit  in  animals  it 
has  been  shown  to  be  bej'ond  forty  days  after  the  inges- 
tion of  arsenic  ceased.  Wood  asserts  that  he  has  found 
arsenic  eliminated  eighty  to  ninety  days  after  ingestion. 
On  the  other  hand,  Kunkle  reports  a  case  of  poisoning  by 
copper  arsenite  followed  by  death  in  seventeen  hoiu's,  yet 
no  arsenic  could  be  detected  in  the  liver,  the  stomach,  or 
the  intestines. 

Saveri  has  shown  that  the  arsenic  eliminated  b}'  the 
urine  is  in  the  ar.seuous  condition.  Selnii  has  ,i;one  a  step 
farther  and  has  shown  that  part  at  least,  of  the  arsenic 
is  eliminated  in  eonibinalion  with  organic  matter  as  an 
arsenical  organic  conqiound,  and  that  doubtless  another 
portion  of  the  ar.senic  is  eliminated  as  arsine.  The  ques- 
tion of  the  elimination  of  ar.senic  through  the  milk  is  one 
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of  very  great  importance.  In  tlie  light  of  experimental 
evidence  antl  uf  cases  collected,  it  is  uow  possible  to  as- 
sert positively  that  an  infant  nursing  at  the  breast  may 
die  of  arsenical  poisoning  when  its  motlier  is  undergoing 
arsenical  treatment,  or  has  swallowed  some  arsenical 
compound  yet  not  in  sufficient  amount  to  give  rise  to  ill 
ness  of  the  mother ;  or,  in  ca.se  of  a  to.\ic  dose  having  been 
ingested,  there  may  be  death  of  the  infant  before  the  ap- 
pearance of  symptoms  of  poisoning  in  the  mother. 

For  information  as  to  the  localization  of  arsenic  and  its 
distribution  in  the  body  after  death,  the  I'cader  is  referred 
to  Vol.  VI.,  p.  722,  of  "the  Referekce  Handbook. 

Post-mortem  Appeiiraiices. — In  acute  jioisoning  the  find- 
ings are  but  slightly  characteristic.  In  rare  cases  nega- 
tive results  will  be  obtained,  but  only  when  death  has 
been  unusually  rapid,  as  for  example  iu  cases  of  arsenical 
asphyxia.  No  matter  through  what  channel  the  poison 
has  been  introduced,  the  mucosa  of  the  stomach  and  in- 
testines will  generally  be  found  to  be  swollen,  covered 
with  bloody  foam,  more  or  less  uuiforml_v  red,  intensely  in- 
liamed,  or  hemorrhagic.  In  some  cases  there  is  ulceration, 
even  necrosis.  A  few  cases  of  perforation  are  known. 
Corrositm  may  take  jilace  in  a  few  hours  (five  or  six),  and 
after  ten  hours  may  be  very  severe ;  this  may  not  be  con- 
fined to  the  stomach  alone,  but  may  be  seen  in  the  in' 
testines.  The  small  intestine  is  commonly  more  or  less 
filled  with  colorless,  watery,  offensive  contents,  while  the 
large  intestine  contains  fiecal  matter  colored  with  bile. 
The  liver,  though  apparently  normal,  shows  on  section 
marked  fatty  degeneration.  Simil.ir  conditions  obtain  in 
the  kiilneys  and  heart.  The  blood  shows  no  specially 
marked  change,  but  its  alkalinity  is  greatly  decreased.  In 
all  but  a  few  cases  there  is  a  remarkable  presei-vation  of 
the  body  with  the  internal  organs  fresh  and  of  almost  life- 
like consistence,  or  there  may  be  mummification.  Either 
of  these  conditions  existing  in  an  exhumed  tmembidmed 
body  slionid  lead  to  a  strong  presum|ition  of  death  liy 
arsenic,  but  the  practitioner  must  never  lose  sight  of  the 
fact  tiiat  preservation  and  mmnmification  are  far  from 
being  constant  or  peculiar  to  this  poison.  In  deaths  fol- 
lowing cluonic  poisoning  the  findings  are  quite  uncertain. 
The  most  constant  are  atrophy  of  the  muscles,  a  dusky 
skin  often  marked  with  blackish  patches,  alopecia,  gas- 
tro-adenitis,  and  hepatic,  renal,  and  cardiac  steatosis. 

The  niechniii.Hiii  or  action  of  arsenic  compounds  can  be 
hriefly  summed  up  as  follows:  (1)  Local  cauterization; 

(3)  vaso-motor  paralysis  of  splanchnics;  (3)  degeneration 
of  albumin  of  the  bod)'  and  disturbance  of  metabolism; 

(4)  disturbance  of  activity  of  the  central  nervous  system 
and  of  the  skin ;  (5)  paralj'sis  of  the  heart. 

Following  the  paralysisof  the  peripheral  extremities  of 
the  splanchnic  nerves  there  results  great  hyperamiia  of 
the  abdominal  organs,  giving  rise  to  an  appearance  of 
inflammation.  This  condition  extending  to  the  mucosa 
becomes  severe  gastro-enteritis,  explaining  wliy  it  is  that 
these  lesions  are  seen,  no  matter  what  may  have  been  the 
mode  of  entry  of  the  poison.  The  disturbance  of  the 
metabolism  leads  to  fatty  degeneration  of  most  of  the  in- 
ternal organs,  and  especially  of  the  glands.  When  this 
steatosis  affects  the  walls  of  the  blood-vessels,  midtiple 
hemorrhage  results.  As  an  immediate  consequence  of 
fatty  degeneration  of  the  heart  muscles  the  ganglia  be- 
come affected  and  cardiac  paralysis  results.  The  severe 
cerebral  disturbances  sometimes  seen  can  be  ascribed  in 
part  to  the  sinking  of  the  blood  pressure,  and  in  part  to 
degeneration  of  the  ganglionic  cells  of  the  brain. 

Normnl  Arsenic. — ^The  question  as  to  whether  arsenic 
is  a  normal  constituent  of  the  body  has  been  the  subject 
of  several  investigations  within  the  last  few  years.  The 
weight  of  evidence  seems  to  support  the  theory  of  Ar- 
mand  Gautier.  that  arsenic  is  always  to  be  found  iu  the 
healthy  body  at  least  in  the  thyroid,  where  it  plays  an 
important  ]iart.  and  in  the  liair.  nails,  bones,  and  mam- 
mary glands,  and  that  this  normal  arsenic  is  eliminated 
chiefly  by  the  skin  and  the  milk.  Before  this  theory  can 
be  accepted  as  jiroved  more  research  is  needed. 

Antidotes.  The.\tment. — The  most  effective  anti- 
dote wdth  which  we  are  now  acquainted — fresi"' v  precipi- 


tated ferric  hydrate— was  first  proposed  by  Buiisen  in 
1834.  It  depends  for  its  efficacy  upcm  the  fact  that  it 
unites  with  arsenous  acid,  arsenites.  or  arsenates  to  form- 
insoluble  compounds.  With  arsenous  acid  or  arsenites  a 
basic  ferric  arsenite  results,  mixed  with  a  variable  pro- 
portion of  basic  ferrous  arsenite.  while  with  arsenates  a 
basic  ferric  arsenate  is  formed.  The  ferric  hj  dratc  must 
be  freshly  prepared,  since  it  soon  loses  the  power  to  unite 
to  form  an  insoluble  compound.  The  official  method  of 
preparation  is  as  follows;  To  ammonia  water  (U.  S.  P.), 
llO-c.c,  add  water  250  c.c.  ;  to  solution  feiTic  sulphate 
(U.  S.  P.),  100  c.c,  add  water  1,000  c.c.  Pour  with  con- 
stant stiiTing  the  solution  of  ferric  sulphate  into  the 
ammonia  water,  pour  the  mixture  on  a  muslin  filter, 
squeeze,  and  add  to  the  precipitate  sufficient  water  to 
make  about  250  gm.  Of  this  final  preparation  administer 
to  an  adult  two  to  four  tablespoonfuls  every  ten  minutes. 
The  dose  for  a  child  is  one  dessertspoonful  every  ten 
minutes.  Ilydrated  magnesium  oxide,  proposed  by 
Bussy  in  1846,  is  also  of  much  value.  Like  the  iron  anti- 
dote it  must  be  freshly  prepared.  One  part  of  freshly 
burnt  magnesium  oxide  is  suspended  in  twenty  parts  of 
water.  Of  this  preparation  four  to  six  tablespoonfuls 
may  be  administered  every  fifteen  minutes.  As  in  the 
case  of  iron,  insoluble  basic  arsenites  and  ar.senates  result. 
In  Europe  the  two  above  antidotes  are  combined,  as,  for 
example.  To  Liquor  feiTi  sulph.  oxydat.  (P.  G.)  100  gm., 
add  water,  200  gm.  To  water.  250  gm.,  add  magnesia 
usta,  15  gm.  ]\Iix  the  two  solutions,  shake  welT,  and 
throw  u]ion  muslin. 

Both  tlie  iron  and  magnesium  compounds  must  be  re- 
moved from  the  stomach  as  soon  as  possible,  since  the 
insolubilized  arsenic  may  be  again  resorbed  through  the 
solvent  action  of  the  fluids  of  the  body.  A  recominend- 
able  procedure  is  to  wash  out  the  stomach  with  water 
holding  magnesitim  oxide  in  suspension;  then  administer 
the  antidote.  After  a  few  minutes  induce  vomiting,  or 
use  the  stomach  pump.  Repeat  this  process  several 
times.  Demulcent  drinks  sliould  be  promptly  given  to 
retard  resorption — milk,  albumen  in  water,  flour  and 
water,  etc.  Following  the  antidote,  the  treatment  must 
be  symptomatic.  It  must  never  be  forgotten  that  dur- 
ing convalescence  the  diet  must  be  watched  with  great 
care,  and  only  bland  articles  given. 

In  the  absence  of  the  above-mentioned  antidotes,  fer- 
ric hydrate,  prepared  in  any  way,  can  be  given,  or  the 
following  maybe  employed  with  more  or  less  success: 
saccharate  of  iron,  acetate  of  iron,  citrate  of  iron,  dialj'zed 
iron,  powdered  or  reduced  iron,  milk  of  lime,  sulphur, 
sulphide  of  iron,  etc.  The  administration  of  alkalies 
must  be  carefully  avoided. 

Poisoning  by  Aesine  is  probably  of  greater  frequency 
in  the  industries  than  is  generally  believed,  though  acute 
poisonings  are  quite  rare.  Arsine  or  arseniureted  hydro- 
gen is  a  heavy  colorless  gas  of  peculiar  fetid  odor.  Its 
specific  gravity  is  about  2.7.  It  is  but  slightly  soluble 
in  water,  and  burns  with  a  characteristic  bluish-white 
flame.  The  pure  gas  is  a  frightfully  active  poison,  only 
a  whiff  or  two  causing-death.  Of  some  twenty  cases  of 
acute  poisoning  on  record,  practically  all  have  been  the 
result  of  chemical  laboratory  accidents,  but  subacute  and 
chronic  poisonings  are  frequent  in  the  industries  where 
small  amounts  of  arsine  are  breathed  in  the  air  of  ill-ven- 
tilated work-rooms.  Although  the  odor  of  arsine  is 
characteristic  and  very  penetrating,  the  gas  may  be  pres- 
ent in  the  air  of  a  room  in  sufficient  amount  to  lead  event- 
ually to  poisoning,  and  still  not  be  detected  by  the  sense 
of  sinell,  or  at  least  not  noticed.  Poisoning  occurs  chiefly 
in  the  preparation  of  hydrogen  and  the  manufacture  of 
balloons  or  toy  balloons;  in  the  coloring  or  bronzing  of 
brass  and  other  alloys;  in  the  desilvering  of  lead  and 
subsequent  treatment  of  the  silver  zinc  with  acids;  in 
the  galvanizing  and  tinning  of  sheet  iron  ;  in  the  reduc- 
tion of  nitrobenzene,  etc.,  in  the  aniline  industry;  in  the 
manufacture  of  many  salts;  in  fact,  in  all  industries  or 
operations  where  hydrogen  is  given  ofl:  in  reactions  be- 
tween compoimds  "containing  arsenic  as  an  inipuritj'. 
Besides  these  sources  there  is  the  further  possibility  of 
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poisoning  from  wall  papers  in  damp,  ill-ventilated  rooms 
through  the  formation  of  arsine  by  fungi  and  bacteria. 

In  strictl}'  clinmic  poisoning  the  specific  action  of 
the  poison  manifests  itself  in  antemia  or  pernicious 
anieniia. 

The  elTccts  of  arsine  on  the  system  appear  slowly. 
The  victim  shivers,  complains  of  chills,  and  often  of  an 
indescribable  feeling  of  sickness  passing  into  great  uneasi- 
ness and  fear,  resulting  in  exhaustion,  weakness,  and  re- 
peated fainting  tits,  during  which  the  body  is  cyanotic, 
cold,  and  bathed  in  cold  sweat.  There  is  a  blackness 
before  the  eyes  and  the  pu]iils  are  dilated.  There  may 
or  may  not  b(^  nausea  and  vomiting.  The  pulse  is  some- 
what accelerated  but  small  and  weak.  Respiration  is  dys- 
pna'ic.  The  breath  and  mouth  are  fetid.  After  eight  or 
ten  hours,  or  even  much  later,  the  specific  effects  of  the 
poison  manifest  themselves:  the  red  blood  corpuscles  are 
desti'oyed  and  methajmoglobin  is  formed.  All  the  urine 
passed  is  bloody,  deep  red,  dark  brown,  or  even  black. 
There  is  sometimes  anuria.  Polycholia  sets  in  and  the 
skin  becomes  icteric  or  dark-colored.  The  stools  are  not 
watery  as  in  arsenicism,  but  are  colored  dark  with  bile. 
The  liver  and  spleen  are  swollen  and  painful  on  pressure. 
There  are  severe  headache  and  a  fear  of  death.  Death 
occurs  from  cedema  of  the  lungs  or  from  paralysis  of  the 
heart.  If  death  does  not  result  the  period  of  convales- 
cence is  generally  very  long.  Spectroscopic  examination 
of  the  blood  for  bands  of  methoemoglobiu  is  of  great 
value  in  diagnosis.  These  characteristic  bands  will  also 
be  noted  after  death,  providing  that  an  examination  is 
promptl}'  made. 

The  treatment  of  cases  of  arsine  poisoning  is  difficult 
and  unsatisfactory.  Sodium  bicarbonate  should  be  ad- 
ministered to  convert  the  methoemoglobin  into  alkaline 
methsemoglobin,  which  the  body  can  readily  change  to 
oxyhferaoglobin.  Transfusion  of  blood  may  often  be 
imperative.  The  clogging  of  the  canals  of  the  kidneys 
has  been  successfully  treated  by  injection  of  normal  salt 
solution.  The  remaining  treatment  must  be  sj'mpto- 
matic.  In  the  choice  of  stimulants  to  counteract  the 
severe  depression  of  the  lieart's  action  it  should  be  re- 
membered that  alcohol  is  barred  because  of  its  action  on 
the  kidneys. 

Clinical  Tests. — For  the  rapid  detection  of  arsenic  in 
the  urine,  vomited  matter,  stools,  etc.,  where  much  or- 
ganic matter  is  present,  there  is  nothing  superior  to  the 
Reinsch  method,  i.e.,  acidification  with  pure  HCl  and 
boiling  with  a  tiny  strip  of  pure  copper  foil  or  gauze. 
The  stained  copper  should  then  be  tested  by  heating  in  a 
glass  tube  in  contact  with  air  and  the  crystalline  subli- 
mate of  AsiOs  examined  with  a  hand  lens  or  microscope. 
For  inorganic  material  the  modified  Gutzeit  test  will  be 
found  to  be  rapid  and  reliable.  Tlie  gases  evolved  by 
the  action  of  sulphuric  or  hydrochloric  acid  on  zinc  in 
the  presence  of  a  solution  of  the  material  to  be  tested  are 
passed  through  cotton  moistened  with  lead  acetate  (to  hold 
back  any  hydrogen  sulphide),  and  are  tested  either  with 
filter  paper  moistened  with  mercuric  chloride  or  with  a 
dry  crystal  of  silver  nitrate.  In  the  presence  of  arsenic 
the  mercuric  chloride  spot  turns  brick-red,  orange,  or 
brown ;  the  silver  nitrate  crystal  first  canary  or  lemon- 
yellow,  then  black.  Emile  Monnin  Chamot. 

ASIATIC  CHOLERA.— (Synonyms:  Epidemic  cholera. 
Cholera  asphyxia.  Algid  cholera.  Malignant  cholera. 
Cholera  spasmodica.  Pestilential  cholera.  Pestilential 
asphyxia,  Oriental  cholera,  Choleric  pestilence,  Indian 
cholera,  Ganglionitis  pcripherica  et  medullaris,  Tri- 
splanchnia,  Hyperauthraxis,  Morbus  oryzeus  [because 
supposed  by  Tytler  to  be  due  to  damaged  rice],  Trousse- 
galant.  Cholera  gravior,  Vishucki  or  Vishuchiki  [by  Hin- 
doo physicians],  Haouwa  [tornado]  in  Bagdad.)  "(For  a 
wider  discussion  of  terminology,  see  Macpherson,  "An- 
nals of  Cholera,"  chcpter  ii.,  ed."l884.) 

The  derivation  of  the  word  cholera  is  usually  from 
XoAii  pei>  (flow  of  bile),  or  xo'^^C  }>"■>  (intestinal  flux),  but 
the  correct  one  is  probably  that  given  by  Jobard,  of 
Brussels  (Oaz.  Med.  de  Paris,  1832,  p.   389),  who  con- 


siders the  term  to  be  made  up  from  two  Hebrew  words, 
choli-ra  (or  morbus  malus). 

Asiatic,  or  epidemic,  cholera  is  an  acute  infectious  dis- 
ease that  is  endemic  in  certain  parts  of  India,  and  that 
has  during  the  last  century  advanced  out  of  that  country 
to  other  parts  of  the  world,  where,  in  its  epidemic  form, 
it  has  produced  great  loss  of  life.  It  is  characterized  by 
its  great  fatality  among  the  communities  to  which  it  may 
be  transported,  by  the  apparent  ease  with  which  it  has 
been  carried  from  place  to  place,  and  by  its  invariably 
following  the  lines  of  travel  in  its  march  from  one  ])lace 
to  another.  It  is  distinctly  a  disease  of  the  gastro-intes- 
tinal  tract,  jiroduced,  ])rimarily,  by  a  micro-organism  and 
attended  with  secondary  symptoms,  due  to  the  absorp- 
tion ot  toxic  principles  elaborated  during  the  develop- 
ment of  this  micro-organism. 

There  is  only  a  difference  of  degree  between  cholera, 
choleraic  dianiura,  and  cholerine — the  disease  is  the  same 
in  all  these  forms  jirovided  that  they  are  accompanied  by 
the  activity  of  the  spirillum  of  Koch.  So  far  as  true 
cholera  and  cholera  nostras  are  concerned,  there  is  a  very 
great  similarity,  or  rather  there  may  be,  between  the 
clinical  symptoms  of  the  two  diseases,  but  the  differ- 
entiation may  be  easily  made  by  the  isolation  of  the 
specific  spirillum  of  the  former.  The  same  thing  is  true 
in  regard  to  the  differentiation  of  true  cholera  from  an 
attack  of  indigestion,  which,  if  severe  enough,  maj'  take 
on  many  of  the  characteristics  of  true  cholera.  Cholera 
nostras  is  a  seasonal  disease  and  is  not  transportable,  and 
it  has  been  known  for  ages.  True  cholera  made  its  first 
advance  out  of  India  in  1817,  and  since  that  time  has 
been  seen  periodically  in  Europe.  In  all  cases  it  has  fol- 
lowed the  line  of  travel,  and  has  never  been  seen  to  be 
distributed  in  any  other  way.  Therefore  true  cholera 
never  makes  its  appearance  except  after  other  cases  have 
been  seen  that  might  excite  suspicion,  while  cholera 
nostras  appears  only  in  hot  weather,  in  sporadic  cases, 
and  dies  out  if  the  weather  becomes  cooler. 

The  period  of  cyanotic  chills,  although  one  of  the  most 
striking  in  both  diseases,  gives  no  special  indications  for 
differential  diagnosis,  for  the  same  thing  is  seen  as  an 
accompaniment  of  many  other  diseases,  as  acute  ca- 
tarrhal diarrho?as,  acute  poisonings,  etc.  The  prodromic 
period  exists  in  cholera  nostras  practically  always,  but 
not  nearly  always  in  true  cholera. 

The  period  of  reaction  is  of  importance  in  differential 
diagnosis.  In  cholera  nostras  it  is  usually  benign — if  the 
patient  escapes  the  violence  of  the  tirst  attack,  convales- 
cence is  as  a  rule  easy  and  rapid ;  with  true  cholera,  on 
the  contrary,  convalescence  is  exceedingly  dangerous — 
full  of  pitfalls,  and  may  terminate  fatally  at  any  time. 

Mention  of  the  disease  is  made  in  Sanscrit  and  Chinese 
writings.  It  is  spoken  of  by  Hippocrates  (Epidemics), 
and  successively  by  Aretaeus,  Celsus,  Galen,  Caclius 
Aurelianus,  Aetius,  "Paulus  ^Eginatus,  and  Alexander  de 
Tralles.  All  of  these  writers,  with  many  others,  refer  to 
affections  resembling  the  cholera,  but  it  is  not  until  the 
seventeenth  and  eighteenth  centuries  that  we  find  de- 
scriptions of  the  epidemic  disease.  Genuine  epidemics, 
analogous  to  cholera,  are  described  by  Rivifere,  who  made 
his  observations  at  Nimes  in  1.564,  and  by  Zacutus  Lusi- 
tanus,  who  saw  several  in  different  parts  of  Europe  in 
IGOO.  The  most  remarkable  accounts  by  authors  of  this 
epoch  are  those  of  Willis  ("'Opera  Gen.,"  1680,  t.  xi.,  p. 
74),  describing  epidemics  in  London,  in  1670,  of  what 
he  called  " dysenterica  aquosa  epidemica,"  of  Thomas 
Sydenham,  in  1669-76  ("Oper.  Med.,"  Geneva,  1738,  pp. 
106  and  184),  and  of  Torti  ("Therap.  Spec,"  liv.  iii., 
cap.  ii.,  and  liv.  iv.,  cap.  j.).  Boutins  ("De  Medic.  In- 
dorum.,"  Lugd.  Batav.,  1642,  p.  136),  Delon  ("Voyage 
aux  Indes  Orient.,"  Amsterdam,  1684),  and  Thevenot 
("Voyage  aux  Indes  Orientales."  Paris.  1689.  torn,  iii.) 
observed  and  described  epidemic  cliolera  in  India.  In 
1761,  Donald  Monro  ("An  Account  of  the  Diseases  in  the 
British  Military  Hospital  in  Germany."  London,  1764,  p. 
97)  saw  an  epidemic  of  cholera  in  Westphalia;  as  did 
Agton  Douglass  and  Bisset,  in  1768,  in  the  north  of  Eng 
laud  and  in  Scotland.     Harlem  ("Die  Indische  Cholera" 
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1831,  t.  i.,  s.  144)  quotes  many  dissert  itions  upon  tlie 
disease,  but  it  is  not  until  tlie  last  century  that  we  have 
a  riear  account  of  the  transportation  of  the  disease  from 
place  to  place.  From  1817  it  seemed  to  take  on  a  new 
power  of  travelling,  and  owing  to  this  spread  the  oppor 
tunities  for  its  study  have  vastly  increased.  The  new 
methods  of  intercourse  and  commerce  were  probably  re- 
sponsible for  the  appearance  of  the  disease  in  Europe — 
not  any  new  ])ropcrty  which  it  developed. 

A  sludj'  of  the  history  of  the  epidemics  that  have 
occurred  outside  of  India  will  easily  demonstrate  the 
facts  in  regard  to  the  waj'S  liy  which  the  disease  is  trans- 
ported from  place  to  place. 

HiSTOKV  OF  EriDEMU:s  OK  CHOT.EtiA  AND  TlIEIR  LES- 
SONS.— The  dispute  is  active  as  to  whether  tr\ic  cholera 
existed  in  India  before  its  appearance  outside  of  its  limits 
iu  1817,  but  the  probabilities  are  all  in  favor  of  its  hav- 
ing  done  so,  epidemics  of  considerable  proportions  being 
reported  in  the  eighteenth  century ;  the  especial  point 
that  seems  to  be  changed  in  its  nature  being  that  it  tlien 
seemed  to  take  on  the  property  of  migration.  AVliether 
■  this  was  in  reality  a  new  property,  or  whether,  as  is  much 
more  probable,  it  was  simply  brought  to  the  notice  of 
Europeans  by  their  being  first  attacked  bv  it,  is  au  un- 
settled question.  There  is  no  doubt,  however,  of  tlie 
\ery  great  influence  everted  upon  its  sjiread  by  the  great 
pilgrimages  to  the  various  shrines  of  India;  nor  is  there 
«iiy  doubt  that  the  sole  home  of  true  cholera — the  one 
place  where  it  is  present  all  the  year  in  an  endemic  form 
— is  tlie  delta  of  the  Ganges.  There  are  also  certain 
places  in  India,  Indo-China,  China  an<l  Ja))an  in  which  it 
seems  to  be  |ire.sent  nearly  all  the  lime,  but  it  certainly  is 
not  endemic  in  Persia,  on  the  borders  of  the  Caspian  Sea, 
nor  in  Mecca. 

From  this  one  place  in  \viii(  h  it  is  endemic,  cholera  has 
always  been  transported  to  Euroiie  iu  the  steps  of  the 
traveller  and  along  the  routes  of  commerce;  neither 
wind,  moisture,  electricity,  nor  any  of  the  forces  of  na 
ture  have  taken  any  active  part  in  the  actual  transporta- 
tion of  the  disease,  although  unfavorable  climatic  and 
hygienic  conditions,  of  course,  may  play  a  favoring  pait 
in  the  development  of  the  disease,  after  the  arrival  of  its 
•cause, 

EriiJEMics  OF  CnoLEKA. — Cholera  has  made  five  ap- 
pearances in  Europe — in  1830,  in  1840,  in  1865,  in  1884, 
and  in  1892.  Each  one  of  these  appearances  was  a  great 
epidemic. 

There  had  been  also,  in  1823,  in  Astraclian,  a  small 
epidemic  of  cholera,  important  because  it  traced  the 
route  that  the  succeeding  invasions  would  follow. 
Leaving  Persia,  where  it  prevailed'  in  1822,  cholera  in- 
vaded the  southern  provinces  of  Persia,  forming  the 
southern  shore  of  the  Caspian  Sea.  After  some  ravages, 
it  became  quiescent  during  the  winter  of  1822,  to  reap- 
pear in  April,  1823,  at  Recht.  From  this  city,  following 
the  western  shore  of  the  Casjiian  Sea,  it  crossed  the  Rus- 
sian frontier  in  June,  at  the  little  town  of  Astara.  From 
Astarait  reached  Lenkoran  on  the29tli  of  June.  On  the 
.  11th  of  September  it  was  seen  at  Bakou,  and  on  the  22d 
at  Astrachan.  wiiere  it  soon  disappeared. 

The  First  Epidemic. — The  epidemic  of  1830  had  the 
same  origin.  Ghilan  and  Mazauderan.  the  two  Per.siau 
provinces  before  invaded,  were  attacked  in  1829.  The 
disease  was  (luiescent  during  the  winter,  but  appeared  in 
tlie  spring  in  Ghilan  and  iu  the  little  port  of  Enselli, 
situated  several  hours'  journe3'from  Reclit.  As  iu  1822, 
the  cholera  folloAved  the  western  border  of  the  Caspian 
Sea,  and  showed  itself  about  the  middle  of  June,  1830,  at 
Salian.  Taking  here  two  different  directions,  on  the  one 
side  it  appeared  at  Bakim,  Koulia,  and  Derbent,  and  in- 
vaded A.strachan ;  on  the  other,  folhiwing  the  whole  val- 
ley of  the  Koura,  it  advanced  toward  Tiflis,  pa.ssing  by 
Elizabethpol,  and  spreading  throughout  the  whole  of  the 
Caucasus.  In  this  way  it  reached  successivelj-  the  neigh- 
boring regions  of  Astrachan,  and  advanced  up  the  Volga. 
On  tlie  4tTi  of  August  it  was  at  Saratow,  thence  extend- 
ing into  Russia,  and  reached  the  other  European  States. 

This  ejiiilemic,  by  certain  cxtremel.y  interesting  pc- 
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culiarities,  demonstrated  from  the  very  first  the  trans- 
portability of  cholera. 

The  Second  Epidemic. — In  1846,  after  having  reached  ' 
Salian  by  a  conr.se  identical  with  the  preceding,  cholera 
was  seen  on  November  8tli  in  the  city  of  Chemacka,  a 
sliort  distance  from  Salian.  It  was  iu  Bakou  and  at  Der- 
bent ill  December.  Forgotten  during  the  winter,  it  ap- 
peared in  April,  1847,  in'the  districts'of  Derbent  and  of 
iCouba,  and  at  Tamir-Klian-Choury.  From  thence  it 
was  transported  by  sick  soldiers  to  the  mineral  waters  of 
Kisliar.  The  disease  was  disseminated  among  the  Cal- 
mucks  scattered  over  the  steppes  near  the  Volga. 

On  July  l.ltli  it  appeared  at  Astrachan,  and  advanced 
at  the  same  time  toward  Titlis.  From  Tiflis  it  reached 
Koutais,  and  was  soon  carried  to  Trebizond. 

North  of  Titlis,  the  cholera  followed  the  great  military 
road  that  crosses  the  Caucasus  at  the  height  of  seven 
thousand  feet,  and  toward  the  end  of  Julyit  existed  at 
Stavaropol,  on  the  other  slope.  (It  is  to  be  observed 
that  before  reaching  Tiflis,  the  cliolera  entered  Persia 
by  the  great  I'outes  of  travel  that  pass  from  Bakou,  by 
Erivan,  Natchichievan,  Djoufa,  Ordoubaz,  and  on 
toward  Tauris.  On  the  one  side  it  attacked  the  region 
of  the  Black  Sea,  and  invaded  all  its  jiorts;  on  the  other, 
it  passed  through  Russia,  Germany,  France,  and  Italy.) 

A  striking  thing  about  these  epidemics,  aside  from  the 
exact  places  that  they  attack,  is  their  progress  by  suc- 
cessive stages— a  form  of  advance  that  is  always  the 
same,  and  which  is  a  tr.'iit  common  to  all  the  epidemics 
of  cholera  that  have  followed  the  land  route.  This  sec- 
ond epidemic  persisted  until  18.5.5. 

The  Third  Epiilcmie. — The  great  epidemic  of  1865  was 
the  fir.st  one  appearing  by  the  .sea  route.  It  demonstrated 
that  the  danger  is  not  localized  on  the  Caspian  Sea,  but 
that  it  is  also  present  on  the  shore  of  the  Red  Sea.  Its 
appearance  by  this  route  upset  all  tlie  doctrines  that  had 
been  held  until  that  time,  and  the  panic  that  it  produced 
iu  Europe  resulted  in  the  first  conference  at  Constanti- 
nople. It  is  interesting  to  follow  in  some  of  its  phases 
the  course  of  this  e]iideniic,  liecause  its  influence  has 
been  great.  It  started  from  Jlecca,  having  been  brought 
into  that  city  by  ships  coming  from  India  filled  with 
pilgrims.  Toward  the  end  of  April  it  broke  out  in  Mec- 
ca and  at  Jledina.  The  mortality  increased  very  greatly 
during  the  three  feast  days  at  Arafat.  More  than  thirty 
thousand  of  the  pilgrims  died  of  cholera,  and  the  prog- 
ress of  the  disease  showed  that  eceri/irhere  it  accompanied 
these  pilf/rinis.  Egypt,  liy  reason  of  its  proximity  to 
Mecca,  was  the  first  country  attacked. 

Prom  May  19th  to  June  iOtli  ten  steamers  landed  from 
twelve  to  fifteen  thousand  pilgrims  at  Suez.  Hy  false 
declarations  from  the  cajitaius  they  wei'e  jiassed  at  Suez, 
although  the  Si/dney,  anEnglLsh  steamer,  had  lost  a  num- 
ber of  cases  during  the  voyage.  The  first  steamer,  laud- 
ing Jlay  19th  at  Suez,  had  thrown  its  dead  into  the 
sea.  On  the  21st,  cases  appeared  at  Suez,  and  among 
the  number  were  the  captain  of  the  vessel  and  his  wife. 

June  2d,  the  first  case  appeared  at  Alexandria,  and  in 
two  mouths  cholera  liad  four  thousand  victims  in  Alex- 
andria, and  in  Egypt,  in  less  than  three  months,  it  pro- 
duced the  death  of  more  than  sixty  thou.sand  individuals 
The  foreign  population  emigrated  enrnasne,  and  carried 
with  them  throughout  the  entire  world  the  germs  of  the 
disease.  Europeans  and  Levantines,  to  the  number  of 
from  thirty  to  thirty-five  thousand,  stai'ted  for  all  the 
ports  of  tiie  Mediterranean,  and  cholera  developed  at 
Constantinople,  at  Smyrna,  at  Beyrout,  in  Mesopotamia, 
and  at  Odessa  on  the  Black  Sea,  and  was  carried  to  New 
York  and  Guadaloupe  by  steamers,  appearing  in  the  port 
at  the  same  time  that  the  steamer  landed  its  passenr/ers. 

Its  importation  into  New  York  was  as  follows-  The 
Atlanta,  au  English  ship,  left  London  on  October  10th 
with  a  cargo  of  merchandise  and  forty  passengers.  The 
sanitary  condition  of  London  was  at  that  time  excellent. 
Reaching  Havre  on  the  11th,  wdiere  it  remained  one  day 
only,  it  embarked  five  hundred  and  sixt_y-four  new  pas- 
sengers, mostly  Swiss,  -n-lio  had  all  passed  through  Paris, 
where,   with  certain  exceptions,  they  had  remained  at 
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least  a  short  time,  and  where  at  the  same  time  cholera 

was  raging  witli  great  intonsily.  Two  German  families 
had  stayed  in  Paris  at  tlie  Motel  of  La  Ville  de  New 
York,  and  five  days  at  Ihcliotelsof  the  Weissen-Lamm 
and  linltgarderhof.  Some  emigrants  that  liad  arrived 
several  days  before  in  these  last  liotels  had  fallen  sud- 
denlyill.  The  steamer  sailed  on  the  12th,  and  on  thene.xt 
day  there  was  a  death  from  eholcra  of  a  child  in  the  fam- 
ily coming  from  the  \Vcissen-L:\min  Hotel.  Five  other 
deaths  followed  on  (he  14lh,  the  10th,  the  18th,  the  19th, 
and  the  32d,  in  the  family  that  had  stayed  at  the  Hult- 
garderhof. 

On  the  ari'ival  of  the  Atlnnln  the  surgeon  declared  60 
cases  of  cholera,  and  15  deaths  during  the  voyage.  Two 
deaths  occurred  in  port,  and  of  the  143  patients  sent  to 
the  Marine  Hospital  from  November  6th  to  19th.  6  died, 
which  makes  a  total  of  23  deaths.  The  Atlanta  was  im- 
mediately isolated  in  the  lower  bay,  and  after  ten  days  of 
quarantine  all  the  sick  were  removed,  and,  thanks  to 
these  measures.  New  York  was  preserved. 

There  were  also  importations  in  1860  by  the  steamers 
Vii'f/inia  and  Enr/laiul. 

The  epidemic  of  1865  ceased  in  1874,  and  there  was  no 
other  ease  seen  in  Europe  until  1884,  although  there  were 
interesting  manifestations  in  other  countries  and  on  the 
sea— interesting  from  the  point  of  view  of  the  transpor- 
tability of  the  disease. 

Tlic  Fourtli  Epidemic. — The  epidemic  in  Egypt  in  1883 
was  no  surprise  to  those  who  knew  the  sanitary  condition 
of  the  country.  Cholera  ajipearetl  at  Damietta  toward 
June  19th  or  20th,  possibly  a  little  earlier,  and  its  explo- 
sion at  this  time  is  ascribed,  certainly  by  the  French,  to 
the  suppression  of  all  sanitary  precautions,  including 
quarantine,  by  authority  of  the  British  Government. 
This  epidemic  at  Damietta  increased  for  about  fifteen 
days,  remained  stationary  for  about  five  or  six  days,  and 
then  diminished  just  as  speedily.  It  was  almost  extinct 
a  month  after  its  appearance,  "having  claimed  from  two 
thousand  to  twenty-five  hundred  victims.  The  spread 
of  the  disease  throughout  Egypt  was  manifest  and  rapid. 
(An  interesting  account  of  how  this  epidemic  reached 
Damietta  is  given  in  Proust's  work  on  the  "Defence  of 
Europe  against  Cholera."  Paris,  1892,  p.  7.) 

Cholera  had  not  yet  died  out  in  Egypt,  before  the  news 
came  that  it  had  broken  out  among  the  pilgrims  to  Mec- 
ca, and  there  has  been  much  discussion  as  to  the  origin 
of  this  eijidemic. 

In  1884  a  number  of  vessels  left  the  extreme  East,  and 
had  cases  of  cholera  on  board  during  their  voyage;  but, 
by  reason  of  the  precautions  taken,  Egypt  and  Europe 
escaped  the  danger  at  this  time. 

The  first  case  of  cholera  seen  at  Toulon  occurred  on 
.Tune  13th,  on  the  ship  Montchdlo  ;  a  second  case  on  June 
14th;  a  third  on  the  18th,  on  the  Jupiter,  near  the  Munte- 
bcllo ;  a.  fourth,  also  on  the  18th,  on  the  Montehello  ;  a 
fifth,  June  20th,  on  the  Ale.vander,  which  was  also  placed 
near  the  Jupitei-  and  the  Montehello.  After  the  21st  the 
disease  spread  through  different  quarters  of  the  city,  and 
it  is  thus  shown  that  it  did  not  make  its  appearance  at 
Toidon  in  the  city,  but  just  outside. 

Its  importation  into  Marseilles  occurred  by  the  appear- 
ance of  the  first  case  on  June  37th,  in  a  young  man,  who 
had  three  daj's  before  come  from  Toulon.  The  next 
case,  which  occurred  on  June  28th.  was  that  of  a  man 
who  lived  in  tlie  same  neighborhood ;  and  from  this  time 
onward  the  disease  continued  to  spread. 

In  Paris  there  appeared  two  cases  on  the  13th  or  14th 
of  July,  but  the  epidemic  did  not  really  begin  until  tlie 
4th  of  November. 

In  Brittany  the  first  case  was  not  observed  until  Sep- 
tember 20th,  at  Concarneau.  Other  ports  were  succes- 
sively invaded. 

Algeria  was  attacked  in  1884,  and  there  was  a  slight 
recurrence  in  Algeria  and  in  Tunis  in  1885. 

Cholera  was  brought  to  Italy  in  1884  by  the  Italian 
workmen,  who,  to  the  number  of  more  than. eight  thou- 
sand, returned  to  their  country  after  the  extension  of  the 
cholera   to    Toulon   and    Marseilles.     The    province   of 


Cuneo,  in  Piedmont,  was  the  first  one  attacked,  on 
Jiuie  37th,  and  the  disease  spread  successively  to  dif- 
ferent parts  of  Italy,  to  Genoa,  Naples,  Venice,  Sicily, 
and  so  on. 

It  appeared  in  Spain,  in  the  month  of  August,  in  the 
province  of  Alicante,  and  ceased  toward  the  middle  of 
October,  reappearing  in  the  middle  of  February,  in  the 
district  of  Gandia,  raging  through  the  month  of  June  to 
the  month  of  December,  1885,  and  producing  a  con.sider- 
able  mortality.  It  is  remarkable  tliat  it  attacked  espe- 
cially the  .small  towns  more  than  the  large  cities.  The 
Comnume  of  Aldca  de  San  Miguel,  with  only  (wa  hun- 
dred inhabitants,  lost  more  than  half  of  them  in  thirty -six 
days. 

Cholera  also  appeared  on  the  Adriatic  shores  of  Croatia, 
at  the  end  of  1885,  and  in  1886  on  many  poiuts  of  the 
Austro-llungarian  shore  in  Istria  and  in  Dalmatia. 

The  comparison  of  the  mortality  in  France,  Italy,  and 
Spain  is  interesting.  In  France  and  Algeria  together 
there  were  13.000  deaths  in  a  iiopuiation  of  39,000,000— 
1  in  3,000  inhabitants.  In  Ilalv  there  were  35,000  deaths 
in  26,009,000,  that  is  to  sav,  I'death  in  600  inhahitant.s. 
In  Spain  there  were  180,000  deaths,  among  17,000,000 
inliabitants,  that  is  to  say,  1  death  iu  100  inhabitants. 
So  it  appears  that  Italy  was  attacked  five  times  more 
severely  by  the  epidemic  than  France,  and  S])aiu  six 
times  luore  severely  than  Italy,  aud  thirty  to  forty  times 
more  severely  than  France. 

Much  has  been  said  about  the  immimity  of  Portugal 
during  the  epidemic  of  1884  and  1885  in  Spain.  JIany 
reasons  can  be  brought  forward  for  this,  viz.,  the  slight 
tendency  of  the  Spaniards  to  take  refuge  in  Portugal, 
the  geographical  conditions,  and  finally,  the  prophylactic 
measures  taken  at  tlie  frontier. 

In  spite  of  the  imperfect  cjuarantine  and  incoherent 
measures  prescribed  by  the  goveriuncnts  of  South  America 
against  the  vessels  coming  from  Europe,  a  ship  from 
Genoa,  the  Peraeo,  carried  cholera  to  Buenos  Ayres,  and 
the  disease  spread  into  the  Argentine  Republic,  Uruguay, 
and  Chili. 

From  1884  to  1886,  a  period  of  three  j'ears,  more  than 
twenty  vessels  coming  from  the  extreme  Orient  to  Eu- 
rope, on  passing  through  the  Red  Sea  and  the  Suez  Canal, 
had,  either  at  the  moment  of  their  departure  or  during 
the  vo3'age,  cases  of  cholera. 

The  Cholera  of  1889.  1890,  1891,  and  1893  (the  fifth 
epidemic). — In  1890  cholera  appeared  in  Irak-Aralii,  in 
Mesopotamia,  in  Persia,  anil  in  S3-ria,  where  it  had  not 
been  seen  for  almost  twenty  years.  It  had  been  imported 
into  the  region  bordering  on  the  Ked  Sea  and  into  Mecca, 
where  it  had  not  been  since  1883,  and  it  was  observed  in 
Spain,  where  it  had  been  extinct  since  1885. 

In  summing  up  what  we  know  of  the  origin  of  cholera 
in  Irak-Arabi  anil  iu  Jlesopotamia  in  1889  and  1890,  the 
following  must  be  our  conclusions: 

It  is  very  difficidt  to  admit  that  the  cholera  of  Irak- 
Arabi  can  be  attributed  to  the  revival  of  the  (jUI  epi<lemic 
of  1871,  and  if  this  hypothesis  be  excluded,  we  are  obliged 
to  accept  the  idea  of  importation,  and  it  is  only  possible 
to  think  of  one  portal  of  entrance,  the  Persian  Gulf,  and 
one  source  iu  India,  namely  Botubay  and  its  environs. 

We  know  from  other  sources  that  during  and  before 
the  appearance  of  cholera  in  Irak-Arabi  the  mortality  of 
this  disease  in  Bombay  and  its  environs  reached  the  enor- 
mous niunber  of  more  than  six  hundred  deaths  a  week. 
The  condition  of  the  vessels  of  the  British  India  Com- 
pany, that  alone  regularlj'  frequent  the  Persian  Gidf, 
bring  passengers  there,  and  frequently  bring  pilgrims 
from  Iiidia,  has  been,  to  say  the  least,  suspicious.  Every- 
thing points  therefore  to  the  conclusion  which  hears 
every  appearance  of  truth  that  the  cholera  penetrated 
Into  Irak-Arabi  through  Chat-el-Ai'ab.  The  importation 
was  performed  in  this  way  much  more  probably  than  by 
any  other  means. 

in  regaril  to  the  epidemic  of  1890-91  in  Hedjaz.  Proust 
offered  to  the  Committee  of  Hygiene  the  following  con- 
clusions which  were  accepted:  (1)  The  cholera  of  Camc- 
ran  was  imported  by  an  English  vessel  coming  from  In- 
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dia:  (2)  the  cholera  of  Hedjaz  appears  to  have  been 
brought  by  the  sea  route;  (3)  the  pilgrimage  to  Mecca 
is  a 'constant  menace  to  the  healtli  of  Europe;  (4)  the 
measures  prescribed  for  tlie  government  of  the  pilgrims 
to  Mecca  have  not  prevented  the  cholera  from  develop- 
ing, and  it  is  therefure  necessary  to  perfect  these  meas- 
ures; (5)  the  prophylactic  measures  prescribed  by  the 
Alexandrian  Conference  at  the  lime  of  the  return  of  the 
pilgrims,  liave  this  year  prevented  the  disease  from  gain- 
ing a  foothold  in  Egypt  and  in  Europe.  There  is  rca.son, 
therefore,  for  continuing  this  coulereuee  an<l  for  giving 
it  more  authorit_y  and  making  it  in  reality  international. 
There  is  also  I'eascm  for  increasing  the  means  tor  isolation 
and  disinfection  on  the  lied  Sea. 

The  epidemic  which  appeared  in  Spain  in  the  month  of 
May,  1890,  and  lasted  until  the  end  of  November,  gave 
rise  to  much  discu.ssion  in  regard  to  its  origin,  a  di.scu.s- 
sion  that  reached  no  final  conclusion. 

In  1890  cholera  also  appeared  in  Japan,  beginning  in 
June  and  lasting  throughout  the  year.  Over  46,000 
cases  were  reported.  The  epidemic  of  1892  ajipeared 
tirst  in  Southern  Russia  and  thence  spread  to  isolated 
parts  in  the  north  of  Europe,  notably  Hamburg,  where 
it  continued,  with  declining  severity,  into  1898  and 
1894. 

In  September,  1892.  10  cases,  with  8  deaths,  occurred 
in  New  York,  being  imported  from  Hamburg,  or  prob- 
ably derived  from  such  imiiorted  cases,  and  73  cases, 
with  43  deaths,  occurred  in  the  harbor,  together  with  .'56 
suspicious  cases  of  disease  thought  to  be  cholera.  In 
1893.  23  cases,  4  fatal,  oecurn^d  in  the  harbor,  and  one 
death,  veriljeil  by  bacteriological  examination,  took  place 
in  Jersej'  City,  wdiere  there  were  also  6  deaths  following 
a  disease  clinically  diagnosticated  as  cholera.  Since  then 
no  cases  have  occurred  in  this  country. 

In  189.5  there  were  serious  epidemics  in  China  and  Ja- 
pan, over  12,000  cases,  with  over  8,000  deaths,  being  re- 
ported from  the  latter  coimtry. 

In  1896  cholera  appeared  in  Russia,  Turkey,  Egypt, 
and  a  few  cases  in  Austria.  During  the  j-ears  "from  1897 
to  1901,  inclusive,  cholera  does  not  appear  to  have  spread 
beyond  the  regions  where  it  is  endemic,  except  a  few 
ca.ses  imported  from  those  places. 

In  1902  cholera  assumed  epidemic  foini  ui  Mecca,  Tur- 
key, Russia,  .Japan,  and  China.  Tliere  were  also  a  few- 
cases  in  Egypt  and  other  southern  Mediterranean  coun- 
tries. In  the  Philippines,  between  jMarcli  20tli  and  the 
end  of  October,  over  4,200  cases,  with  more  than  3,300 
deaths,  occurred  in  jManila,  and  in  the  provinces  outside 
of  that  city  over  102,000  cases,  with  between  66,000  and 
67.000  deaths.  Since  that  time,  and  into  1903,  cases  of 
cholera  have  occurred  in  these  islands.  The  first  case 
came  from  Hong-Kong. 

Tr.\nsport.\hii.itv  and  Me-vns  by  which  the  Dts- 
EASE  IS  Transported.— The  transportability  of  the  dis" 
ease  is  demonstrated  by,  first,  the  facts  in  regard  to  its 
propagation  after  it  has  been  imported;  second,  by  the 
efficacy  of  certain  measures  of  preventicjn ;  third,  by  the 
general  march  of  epidemics  of  cholera ;  and  fourth,  by 
the  development  of  epidemics  in  the  infected  localities. 

1.  Pi'iipacidiinn. — Brochard,  in  "  Du  JNIode  de  Propaga- 
tion du  Cholera,"  Paris,  1861,  reports  a  very  large  num- 
ber of  ob.servations  favoring  the  idea  of  the  transport- 
ability of  cholera,  and  the  nundjer  of  instances  jiroving 
this  is  so  great  that  they  need  onl}'  to  be  spoken  of  to  be 
accepted. 

An  illustration  may  be  taken  from  the  article  by  Iluette, 
in  the  Arch.  Gen.  de  Med.,  5th  series,  vol.  vi.,  p.  .')7]. 

In  speaking  of  cholera  in  Chatillon,  he  says  that  the 
first  case  was  observed  in  the  Faubourg  du  Puirault,  in 
a  workman,  thirty-five  years  old,  who  was  attacked  im- 
mediately after  his  return  from  Oussoi,  where  he  had 
gone  to  take  care  of  his  parents  who  were  sick  with  the 
disease.  His  neighbors  were  very  soon  attacked,  and  the 
epidemic  invaded  the  entire  Faidjourg  du  Puirault, 
where  it  remained  concentrated  for  some  little  time. 
Finally  the  inhabitants,  frightened  by  the  disea.se.  scat- 
tered    llnough    Chatillon,    and    the    cholera    appeared 


indiscriminately  throughout  the  city.  The  instance  is 
interesting,  because  while  the  inhabitants  remained  in 
the  Faubourg  du  Puirault,  the  tlisease  stayed  tliere.' 
whereas,  as  soon  as  they  scattered,  it  spread  with  them 
throughout  Chatillon. 

Another  instance,  interesting  as  an  example  of  the 
transmission  of  the  disease  by  clothing,  is  given  by  the 
same  authority,  in  .speaking  of  the  Conunune  of  Oussoi. 
Madame  Bresson,  of  the  hamlet  of  Moulineuf,  near  Ous- 
soi, a  precinct  free  from  cholera,  received  a  boarder  from 
Paris,  June  27th,  who  on  the  next  da}'  showed  the  first 
symptoms  of  cholera,  and  died  on  July  3il.  Some  days 
after,  a  child  of  this  woman  was  attacked  and  died  on 
.lulv  13th.  On  the  same  day  ."\Iadame  Bresson  herself 
was  taken  sick,  and  died  on  the  17th,  after  having  been 
taken  care  of  by  two  neighbors  named  Saltan  and  Jloret, 
who  died,  one  "on  the  16th  and  the  otlier  on  the  24th. 
The  husband  of  Madame  Bresson  died  on  July  26tli. 
Aladame  Burette,  who  lived  in  the  extreme  end"  of  the 
hamlet,  washed  the  linen  of  the  two  women,  Sahan  and 
iMoret,  and  was  attacked  with  cholera.  In  this  way,  an 
epidemic  was  started  that  carried  olV  eighteen  persons  in 
a  very  short  time.  Before  tiie  arrival  of  tlie  jierson  from 
Paris  nacase  liad  been  observed  in  this  hamlet,  that  had 
been  spared  by  the  cholera  both  in  18.52  and  in  1849.  Dr. 
Huette  calls  attention  to  the  distribution  of  this  hamlet 
of  Moulineuf,  which  is  composed  of  ten  little  collections 
of  houses,  separated  by  great  distances.  No  cases  of 
cholera  were  observed  excepting  in  three  of  these  collec- 
tions of  houses — first,  that  occupied  by  the  Bresson  and 
Sahan  families;  second,  that  occupied  by  the  Motet  fam 
ily ;  and  third,  that  occupied  by  the  Burette  family.  The 
third  collection  of  houses  was  situated  at  the  extremity 
of  the  handet.  No  case  of  the  diseA.se  was  observed  in 
the  other  houses,  of  which  the  inhabitants  had  had  no 
connection  with  these  three  families. 

Proust  (Inc.  rit  .  ]).  16.5)  quotes  an  occiuTence  illustrat- 
ing another  series  of  facts. 

In  18.54  the  French  army  was  collected  at. Varna,  a 
short  distance  from  the  English  army.  Some  detach- 
ments remained  at  Gallipoli,  the  original  place  of  debar- 
kation. There  were,  besides,  a  small  Anglo-French  force 
of  occupation  in  the  Piraeus,  and  also  some  detachments 
at  Constantinople.  The  armies  were  reinforced  jn-ac- 
tically  every  day  by  new  arrivals.  The  sanitary  con- 
dition was  satisfactory  in  all  respects.  On  July  5th  the 
packet  Ale.vandrc  a\•r\^'^^A  at  Constantinojile,  having  left 
Marseilles  on  June  2(!lh  with  five  hundred  men  of  the 
Fifth  Regiment  of  Light  Infantry,  coming  from  Mont 
pellier,  and  having  passed  through  Avignon,  wdiere 
cholera  was  raging.  It  appeared  on  board,  and  three 
men  died  during  tlie  voyage  to  the  Dardanelles.  Four 
cholera  patients  were  landed  at  the  Pir;eus,  where  the 
cholera  broke  out  immediately,  and  made  great  ravages. 
The  troops  were  disembarked  at  Gallipoli,  where  two  new 
cases  of  cholera  were  immediately  sent  to  the  hospital, 
and  the  shi|i,  having  only  a  few  passengers  on  board, 
sailed  for  Constantinople,  wdiere  a  quarantine,  was  im- 
posed on  it.  On  the  other  hand,  it  appeared  that 
previous  vessels  sailing  from  Marseilles  had  already 
sutl'ered  from  cholera,  and  that  one  of  them  had  laudetl 
a  patient  in  the  military  hospital  at  Constantinople.  <^n 
Jul}'  15th,  after  new  arrivals  of  cholera  patients,  the  dis- 
ease spread  at  Gallipoli,  and  there  appeared  in  the  mill 
tary  hospital  of  Constantinople  a  choleraic  focus.  Fau- 
vel,  struck  by  the  danger,  proposed,  and  had  adopted 
by  the  Council  of  Health  at  Constantinople,  a  momentary 
interruption  of  the  communication  between  Gallijioli  and 
Varna.  The  measures  prescribed  were  not  executed,  and 
in  spite  of  the  insist(;nce  of  Fauvel  before  the  Marshal  de 
Saint  Arnaud,  many  ships  sailing  from  Gallipoli  passed 
the  Bosphorus,  and  went  directly  to  Varna,  where  free 
pratique  was  accorded  them.  Cholera  then  broke  out  in 
the  army  among  the  newly  arrived  soldiers  and  in  the 
hospital.  On  August  5tli  the  epidemic  was  violent  at 
Varna,  especially  among  the  troops  sent  into  the  Dobrud- 
scha.  The  Engli.sh  army  was  invaded,  having  the  epi- 
demic on  boartf  the  fleet.     In  tlie  Crimea,  the  epidemic, 
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helped  on  by  the  iurival  of  tlie  fresh  troops,  coutinucd 
until  lsr)G. 

Tlie  iiiiportatiiiii  (.1'  i  liolera  into  Constantinople  in  1865 
eiiuully  deserves  to  be  spoken  of,  Constantinople  was 
in  un  e.xeellent  sanitary  condition  when  tlie  frigate  Movk- 
/«'cj-.'v)(«'o(/i-arrived  from  Alexandria,  on  Jnne  38th,  1865, 
She  had  passed  more!  than  live  days  on  the  voyage,  and 
therefore,  in  aeeord.mee  with  the  rule  that  then  held,  free 
liratiipie  was  .i;raiited  her.  the  surgeon  having  declared 
that  there  ha(i  been  no  illness  during  the  voyage;  bnt 
this  declaration  was  false.  The  evening  of  June  28th 
there  were  landed  from  this  frigate  twelve  sick  persons, 
of  whom  one  was  attacked  with  cholera,  who  died  during 
the  night,  and  eleven  were  affected  with  cliolerine.  It 
was  learned  on  the  next  day  that  during  the  journey 
frem  the  Dardanelles  to  Constantinople  two  choleraic 
liodies  had  been  thrown  into  the  sea.  On  June  30th  nine 
other  cases  were  landed.  The  ship  was  sent  into  ([uaran- 
tine  at  the  mouth  of  the  Black  Sea,  Tlie  patients  were 
transported  to  the  Marine  Hospital,  neai'  the  arsenal,  and 
here  one  special  circumstance  should  be  noted.  The  road 
that  went  from  the  landing  to  the  hospital  being  opposite, 
it  was  necessary  to  carry  the  sick  past  the  barracks  occu- 
pied by  military  workmen  in  the  arsenal,  and  the  first 
indigenous  cases  of  cholera  occurred  among  these  work- 
men, and  on  board  a  corvette  that  was  near  their  bar- 
racks. On  July  iSd  one  of  these  military  workers  was 
received  at  tlie  hospital  witli  a  choleraic  diarrhtea,  and 
on  the  5th  presented  all  the  symptoms  of  cholera.  That 
same  day  a  new  case  was  furnished  by  the  workmen,  and 
another  on  the  corvette  spoken  of  above.  The  barracks 
were  then  vacated,  and  the  workmen  were  placed  in  tents 
on  the  heights  of  Okmeidan ;  nevertheless,  the  disease 
continued  to  rage  among  them,  and  among  the  ships  col- 
lected before  the  arsenal,  and  it  attacked  on  the  one  liand 
the  guard  in  the  interior  of  this  establishment,  and  on  the 
other  the  workmen  at  the  Ministry  of  Marine,  situated 
very  near  the  barracks  of  the  military  workmen.  On 
July  8th  two  cases  oecuricd  outside  the  aisenal,  and  from 
July  10th  the  epidemic  commenced  to  invade  the  cpiarter 
of  Kassin-Pacha,  near  the  arsenal,  and  inhabited  by  tlie 
workmen  of  whom  we  have  spoken.  It  then  propagated 
itself  throughout  the  city. 

One  more  instance  of  the  importation  of  cholera  maj' 
be  given,  as  illustrating  that  a  single  case,  carried  a  great 
distance  by  rail,  may  give  rise  to  an  epidemic. 

Toward  the  cud  of  the  month  of  Angust,  in  1865, 
cholera  suddenly  broke  out  at  Altenburg,  in  Saxony,  in 
the  centre  of  Germany.     The  first  case  was  that  of  Lady 

E ,  who  had  left  Odessa  on  August  16th,  and  had 

arrived  at  Altenburg  on  the  34th,  without  having 
stopped  on  the  journey,  Slie  travelled  with  a  child  of 
twenty-one  mouths  old,  wlio  was  alfected  with  diarrhoea. 
She  went  to  her  brother's,  and  sent  for  a  physician  to  see 
herchild,  whose  diarrhoea liad  become  very  severe.  This 
woman,  wlio  was  meanwhile  well,  said  that  at  her  de- 
parture from  Odessa  there  had  not  been  in  thai  city  any 
disease ;  but  this  was  an  error,  for  some  cases  of  cholera 
imported' from  Constantinople  were  already  in  the  hos- 
pital in  the  lazaret,  and,  the  day  after  the" departure  of 
this  lady,  cholera  appeared  at  Odessa,  She  said  also, 
that  having  embarked  to  go  up  the  Danube,  everybody 
appeared  to  lier  to  be  well  on  board,  although  the  vessel 
liad  passed  by  certain  localities  where  cholera  was  raging; 
however  that  may  be,  three  days  after  her  arrival  at  Al- 
tenburg, on  August  27th,  and  the  very  same  day  that  the 
phy,sician  had  visited  her  child,  this  lady  fell  ill,  and  the 
ne.vt  day  tlie  ]ihysieian  recognized  all  the  sj'mptoms  of 
Asiatic  choh^ra,  "  She  died  on  the  29tli,  On  the  same 
day,  in  the  same  house,  lier  sister-in-law  was  attacked, 
and  died  on  the  iiOtli,  Thechild  diefl  on  the  31st.  From 
this  house  the  cholera  spread  into  the  city  and  suburbs. 
The  family  of  a  workman,  who  died  on  September  13th 
at  Altenburg,  carried  the  disease  to  Werdeau,  and  the 
house  occupied  by  this  lamily  was  the  point  of  departure 
of  another  eiiidemic  that  carried  oil  two  per  cent,  of  the 
entire  population  of  the  city, 

2,    Tlie   'I'l-diixjiorUibiUty  of  Cholera  is  Confirmed  li/  the 


ResrilU  of  Restrietire  Measures. — We  see  always  that  a 
rigorous  sequestration  and  a  rigorous  interruplion  of 
communication  by  land  or  sea,  if  that  be  possilile,  result 
in  preserving  certain  places  or  certain  countries,  and  in 
these  facts  is  a  powerful  argument  a.gainst  any  idea  of  the 
transmission  of  cholera  through  tlie  air. 

In  1867  Messina  and  the  whole  of  Sicily  were  entirely 
free  from  cholera,  and  yet  vessels  coming  from  infected 
countries  daily  passed  through  the  narrow  Strait  of  Mes- 
sina, And  again,  during  the  epidemic  of  1856  at  Con- 
stantinople, the  scholars  of  the  Military  School,  to  the 
number  of  five  hundred,  were  rigorously  seciuestrated  in 
the  establishment,  and  escaped  the  cholera  that  was  rag- 
ing in  the  neighborhood;  and  events  that  occurred  at  the 
lazaret  of  Fort  Genoa,  in  Algeria,  in  1884,  demonstrated 
also  the  etilcacyof  isolation  in  order  to  prevent  the  trans- 
portation of  the  disease  to  the  neighboring  cities, 

3,  Trnnsporinhility  as  Shotrii  hy  the  General  J'rot/ress  of 
Epidemics  of  Cholera. — If  we  look  at  epidemics  as  a 
whole,  we  see  that  they  always  follow-  the  course  of  liu- 
luan  currents  of  travel.  It  is  in  the  E;ist,  or  in  the  coun- 
tries bordering  upon  Europe,  that  we  can  best  follow 
the  development  of  this  law,  because  in  such  places  the 
routes  are  less  frequented,  and  the  demonstration  is  more 
striking.  In  order  to  ])ass  from  Persia  into  Russia  in  any 
way  except  by  the  great  line  of  travel  passing  through 
Erzeroum,  Tauris,  and  Natchischevan,  there  are  only 
two  ways — that  over  the  Caspian  Sea,  and  the  land  route 
that  follows  the  western  shore  of  this  sea.  Both  of  these 
routes  pass  by  Recht,  Astara,  and  Lenkoran,  and  end 
both  of  them  at  Bakou,  anil  in  the  same  way  cholera,  in 
the  epidemics  of  1833.  1830,  and  18-46,  always  and  inva- 
riably iiassed  through  Recht,  Astara,  Lenkoran,  and  Ba- 
kou. At  the  latter  city  the  land  route  splits  on  the  north. 
It  continues  to  follow  the  western  bonier  of  the  Caspian 
Sea,  and  passes  by  Derbent,  and  reaches  Astrachan  ex- 
actly as  does  the  sea  route,  and  we  have  seen  cholera  at 
every  one  of  its  appearances,  in  1833,  1830,  and  1846, 
travel  over  this  same  line,  ])assiug  by  Bakou,  Derbent, 
and  Astrachan.  Jn  1823  it  stopped  at  Astrachan,  while 
during  1830  and  1846  Astrachan  was  only  one  of  the  steps 
of  its  invading  march. 

The  second  line  of  travel  passes  over  the  Caucasus.  It 
leaves  Bakou,  passes  by  Titlis,  and  follows  the  Caspian 
Sea  to  the  Black  Sea.  The  point  of  departure  from  the 
Caspian  Sea  is  Bakou.  The  point  of  arrival  on  the  Black 
Sea  is  Poti,  or  Trebizond,  The  epidemics  of  1830  and 
1846  divided,  following  botli  of  the  two  routes  that  have 
been  spoken  of.  One  current  followed  the  border  of  the 
Caspian  Sea,  another  crossed  the  Caucasus. 

This  progress  of  cholera,  always  following  the  same 
lines,  is  a  striking  illustration  of  the  law  formulated.  It 
alwaj's  follows  the  human  currents,  in  the  steps  of  the 
traveller.  It  is  imported  by  man  alone,  and  precisely  the 
same  point  is  shown  if  we  follow  the  successive  steps  of 
the  epidemics  that  have  travelled  by  the  sea  route. 

As  an  illustration,  the  epidemic  of  1H54  in  the  Crimea 
was  due  to  vessels  coming  froin  Marseilles,  and  carrying 
troops  fi'om  an  infected  country.  Cholera  appeared  suc- 
cessively at  every  one  of  the  points  where  these  vessels 
touched.  They  landed  at  Messina,  and  Sicily  was  in- 
vaded. They  touched  at  the  PirKiis,  and  Greece  was 
attacked.  They  stopped  at  Gallipoli,  and  cholera  ap- 
peared at  Gallipoli.  Constant  communication  was  being 
held  between  Gallipoli  and  the  Dardanelles,  Constantino- 
ple, and  Varna.  CJholcra  developed  at  all  three  places. 
The  same  was  shown  in  the  progress  of  the  epidemic  of 
1865.  It  must  not  be  supposed,  however,  that  the  asser- 
tion is  made  that  cholera  took  the  special  direction  from 
cast  to  west;  on  the  contrary,  it  radiated  from  India  in 
all  directions — north,  south,  east,  and  west — according  to 
the  ease  and  number  of  the  lueans  of  communication, 

4,  Transporlfilri/itg  as  Indicated  hy  the  Erolution  of  Epi- 
demics in  Infected  J.iicnUties. — JIany  examples  of  this  may 
be  quoted,  among  which  are  the  following: 

In  Constantinople  it  is  possible  to  trace  out  the  succes- 
sive extension  of  the  disease  up  to  the  time  of  its  general 
diffusion.     At  Constantinoide  it  manifested  itself  first  at 
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tlif  arsenal,  where  it  liail  lieeii  carried  by  tlie  sick  wlio 
were  lauded  fmni  the  ship  M'l'ikliin-Soiinnu:  From  the 
arsenal  it  reached  the  neighlKirinsr  quarier  of  Kassin- 
Pacha,  and  then  a  few  cases  a]i|ieared  in  differeut  parts  of 
■  the  city,  for  the  most  part  of  persons  who  had  tied  from 
the  quarter  first  attacked.  I'p  lo  July  IGtli  the  total  of 
the  deaths  from  cholera  in  the  entire  city,  except  those 
at  the  Marine  Hospital,  reached  one  hundred  and  thirty, 
when  suddenly  it  was  learned  tliat  the  disease  had  broken 
out  with  violence  at  Eiui-Keni.  a  village  situated  on  the 
Bosphoriis,  twelve  or  fifteen  kilometres  from  the  quarter 
where  the  epidennc  had  begun.  It  was  established  that 
the  first  case  of  cholera  had  appeared  on  July  11th,  in  a 
Turkish  cafe,  in  a  workman  coming  from  Kassin-I'aclia; 
that  on  the  next  da.v  many  of  the  individuals  wlio  fre- 
quented this  cafe  fell  ill,  and  two  died:  that  during  tlie 
following  days  the  disease  was  propagated  in  the  quar- 
ter until  the  16th,  when,  after  the  occurrence  of  several 
deaths  among  prominent  families,  a  panic  seized  the 
whole  population  of  the  village,  who  lied  in  all  direc- 
tions. Mussulmans,  Greeks,  Armenians,  and  Jews  lied 
into  other  villages  anil  other  quarters  of  the  city  which 
were  then  uuaflectcd,  but  in  which  the  cholera  speedily 
made  its  appearance.  The  Jews  in  particular,  wdio  had 
been  the  most  seriously  attacked,  and  who  carried  with 
them  their  soiled  clothing  and  their  dead,  became  the 
special  propagating  agents  of  the  disease.  At  Kons- 
toundjouc.  at  Kas-Iveni,  and  at  Balata,  the  epidemic 
brokeout  inim<'dialcly  after  tbearrivalof  these  fugitives. 
From  this  moment  dates  the  generalization  of  the  epi- 
demic. It  is  not  necessary  to  add  other  examples.  Tiie 
same  thing  is  shown  in  the  history  of  every  local  epidemic 
that  has  been  intelligently  traced. 

It  has  been  opposed  to  this  iilea  of  the  transportability 
of  cholera  that  sometimes  a  restricted  iutercour.se  lias 
failed  to  arrest  the  progress  of  the  di-sease;  but  in  all 
these  cases  the  measures  were  citlicT  tardily  employed  or 
applied  without  scientitic  rule.  Others  liave  spoken  of 
the  immunity  of  countries  whicli  hail  not  protected  them- 
selves by  any  sanitary  measures.  The  answer  to  this  is 
the  question,  whether  cholera,  although  it  is  a  disease 
capable  of  spreading  by  infection,  must,  therefore,  lie 
possessed  of  a  method  of  forcing  this  infection.  And.  in 
conclusion,  no  matter  what  thedilferenees  of  opinioti  are, 
the  law  of  tiansiioi'tability  remains  absolutely  established 
by  all  the  facts  yet  obtained  in  regard  to  cholera. 

MttlioiU  iif  TrdiixjKjrtiiiiiin  nf  ClmJern. — In  a  considera- 
tion of  the  question  of  the  method  of  transportation  of 
cholera,  we  are  to  look  at  two  principal  points,  the  agent 
of  cholera,  that  is,  the  organism  of  the  disease,  and  sec- 
ond, the  medium. 

The  agent  of  cholera  is  unquestionably  a  bacterium, 
having  India  for  its  origin.  It  extends  itself,  and  repro 
duces  itself  indelinitely,  and  many  media  serve  as  vehicles 
for  its  transportation  throughout  the  entire  world,  but 
this  choleraic  agent  would  be  wholly  powerless  if  it  did 
not  encounter  favoralile  conditions  for  its  development. 
•  The  medium,  therefore,  isindis])ensable  to  its  power,  and 
this  favorable  medium  is  made  up  of  certain  telluric  con- 
ditions, the  .surroundings,  anil  so  on.  So  far  as  the 
methods  of  transportation  of  cholera  are  concerned,  there- 
fore, we  have  to  consider  more  the  medium  in  which  it 
appears  than  the  cause  of  the  ilisease  itself.  Fauvel  has 
expressed  this  truth  as  follows:  "That  a  tire  is  not  pro- 
portionate to  the  spark  which  gives  it  birtli,  Init  to  the 
combustibility  and  mass  of  thc'material  that  it  encoun- 
ters." So,  frequentlj-,  a  few  cases,  or  one  only,  as  at 
Altenburg,  are  sufficient  to  produce  the  explosion  of  an 
epidemic. 

The  clinical  consideration  of  the  means  of  transporta- 
tion of  cholera  is  to  be  made  under  the  following  head- 
ings: 

First,  the  transportation  by  men  attacked  by  cholera, 
und  the  role  played  by  the  "closets  that  have  received 
choleraic  excreta.  A  "person  arriving  from  an  infected 
place  is  always  necessary  for  the  beginning  of  an  epi- 
demic. In  other  words,  man  hin\sclf  is  the  most  powei-- 
ful  agent  fin-  the  spread  of  cholei'a,  the  specific  micro- 


organism being  found,  as  has  been  demonstj-ated  by 
innumerable  experiments,  in  the  excreta.  Washerwomen 
have  been  attacked  by  the  disease  after  washing  linen 
.soiled  by  evacuations,  while  others,  who  had  simply 
touched  this  linen,  also  contracted  the  malady.  Budil 
relates  (quoted  by  Ilii-sch  in  Sehmidfs  .hdivhmher,  vol. 
xcii.,  p.  2.5.'))  that  in  l.s.54  a  person  affeeled  with  cholera 
arrived  in  an  English  factory  of  six  hundred  and  forty- 
five  workpeople.  There  followed  one  hundred  and  forty- 
foiu-"  deaths  from  cholera  in  five  weeks.  The  di8ea"se 
developed  solely  among  those  who  made  use  of  the 
closets  where  choleraic  dejecta  were  deposited.  In- 
stances of  this  kind  can  be  multiplied  almost  indefinitely. 

Second,  the  transportation  by  means  of  choleraic  diar- 
rhoea. As  illustrations  of  this,  innnmeralile  instances 
might  be  quoted,  especially  that  mentioned  by  Budd  in 
the  reference  given  above."  A  person  sick  of  diarrhcea 
came  into  the  midst  of  a  perfectly  healthy  population 
in  a  colliery,  and  died.  Diarrhoea"  became  general,  and 
seventeen  persons  contracted  cholera.  The  case  of  Dr. 
Alexander,  in  the  Gazelle  Medkale  for  1.S49,  is  also  an 
illustration  of  this  point.  There  was  not  at  Haniel,  a 
village  twenty-five  kilometres  from  Amiens,  any  indica- 
tion of  cholera,  wdien,  on  A])ril  4th,  from  Pari's,  where 
cholera  existed,  there  arrived  a  soldier  sick  with  diar- 
rhoea. He  was  received  into  his  parents'  liou.se  where  he 
remained  three  days.  On  the  14th  he  went  to  tlie  Hotel 
Dieii,  and  the  same  day  his  brother,  who  had  come  a 
number  of  times  to  see  him,  was  attacked  by  foudroyant 
cholera  and  died  in  twelve  hours.  His  wife  died  three 
days  afterward.  The  father,  who  had  shown  some  symp- 
toms of  cholerine,  was  attacked  with  cholera  on  the'llth, 
and  died  on  the  l.ith.  Another  son  of  this  man,  seven- 
teen years  old,  and  a  child  of  four  years,  his  grandson, 
were  attacked  with  cholera  and  got  well.  The  father- 
in-law  of  the  brother  who  had  taken  care  of  him  and  his 
daughter  wei'e  attacked  by  cholera,  but  recovered.  A 
child  of  eleven  years,  who  was  often  at  the  house  and 
whose  parents  had  taken  care  of  the  same  brother  and  liis 
wife,  was  attacked  on  the  14th  and  died  the  following 
day. 

Third,  Can  the  bodies  of  persons  dead  of  cholera  com- 
municate the  disease?  Although  the  evidence  seems  to 
point  toward  this  being  a  possible  danger,  it  is  not  a 
.serious  one  in  civilized  countries. 

'Fourth,  Can  cholera  be  transported  by  healthy  individ- 
uals'/ This  must  be  answered  in  the  negative.  The  facts 
quoted  that  seem  to  show  that  this  may  occur,  must  be 
explainetl  by  supposing  that  the  individuals  who  were 
believed  to  be  entirely  ^vell  were  in  reality  sick  of  a 
choleraic  diarrlia'a,  or  else  that  they  carried  clothing  or 
linen  .soiled  with  choleraic  material.  The  studies  of 
cholera  during  1892-93  in  Europe  have  shown  that  the 
cholera  vibrios  may  be  present  in  the  dejecta  of  people 
apparently  healthy,  with  well-formed  stools,  as  well  as 
in  those  who  are  suffering  from  a  mild  diarrha'a  without 
other  notable  symptoms.  These  vibrios  were  virulent 
and  presumably  capable  of  inducing  severe  cholera  in 
more  susceptible  individuals. 

Fifth,  Can  cholera  be  transported  by  living  animals? 
Animals  are  not  susceptible  to  the  disease.  A  certain 
number  of  experiments  have  succeeded  in  producing 
cholera  in  animals,  but  with  great  difficulty.  There  is 
no  fact  to  support  the  supposition  that  animals  can  carry 
the  disease,  either  on  the  skin  or  in  the  hair. 

Sixth,  the  transportation  of  cholera  by  means  of  cloth- 
ing, personal  effects,  and  so  on.  The  disease  cannot  bo 
so  transported  unless  tiiese  materials  have  been  contami- 
nated by  cholera  dejecta.  This,  of  course,  is  an  exceed- 
ingly important  point,  for  if  .soiled,  the  material  may  be 
dangerous ;  if  it  is  not  soiled,  there  is  no  danger  at  all,  even 
if  it  comes  from  cholera  centres.  It  is  of  equal  importance 
to  know  whether  contaminated  objects  have  been  packed 
up  or  exposed  to  the  air.  A  contaminated  object  ex- 
posed to  free  air  for  a  definite  time  loses  its  power  of 
transporting  the  virus.  The  conference  of  Constantino- 
ple considered  that  a  very  short  time  was  sufficient  to  do 
away  with  all  danger,  and  recent  bacteriological  research 
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lias  uliolly  oonlirmi'il  this  o)Hnion.  On  llii- dtlu'i-  Imiid, 
rontamiiiatcil  objects  tliat  liavc  liccii  packed  ii|i  ami  kept 
shut  out  from  tlie  air  retain  their  virnlenre  for  a  greater  or 
less  lenirth  of  lime,  as  may  be  shown  by  many  instatjces. 

Seventh,  Can  cholera  l)"e  transporierl"  by  merchandise? 
Although  merchandise  importi^d  from  India,  whether  to 
Suez  or  directly  to  Europe,  has  never  been  known  to 
transmit  cholera,  this  metliod  of  transportation  is  not  ab- 
solutely impossible,  and  many  of  the  materials  brought 
from  India— cloths,  and  so  on"— retain  in  their  interstices 
a  conlined  air  that  certainly  might  |>reserve  and  trans- 
jiort  for  a  great  distance  the  contagion  with  which  they 
may  be  impregnated;  but  although  this  is  a  possibility, 
it  is  not  probable,  and  the  conference  of  Constantinople 
luianimously  accepted  the  absence  of  proofs  of  the  trans- 
])ortation  of  cholera  bj'  merchandise,  while  it  admitted 
the  possibility  of  its  being  done,  under  certain  conditions. 
Since  that  time,  Zehnder.  the  Swiss  delegate  to  the  Vien- 
na Conference,  in  1874.  cited  facts  in  favor  of  the  danger 
of  rags  in  transporting  contagion  (see  the  report  of  the 
International  Sanitary  Conference  of  1874,  page  372). 
But  at  the  conference  in  Rome,  in  1885,  Koch  disputed 
the  interpretation  that  had  been  put  upon  these  facts. 

Eighth,  w»ater  is  perhaps  the  most  important  agent  in 
the  spread  of  cholera,  and  evidence  to  this  effect  was  ob- 
tained long  before  the  discovery  of  the  cholera  spirilla. 
J.  Simon  brought  out  some  facts  in  England  which  con- 
firm this  statement.  At  London  thirteen  deaths  otit  of  a 
thousand  inhabitants  occnrred  among  those  whose  houses 
were  supplied  with  river  water  in  the  neighborhood  of 
the  sewer.  Tested  at  this  point,  the  water  yielded  forty- 
six  grains  of  solid  residue  to  the  gallon.  In  other  houses 
in  the  city  that  were  in  the  same  hygienic  condition,  but 
not  supplied  with  this  water,  the  mortality  was  only 
three  and  seven-tenths  in  a  thousand,  but  the  water 
which  they  tised  had  been  taken  from  outside  the  city, 
and  yielded  only  thirteen'  grains  of  solid  residtie  to  the 
gallon. 

It  is  not  impi'obable  tltal  the  cholera  vibrio  can  live 
longer  in  a  pure  water  than  in  one  containing  large  num 
bers  of  other  micro-organisms.  It  has  remained  viable 
for  eight  hundred  and  seventy-eight  days  iu  a  sterilized 
I'.ond  water,  which  for  at  least  three  hundred  and  five 
days  contained  other  bacteria.  During  this  period  they 
retained  their  usual  susceptibility  to  heat  and  desicca- 
tion, showing  that  a  true  spore  formation  of  the  usual 
kind  is  not  necessary  for  prolonged  viability  in  this  spe- 
cies. 

At  Halle,  Delbruck  noticed  that  iu  the  [jrison,  where  the 
epidemic  had  developed  very  largely,  the  wells  conununi- 
cated  with  the  drains.  At  Brachstcd  the  epidemic  arrested 
itself  just  as  soon  as  a  suspected  well  was  clo.sed.  Del- 
bruck explained  the  less  intensitv  of  the  epidemic  of 
1867.  com|)ared  with  that  of  1866,"  by  the  fact  that  the 
carrying  of  the  water  liad  been  inodilietl.  Water  was 
furnished  almost  pure  in  1867.  while  U|)  to  the  autumn 
of  1866  the  condviits  carried  the  water  from  the  Saale 
through  a  region  where  all  the  discharges  of  the  city 
were  scattered.  Ballot  also  spoke  of  the  influence  of  im- 
pure water  on  the  siuead  of  cholera  in  Holland.  Snow, 
in  England,  and  innumerable  other  writers  in  Europe, 
India,  and  America,  lay  the  greatest  possible  stress  tipon 
impuie  water  as  the  special  means  for  the  conve3'ance  of 
the  infective  agent  of  cholera.  (See  the  article  on  Watcf, 
in  the  present  volume.) 

The  contamination  of  water  played  an  extremely  im- 
IJorlant  p.irt  in  the  extension  of  cholera  in  Egypt  in  the 
epidemic  of  1883.  Thi'  Mussulman  population"  of  Egypt 
bathe  very  frequently,  but  they  are  notcarcful  about'the 
water  that  they  use  for  drinking.  At  Damietta  the  water 
is  exceedingly  fold  upcjii  the  points  of  the  Xile  from 
wliicli  the  water-carriers  fill  their  water-casks,  and  .iust 
at  these  places  are  the  special  spots  selected  for  bathing. 
The  houses  along  the  bank  discharge  their  foul  material 
<lirectly  into  the  river,  and  drains  carry  to  it  discharges 
from  other  houses,  and  from  the  mosques.  According 
to  Koch,  these  mosques  play  an  extremely  important  role 
in  the  spread  of  cholera.     The  German  cholera  commis- 


sion was  able  at  Damietta  to  examine  a  number  of 
mosques,  the  description  of  the  arrangement  of  which  is 
as  follows:  Only  that  part  of  the  mosque  that  is  directed 
toward  Mecca  is  tised  for  ].)rnyers.  At  the  other  end  is 
an  open  space,  in  the  centre  of  which  is  a  tank  for  bath- 
ing, and  sonletimes  this  water  remains  several  weeks 
without  being  changed,  and  surrounding  the  basin  are  a 
series  of  urinals  and  closets.  The  discharges  from  the 
whole  are  passed  into  the  Nile,  so  that  it  is  not  strange 
that  tlie  infected  material  should  be  transported  by  such 
a  water  supply. 

In  tlie  "  tank  districts  "  of  India  the  conditions  appear 
particularly  favorable  for  the  propagation  of  cholera  from 
the  sick  to  the  well.  In  the.se  districts  cholera  is  very 
prevalent.  The  region  is  low  and  tlie  laud  upon  which 
the  dwellings  are  situated  is  made  ground  derived  from 
the  immediate  uei.gliborhood,  leaving  pools  which  con- 
stitute the  "tanks."  The  drainage  from  the  dwellings 
flows  into  these  relatively  or  entirely  stagnant  bodies  of 
water,  which  is  also  used  for  bathing  and,  iu  many  cases, 
for  drinking  purposes. 

The  epidemic  of  1884  furnished  new  proofs  in  favor 
of  the  spread  of  cholera  through  the  a.gency  of  water. 
Messrs.  Marey.  Brouardel,  and  Thoinotespecially  insisted 
upon  this  point.  Marey,  at  the  sitting  of  the  Academy 
of  Medicine,  October  14th.  1884,  .said:  "Among  the  in- 
fluences that  can  cause  tlie  spread  of  t_yplioid  fever  or 
cholera  there  is  one  that  by  its  intensity  (lominates  all  the 
others — tliat  is  the  contamination  of  public  water  sup- 
plies." If  a  number  of  epidemics  of  cholera  be  studied, 
it  can  be  determined,  in  effect,  that  cholera  easily  follows 
watercourses;  that  it  is  especially  along  small  water- 
courses that  it  is  propagated,  is  most  fre(|uent  and  strik- 
ing. In  order  to  explain  this,  there  are  but  two  hypoth- 
eses that  arc  possible. 

First,  brooks,  torrents,  or  rivers  flow  in  valleys  that 
are  often  narrow  and  shut  in,  and  the  villages  found 
there  often  can  have  no  communication  exceptwith  each 
other.  When  one  is  attacked,  it  is  a  perfectly  simple 
matter  that  the  others  should  be  also  in  their  turn.  This 
explanation  is  very  plausible ;  for  certain  cases,  and  some 
epidemics,  can  be  explained  in  no  other  way.  The  great 
rivers,  the  large  watercourses,  along  which  are  scattered 
regions  attacked  by  cholera,  serve  for  the  propagation  of 
this  disea.se,  like  the  great  roads  of  travel,  in  this  way 
only,  that  they  are  lines  of  communication  frequented  by 
travellers. 

Second,  water  is  certainly  a  propa.gating  agent  of 
cholera.  It  is  the  water  of  a  torrent,  a  brook,  or  a  small 
river,  contaminated  in  one  part  of  its  course,  that  trans- 
ports the  disease  to  the  inhabitants  on  its  borders  that 
drink  of  the  water,  and  innumerable  instances  can  be 
brought  forward  to  illustrate  this  point  also. 

Proust  (loc.  cit.,  p.  216)  speaks  of  the  choleraic  agent 
having  for  its  vehicle  of  transportation  either  the  air  or 
the  water,  but  the  evidence  in  favor  of  the  air  as  one  of 
the  transporting  agents  of  cholera  is  nothing,  and  the 
weight  of  scientific  evidence  of  late  3'ears  militates 
against  such  a  means  of  transportation.  Altitude  seems 
to  have  but  slight  influence  upon  the  development  of  the 
disease  up  to  a  certain  point,  although  Farr  (iu  the  Regis- 
trar-General's  Report  on  the  Mortality  of  Cholera  in  Eng- 
land, London,  1852)  has  attempted  to  demonstrate  that 
the  mortality  from  cholera  was  in  inverse  proportion  to 
the  elevation.  The  objection  to  this  is.  that  the  less  fre- 
quent occurrence  of  cholera  on  the  most  elevated  points 
may  be  due  to  the  fact  that  the  less  accessible  points  are 
more  thinly  inhabited. 

Jloisture.  taken  in  connection  with  the  subsoil  water, 
is  a  favoring  cause  of  the  greatest  iiiqiortance.  and  obser- 
vations in  this  direction  have  furnished  the  basis  for  Pet- 
teiikofer's  theor_y  of  the  connection  of  subsoil  moisture 
with  cholera. 

The  development  of  the  epidemics  of  1836  and  of  1854 
seemed  to  coincide  with  the  period  of  greatest  diminution 
of  the  subsoil  moisture  in  JIunich,  and  therefore  the 
choleraic  contagion  with  which  the  soil  is  impregnated 
appears  to  disengage  itself  more  easily.     Hirsch  reached 
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a  similar  conclusion.  Krciizer,  in  18o5,  at  Vienna,  and 
asain  Pcttcnlcofcr.  at  jNlunicli,  observed  tlie  same  farts. 
Pettenl<of'er's  tlieorv  ditfcrs  from  others,  in  tliat,  putting 
aside  the  cliemieal  composition  of  tlie  earth,  he  attaclies 
a  special  importance  to  its  jihysical  characteristics,  its 
density,  its  jiorousness,  etc.  He  considers  that  the  con- 
ditiondf  the  sul)soil  of  localities  and  of  houses  plaj's  a 
role  of  special  importance  in  the  propagation  of  cholera, 
and  npon  this  special  cause  he  places  the  development  of 
an  epidemic,  after  an  importation  from  withoxit:  and, 
studying  almost  exclusively  the  physical  condition  of  the 
region,  tlie  compact  or  jiorous  condition  of  tlie  sulisoil,  he 
considers  that  not  only  I  lie  primitive  earth,  and  the  soils 
of  the  transition  period,  but  also  the  secondary  forma- 
tions, produce  immunity  when  tliey  are  exposed  to  air  in 
tlie  condition  of  rocks.  On  tiie  other  band,  every  porous 
soil  that  is  susceptible  of  imbibition  can  become  easily 
impregnated  with  fluid,  or  with  gas,  and  vegetable  earths 
as  wcil  as  silicious  earths  may  form  '"fat."  always  moist, 
lands,  tlirowiug  out  continual"  moisture  about  them,  favor- 
ing the  ditlusiou  of  the  germs  of  cholera.  'Where  the  soil 
is  made  up  of  a  compact  calcareous  rock  cholera  never 
becomes  epidemic,  and  a  few  cases  observed  in  such  sit- 
uations as  the  result  of  importation,  do  not  propagate  tlie  " 
disease. 

Pettenkofcr's  theoiy  has  two  points  that  must  be  dis- 
tinguished from  each  other. 

First,  the  nature  of  the  soil.  The  .soil  must  be  porous, 
easily  permeable,  and  also  easily  impregnated  by  liquids 
and  gas.     This  condition  is  a  ])ertnanent  one. 

Second,  the  level  of  tlie  subsoil  moisture.  This  level 
being  movable,  the  effect  is  variable;  when  subterranean 
waters  have  reached  the  maximum  of  their  elevation, 
there  is  neither  decomposition  of  organic  materials  nor 
throwing  off  of  miasms.  If  the  subsoil  moisture  <lesceuds 
to  a  lower  level  putrefaction  begins,  the  miasmatic  vapors 
are  thrown  off  more  intensely,  and  just  at  tliis  time  the 
epidemic  reaches  its  greatest  development.  This  second 
point  of  his  tlu'ory,  certainly  an  ingenious  explanation  of 
certain  cases,  app<-ars  to  lie  niucli  more  hypotlietical  than 
the  tirsl.  the  question  of  the  porosity  of  the  earth. 

To  sum  up,  Pettenkofcr's  theory, "while  it  scarcely  has 
the  value  ascribed  to  it  by  him,  certainly  seems  to  afford 
a  partial  explanation  of  the  propagation  of  cholera  by 
means  of  the  porosity  and  moisture  of  the  earth. 

Ninth,  amtosphcric  conditions  play  a  not  very  impor- 
tant role,  although  the  influence  of  season  is  manifest, 
and,  apparently,  storms  sometimes  seem  to  aggravate 
considerably  an  epidemic. 

S<i/iialic  Lkinditions. — Race  or  nationality  lias  no  influ- 
ence upon  the  development  of  cholera.  The  special  in- 
fluences favoring  it  are  those  of  misery,  fatigue,  cold, 
and  depressing  mental  conditions,  which,  by  diminishing 
the  resisting  power  of  the  body,  render  it  more  suscep- 
tible to  the  influence  of  the  epidemic.  Collections  of 
human  beings,  in  other  words,  agglomeration,  play  a 
very  considerable  role  in  the  propagation  of  epidemics; 
so  "also  do  methods  of  transportation.  Railroads  are 
often  the  means  of  propagation,  as  was  the  case  in  the 
instance  of  Alteiiburg,  quoted  above.  The  epidemic  of 
1865,  in  Paris,  was  started  b}'  a  woman  who  left  Mar- 
seilles, with  a  clioleraic  diarrhea,  and  was  attacked  w'ith 
cholera  ujion  her  arrival  in  Paris.  Transportation  by 
caravans  (iocs  not  give  much  cliance  for  the  spread  of  the 
disease,  when  the  distance  passed  over  is  of  great  extent ; 
in  fact,  a  great  desert  is  the  best  of  all  obstacles  to  the 
jiropagation  of  cholera.  In  ships  are  most  often  found 
united  the  conditions  of  crowding  and  confinement  favor- 
able for  the  development  of  the  choleraic  agent. 

Proust  appears  to  believe  that  these  elements  do  not 
have  much  potency  if  the  entire  ship's  company  come 
from  the  same  infected  region — in  other  words,  have  ac- 
quired an  immunity  in  a  choleraic  focus;  but  if  the  .ship's 
company  has  received  a  partial  renewal,  if  new  jiersons 
have  come  on  board  among  the  acclimated  passengers, 
cholera  flnds  a  new  favorable  medium  for  attack,  and,  if 
aiding  circumstances  appear,  the  ship  may  become  the 
centre  of  an  inti'use  epidemic.     He  goes  on  to  speak  of 


this"  law  of  accustoming."  in  what  takes  place  in  armies, 
the  great  fairs,  and  the  pilgrimages:  for  when  cholera  is' 
carried  into  these  great  collections,  if  the  mass  of  people 
have  not  undergone  the  "choleraic  acclimating,"  the  ex- 
plosion of  the  disease  is  rapid  and  tlie  mortality  con- 
siderable, but  only  continues  for  a  few  days,  and  ceases 
soon.  The  Crimean  War  furnishes  an  examjile  of  the 
rapidity  of  development  and  intensity  of  the  disease 
among  vessels  free  from  the  choleraic  influence. 

At  the  commencement  of  April,  IS.W,  there  reached 
Constantinople  from  France,  fifteen  to  twenty  thousand 
troops,  made  up  in  part  of  the  Imperial  CTUard.  These 
troops  bad  not,  during  their  voyage,  a  single  case  of 
cholera  among  them.  They  camped  on  the  heights  of 
Masslak,  in  an  extremel.y  healtiiy  situation,  and  at  that 
time  there  were  in  tlie  city  of  Constantinople  but  very 
few  traces  of  cholera.  The  rolls  of  the  French  military 
hospitals  gave  only  fiftj'-three  cases  during  March,  and 
the  roll  of  April  lltli  showed  none.  In  the  Crimea  the 
eases  of  cholera  were  also  very  few,  and  nevertheless  the 
troops  were  hardly  settled  at  Masslak  when,  on  the  night 
of  April  14th  and  1.5th.  cholera  Viroke  out  among  them, 
and  a  severe  epidemic  followed. 

Fauvel  ("Memoire  lu  a  I'Acad.  des  Sciences."  Paris. 
1883)  sums  up  this  question  of  immunity  in  tlie  following 
propositions: 

"1.  The  ports  of  India  that  are  the  seat  of  endemic 
cholera  are  never  the  scene  of  a  great  epidemic. 

"3.  This  fact  relates  to  the  general,  but  not  absolute, 
immunity  enjoyed  by  the  native  population  of  these 
parts. 

"  3.  This  immunity  does  not  exist  in  the  endemic  locali- 
ties for  strangers  who  are  in  a  condition  favorable  for 
contracting  the  disease.  These  are  especially  the  Mus- 
sulman pilgrims  who  come  to  Bombay  to  embark  for 
Mecca. 

"4.  The  epidemics  of  cholera  that  develop  in  India,  in 
the  regions  where  the  disease  is  not  endemic,  come  from 
the  places  where  it  is  endemic,  and  are  favorable  for  at- 
tacking the  Hindoo  pilgrimages. 

"5.  The  epidemics  observed  among  the  pilgrims  to 
Mecca  can  also  be  traced  to  the  localities  where  cholera 
is  endemic. 

"6.  A  severe  epidemic  of  cholera  confers  upon  the 
country  or  upon  the  locality  which  it  has  attacked  a 
more  or  less  complete  immunity,  which  is  more  or  less 
durable,  and  of  which  it  is  impossible  to  formulate  the 
law  for  Europe,  but  which  in  India  appears  to  last  for  a 
number  of  years. 

"7.  In  tlie  Hedjaz,  and  in  the  sparsely  populated  parts 
of  Arabia,  cholera  has  but  a  feeble  tendency  to  propagate 
itself  among  the  native  population. 

"  8.  The  fact  of  the  existence  of  a  great  epidemic  of 
cholera  in  any  country  whatever  is  a  proof  that  cholera 
is  not  there  endemic." 

To  sum  u|),  new  scientific  facts  bear  npon  the  question 
of  immunity  and  make  them  clear  upon  a  side  Iiitlierto 
unknown.  The  etiology  and  prophjdaxis,  in  especial,  of 
cholera  receive  from  these  tacts  new  indications,  and 
these  facts  also  appear  to  be  the  expression  of  a  law 
that  includes  an  entirely  different  category  of  infectious 
diseases,  which  leave  after  them  an  Immunity  of  a  greater 
or  less  extent. 

Period  of  Incubation. — The  question  of  the  ]ieriod  of 
incubation  of  cholera  gives  rise  to  a  great  deal  of  discus- 
sion. It  appears,  however,  that  in  the  immense  majority 
of  cases  a  period  of  a  few  days  is  sufficient  for  the  incu- 
bation, and  that  sometimes  this  may  require  only  a  few- 
hours.  This  fact  is  easy  to  observe  if  the  beginning  of 
the  disease  in  a  city  or  upon  a  ship  be  studied. 

The  Cholera  Conference  at  Constantino|)le  concluded 
as  follows:  "That  all  the  facts  cited  in  regard  to  a  period 
of  incubation  longer  than  a  few  days  are  based  upon 
cases  that  are  not  conclusive,  either  because  tlie  |)remoni- 
tory  diarrhoea  was  comprised  in  the  perioil  of  incubation, 
or  because  the  infection  could  have  occurred  after  the 
departure  from  the  infected  locality."  The  following  is 
an  instance: 
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Ou  NovcMiluT  3ii,  1848,  ujion  the  ship  Sirnnton  tliere 
were  two  luiiulrcd  anil  eii;'hty-niiie  emigrants  for  New 
Oi'leiiDS,  aiul  the  eholeru  diii  not  lireali  out  on  board  until 
November  35th — that  is  to  say,  tlie  twenty-third  day  of 
the  voya.sie — and  oeeasioned  tlnrteeu  deaths.  A  certain 
number  of  tlicse  eniinrants  eanie  from  points  in  Germany 
where  tlie  eliolera  existed.  Tliis  long  iieriod  of  inculia- 
tion  can  be  e.xplained  upon  two  liypotheses:  either  tlie 
passengers  had  witli  liiem  elotliing  soiled  with  choleraic 
materials,  which,  placed  in  a  conlined  air,  could  transmit 
cholera;  or  certain  of  the  individuals  embarked  miglit 
have  been  affected  at  the  time  of  their  embarkation  with 
a  diarrhtt'a  that  might  later  have  developed  into  true 
cholera.  The  duration  of  this  premonitory  diarrlura  has 
been  much  discu.ssed,  and  in  general  it  has  been  concluiled 
that  it  does  not  last  more  than  three  days,  and  when  it 
does  jiass  this  ])eriod,  it  is  rarely  prolonged  beyond  a 
week,  and  that  therefore  an  individual  isolated  from  all 
sources  of  contamination,  and  in  whom  the  diarrluea 
should  be  prolonged  more  than  eight  days  after  this  iso- 
lation without  presenting  any  characteristics  of  cholera, 
could  be  considered  non-choleraic.  But  Griesinger 
among  others  dissents  from  this  oiiiniou,  and  declares 
that  the  iieriod  of  inculiation  of  cholera  may  be  nuich 
longer.  A  bacteriological  examination  furnishes  the  only 
method  of  settling  the  question. 

The  experience  of  those  who  carefully  studied  the  epi- 
demic in  Hamburg  in  1892-93  points  to  an  incubation  of 
not  less  than  twenty-four  hours.  After  this  perioil  there 
may  be  a  diarrhoea  which  attracts  little  attention,  but 
which  is  in  reality  the  first  stage  of  the  disease.  In 
other  cases  the  onset  of  symptoms  may  be  very  sudden, 
leading  to  collapse  and  death  within  a  few  hours.  It  has 
been  noted  that  in  the  early  days  of  an  epidemic  the 
spirillum  develops  more  slowly  in  artificial  media  than 
is  the  case  later  in  the  course  of  the  epidemic. 

Description  op  the  Dise.\se. — The  clinical  manifes- 
tations associated  with  the  presence  of  the  cholei'a  vibrio 
in  the  intestinal  contents  are  so  various  that  it  is  impos- 
sible to  give  a  single  clinical  picture  of  Asiatic  cholera. 
During  epidemics  of  the  disease  this  micro-organism  has 
frequently  been  isolated  from  the  fa'Ces  of  people  pre- 
senting no  evidence  of  an_y  disturbance  in  health.  In 
other  cases  its  presence  is  associated  with  symptoms  of 
the  most  marked  character,  followed  by  a  speedily  fatal 
issue.  These  facts  by  no  means  throw  doubt  upon  the 
etiological  significance  of  the  cholera  vibrio;  for  similar 
observations  are  well  known  in  other  infectious  diseases, 
such  as  diphtheria,  typhoid  fever,  and  even  infections 
with  pyogenic  micro-organisms. 

Cases  in  which  the  cholera  vibrio  is  present  in  the 
digestive  tract  without  being  associated  witli  symptoms 
are  of  great  sanitary  importance,  because  this  very  ab 
sencc  of  all  manifestations  of  disease  renders  the  spread 
of  the  infection  from  place  to  place  very  ditticvilt  of  con- 
trol or  detection.  It  is  also  important  to  the  individual 
himself.  There  aie  cases  on  record  in  which  people  in 
apparently  jierfect  health  have  left  regions  where  choleia 
was  eiiidemic,  have  remained  for  a  time  free  of  any  signs 
of  ill  health,  and  then,  as  the  result  of  some  dietary  in- 
discretion, have  suddenly  succumbed  to  an  attack  of 
severe  cholera,  with  the  vibrios  in  the  alvine  discharges. 
It  appears  evident  that  in  such  cases  the  cholera  vibrios 
in  the  intestineare  virulent,  but  that  the  resistance  of  the 
individual  was  so  great  as  to  prevent  the  usual  effects  of 
infection  \uitil  .some  additional  factor  createil  a  suscep- 
tibility. It  is  not  possible  to  state  the  frequency  of  such 
latent  infections  in  times  of  epidemic  cholera,  but  where 
the  spread  of  the  disease  takes  place  through  a  contami- 
nated water  sujiply  it  is  reasonable  to  sup]iose  that  they 
must  be  more  frequent  than  could  be  indicated  by  any 
statistics  as  yet  in  existence.  Runipf,  in  his  studies  of 
the  epidemic  in  Hamburg  in  1892-93,  reports  that  cholera 
vibrios  were  found  in  the  f;eces  of  (12  individuals  during 
the  small  after-epiilemie  of  1893,  and  that  of  these  19 
faileil  to  show  signs  of  any  great  constitutional  disturb- 
ance. These  cases  were  studied  because  they  had  been 
closely  associated  with  casesof  pronounceil  cholera  in  the 


city  or  upon  vessels  in  the  port.  On  the  other  hand,  be- 
tween February  23d  and  June  1st,  1893,  70  cases  of  diar- 
rlia>a  were  investigated  to  learn  of  the  presence  of  cholera 
vibrios  in  the  discharges,  with  negative  results. 

Leaving  out  of  further  consideration  these  important 
latent  infections,  we  may  divide  cases  of  cholera  into 
three  groups,  according  to  the  severity  of  the  clinical 
manifestations:  First,  choleraic  diarrha-a,  in  which  the 
symptoms  present  little  beyond  a  marked  looseness  of 
the  bowels:  second,  cholerine,  characterized  by  vomiting 
and  considerable  cou.stitutional  disturbance  as  well  as 
diarrluea  with  rice-water  discharges;  and,  third,  algid 
or  asphyctic  cholera  or  cholera  gravis,  which  has  hitherto 
served  as  the  ty]>e  of  the  disease. 

These  terms  are  not  used  to  denote  nosological  entities, 
but  merely  to  furnish  concise  expressions  for  clinical 
differencesdependent  upon  variations  in  the  relations  be- 
tween the  virulence  of  tlie  infection  and  the  susceptibility 
of  the  patient.  In  individual  cases  the  less  severe  forms 
of  the  disease  may  pass  into  the  graver  types,  where  con- 
ditions arise  which  modify  these  relations.  In  many  epi- 
demics the  milder  types  occur  most  frequently  early  in 
the  history  of  the  epidemic,  to  be  succeeded  by  a  larger 
percentage  of  severe  cases  at  the  height  of  the  epidemic, 
which  are  in  turn  followed  by  a  iirepouderance  of  the 
milder  cases  as  the  epidemic  draws  to  a  close.  These 
clinical  observations  harmonize  with  the  experience  that 
cultures  in  artificial  media  grow  less  rapidly  early  and 
late  in  an  epidemic  than  at  its  height. 

('Iiolcraic  I)iitrrh(iii. — In  the  milder  cases  the  stools  are 
feculent  or  bile-stained  and  watery,  are  unaccompanied 
by  much  pain,  and  differ  considerably  in  frequency  in 
different  cases.  The  symptoms  usually  first  appear  at 
night  and  are  accompanied  by  some  flatulence.  The 
general  health  may  remain  good.  In  severer  cases  the 
stools  are  more  numerous ;  the  appetite  is  lost ;  the 
tongue  becomes  coaled,  and  there  is  a  feeling  of  gastric 
depression.  The  amount  of  urine  is  decreased.  The 
patient  becomes  restless  and  suffers  from  headache. 
Dragging  pains  in  the  calves  may  be  troublesome. 
These  symptoms  last  a  few  days,  and  in  favorable  cases 
then  subside.  The  course  of  the  affection  depends  largely 
upon  collateral  circumstances.  Indiscretions  in  diet,  o.ver- 
fatigue  or  imprudence  of  any  kind  exert  an  unfavorable 
influence  upon  the  patient,  and  in  many  cases  this  choler- 
aic diarrluva  passes  into  the  severer  forms  of  cholera. 
Although  the  cholera  vibrios  are  regularly  found  iu  the 
discharges,  the  latter  do  not  acquire  the  rice-water  char- 
acter typical  of  the  severer  forms  of  the  disease. 

The  affection  may  luove  fatal  in  people  of  diminished 
resistance;  in  the  joung  or  aged  death  being  the  result 
of  exhaustion;  but  recovery  is  the  rule. 

Cholcriiie. — Sometimes  this  type  of  cholera  is  preceded 
bv  the  form  just  described,  but  more  often  the  first  symp- 
toms noted  are  general  malaise,  loss  of  appetite,  and  nau- 
sea. The  stools  then  become  more  frequent.  They  are 
at  first  feculent,  but  soon  become  more  lit|uid  and  then 
assume  the  "rice-water"  character  of  those  in  severer 
cases  of  cholera.  These  discharges  consist  of  a  serous 
fluid,  rendered  turbid  by  large  quantities  of  desquamated 
intestinal  epitlulia,  and  fre((uently  tinged  more  or  less 
pinkish  by  red  blcod  corpuscles.  When  examined  micro- 
scopically the  spirilla  may  freciuently  be  seen  in  great 
numbers,  but  in  many  cases  they  cannot  be  made  out  as 
such,  but  appear  as  granules  of  various  shapes.  Inaddi- 
tiou  to  the  symptoms  mentioned  above,  vomiting  comes 
on  early  in  this  form  of  the  disease  After  the  stomach 
is  emptied  of  food,  the  voinitus  is  a  thin  liuid  containing 
some  bile,  or  it  may  be  colorless.  Pain  in  the  epigas- 
trium, headache,  and  thirst  appear  as  the  disease  pro- 
gresses. The  quantity  of  urine  is  reduced  and  albumi- 
nuria appears.  The  skin  is  cool  and  the  volume  of  the 
pulse  iliminished. 

Cholerine  may  pass  into  algid  cholera,  or  the  symji- 
tnnis  may  gradually  subside  ami  recovery  follow;  liut 
not  infreciuently  convalescence  is  delayed  by  a  long 
period  of  debility  and  mental  iiebetudc,  resembling  the 
ty  phoidal  stage  of  algid  cholera. 
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Asiatic  Ckulcra. 
Asiatic  Cbolera. 


C/ioltra  Grniis ;  Ah/id  or  Aiphi/i-lie  ClmUfK. — In  this 
form,  which  has  usually  been  regarded  as  the  typiral 
manifestation  of  the  disease,  the  attack  may  suddeuly 
develop,  its  onset  being  marked  by  great  tuiea.siness,  re- 
peated discharges  from  the  bowels,  followed  bj-  syncope. 
This  attack  may  overtake  the  victim  while  walking  on 
the  street  in  apparently  good  health.  It  is  often  pre- 
ceded by  a  state  of  vague  suffering,  rapid  prostration, 
deep  colicky  pains,  anorexia,  sometimes  a  diarrhoea,  pro- 
fuse sweats,  disturbance  of  the  senses,  and  more  or  less 
retardation  of  the  pulse.  After  the  development  of  the 
disease  the  symptoms  follow  each  other  in  such  a  way 
as  to  allow  of  a  division  into  two  di.stiuct  periods. 

Pirst  Period. — This  is  marked  by  an  increase  in  the 
number  of  dejections  and  acts  of  vomiting;  a  ttu.\  is  es- 
tablished which  is  at  first  serous  or  slightly  bilious,  and 
afterward  becomes  "choleraic."  This  term  is  used  to 
designate  those  characteristic  discbarges  of  cholera  which 
are  !i(iuid,  whitish,  grumous,  sometimes  resembling  un- 
clarified  whey,  sometimes  a  decoction  of  rice  or  oatmeal, 
and  sometimes  thickened  meal,  and  nearly  clear,  which 
emit  an  insipid  spermatic  odor,  and  sometimes  present 
traces  of  blood  or  bile.  These  evacuations  are  rarely  ab- ' 
sent,  often  continuing  to  the  termination  of  the  disease. 
Burning  thirst,  pain  in  the  epigastrium,  and  prolonged 
hiccough  are  usual  accompaniments.  Intense  cramps  of 
the  limbs  occur,  particularly  in  the  calves  of  the  legs; 
the  muscles  are  often  in  a  state  of  tonic  contraction. 
Spasmodic  movements,  as  involuntary  tle.xioii  and  exten- 
sion of  the  fingers  and  toes,  may  often  be  seen.  The 
pulse  is  very  feebie,  often  imperceptible.  The  features 
are  altered,  trembling  and  great  agitation  come  on,  the 
pulse  becomes  suppressed  ;  bluish  spots  appear,  first  upon 
tlie  extremities;  the  skin  becomes  blue  or  black  almost 
everywhere;  the  nails  are  livid aud  almost  black,  the  fin- 
gers wrinkled,  and  the  genital  organs  retracted.  The 
volume  of  the  body  diminishes  rapidly  and  perceptibly; 
the  eyes  sink  in  and  are  dull,  with  a  bluish  circle  sur- 
rounding them  ;  the  conjunctiva  fades,  respiration  is  slow 
and  feeble,  the  breath  cold,  aud  the  pul.se  is  reduced  to  a 
mere  oscillation.  The  secretions  are  arr(?sted,  especially 
the  urine,  the  voice  is  reduced  to  a  whisper,  the  nose  is 
cold  and — rarely — gangrenous,  the  cornea  is  flattened  anil 
puckered ;  spots  of  blood  appear  on  the  sclerotic,  vis- 
cid sweat  on  the  face  and  limbs;  the  intellect  becomes 
obscured,  respiration  is  embarrassed,  hiccough  com- 
mences, and  death  follows,  in  the  midst  of  au  apparent 
calm.  This  is  called  the  cold,  Ih-id.  or  a-iphtjctic  period. 
When  patients  escape  death  in  this  stage  they  enter  upon 
the 

Second  Period. — lu  this  the  coldness  ceases  to  increase, 
warmth  returns,  the  pulse  improves  and  gradually  be- 
comes febrile,  the  face  regains  color,  the  eye  becomes 
animated,  and  a  general  reaction  occurs. 

If  recovery  is  to  be  easy  and  rapid,  vomiting  becomes 
less  fre(iuent,  the  diarrhoea  remains,  but  the  discharges 
no  longer  present  the  appearance  peculiar  to  the  disease; 
the  secretion  of  urine  returns,  nausea,  thirst,  sind  pains 
in  the  stomach  cease  to  be  felt,  the  pulse  becomes  regu- 
lar, and  convalescence  begins. 

If  reaction  is  incomplete,  the  cold  stage  returns  with 
renewed  severtiy,  or,  on  the  other  hand,  if  reaction  be 
too  severe,  sucii  accidents  may  occur  as  apoplexies, 
spasms,  convulsions,  local  congestions  and  iufiammations, 
and  occasionally  latent  pneumonia.  Stupor  is  sometimes 
present,  W'ith  some  of  the  signs  of  the  last  stage  of 
typhoid  fever.  Swelling  of  the  parotid  glands  and  va- 
rious skin  affections,  as  roseola,  urticaria,  erythema,  ery- 
sipelas, etc.,  may  appear  toward  the  close  of  the  disease. 

The  average  duration  is  from  one  to  three  days,  but 
sometimes  death  occurs  in  less  than  six  hours,  aud  is  oc- 
casionallj' delayed  a  longtime — in  one  case  for  fifty  days. 

CompUciilions  and  Secondn.ry  Affections. — ^Complica- 
tions are  rare,  and  appareutl_y  accidental,  but  secondary 
affections,  either  direct  results  of  the  cholera  or  due  to 
increased  susceptibility  to  infection  or  to  debility,  are 
conmion. 

Course.  Duration,  and  Termination. — If  death  does  not 


occur  during  the  algid  stage,  a  peculiar  transformation 
in  the  disease  takes  place  and  reaction  sets  in.  This  re- 
action varies  in  different  cases,  being  slow  and  tedious  in 
some,  and  abrupt  and  rapid  in  others;  its  course  is  not 
es.sentially  moditied  b\-  any  antecedent  disease,  even  those 
occurring  as  complications. 

In  the  vast  majoritj- of  cases  cholera  runs  its  course 
with  great  rapidity,  the  greater  number  of  attacks  last- 
ing from  eighteen  to  twenty-four  hours,  the  shortest 
from  one  to  six  hours,  and  the  longest  from  fifteen  to 
twenty  days.  Its  duration  is  the  shortest  at  the  height 
of  an  epidemic. 

The  termination  of  epidemic  cholera  may  be  favorable, 
the  progress  of  recovery  varying  widelj'  in  different 
ca.ses;  it  may  be  complete  in  a  few  hours  even,  and  the 
patient  may  return  to  his  ordinary  occupation;  oa  the 
other  hand,  it  may  be  delayed  until  after  a  long  and 
perilous  struggle  against  complications  and  secondary 
affections.  There  may  remain  a  general  debility  such  as 
is  not  often  seen  after  any  other  disease ;  the  emaciated 
features,  languishing  expression,  capricious  appetite, 
obstinate  gastralgia,  colic,  wakefulness,  tendency  to 
coldness,  partial  or  general,  and  intellectual  and  moral 
dejection  persist  for  a  long  time.  An  attack  has  been 
known  to  change  the  whole  constitution  and  temperament 
of  a  patient.  One  attack  appears  to  furnish  no  immunit}' 
against  another,  aud  relapses  are  alwa3"S  to  be  feared. 

Sv.MPTOMs  IN  Detail. — Besides  this  general  account  of 
the  disease  the  symptoms  should  be  briefly  discussed  in 
the  order  of  their  occurrence. 

Precursory  Phenomena. — An  attack  is  often  preceded 
by  initiatory  uneasiness,  which  should  attract  attention ; 
such  are  languor,  pallor,  anxious  expression,  sunken  feat- 
ures, weight  in  the  stomach,  and  movements  of  the 
intestines.  Then  vertigo  follows,  with  abdominal  pain, 
dimness  of  vision,  and  difficulty  of  hearing;  the  eyes 
become  more  brilliant  than  ordinary,  like  those  of  a 
drunken  man.  Sometimes  circulatory  disturbances  are 
the  first  phenomena  of  the  disease,  markeil  by  bluish  cir- 
cles around  the  eyes.  In  other  cases,  the  progress  of  the 
preliminary  symptoms  differs — there  are  diminution  of 
appetite  for  several  days,  general  disagreeable  sensations, 
and  frequent  alvine  dejections,  without  pain,  which  are 
j'ellowish,  more  aud  more  fluid,  and,  finally,  become  al- 
most like  water.  A  diarrhcca  like  this  may  occur  without 
any  other  symptoms  and  develop  into  a  severe  case  of 
cholera.  Lastly,  the  disease  may  come  on  suddenly,  and 
without  warning  overwhelm  the  victim  with  its  full 
force — this  often  occurring  at  night. 

Diarritaa. — Thi.,  is  most  frequently  the  mark  of  the 
onset  of  the  disease,  and  when  it  is  so,  the  stools  become 
at  once  more  and  more  frequent.  Fifteen,  twenty,  or  more 
dejections  in  twenty-four  hours  are  usual,  and  in  some 
cases  (these  are  fatal)  the  evacuations  occur  in  an  almost 
continuous  aud  involuntary  jet.  They  are  often  accom- 
panied by  colic,  borborygmi,  and  gurgling,  either  spon- 
taneous or  excited  by  pressure  upon  the  abdomen.  They 
are  at  first  made  up  of  bilious,  fa;cal,  or  sero-mucous 
matter,  but  soon  assume  the  characteristic  appearance, 
viz.,  that  of  a  whitish  flocculent  fluid  such  as  has  already 
been  described.  A  large  flocculent  sediment  is  deposited 
from  this  fluid,  a  part  of  it  looking  remarkably  like  cooked 
rice.  The  fluid  is  blood-serum,  and  the  sediment  is  made 
\ip  of  the  epithelial  lining  of  the  intestines  and  of  mucus. 
Sometimes  the  evacuations  are  tinged  with  blood-coloring 
matter,  giving  them  the  appearance  of  the  lees  of  wine, 
or  they  may  be  of  a  deep  brownish  color  from  the  same 
cause.  The  freciuency  of  the  dejections  is  not  always 
increased  with  the  progress  of  the  disease,  they  are  occa- 
sionally completely  arrested  during  the  cold  period,  and 
death  "may  occur  without  their  beginning  again ;  on  the 
other  hand,  the)'  may  return  with  increased  violence.  In 
those  cases  in  which  the  acute  attack  is  followed  by  a 
prolonged  period  of  depres.sion,  during  which  the  patient 
presents  the  typhoid  state,  the  choleraic  discharges  give 
place  to  loose,  diarrha'al  evacuations  having  a  fiscal 
odor.  These  may  be  frequent  and  persist  for  a  number 
of  days,  gradually  diminishing  as  convalescence  advances ; 
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but  tlic  typhoid  condition  is  always  favorable  to  the 
development  of  dangerous  eoniplieations,  and  cases  of 
cholera  which  Isike  this  form  are  by  no  means  favorable. 
The  abundance  of  the  renal  secretion  is  considered  a 
valuable  prognostic  sign.  After  recovery  obstinate  con- 
stipation may  occur. 

(V/w(7/m/.— Nausea  and  vonu'tinc:.  sometimes  almost 
constant,  occur  from  the  very  beniiuiing  of  the  disease. 
The  vomilus  is  poured  out  by  an  almost  constant  effort; 
it  does  not  dill'er  in  character  from  the  dejecta,  except 
that  it  is  sometimes  more  limpid,  and  is  sometimes  slight- 
ly tinged  with  bile.  It  is  very  rare  that  vomiting  per- 
sists to  the  .second  period  of  the  disease,  but  the  ingestion 
of  the  smallest  quantity  of  fluid  may  excite  it  with  great 
violence.  It  often  alternates  or  coincides  with  a  very 
troublesome  hiccough. 

AhdaniiiKil  i'aiii. — This  often  precedes  the  vomiting 
and  choleraic  diarrhcta.  It  is  griping,  and  of  the  most 
intense  character,  situated  in  the  region  of  the  epigas- 
trium, or  over  the  entire  abdomen.  A  doughy  sensation 
is  communicated  to  the  hand  upon  pressure,  and  percus- 
sion gives,  usually,  an  almost  universal  dull  or  flat  note. 

AnorMia  ;  Thirst;  Tongue: — Loss  of  apjietite  is  com- 
plete, and  corresponds  in  point  of  time  with  a  burning 
and  inextinguishable  thirst.  The  throat  and  mouth  are 
parched,  the  tongue  is  frequently  clean,  commoulj'  large, 
pale,  moist,  cold,  very  rarely  dry,  and  occasionally  cov- 
ered with  a  3'ellowish  coat.  This  condition  is  peculiar 
to  the  first  period ;  it  varies,  later  on,  with  the  degree  of 
reaction,  or  with  the  nature  of  the  complications  and  sec- 
ondary affections. 

Urine. — Upon  the  first  appearance  of  the  gastro-intes- 
tinal  evacuations  the  urine  becomes  scanty,  and  is  fre- 
quently completely  suppressed;  exeei)tional  cases  are 
reported  in  which  it  remains  normal  throughout.  Emis- 
sion is  involuntary.  Sometimes,  after  suppression,  it  re- 
appears about  the  middle  of  the  cold  stage;  being  again 
suppressed  for  the  remainder  of  the  disease.  The  desire 
to  urinate  remains,  although  the  power  ma_y  be  lost;  the 
secretion  and  flow  are  generally  re-estat)lished  during  the 
period  of  reaction.  There  are  no  ob.servations  pointing 
to  the  occurrence  of  renal  disease.  The  urine  is  espe- 
cially rich  in  indican  and  other  ethereal  sulphates.  Am- 
monium salts  are  alsoinci-eased  and  aceto-acetic  acid  may 
be  present  in  considerable  quantities.  These  changes  in 
the  urine  are  attributable  to  the  ready  absorption  of 
putrefactive  products  from  the  intestinal  contents,  due 
in  part  at  least  to  the  loss  of  the  epithelial  lining  of  tlie 
bowel,  and  to  the  reduction  of  oxidative  processes  within 
the  body. 

Crumps. — Violent  and  prolonged  cramps,  beginning 
with  the  flrst  diarrha^a,  in  the  muscles  of  the  legs  and 
extending  to  the  abdomen,  arms,  and  even  to  the  face, 
are  among  the  most  characteristic,  and  at  the  same  time 
the  most  terrible,  symptoms  of  cholera.  They  some- 
times persist  throughout  an  attack,  and  even  after  a 
cure,  and  muscular  contractions  have  even  been  observed 
after  life  was  extinct.  During  an  epidemic  cramps  have 
been  observed  without  any  other  symptoms.  It  lias  been 
suggested  (Weir  Jlitclieli:  "Injuries  of  Nerves,"  p.  53, 
ed.  1872)  that  they  are  caused  by  tlie  loss  of  water  from 
the  body,  and  the  consequent  "drying  "  and  irritability 
of  the  nervous  system,  a  phenomenon  analogous  to  the 
violent  contractions  of  a  frog's  leg  when  the  sciatic  nerve 
is  exjiosed  and  allowed  to  dry  inthe  air. 

lU<uhu-hc  ;  DeriiHuemeiit  of  tlie  Senses. — Weight  in  the 
head,  with  giddiness  and  vertigo,  occurs  during  the  in- 
vasion; cephalalgia,  often  very  severe,  appears  diu'ing 
reaction;  it  is  generally  heavy,  and  more  mai'ked  in  the 
frontal  regions;  at  the  same  time  occui-  linging  and  buz- 
zing in  the  ears.  The  sight  is  generally  afifected  during 
the  whole  course  of  the  disease;' it  is  blurred,  double,  or 
liervcrted,  so  that  the  patient  sees  objects  colored  blue, 
or  alternately  black  and  red;  it  is  occasionally  completely 
extinct.  The  touch  and  general  sensibility  are  much 
blunted. 

liitelleetiial  FKenltirs.—Thcao  are  generally  unaltered, 
although  the  power  of  expression  may  be  impaired.     It 


is  only  in  certain  modes  of  reaction  in  the  second  stage, 
and  in  certain  complications,  that  stupor  and,  more  rare- 
ly, delirium  occur. 

Streiitjlli. — There  is  in  all  cases  almost  entire  lo.ss  of 
strenglli,  the  least  displacement  of  the  limbs  being  un- 
bearable. Most  jiatients,  either  stretched  on  the  back  or 
with  the  limlis  closely  drawn  up,  remain  in  a  state  of 
complete  immobility  through  fear  of  fatigue.  Transient 
faintness  appears  in  some  cases. 

Voiee. — It  is  characteristic ;  changing  very  raiiidly  from 
a  state  of  feebleness  at  the  commencement  of  the  disease 
to  a  rough  and  whistling  tone.  It  occasionally  becomes 
entirely  extinct,  but  in  some  cases  retains  strength  enough 
for  loud  cries.  It  gradually  returns  to  its  normal  con- 
dition as  the  disease  lessens  in  intensity  and  recovery 
progresses. 

Uespirution  is  ordinarily  very  difficult,  the  frequency 
varying  from  ten  to  tifty-two  per  minute.  This  does 
not  depend  upon  any  altered  condition  of  the  lungs  as 
revealed  by  physical  examination,  but  seems  to  be  in 
some  way  connected  with  the  presence  of  less  than  the 
normal  amount  of  carbonic  acid  in  the  expired  air. 

Circiiliition. — The  circulation  is  very  gi-avely  affected. 
The  pulse  becomes  more  and  more  feeble,  and  disajijiears 
entirely  at  the  height  of  the  cold  period;  it  is  always 
more  frequent  than  in  health.  The  blood  moves  slowly 
and  will  not  flow  from  a  vein  or  an  artery  of  small  size. 
This  sort  of  stagnation  aids  in  producing  the  bluish  hue 
peculiar  to  the  cold  stage.  This  bhush  hue  makes  its  ap- 
pearance first  in  the  extremities,  in  the  genital  organs, 
and  in  the  face.  It  is  especiallj'  observaljle  in  patients 
who  are  ]3lethoric  and  of  florid  complexion.  It  dimin- 
ishes and  often  disappears  during  reaction,  and  sometimes 
does  not  occur  at  all.  It  may  go  so  far  as  to  produce 
gangrene,  as  has  been  observed  in  the  nose,  tongue,  and 
sexual  organs. 

Temperlit lire. — The  temperature  is  seemingly  reduced; 
the  expired  air  being  only  35°  to  27"  C.  (77°  to  80. ti"  F.). 
This  reduction  in  temperature  is  confined  to  the  surface, 
liowever,  the  internal  temperature  being  higher  than  in 
the  higliest  fever  (Guterbock,  Virch.  Are/i.,  xxxviii.,  p. 
30). 

Appearance. — The  aspect  is  characteristic;  the  face  is 
contracted,  the  brow  wrinkled,  the  cheeks  are  hollow,  the 
lips  thin  and  pressed  in  upon  the  teeth,  the  complexion 
becomes  livid  and  bluish,  the  eyes  more  and  more  sunken, 
and  surrounded  by  a  dark  cii'cle.  Expression  is  lost  by 
degrees,  and  death  seems  to  have  occurred  wliile  life  is 
still  present.  The  eye  is  dim,  its  surface  wrinkled, 
sunken,  and  sometimes  dry,  the  globe  is  left  exposed  by 
the  lids,  and  the  conjunctiva  becomes  injected  and  cov- 
ered with  spots  of  blood.  Even  if  recovery  takes  place, 
the  normal  aspect  of  the  face  returns  very  slowly. 

CoMi'LiCATioNs,  Si'XONUART  Akff.ctions.  —  Complica- 
tions are  rare  and  apparently  accidental;  among  them 
peritonitis,  jaundice,  gangrene,  a?dema  of  the  lungs, 
eiysipelasof  the  face,  abscesses,  ulceration  of  the  ej'elids, 
and  aphtha;  may  be  mentioned  as  of  occasional  occur- 
rence. 

Secondary  affections  are,  however,  very  common. 
They  may  consist  of  gastro-inteslinal  inflammations, 
immediate,  or  after  some  days  of  convalescence,  or  of 
affections  of  the  respiratory  organs.  In  other  cases 
persons  who  have  apparently  escaped  the  accidents  of 
cholera  have  a  secondary  fever,  described  as  of  a 
t.yi)hoidal  tj'pe,  dry  skin,  tension  and  tenderness  in  the 
epigastrium,  jactitation,  drj-  tongue,  bilious  stools,  and 
chills.  Various  skin  eruptions  occur,  and  temporaiy 
albuminuiia  has  been  observed  following  an  attack  of 
cholera.  The  most  grave  of  the  secondary  affections, 
however,  are  those  wliich  affect  the  nervous  system. 
The  cerebral  congestions  during  reaction  are,  in  some 
cases,  followed  by  a  tyjiical  meningitis  with  tri.smus. 
Raj'cr's  "  Etat  cerebral  cholerique  "  includes  a  grouj)  of 
phenomena  distinct  from  those  of  meningitis,  which  su- 
pervenes upon  the  cold  stage;  the  skin  is  cold,  the  ]iulse 
feeble,  the  head  heavy,  the  countenance  stupid,  and 
sometimes  the  cholera  tint  remains.     Other  affections  are 
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a  sort  of  nou-ffbrile  delirium,  lasting  for  two  or  three 
days,  aud  the  spasmodic  contractions  of  the  forearm 
which  occur  during  convalescence.  True  intermittent 
febrile  attacks,  ■with  initial  chills,  occurring  every  day 
during  reaction,  liave  also  been  observed.  All  these 
affections  are,  for  tlie  most  part,  more  rajiid  than  when 
occurring  in  the  individual  previously  healthy. 

Pathology. — Until  more  is  known  of  the  e.\act  nature 
of  the  to.xic  substances  which  can  be  elaborated  by  the 
cholera  spirillum,  when  present  in  the  human  intestine, 
iio  very  exact  statements  of  the  pathology  of  the  disease 
can  be  given.  It  is  evident  that  an  irritation  of  the  in- 
testinal mucosa,  with  more  or  less  damage  to  the  histo- 
logical structures,  is  caused  by  the  spirillum  or  its  prod- 
ucts, and  that  in  pronounced  cases  a  very  abundant 
transudate  of  fluid  follows.  Many  of  the  symptoms  of 
the  disease,  especialh'  in  the  algid  stage,  are  due  to  the 
consequent  loss  of  fluid  on  the  part  of  the  blood  and  tis- 
sues of  the  bod}'.  In  addition  to  this  loss  of  fluid  there 
are  refle.x  nervous  influences  upon  the  heart  and  |ierhaps 
other  parts  of  the  bod}',  due  to  the  lesions  in  the  intestine, 
and  to.xic  substances  absorbed  from  the  intestinal  contents 
probably  act  upon  the  cells  of  the  viscera.  To  these  fac- 
tors, i.e.,  loss  of  fluid,  nervous  reflexes  and  tox;emia,  . 
which  account  for  the  symptoms  of  the  disease,  may  be 
added  an  increased  susceptibility  to  secondary  infections. 

P.\Tiioi.oGiCAL  Anatomy. — The  alterations  of  tiie  in- 
ternal orgaivs  in  a  case  of  death  from  cholei'a  beai'  little 
relation  to  the  violence  of  the  disease.  The  a|ipcurances 
are  about  as  f'.illi.iws;  Emaciation  is  general,  aud  there  is 
marked  lividity  of  the  lips  and  nostrils.  Rigor  moitis  is 
not  rare  before  the  warmth  of  the  body  lias  ivholly  de- 
parted and  is  very  marked  and  prolonged.  The  perito- 
neal surface  is  sticky  and  covered  with  a  viscid  exudation 
(present  in  91.6  per  cent,  of  o30  cases):  the  vessels  of  the 
mesentery  are  engorged  with  blood.  The  calibre  of  the 
intestinal  canal  is  more  often  increased  than  diminished, 
and  always  contains  some  fluid  choleraic  matter.  The 
fluid  is  blood  serum,  containing  a  variable  number  of  red 
corpuscles,  and  the  thicker  material  found  in  it  is  made 
up  of  intestinal  epithelial  cells  and  mucus.  The  intes- 
tinal mucous  memlirane  is  usually  normal  in  thickness, 
but  is  generally  denuded  of  epithelium.  The  villi  are 
swollen,  giving  the  surface  a  velvety  appearance,  and 
Pe_yer's  patches  and  the  solitary  follicles  are  much  en- 
larged. The  glands  of  the  stomach  antl  of  th<'  duodenum 
are  enlarged,  and  the  surface  is  largelj'  denuded  of  epi- 
thelium. There  are  no  special  lesions  of  the  other  organs. 
The  liver  is  rarely  enlarged,  is  the  seat  of  moderate  cloudy 
swelling,  and  is  usually  congested  with  dark  thick  blood. 
The  gall-bladder  generally  contains  bile,  which  is  at  first 
thicker  than  normal,  but  subsequently  becomes  more 
abundant  aud  pale.  The  biliary  duct  is  not  obstructed. 
The  pancreas  presents  no  marked  alteration.  Tlie  spleen 
in  rapid  cases  is  small,  hard,  and  wrinkled  upon  its  sur- 
face, of  a  deep  red  color  on  section,  and  sometimes  dotted 
with  ecchymoses;  in  slow  cases  it  may  be  slightly  en- 
larged and  less  deep  red  in  color.  The  blood  is  thicker 
than  normal,  coagulates  slowly,  and  the  .separation  into 
clot  and  serum  is  very  incomplete.  The  corpuscles  are 
not  altered  in  shape,  but  there  is  a  remarkable  diminution 
in  the  proportion  of  water  and  neutral  salts,  and  a  de- 
crease in  the  amount  of  fibrin  and  albumin.  The  heart 
is  usually  soft  and  flabby,  the  muscle  degenerated,  with 
ecchymoses  in  the  pericardium.  'The  left  side  is  apt  to 
be  empty  and  contracted,  the  right  distended  with  dark, 
thick  blood.  The  arteries  are,  in  general,  nearly  empty, 
the  veins  distended  with  blood.  The  pleurae  are  very 
frequently  coated  with  a  glutinous,  stringy  substance, 
and  ecchymoses  often  appear  in  the  subplenral  cellular 
tissue.  The  lungs  are  usually  health}-,  but  presenting 
engorgements  at  the  posterior  portions:  or  they  may  con- 
tain pneumonic  areas  or  absces.ses  due  to  inhaled  vonii- 
tus.  The  bronchi  are  much  congested,  and  may  contain 
a  white,  stringy  mucus,  analogous  to  that  found  lining 
the  intestinal  canal.  The  condition  of  the  brain  and  spi- 
nal cord,  together  with  their  appendages,  is  merely  that 
of  congestion  without  special  lesion,  although  it  has  l)een 


declared  that  there  is  a  sensible  increase  iu  their  consis- 
tence. The  ganglionic  system  presents  no  change  worthy 
of  uotice.  The  muscles  are  often  engorged  wTth  blood, 
aud  a  very  marked  reddish-brown  discoloration  of  the 
bones  and  of  the  teeth  has  been  noticed  in  those  dying  of 
asphyxia.  Renal  congestion  is  the  marked  alteration  iu 
connection  with  the  genito-urinary  tract,  and  the  straight 
tubules  are  often  completely  stripped  of  their  epithelium. 
The  epithelium  of  the  convoluted  tubules  suffers  marked 
parenchymatous  degeneration,  even  in  cases  of  short 
duration.  In  those  dying  in  the  cold  stage  the  bladder 
is  empty  and  firmly  contracted.  The  uterus  usually 
shows  a  hemorrhagic  endometritis,  and  abortion  is  the 
rule  in  pregnant  women. 

Description  of  the  SPiniixUiM  of  CiioLEiiA. — Asiatic 
cholera  is  without  doubt  due  to  a  special  organism — the 
so-called  "comma  bacillus"  of  Koch— this  name  being  a 
misnomer,  for  the  bacterium  is  not  a  bacillus,  but  a 
spirillum. 

The  parasitic  nature  of  the  disease  was  suspected  for  a 
long  time.  A  number  of  observers  had  noted  the  pres- 
ence, in  the  cells,  of  bacteria  answering  the  descrijition 
of  this  special  one,  but  it  was  not  until  the  advance  in 
methods  of  observation  had  progressed  a  long  way  that 
it  was  possible  to  isolate  the  organism,  and  study  it  under 
artificial  conditions  in  such  a  manner  as  to  obtain  the  evi- 
dence necessary  to  connect  it  with  the  pioccss  as  a  causal 
factor.  It  wasinthe  year  1883that  Koch  first di.scovered 
and  described  the  spirillum  of  Asiatic  cholera,  which  he 
first  found  during  his  investigation  iu  Egypt  during  the 
epidemic  there,  and  studied  further  durin'g  the  following 
winter  iu  India. 

The  organism  occurs  especially  iu  the  small  intestine, 
is  generally  wholly  confined  to  the  contents  of  the  intes- 
tine and  the  glandular  culs-de-sac,  but  is  occasionally 
found  in  the  intestinal  walls.  It  is  exceptional  to  find  ft 
in  any  other  part  of  the  body,  and  it  is  not  strange  that 
investigations  undertaken  with  the  idea  that  cholera  was 
a  generalized  disease  were  not  productive  (jf  results. 
The  bacterium  is  found  in  large  quantities  in  the  dejecta, 
and  sometimes — in  fact  not  infrequently — in  almost  a 
pure  culture. 

In  the  intestines  and  in  the  dejecta  it  presents  the  ap- 
pearance-of  a  short,  thick  rod,  slightly  curved  in  the  long 
diameter,  hardly  half  as  long,  but  considerably  thicker 
than  the  bacillus  of  tuberculosis.  It  usually  occurs  in 
this  situation  singly,  but  not  infrequently  it  is  arranged 
in  pairs,  with  the  curves  oppo.sed  to  each  other,  and  thus 
recalling  the  shape  of  the  letter  "S."  There  are  many 
exceptions  to  this  rule,  and  a  simple  microscopical  ex- 
amination of  the  dejecta  does  not  suflice  to  establish  a 
diaguosis  of  Asiatic  cholera,  or  to  exclude  such  a  diag- 
nosis. Sometimes  no  curved,  S-shaped,  or  spirilliform 
organisms  are  seen,  but  the  preparation  contains  numer- 
ous granules  of  various  shapes.  If,  however,  plate  cul- 
tures are  made  from  these  discharges,  they  may  yield 
practically  pure  cultures  of  the  cholera  spirillum.  Even 
when  very  small  quantities  of  the  dejecta  are  used,  the 
colonies  may  crowd  the  plates.  Under  cultivation  in 
bouillon  the  organism  appears  longer  and  thinner,  and 
there  are  many  true  spirilla  to  be  seen  in  the  preparations 
made  from  such  a  culture.     (See  Plate  LIX.) 

A  characteristic  that  is  of  especial  interest  is  its  extreme 
motility,  which  has  been  demonstrated  by  Liiffler  to  be 
due  to  a  fine  cilium  or  two,  occasionally  three  cilia, 
which  are  longer  than  the  bacteria,  ])laced  at  one  end  of 
the  organism.  Shortly  before  division,  both  ends  pos- 
sess cilia.  After  prolonged  artificial  cultivation  the 
motility  is  reduced  in  activity. 

ShajK'  and  motility  arc  not,  however,  sufficient  to  dif- 
ferentiate this  bacterium  from  others  with  similar  charac- 
teristics— and  tliere  are  many  that  possess  such — but  the 
method  of  development  upon  the  various  culture  media 
is  entirely  characteristic,  and,  as  .shown  by  Koch,  is  all 
that  is  necessary  for  separating  this  one  in  partievdar 
from  the  others  that  I'esemble  it.  It  liquefies  gelatin, 
but  it  does  this  slowly,  and  at  the  .same  time  a  certain 
part  of  this  liquefied  portion  evaporates,  and  as  a  result 
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there  is  a  speeisil  appeiirancc  of  tlie  culture  that  is  shared 
by  only  a  few  other  s]iirilla.  At  the  upj)er  portion  of  the 
gehitiu  there  is  a  round  cavity  full  of  air.  ami  as  the  sur- 
rounding gelatin  has  remained  soliil.  the  appearance  is 
that  of  a  liublile  of  air  in  the  midst  of  the  up]ier  part  of 
the  gelatin  and  above  t  he  liiiuetied  part.  The  appearance 
is  wlKilly  dilTereut  when  the  organism  found  by  Finkler 
is  ])ut  uiiiler  the  same  conditions,  and  equally  so  with  the 
cheese  spirillum  of  Deneke.  The  spirillum  of  Metschni- 
UolT  grows  in  very  similar  fashion  in  stab  cultures  in 
gelatin,  and  there'  have  been  isolated  from  water  and 
other  sources  spirilla  which  cannot  be  distinguished  from 
the  cholera  vibrio  in  this  culture  medium. 

Moi-pholo;/!/. — Slightly  curved  rods,  with  rounded  ends, 
from  0.8/t  to  IJ^  long,  and  about  0.3u  to  0.o/(  broad. 
Tliey  are  usually  but  slightly  curved,  like  a  comma,  but 
are  "occasionally  in  the  form  of  a  lialfcirele,  or  two 
united  rods  curved  in  opposite  directions,  forming  an 
S-shaped  figure.  Under  certain  circumstances  these 
curved  rods  may  develop  into  long  spiral  filaments,  and 
in  hanging-drop  cultures  the  S-shaped  figures  may  also 
be  seen  to  form  the  commencement  of  a  spiral.  In  stained 
preparations  the  spiral  character  of  the  long  filaments  is 
often  obliterated,  or  nearly  so.  When  development  is 
very  rapid,  the  short  curved  rods,  or  S-shaped  spirals, 
only  are  seen,  but  in  hanging-drop  cultures,  or  in  media 
in  which  the  development  is  retarded  by  an  unfavorable 
temperature,  the  presence  of  a  little  alcohol,  and  .soon, 
the  long  spiral  filaments  are  quite  numerous,  and  it  is 
quite  generally  agreed  that  the  so-called  comma  bacillus 
is  really  only  a  fragment  of  a  true  spirillum. 

By  Loftler's  metliod  of  staining,  the  rods  ma}'  be  seen 
to  have  from  one  to  three  terminal  flagella.  In  old  cult- 
ures the  bacilli  frequently  lose  their  characteristic  form, 
and  become  variously  swollen  and  distorted.  Hueppe 
has  described  the  appearance  in  the  course  of  the  spiral 
filaments,  of  spherical  bodies  which  he  believes  to  be  re- 
productive elements,  the  so-called  arthrospores.  These 
bodies  are  not  functionally  spores;  for  cultures  contain- 
ing them  are  no  more  resistant  than  those  which  contain 
spirilla  without  the.se  bodies.  The  cholera  bacillus  stains 
with  the  usual  aniline  colors,  but  not  so  quickly  as  many 
other  bacteria.  It  is  best  stained  by  a  watery  solution  of 
fuchsiu.  It  will  not  stain  by  Grain's  method.  Sections 
may  be  stained  by  Lijftier's  methylene  blue. 

Biological  Chiracturs. — It  is  an  aerobic,  facultative 
anaerobic,  liquefying,  motile  spirillum,  grows  in  the 
usual  culture  media  at  the  room  temperature,  more  rapid- 
ly in  the  incubator,  does  not  develop  above  42°  C.  or 
below  1-1'  C,  does  not  form  endogenous  spores.  In  gela- 
tin plate  cidtures,  at  23'  C,  at  the  end  of  twenty-four 
hours  small  white  colonies  may  be  perceived  in  the  depth 
of  the  gelatin.  These  grow  toward  the  surface,  and  cause 
liquefaction  of  the  gelatin  in  the  form  of  a  funnel  that 
gradually  increases  in  depth,  and  at  the  bottom  of  which 
is  seen  the  colony,  in  the  form  of  a  small  white  mass.  As 
a  result  of  this,  the  plates  on  the  second  or  third  day  ap- 
pear to  be  perforated  with  numerous  small  holes;  later, 
the  gelatin  is  entirely  liquefied.  Under  a  low  power,  the 
young  colonies,  before  liquefaction  has  commenced,  pre- 
sent a  somewhat  characteristic  appearance.  They  are  of 
a  white,  or  pale  yellow  color,  with  a  more  or  less  irregu- 
lar outline,  the  margins  being  rough  and  uneven ;  the 
texture  is  coarsely  grannlar,  and  the  surface  looks  as  if  it 
was  covered  with  little  fragments  of  broken  glass,  while 
the  colony  has  a  shining  appearance.  When  liquefaction 
conmiences,  an  ill-defined  halo  is  first  seen  to  surround  the 
granidar  colony,  which  by  transmitted  light  has  a  pecul- 
iar roseate  hue. 

In  gelatin  needle  cultures  development  occurs  all  along 
the  line  of  inoculation,  but  liquefaction  of  the  gelatin  oc- 
curs at  first  onh-  near  the  surface.  On  the  second  day, 
at  20'  C,  a  short  fnmiel  is  formed  that  has  a  compara- 
tively narrow  mo\illi,  the  upper  portion  containing  air; 
just  below  this  is  the  whitish  viscid  mass  of  the  growth. 
At  the  end  of  from  four  to  si.v  days,  the  funnel,  having 
increased  in  depth  and  diameter,  may  reach  the  walls  of 
the  test  tube.     In  from  eight  to  fourteen  days  the  upper 


two-thirds  of  the  gelatin  is  completely  liquefied.  Owing 
to  the  slight  liquefaction  occurring  along  the  line  oi 
growth  the  first  three  or  four  days,  the  central  mass  that 
has  formed  along  the  line  of  inoculation  settles  down  as  a 
curved  or  irregularly  bent  j'ellowish-white  thread,  in  the 
lower  part  of  a  slender  tube  tilled  with  licpiefied  gelatin, 
the  upper  part  of  which  widens  out,  and  is  continuous 
with  the  funnel  above.     (See  Fig.  5  of  Plate  IJX.) 

On  the  surface  of  nutrient  agar  a  moist,  shining,  white 
layer  is  formed  along  the  line  of  inoculation.  Blood 
serum  is  slowly  liquefied.  On  potato  in  the  incubator,  a 
rather  thin  semitransparent  brown,  or  grayish-brown 
layer  is  developed. 

In  nutrient  bouillon  the  development  is  abundant  and 
rapid,  especially  in  the  incubator.  The  fluid  is  only 
slightly  clouded,  but  the  spirilla  accumulate  at  the  sur- 
face, forming  a  wrinkled  membranous  layer. 

Sterilized  milk  is  also  a  favorable  cidture  medium. 
The  milk,  however,  is  not  visibly  altered  by  the  growth 
of  the  bacilli. 

In  general  this  organism  grows  in  any  fluid  containing 
a  small  quantity  of  organic  material  and  having  a  slightly 
alkaline  reaction.  An  acid  reaction  of  the  culture  me- 
dium prevents  its  development  as  a  rule,  but  it  has  the 
power  of  gradually  accommodating  itself  to  the  presence 
of  vegetable  acids,  and  grows  upim  potatoes  (in  the 
incubator  only)  which  have  a  slightly  acid  reaction. 
Abundant  development  occurs  in  bouillon  which  has 
been  diluted  with  eight  or  ten  parts  of  water,  and  the 
experiments  of  Wolffliugel  and  Riedel  show  that  it  al.so 
multiplies  to  someextent  in  sterilized  rivcror  well  water, 
and  that  it  preserves  its  vitality  in  such  water  for  several 
months,  but  in  milk  or  water  containing  other  bacteria  it 
dies  out  in  a  few  davs.  .  This  organism  is  destroyed,  in 
recent  cultures,  in  nutrient  gelatin  at  .52°  C,  as  deter- 
mined hy  Sternberg,  the  time  of  exposure  being  four 
minutes.  A  few  colonies  only  develop  after  exposure  to 
a  temperature  of  50"  C.  for  ten  minutes.  In  Kitasato's 
experiments  ten  or  even  fifteen  minutes'  exposure  to  a 
temperature  of  5.5'  C'._was  not  always  successful  in  de- 
stroying the  vitality  of  the  spirilla,  although  in  certain 
cultures  exposure  to  50°  C.  for  fifteen  minutes  was  suc- 
cessful. The  low  resisting  power  to  heat,  desiccation, 
and  chemical  agents,  indicates  that  this  organism  does 
not  form  spores,  and  most  bacteriologists  agree  that  this 
is  the  case. 

Hueppe  hasdescribed  a  modeof  spore  formation  which 
is  different  from  that  occurring  among  the  bacilli,  that  is, 
the  formation  of  so-callcti  arthrospores.  These  are  said 
to  be  developed  in  the  course  of  the  spiral  threads,  not 
as  endogenous,  refractive  spores,  but  as  spherical  bodies 
with  a  somewhat  greater  diameter  and  somewhat  more 
refractive;  but  this  method  of  spore  formation  has  not 
been  observed  by  others  who  have  investigated  the  ques- 
tion, and  cannot  be  considered  established. 

The  test  for  the  jiresence  of  the  cholera  spirilla  origi- 
nated by  Bujwid  and  by  Dunham  consists  in  the  reddish- 
violet  color  produced  in  the  bouillon  cultures  containing 
peptone,  or  in  cultures  in  nutrient  gelatin  when  a  small 
quantity  (five  to  ten  per  cent.)  of  sulphuric  acid  is  added 
to  the  cultures.  According  to  Fraenkel  this  test  serves 
to  distinguish  it  from  the  ordinary  bacteria  of  the  intes- 
tine, and  from  the  Finkler-Prior  spirillum,  but  not  from 
Metschnikoff's  spirillum.  The  reaction  is  shown  by 
bouillon  cultures  which  have  been  in  the  incubator  for 
ten  or  twelve  hours,  and  by  gelatin  cultures  in  which 
liquefaction  has  occurred.  The  sulphuric  acid  should  be 
quite  pure.  The  color  quickly  appears,  and  is  reddish- 
violet  or  pur]ilish-red.  According  to  Salkowski,  the  red 
color  is  due  to  the  well-known  iudol  reaction,  which  in 
cultures  of  the  cholera  spirillum  is  exceptionally  intense 
and  rapid  in  its  development. 

The  most  satisfactory  method  for  obtaining  the 
"cholera-red"  reaction — as  we  have  had  lately  abundant 
opportunity  to  verify — is  that  of  Beyerinck  ("Cat.  f. 
Bact.  i'l.  Parasit.,"  Bd.  xii.,  S.  715)  in  which  cultures  are 
made  in  filtered  neutralized  (mehalf-per-cent.  solution  of 
commercial  peptone,  at  37°  C.     After  twelve  to  twenty- 
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Ftp.  1. — Milieus  from  the  lutcstiuc  of  a  Cliolera  Patient.  Covei'-glass  proparatiou,  stained  with 
gentian  violet.     Magnified  800  diameters.     (Fraenkel.) 

Fig.  2. — Colony  of  Cholera  Bacilli  in  Gelatin,  after  the  Lapse  of  Seventy-two  Hours.  JIagnilieti 
75  diameters.     (Plagge.) 

Fig.  3.— Colony  of  Cholera  Bacilli  in  Gelatin,  after  the  Lapse  of  Seventy-two  Hours.  Magnilied 
170  diameters.     (Koch.) 

Fig.  4.— Cholera  Hacilli  from  a  Bouillon  Culture  at  the  Expiration  of  Twenty-four  Hours.  Cover- 
glass  prejiaratiou  stained  with  fucbsin.     >Lignitied  1.000  diameters.     (Koch.) 

Fig.  5. — Needle  Cultures  of  Cholera  Bacilli  in  Nutrient  Gelatin,  at  the  expiration  of  one  tlay,  three- 
days,  four  days,  tive  days,  seven  days,  and  ten  days,  respectively.  (From  Koch  and  Gaffky: 
"  Bericht  liber  die  Thiitigkeit  der  zur  Erforschuug  der  Cholera  im  Jahre  18^3  nach  Egypten  unci 
Indien  entsandten  Commission,"  Berlin,  1887.) 
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four  hours  the  cultures  are  cooled,  and  from  two  to  five 
drops  of  chemically  pure  sul|iliuric  acid  arc  added.  If 
the  spirillum  be  present,  a  very  marked  and  beautiful 
rose-violet  color  is  produced  in  the  course  cif  a  few  mo 
ments.  In  peptone-water  cultures  this  indol  reaction  is 
perceptible  as  soon  as  the  faintest  clouding  of  the  medium 
can  be  observed.  Four  to  six  hours'  incubation  at  37'  C. 
raaj'  suffice. 

A  test  which  is  sjiid  to  distinguish  cultures  of  the 
cholera  spirillum  from  the  spirillum  of  Deneke  and  that 
of  Finkler-Prior  has  been  suggested  by  Cahen.  This  con- 
sists in  adding  a  solution  of  litmus  to  the  bouillon,  and 
in  making  the  cultures  at  37'  C.  The  cholera  cultures 
show  on  the  following  daj-  a  decoloration  wliich  does  not 
occur  at  this  temperature  with  the  other  spirilla  named. 
For  determining  as  promptly  as  possible  whether  certain 
suspected  excreta  contain  the  cholera  spirilla,  a  little  of 
the  material  may  be  used  to  inoculate  greatly  diluted 
bouillon,  or  a  oni^-per-cent.  peptone,  one-half-per-cent. 
salt  solution,  gelatin  plates  being  made  at  the  same 
time.  At  the  end  of  ten  or  twelve  hours  the  cholera 
spirilla,  if  present,  will  already  have  formed  a  cliaracter- 
istic  wrinkled  tilm  upon  the  surface  of  the  bouillon.  A 
little  of  tins  should  be  used  to  start  a  new  culture  in 
bouillon,  and  a  series  of  gelatin  plates  made  from  it, 
after  which  the  indol  test  may  be  applied.  In  the 
peptone  solution  mentioned  above,  the  cholera  spirilla 
seek  the  surface  of  the  medium,  and  if  cultivated  at  37'  C. 
a  little  of  the  material  may  be  taken  with  a  loop  from  the 
surface  at  the  expiration  of  three  hours  and  used  for  plate 
cultures  or  for  examination  in  the  hanging  drop.  The 
result  of  this,  in  connection  with  the  morphology  of  the 
micro-organisms  forming  the  tilm,  and  the  character  of 
growth  in  the  gelatin  jilates,  will  establish  the  diagnosis, 
if  the  cholera  spirillum  is  present  in  considerable  num- 
bers; if  but  few  are  present  in  the  original  material  it 
may  lie  necessary  to  make  two  or  more  series  of  plates 
and  bouillon  cultures  before  a  pure  culture  can  be  ob- 
tained, and  a  positive  diagnosis  made.  These  tests  will 
sutRce  for  the  purpose  in  times  of  epidemic  cholera,  but 
when  there  is  doubt  concerning  the  existence  of  cholera 
in  the  region,  more  rigorous  identitieation  is  desirable. 
The  viridence  of  the  cultures  may  be  tested  on  guinea- 
pigs  and  the  agglutinative  test  with  the  serum  of  im- 
munized animals  applied. 

Pfeitfer  has  shown  that  recent  aerobic  cultures  of  the 
cholera  spirillum  contain  a  specific  toxic  substance  fatal 
to  guinea-pigs  in  extremely  small  doses.  This  sub.stance 
stands  in  close  relation  with  the  bacterial  cells,  and  is 
perhaps  an  integral  part  of  the  same. 

The  spirilla  may  be  killed  by  chloroform,  by  thymol,  or 
by  desiccation  without  apparent  injury  to  the  toxic  char- 
acter of  this  material.  It  is  destroyed,  however,  by  ab- 
solute alcohol,  by  concentrated  solutions  of  neutral  salts, 
and  by  the  boiling  temperature,  and  secondary  ]n-oducts 
are  formed  which  have  a  similar  physiological  action,  but 
are  from  ten  to  twenty  times  less  potent. 

Similar  toxic  substances  were  obtained  by  Pfeiffer  from 
cultures  of  the  Finkler-Prior  spirilla,  and  from  the  spirilla 
of  Metschnikoff. 

The  spirillum  is  not  found  in  the  blood,  nor  in  the  va- 
rious organs  of  individuals  dead  of  cholera,  but  is  always 
found  in  the  discharges  during  life,  and  in  the  contents 
of  the  intestines  examined  immediately  after  death,  fre- 
quently in  almost  a  pure  culture  in  the  colorless  rice- 
water  discharges.  They  may  persist  in  the  discharges 
for  twenty-three  or  more  days,  but  usually  disappear 
from  the  ninth  to  the  twelfth  day  of  the  disease.  Occa- 
sionally they  may  fail  to  appear  in  cultures  for  one  or 
more  days  during  the  attack.  It  is  evident  that  the  mor- 
bid phenomena  must  be  ascribed  to  the  absorption  of 
tdxic  substances  formed  during  the  growth  of  the  spiril- 
lum in  the  intestine.  In  cases  wliich  terminated  fatally 
after  a  very  brief  sickness  Koch  found  but  very  slight 
changes  in  the  mucous  membrane  of  the  intestine,  which 
was  slightly  swollen  and  reddened;  but  in  more  pro- 
tracted cases  the  follicles  and  Peyer's  patches  were  red- 
dened about  their  margins,  and  an  invasion  of  the  mucous 


membrane  by  the  organisms  was  observed  in  luoperly 
stained  sections.  They  penetrated  especially  the  folli- 
cles of  Lieberkiihn,  and  in  some  cases  were  seen  between 
the  epithelium  and  the  basement  membrane.  As  a  rule, 
the  spirillum  is  not  present  in  vomited  material,  but  there 
are  numerous  exceptions  to  this  rule  on  record.  All 
observers  have  found  the  organism  ahva^-s  present  in 
cases  of  true  cholera:  on  the  other  hand,  very  numer- 
ous Cdntrol  experiments  fail  to  show  its  presence  in  the 
intestinal  contents  of  healthy  persons,  when  cholera  is 
not  prevalent,  or  in  that  of  those  dead  from  other  dis- 
eases. 

Nicati  and  Rietsch  observed  a  certain  degree  of  attenu- 
ation in  the  patho.genic  power  of  the  spirillum,  after  it 
bad  been  cultivated  for  a  considerable  time  at  from  20° 
to  25°  C,  and  the  observation  has  since  been  made  that 
cultures  which  have  been  kept  up  from  Koch's  original 
material  have  no  longer  the  original  pathogenic  power. 
The)'  also  gradually  change  in  biological  characters  upon 
prolonged  cultivation,  the  colonies  on  gelatin  plates  being 
much  less  glistening  and  granular. 

The  organism  most  likely  to  be  confounded  with  the 
cholera  spirillum,  and  from  which  it  must  be  ditferen- 
tiated  by  the  methods  of  cultivation,  as  well  as  by  the 
aid  of  the  microscope,  is  the  spirillum  of  Finkler-Prior, 
otherwise  called  the  vibrio  proteus.  It  was  obtained  by 
Finkler  and  Prior  in  1884,  from  the  faeces  of  patients  with 
cholera  nostras,  after  allowing  the  dejecta  to  stand  for 
.some  days.  Subsequent  researches  have  not  sustained 
the  view  that  this  spirillum  is  the  specific  cause  of 
cholera  nostras.  Besides  this  spirillum  many  others, 
more  or  less  resembling  the  spirillum  of  cholera,  have 
been  isolated.  'With  the  exception  of  the  vibrio  of  Ivan- 
off  (Migula),  an  organism  incidentally  isolated  from  the 
stools  of  a  patient  suflering  from  typhoid  fever,  none 
of  these  spirilla  agglutinate  with  cholera  immune  serum. 
The  colonies  of  this  vibrio,  however,  do  not  closely  re- 
semble those  of  cholera  on  gelatin  plates,  being  less 
gr.anular  and  more  filamentous. 

Despite  the  numerous  controversies  on  the  subject  since 
the  first  announcement  by  Koch  that  he  considered  liis 
spirillum  to  be  the  cause  of  cholera,  and  the  many  asser- 
tions to  the  contrary,  the  relationship  between  the  two  is 
to-day  admitted  by  practically  all  authorities.  The  opin- 
ion to  this  effect  is  based  upon  a  number  of  reason.s,  some 
of  which  are  as  follows: 

1.  The  spirillum  of  Koch  has  never  been  found  in  any 
other  disease,  a  point  that  has  been  established  b)'  in- 
numerable observations. 

2.  This  spirillum  is  found  in  all  cases  of  Asiatic  cholera, 
without  exception,  provided  that  the  case  is  not  too  far 
advanced.  In  such  a  case  there  has  been  a  secondary  in- 
fection, that  has  killed  out  the  true  organism  and  masked 
its  effects.  Ever  since  the  first  announcement  of  this 
discovery  by  Koch,  observers  have  verified  his  asser- 
tions in  all  parts  of  the  world  where  cholera  has  been 
iuvestigateil. 

3.  This  spirillum  is  found  in  slight  cases  as  well  as  in 
severe.  It  is  preseiit  in  the  beginning  of  the  attack,  and 
it  is  located  in  the  intestine,  that  is  to  say  in  the  region 
especially  attacked  by  the  disease,  and  in  which  occur 
the  initial  and  essential  lesions. 

The  attempts  to  add  to  these  arguments  the  more  de- 
cisive one  of  successful  inoculation  experiments,  were 
at  the  first  not  satisfactory  in  their  results.  Nicati  and 
Kietsch  were  the  first  to  secure  successful  results,  which 
they  obtained  by  introducing  pure  cultures  of  the  organ- 
ism into  the  duodenum  of  guinea-pigs,  in  which  animals 
they  had  previously  tied  the  ductus  choledoclius.  By 
these  experiments  they  obtained  symptoms  extremely 
analogous  to  those  of  "true  cholera,  and  Koch  also  suc- 
ceeded in  the  same  direction  by  passing  the  infections 
material  (iiurc  cultures)  into  the  stomach  by  an  o'sopha- 
geal  catheter.  In  his  experiments  the  animals  had  been 
previously  narcotized  by  the  injection  of  tincture  of 
opium,  to  prevent  peristalsis,  and  their  stomachs  had 
been  made  alkaline  by  the  introduction  of  carbonate  of 
soda,  a  solution  to  make  the  contents  of  the  stomach 
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alkaline  being  necessary,  because  the  spirillum  of  Asiatic 
cliolcra  will  uot  dcveloii  in  an  aciil  nieilium. 

Diiyun  has  shown  thai  hy  intnulufinjr  alcohol  into  the 
stomach  the  alkaline  solution  and  the  tinctuie  of  opium 
may  he  dispensed  with.  But.  howevei-  the  experiments 
may  be  conducted,  they  all  show  one  important  thing — 
the  great  necessity  for  a  healthy  condition  of  the  gastro- 
intestinal tract  for  the  avoidance  of  infection  with 
cholera.  Dysiieptics  and  alcoholics  have  been  shown  in 
all  epidemics  to  be  especially  fatally  attacked  by  the  dis- 
ease. It  caiuiot  yet  be  aftirmcd  that  the  absolute  proof 
of  the  productioncif  cholera  by  the  specific  spirillum  has 
l)een  obtained,  because  the  methods  employed  in  the  ex- 
periments mentioned  above  leave  too  many  loop  holes 
open  for  the  occurrence  of  accidents,  and  yet  the  evi- 
dence is  so  nearly  complete  that  there  seems  to  be  no 
reason  for  any  doubt;  the  more  especially  as  the  e.vact 
experimental  evidence  can  probablj-  never  be  obtained, 
because  none  of  the  lower  animals,  so  far  as  is  known, 
arc  susceptible  to  cholera  under  natural  conditions.  The 
nearest  approach  to  an  actual  experiment  upon  man  is 
the  case  of  one  of  the  members  of  one  of  the  cholera 
courses  held  in  Berlin  in  the  winter  of  188-4-8.5.  This 
man,  a  pin'sician.  was  attacked  with  "cholerine,"  and 
after  some  sulTering,  but  no  dangerous  symptoms,  re- 
covered, the  cholera  spirilbim  being  isolated  from  the 
discharges  at  various  times  during  his  illness.  There 
seems  to  be  no  doubt  that  this  was  a  case  of  true  cholera, 
arising  from  some  carelessness  upon  the  victim's  part  in 
handling  the  cultures  with  which  he  had  to  deal  in  the 
laboratory,  for  there  were  no  cases  of  cholera  in  Berlin  at 
the  time,  nor  had  there  been  for  a  long  time  previous. 

The  famous  experiments  of  Pettenkofer  and  his  pupils 
and  similar  experiments  b.y  Metsehnikoff,  in  which  cult- 
ures of  cholera  spirilla  were  deliberately  swallowed,  do 
not  militate  against  the  etiological  impoitance  of  that 
spirillum.  These  experimenters  suffered  from  symptoms 
similar  to  those  observed  in  the  milder  forms  of  epidemic 
cholera,  and  the  dejecta  were  similar  in  character  and 
contained  the  .spirilla  in  like  numbers. 

The  entrance  of  the  spirilla  is  undoubtedly  effected  by 
means  of  the  gastro-intestinal  tract,  and  there  has  not 
been  a  particle  of  evidence  from  experimental  work  to 
favor  the  theory  of  Pettenkofer  that  it  may  enter  from 
the  air  and  through  the  respiratory  organs. 

The  acidity  of  the  gastric  juice  is  extremely  unfavor- 
able to  the  growth  of  the  organism,  and  this  explains  the 
liability  of  the  persons  with  functional  or  organic  dis- 
ease of  the  stomach  to  attacks  of  the  disease,  for  in  these 
instances  the  reaction  of  the  gastric  juice  is  altered  or 
modified  so  as  to  allow  the  spirillum  to  pass  this  point 
of  danger  and  reach  the  intestine,  where  there  are  more 
favorable  conditions  for  its  development.  Diluted  hydro- 
cidoric  acid  (0.0.5  percent.)  is  said  to  kill  the  spirillum  in 
six  minutes.  In  the  presence  of  pepsin  0.019  per  cent, 
of  acid  sutfices.  Water,  taken  on  an  empty  stomach,  ex- 
cites very  little  acid  secretion — in  fifteen  minutes  from 
0.011  to  6.03  per  cent.  These  quantities  are  entirely  too 
small  to  prevent  the  passage  of  the  organism. 

Nicati  and  Rietsch,  and  VanErmeiigen  determined  the 
toxicity  of  cultures  of  this  organism  when  they  had  been 
deprived  of  the  bacteria  by  filtration  or  when  the  bacteria 
had  been  killed  by  heating.  In  1885  Nicati  and  Rietsch, 
by  treating  similar  cultures  with  alcohol,  succeeded  in 
extracting  a  substance  that  killed  guinea-pigs  and  rab- 
bits, with  the  production  of  cramps  and  a  lowering  of 
temperature.  Brieger  studied  the  various  chemical  bodies 
that  appeared  in  the  cultures  of  the  cholera  spirillum; 
among  the  luimber  there  were  convulsivants,  methyl 
guanidin  and  a  base,  CsHeNo,  a  febricant  poison,  and 
comiiiiunds  that  produced  intlanuuation  and  necrosis. 
More  recently,  Brieger  and  Fraenkel  have  isolated  a  tox- 
albumin,  and  Petri  has  determined  the  presence  of  a  less 
active  substance,  toxopeptine. 

lluepiie  and  Scholl  have  perhaps  made  as  important 
researches  as  any  in  their  work  upon  cultures  that  have 
been  deprived  of  free  access  of  oxygen.  From  such  cult- 
ures they  succeeded  in  obtaining  a  peptoxin  that  in  a 


dose  of  5  c.c,  killed  guinea-pigs  in  forty  minutes,  the 
animal  presenting  paralytic  symptoms  after  ten  minutes 
and  convulsions  after  a  (|ua'rter  of  an  hour.  This  is  a 
more  active  poison  than  was  obtained  before  and  was  got 
in  larger  quantities;  an  egg  after  inoculation  with  a  pure 
culture  produced  at  the  eiid  of  eighteen  days  enough  to 
cause  the  death  of  ten  guinea-pigs.  The  importance  of 
this  is  .seen  when  it  is  rememberl-d  that  the  spirilla  are 
deprived  of  the  access  of  oxygen  when  they  are  develop- 
ing in  thehiuuan  intestine,  and  according  tiilhese  experi- 
ments are  therefore  under  the  most  favorable  conditions 
for  the  development  of  this  particular  toxin. 

Numerous  experiments  have  shown  that  tliiid  artificial 
media  do  not  usually  become  very  toxic  when  cholera 
spirilla  are  grown  in  them.  If  they  be  filtered  before  the 
vibrios  have  died  off  to  any  considerable  extent  the  filtrate 
is  not  highly  toxic,  while  the  residue,  consisting  largely 
of  the  bacteria  themselves,  is  toxic  in  very  nuich  greater 
degree,  even  if  heated  sutBcieutly  to  kill  the  bacteria. 
That  diffusible  toxins  may  be  produced  in  the  animal 
body  was  shown  by  Metsehnikoff,  Roux,  and  Taurelli, 
who  sealed  cultures  of  cholera  in  collodium  capsules 
which  were  introduced  into  the  peritoneal  cavities  of 
animals  with  fatal  results.  The  chemical  nature  of  these 
various  toxic  substances  is  unknown. 

A  temperature  of  from  30°  to  40°  C.  is  the  mo'St  favor- 
able for  the  development  of  the  cholera  spirillum,  but  it 
will  grow  slowly  at  a  temperature  as  low  as  17'  C.  It 
ceases  to  grow  at  a  temperature  lower  than  this,  but  its 
vitalit}'  is  not  destroyed,  and  it  grows  well  when  the 
temperature  is  again  raised;  at  —10°  C.  its  vitality  has 
been  retained,  but,  on  the  other  hand,  heating  to  a  tem- 
perature as  low  as  56°  or  60°  C.  is  sufficient  to" destroy  its 
vitality  in  a  short  time. 

Inasmuch  as  no  true  spore  formation  has  been  seen  to 
occur  in  the  development  of  this  organism,  it  is  not  sur- 
prising that  drying  was  shown,  first  by  Koch,  to  destroy 
its  vitality  in  a  very  short  time — less  than  twenty-foiir 
hours.  But  conclusions  drawn  from  his  experiments 
may  be  misleading,  for  while  this  destruction  of  vitality 
by  drying  does  occur  in  a  very  short  time  in  the  case  of 
thin  layers,  it  does  not  take  place  under  less  favoral  ilc 
conditions.  This  was  shown  by  Kita.sato.  and  by  Berk- 
holtz,  who  saw  the  vitality  retained,  the  one  for  thirteen 
days  and  the  other  for  tiiirty-eight.  in  experiments  in 
which  silk  threads  were  used  for  holding  the  organism 
during  their  subjection  to  desiccation.  It  should  be  said, 
however,  that  these  experiments  were  conducted  in  a 
desiccator,  which  did  not  permit  the  free  access  of  oxy- 
gen to  the  bacteria,  and  it  is  undoubtedly  the  case  that 
this  agent  is  as  important  as  any  in  the  production  of  the 
result  that  it  was  desired  to  obtain.  On  the  other  hand, 
desiccation  was  probably  more  complete  than  would  usu- 
ally be  the  case  under  more  natural  comlitions. 

The  organism  has  been  found  in  ordinary  drinking- 
water  by  Koch  in  one  of  the  tanks  in  India,  in  the  neigh- 
borhood of  which  an  epidemic  of  cholera  had  broken 
out.  It  does  not  live  long  in  distilled  water,  however, 
as  shown  by  jVIeade  Bolton,  AV'olfhtigel  and  Riedel,  and 
others.  Strauss  and  Dubarry  fotind  that  it  lived  for 
fourteen  days  in  one  case,  and  Kraiis,  for  two  days  onlv. 
Other  observers  have  not  seen  it  retain  its  vitality  for 
anything  like  so  long  a  time.  In  ordinary  sterilized 
water  it  lives  longer,  according  to  the  experiments  of 
AVolfhiigel  and  Riedel,  as  well  as  Pfeiffer,  who  found 
that  it  existed  for  seven,  nine,  and  twelve  months,  while 
ITochstetter  lengthened  this  time  to  three  hundred  and 
ninety-two  daj-s.  And  more  receufi)'  viability  has  been 
observed  after  nearly  two  and  a  half  years.  Its  vitality 
appears  to  be  shorter  again  in  non-sterilized  water. 
Strauss  and  Dubarry  found  it  to  be  thirty  days  in  one 
specimen,  and  thirty -nine  in  another;  while  a  mixture  of 
other  bacteria  shortens  the  time  still  more.  This  latter 
point  is  one  of  great  importance  and  has  been  studied  by 
many  experimenters.  Koch  deternu'ned  that  the  organ- 
isms ceaseil  to  live  in  onlinary  drinking-water  at  tlie  end 
of  six  or  seven  days,  and  that  after  twentj'-four  hours' 
contact  with   sewer  water  tliey  appeared  to  be  dead; 
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while  Schiller,  on  the  other  haiul,  foimd  that  they  re- 
taiued  their  vitality  in  the  same  medium  for  fourteen 
days.  Petri,  iu  an  effort  to  find  out  how  long  they  lived 
in  the  intestine  after  burial,  was  able  to  demonstrate 
them  in  cultures  at  the  end  of  nineteen  days.  Certain 
foods  may  be  of  great  importance  in  transmitting  the 
organism,  as  in  tlie  ca.se  of  milk,  in  which  it  grows  with 
great  energy  and  without  producing  the  least  visible 
alteration;  it  lias  been  shown  that  it  will  live  for  at  least 
four  days  iu  milk  and  forty-eight  in  butter. 

Most"  of  these  experiments  were  conducted  with  the 
idea  that  this  organism  is  an  aProbic  one,  but  Hueppe 
has  shown  that  it  is  also  anaerobic,  and  that  grown 
under  these  conditions  the  spirillum  is  possessed  of  a 
greater  virulence,  but  it  is  also  easier  of  destruction.  As 
suggested  by  Proust,  this  may  explain  the  comparative 
rarity  of  immediate  infection".  Tlie  bacterium  coming 
from  the  intestine  as  an  anaerobic  organism  is  possessed 
of  feeble  resisting  powers  and  is  therefore  easilj-  de- 
stroyed, and  it  is  only  after  it  has  taken  on  the  conditions 
of  aerobic  growth  that  are  furnished  it  in  the  medium  in 
which  it  develops  outside  of  the  body  that  it  finds  itself 
possessed  of  the  power  of  resistance  sufficient  to  enable 
it  again  to  enter  the  human  body.  Such  observations  are 
of  especial  interest  in  connection  with  the  theory  ot  Pet- 
tenkofer  {vide  supra),  as  seeming  to  show  that  his  idea  of 
the  influence  of  locality  is  exact,  in  so  far  as  this  in- 
fluence is  exerted  in  changing  the  anaOrobic  to  aerobic 
conditions  of  growth  and  effecting  an  adaptation  of  the 
organism  to  this  change. 

According  to  Koch,  solutions  of  1  in  400  of  carbolic 
acid,  1  in  3,500  of  sulphate  of  copper,  and  1  in  10,000  of 
corrosive  sublimate  are  sutlicieat  for  the  arrest  of  the  de- 
velopment of  the  spirillum  of  A.siatic  cholera.  Esmareh 
and  Eisenberg  show  that  creolin  will  destroy  it  more 
quickly  than  carbolic  acid  in  solutions  of  the  strength 
of  from  1  in  1,000,  or  1  in  2,000.  Liborius.  Kitasato,  and 
Pfuhl  have  shown  the  active  effect  of  freshly  prepared 
milk  of  lime,  while  Huep)ie  and  Loewenthal  convinced 
themselves  of  the  important  prophylactic  and  therapeutic 
value  of  salol  in  the  management  of  cholera. 

Treatment.  —  Innculation  Ayainst  Cholera. — The  first 
efforts  to  confer  active  or  passive  immunity  to  cholera  in 
the  human  subject  were  made  by  Ferran,  a  Spanish 
physician  (Report  to  the  Academy  in  Barcelona,  July 
16t'h,  1S84),  who  attempted  to  immunize  more  than 
twenty-five  thousand  people  during  1885,  when  cholera 
was  epidemic  in  Spain.  His  method  consisted  in  the 
subcutaneous  injection  of  increasing  amounts  of  viru- 
lent cultures  of  the  cholera  vibrio,  live  or  six  days  being 
allowed  to  elapse  between  successive  injections.  Three 
such  injections  were  regarded  by  him  as  fully  protective 
against  the  disease.  He  also  "employed  injections  of 
blood  from  those  who  had  recovered  from  cholera  to  pro- 
tect others  from  attacks  of  the  malady.  His  enthusiastic 
claims  for  the  efficiency  of  these  prophylactic  measures 
were  discredited  by  other  observers,  and  there  appears 
to  be  no  doubt  that  his  methods  were  faulty.  The 
purity  of  his  cultures  is  open  to  question  and  his  claims 
were  exaggerated.  But  his  conceptions  w-ere  the  same 
as  those  \vhich  subsequently  led  to  more  careful  and 
promising  work  in  this  direction,  and  the  credit  of  prior- 
ity belongs  to  him. 

Since  these  early  attempts  of  Ferran,  which  were  based 
upon  studies  of  the  immunization  of  guinea-pigs  at  a  time 
when  proper  methods  had  not  been  elaborated,  numerous 
investigators  have  experimented  on  animals  in  this  direc- 
tion and  have  obtained  residts  which  throw  considerable 
liglit  on  the  character  of  the  imnuinity  that  can  be  con- 
ferred upon  animals,  and  presumably  upon  man. 

One  of  the  difficulties  encountered  in  this  work  is  due 
to  the  fact  that  the  lower  animals  do  not  respond  to 
cholera  infections  so  as  to  present  a  well-defined  disease 
coni])arable  to  human  cholera.  Fatal  residts  may  follow 
intravenous,  subcutaneous,  or  intraperitoneal  inoculations 
with  cholera  cultures,  and  also  after  the  introduction  of 
c\dtures  into  the  stomach.  But  special  preparation  of  the 
animals  for  this  last  mode  of  inoculation  is  usually  nec- 


essary. The  procedure  for  this  purpose,  devised  by 
Koch  for  guinea-pigs,  was  the  neutralization  of  the 
stomach  contents  with  sodium  carbonate,  and  the  check- 
ing of  intestinal  peristalsis  with  a  subcutaneous  injection' 
of  tincture  of  opium.  \i,  after  this  preparation,  tlie  aui- 
mals  receive  cultures  of  the  cholera  vibrio,  introduced 
through  a  stomach  tube,  they  develop  symptoms  which 
bear  some  resemblance  to  the  algid  stage  of  cholera. 
The  temperature  falls,  the  skin  becomes  cyanotic,  and 
great  muscular  weakness  is  manifested  by  inabililj'  to 
walk  or  stand.  Occasional  muscular  spasms  ai'e  fre- 
quently observed  and  I  he  animals  die  after  several  hours. 
These  symptoms  do  not  develo]!  immediately  after  the 
inoculation,  and  there  is  evidently  a  very  considerable 
multiplication  of  the  vibrios  in  the  intestine.  At  autopsy 
the  serous  coat  ot  the  intestine  is  injected,  the  intestinal 
wall  is  swollen,  and  a  serous  fluid  containing  desqua- 
mated epithelium  tills  the  bowel.  There  are  usually  no 
evacuations,  though  occasionally  a  thin  serous  fluid  es- 
capes from  the  anus. 

While  these  manifestations  bear  some  resemblance  to 
the  algid  stage  of  human  cholera,  the  results  of  such  in- 
oculations cannot  be  regarded  as  satisfactory  reproduc- 
tions of  this  disease.  In  1893  Metschuikofl'  published 
ob.servations  showing  that  young,  suckling  rabbits  might 
be  inoculated  with  minute  quantities  of  cholera  vibrios 
placed  in  the  mouth,  and  that  they  then  developed  a 
fatal  disease  more  closely  resembling  human  cholera  than 
that  obtained  in  guinea-pigs  by  Koch.  This  was  subse- 
quently shown  to  be  the  case  when  very  young  kittens 
or  puppies  were  employed.  We  shall  have  occasion  to 
refer  to  these  experiments  again. 

Experiments  with  a  view  of  determining  the  possibili- 
ties of  immunizing  against  cholera  have  been  very  nu- 
merous. Most  of  the  observations  have  been  made  on 
guinea-pigs,  though  other  animals  have  also  been  em- 
ployed. It  has  not  been  difficult  to  attain  positive  results 
in  many  different  ways.  Intraperitoneal,  subcutaneous, 
or  even  intravenous  inoculations  with  non-lethal  amounts 
of  living  cultures  of  cholera  vibrios  is  followed  within  a 
few  days  by  a  species  of  immunity  manifested  by  bac- 
teiicidal  or  bacteriolytic  properties  of  the  serum  of  the 
animal.  Such  animals  will  then  survive  inoculations 
with  virulent  cultures  in  amounts  which  considerably 
exceed  those  regularly  fatal  to  normal  animals.  Similar 
results  may  be  obtained  by  the  use  of  dead  cultures, 
whether  the  vibrios  have  been  killed  by  heat  or  by  the 
addition  of  germicides.  Such  animals  also  are  immune 
against  inoculation  witli  virulent  cultures  iu  considerable 
amount.  This  immunity,  whether  caused  by  living  or  by 
dead  cultures,  protects  the  animals  against  inoculations 
into  the  blood,  peritoneum,  or  beneath  the  skin;  but  ap- 
pears to  have  little  if  any  effect  upon  the  course  of  the 
disease  when  cultures  are  introduced  into  the  mouth  or 
stomach.  This  fact  was  strikingly  manifest  in  experi- 
ments in  very  young  animals,  which,  as  stated  above, 
readily  acquire"  a  form  of  cholera  when  very  small 
amounts  of  cultures  are  introduced  into  the  mouth. 
Moreover,  very  large  amounts  of  cholera  cultures  intro- 
duced into  the"  blood  or  peritoneal  cavity  cause  death  in 
immunized  animals  in  spite  of  tlieir  protection  against 
moderate  lethal  doses.  Large  doses  of  dead  cultures 
also  cause  death.  A  fact  worthy  of  note  is  that  filtered 
recent  cultures  of  the  cholera  vibrio  are  neither  very 
toxic  nor  useful  for  immunization. 

The  results  of  the  experiments  mentioned  above  lead  to 
the  inference  that  the  introduction  into  the  body  of  non- 
lethal  quantities  of  the  vibrio  calls  forth  the  production 
of  anti-bodies  that  are  destructive  to  the  vibrio  if  they 
are  brought  into  contact  with  it.  but  that  they  are  not 
capable  of  neutralizing  toxic  substances  that  appear  to 
be  closely  associated  with  the  bodies  of  these  micro- 
organisms if  not  actually  a  part  ot  their  structure.  The 
immunity  obtained  is  due  to  bacteriolysis  and  not  to 
antitoxins.  We  mav,  therefore,  fatally  poison  an  immune 
animal  with  cholera  cultures  though  it  be  capable  of 
destroying  a  limited  number  of  cholera  vibrios  which  are 
brought  into  its  tissue  fluids. 
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It  has  beeu  showu  that  tlie  bloo<l  and  serum  from  pa- 
tients who  have  recovered  from  attacks  of  cholera  also 
contain  these  or  similar  bacteriolytic  sul)stances, .  but 
there  appears  to  be  no  antitoxic  substance  in  these  fluids. 

These  bacteriolytic  antibodies  do  not  exist  to  an  appre- 
ciable extent  in  the  blood  of  convalescents  immediately 
upon  recovery,  but  are  distinctly  active  about  three 
weeks  after  the  attack,  then  gradually  accumulate  or 
iucrease  in  potency  until  a  maximal  efficiency  is  reached 
between  the  fourth  and  sixth  weeks.  At  this  time  0.01 
c.c.  of  the  blood  may  be  enough  to  protect  a  guinea-pig 
from  the  elfeets  of  an  otherwise  fatal  intraperitoneal  in- 
fection with  cholera.  After  the  sixtli  week  tlie  bacterio- 
lytic value  of  the  blood  gradually  declines  and  is  lost 
after  about  three  months. 

To  emphasize  still  further  the  character  of  this  im- 
munity, experiments  may  be  cited  which  show  that  ani- 
mals which  have  been  inoculated  with  cholera  vibrios  in 
amoimts  ordinarily  snlRcient  to  kill,  may  be  saved  if  they 
receive  injections  of  serum  from  immunized  animals 
within  from  one-half  to  two  hours  after  the  inoculation, 
before  symptoms  referable  to  intoxication  have  developed. 
When  these  symptoms  have  declai'ed  themselves  the 
treatment  is  without  avail,  i.e.,  if  the  di.sease  can  be 
checked  by  destroying  the  vibrios  ah'eady  in  the  sj'Stem, 
the  immune  serum  will  protect;  but  if  there  is  already  in 
the  body  a  dose  of  toxic  substances  sufficient  to  kill,  the 
immune  serum  is  powerless  to  neutralize  them.  These 
toxic  substances  appear  to  be  present  in  lethal  quantities 
in  the  majority  of  cases,  as  soon  as  symptoms  of  disease 
become  manifest. 

A  question  of  great  practical  importance  is  whether 
these  protective,  bacteriolytic  anti-bodies  which  are  pres- 
ent in  the  blood  and  lymph  can  pass  into  the  digestive 
tract  and  act  upon  cholera  vibrios  ])resent  in  the  intes- 
tinal contents.  Experiments  upon  animals,  already 
cited,  appear  to  answer  this  question  in  the  negative,  but 
it  isdoubtXul  whethertheseresnltscan  l)edirectl_v applied 
to  man.  If  Ferran's  claims  are  justitied  by  the  facts, 
such  direct  application  of  animal  experiments  cannot  be 
made;  for  an  active  immunity  caused  by  subcutaneous 
injections  of  cholera  vibrios  would  appear  to  protect 
against  infection  by  way  of  the  mouth  in  human  sul)- 
jects,  though  they  failed  to  do  so  in  animals.  It  was  the 
belief  that  such  was  the  case  that  induced  HatTkine  to 
undertake  the  immunization  against  cholera  by  a  method 
essentially  similar  in  principle  to  thatemployed  by  Ferran, 
but  safeguarded  by  a  more  highly  developed  technique. 

Hatfkiue  experimented  with  his  method  of  immuniza- 
tion in  India,  aided  by  the  Government,  and  between 
1893  and  1895  had  subjected  about  forty  thousand  people 
to  his  prophylactic  treatment.  This  consisted  in  the  sub- 
cutaneous injection  of  living  cultures  of  the  cholera 
spirillum  of  definite  and  known  virulence.  The  first  in- 
jection was  made  with  a  culture  of  inoderate  virulence, 
attenuated  by  long  art.ilicial  cultivation  and  taken  by 
him  to  India  from  the  European  laboratories. 

These  injections  w'cre  made  only  after  a  microscopical 
examination  of  a  stained  smear  had  failed  to  reveal  con- 
tamination of  the  culture  and  revealed  well-formed,  ap- 
parently normal  cholera  vibrios.  The  injections  were 
made  under  slricll}'  aseptic  conditions.  During  the  first 
two  hours  after  the  injection  there  were  no  appreciable 
effects  either  locally  or  constitutionally.  Between  the 
third  and  twelfth  hours  there  was  a  gradually  developing 
tenderness  at  the  point  of  inoctdation  with  general  malaise 
and  fever.  In  normal  cases  the  fever  reached  101°  F., 
but  would  sometimes  reach  104°  when  the  susceptibility 
of  the  patient  was  great.  The  amount  of  culture  in- 
jected depended  upon  theageof  the  patient ;  for  anadult 
man  the  amount  being  about  1  c.c.  From  the  twelfth  to 
the  thirty-sixth  hour  after  the  inoculation  the  general 
symptoms  gradually  but  completely  vanished  aiid  a  pain- 
ful induration  at  the  point  of  inoculation  developed.  This 
also  subsided  in  the  course  of  a  few  days.  No  digestive 
disturbance  was  occasioned  by  the  inoculation,  and  no 
change  of  diet  or  occupation  was  necessary. 

The  second  inoculation  was  made  about  five  davs  after 


the  first.  For  this  purpose  a  highly  virulent  culture, 
kept  active  by  passage  through  susceptible  animals,  was 
employed,  the  dosa^ge  being  determined  by  the  reaction 
obtained  after  the  first  injection.  The  effects  of  this  in- 
oculation were  essentially  the  same  as  those  obtained 
after  the  first,  but  were  usually  less  pronounced.  The 
immunizing  action  was  believed  to  be  complete  six  days 
after  the  first  inoculation.  Up  to  1896  over  one  hundred 
thousand  people  are  said  to  have  received  this  treatment. 

The  results  of  this  treatment,  which  was  purely  pre- 
ventive, not  curative,  are  reported  as  being  very  promis- 
ing. Several  of  those  so  treated  contracted  cholera 
shortly  after  the  first  injection,  showing  that  its  protec- 
tive action  was  not  immediate.  Ilaffkine  believed  that 
the  full  protective  action  was  attained  in  about  twenty 
days.  Comparative  statistics,  when  of  a  given  group 
about  half  were  inoculated,  were  greatly  in  favor  of  the 
value  of  the  method.  The  protection  was  not  lasting, 
however,  and  seems  to  have  gradually  passed  away, 
some  twelve  months  being  the  probable  limit  of  its  effi- 
ciency. Tlie  protection  is  not  absolute,  and  the  mortality 
among  those  who  have  been  inoculated  and  yet  acquired 
the  disease  is  but  slightly  less  than  among  the  uninocu- 
lated.  About  one-nineteenth  as  many  cases  occurred 
among  the  inoculated  and  about  one-seventeenth  as  many 
deaths.  Of  late  years  this  method  appears  to  have  fallen 
into  disuse.  This  is  not  surprising  when  the  difficulty 
of  inoculating  a  whole  population,  the  evanescent  char- 
acter of  the  protection,  and  the  uncertainty  of  its  absolute 
value  are  considered. 

Upon  theoretical  grounds,  as  already  stated,  but  little 
can  be  expected  from  a  bacteriolytic  serum  injected  be- 
neath the  skin  in  human  cholera;  for  the  vibrios  are  situ- 
ated in  the  intestinal  contents  and  the  crypts  of  the  intes- 
tinal mucosa.*  To  be  effective  the  protective  constituents 
of  the  serum  must  come  in  contact  with  the  bacteria  they 
are  to  destroj'.  It  appears  doubtful  whether  these  ele- 
ments enter  the  intestinal  lumen  when  present  in  the 
blood.  A  serum  which  liad  antitoxic  properties  shoiild 
be  much  more  efficient.  Pfeiffer  has  showu  that  the  most 
active  toxic  substances  produced  by  the  cholera  vibrio 
are  intimately  connected  with  the  bodies  of  the  organ- 
isms when  the  latter  are  grown  in  artificial  media.  In 
1896  Jletscbnikoff,  lioux,  and  Taurelli-Salimbeni  made 
experiments  with  a  view  of  demonstrating  that  soluble 
toxins  might  be  obtained  from  the  cholera  vibrio  as  a 
species  of  secretion.  They  obtained  a  highly  poisonous 
toxin,  not  destroyed  by  boiling,  of  which  one-fourth  of 
a  cubic  centimetre  killed  a  guinea-pig  weighing  300  gm. 
in  eighteen  hours.  They  also  showed  that  it  was  possible 
to  obtain  an  antitoxic  serum  by  immunizing  animals  with 
this  toxin.  But  this  serum  failed  to  cure  young  animals 
infected  by  the  mouth  with  cholera  vibrios.  As  yet, 
therefore,  there  is  no  known  serum  therapy  for  cholera. 

In  the  absence  of  a  specific  antitoxic  or  other  remedy 
for  cholera,  recourse  must  be  had  to  measures  directed 
against  morbid  conditions  as  they  arise. 

A  very  great  numlier  of  remedies  have  been  cmplo3-ed 
with  a  view  of  destroying  the  cholera  spirilla  in  the  in- 
testinal tract,  or,  at  least,  of  inhibiting  their  multiplica- 
tion. Among  these  remedies  are:  chlorine  water,  mer- 
curic .salts,  salts  of  copper,  iodine,  iodoform,  creosote, 
creofin,  cresol,  resorcin,  thymol,  pyoktanin,  benzoic 
acid,  salicylic  acid  and  its  salts,  salol,  tribromsalol,  tri- 
bromphenol,  bismuth,  benzoyl-acetyl  peroxide,  etc.  It 
cannot  be  said  that  the  clinical  evidence  in  favor  of  any 
of  these  remedies  is  strong,  and  upon  theoretical  grounds 
their  utilily  is  very  doubtful  since  the  great  dilution  they 
suffer  in  the  intestinal  tract  must  render  them  almost  in- 
ert. The  same  appears  true  of  the  proposed  treatment 
with  mineral  acids  in  eight-  to  ten-drop  doses,  diluted 
with  water. 

AVe  have  already  seen  that  during  epidemics  of  cholera 
mild  cases  of  this  disease  arc  of  not  infrequent  occur- 
rence.    These  cases  are  indistinguishable   in  many  in- 

•  The  effloacy  of  the  haeteriolytic  serum  when  administered  by 
mouth  nr  in  euemata  does  not  appear  to  have  been  tested.  It  would 
lie  worthy  of  trial. 
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Stances  from  attacks  of  simple  dianlitra  due  to  intestinal 
irritation  or  indigestion,  though  frequentlj'  unaccom- 
panied by  pain.  The  only  safe  rule  at  such  times  is  to 
regard  all  cases  of  diarrha;a  as  cholei-aic  and  as  the  pos- 
sible beginning  of  a  serious  attack.  The  patient  must  be 
put  to  bed  and  isolated.  The  dejecta  should  be  regarded 
as  likely  to  contain  the  cholera  siiirilla.  and  carefully 
disinfected  before  being  disposed  of.  A  warm  batli, 
■with  warm  com]iiesses  on  the  abdomen,  has  been  recom- 
mended. The  diet  should  be  restricted  to  fluids,  pre- 
viously boiled.  Thirst  may  be  relieved  with  boiled  or 
carbonated  {not  alkaline)  water.  There  are  differences 
of  opinion  regarding  the  measures  appropriate  to  the 
treatment  of  the  diarrhoea.  The  usual  practice  is  to 
employ  some  preparation  of  opium  to  check  the  dis- 
charges. The  tiucture  given  in  small,  frequently  re- 
peated doses  has  given  good  results.  As  it  is  imjiortant 
to  allay  all  intestinal  irritation  it  must  be  a  matter  of 
judgment  in  each  individual  case  whether  it  be  wiser  to 
endeavor  at  once  to  check  the  diarrha'a  or  whether  a 
freer  evacuation  of  the  bowels  to  discharge  any  irritating 
contents  should  be  attempted.  For  the  latler  purpose 
calomel  in  rejiealed  moderate  doses,  given  until  the  stools 
become  greenish,  has  a  good  reputation.  Castor  oil. 
emulsified  with  mucilage  of  acacia,  peppermint  water, 
and  syrup,  has  also  been  employed.  It  is  tliought  that 
calomel  is  partially  converted  into  mercuric  chloride  in 
the  intestine,  and  that  it  thus  exerts  some  antiseptic 
action ;  but  to  wlial  extent  this  is  true  is  not  known.  As 
an  antiseptic  sodium  sulphocarbolate.  in  fifteen-  to 
tweuty-.grain  doses  for  children  and  thirty-grain  doses 
for  adults,  repeated  every  three  or  four  hours,  has  been 
used  with  asserted  benelicial  effects.  To  check  tlie  diar- 
rhoea, besides  opium,  astringents  have  been  used  and 
recommended,  and  to  relieve  pain  the  compound  tiucture 
of  camphor  has  been  employed.  The  jirevalent  opinion, 
however,  is  that  opium  fultils  the  rei,|uiiements  better 
tlian  other  drugs,  and  that  rest,  warmth,  and  an  appro- 
priate diet  are  of  the  utmost  importance.  Tea  and  mode- 
rate stimulation  with  brandy  may  be  used  according  to 
the  indications. 

Should  the  symptoms  persist  and  vomiting  set  in  not- 
withstanding the  treatment  indicated  above,  the  copious 
enemata  of  tannic  acid,  recommended  by  Cantani,  may 
be  resorted  to. 

Long  before  the  epidemic  of  1866  Dr.  Murray,  in  In- 
dia, had  recommended  the  half-hourly  injection  of  a  pint 
of  a  weak  solution  of  common  salt  and  carbcjuate  of  so- 
dium into  the  rectum  at  a  temperature  of  120  F. ,  and  is 
said  to  have  obtained  very  striking  results.  Similar 
means  were  employed  by  Sansom  (2'he  Prdctitinncr, 
November,  1892),  in"  1866."  Cantani  advises  the  addition 
of  tannin  to  the  hot  water.  From  eighty  to  three  hun- 
dred and  twenty  graius  are  dissolved  in  three  pints  or  a 
quart  of  water  or  cliamomile  infusion  at  a  temperature  of 
102"  to  105°  F. ,  and  twenty  drops  of  laudanum  and  an 
ounce  or  an  ounce  and  a  lialf  of  gum  acacia  are  added. 
In.stead  of  tannin,  thymol  in  solution  of  hot  water  (1  in 
■  1,000)  has  been  recommended  by  other  authorities.  In 
the  recommendations  of  the  Royal  College  of  Physicians 
(1892),  benzoate  of  sodium,  two  drachms  to  a  quart  of 
water,  has  been  suggested  as  an  alternative  to  the  tannic 
acid.  In  every  case  the  injection  should  be  made  with 
much  gentleness  The  best  position  of  the  patient  is 
that  on  the  back  with  the  hips  well  raised  and  the  legs 
well  drawn  up  as  for  lithotomy.  The  reservoir  douclie 
enema  should  be  used  and  not  the  ordinary  pump, 
Tliere  is  much  room  for  doubt  as  to  whether  the  addition 
of  any  medicament  to  the  hot  water  is  of  any  special 
value,  the  favorable  results  lieing  due  probably  to  the 
clearing  away  of  irritant  and  offensive  debrii.  to  the  ab- 
sorption of  fluid  from  the  intestiual  surface,  and  to  the 
relaxation  of  the  arterial  spasm  by  t!ie  hot  and  moist 
application;  but  up  to  the  present  time  the  use  of  tannic 
acitl  persists  and  is  recommended.  If  more  than  two 
quarts  are  injected,  a  weaker  ,solution  should  be  em- 
ployed. These  cuemata  may  be  repeated  several  times 
in  twenty-four  hours.  As  shown  by  Cantani,  the  hot 
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saline  solution  may  pass  tluough  the  ileo-crecal  valve 
into  the  small  intestine. 

If  signs  of  improvement  do  not  soon  follow  the  proce- 
dure described  above,  and  the  algid  stage  of  the  disease 
supervenes,  recourse  should  be  had  to  the  second  method, 
of  introducing  fluid  recommended  by  Cautaui  and  called 
by  him  "hypodermoclysis,"  and  consisting  in  the  injec- 
tion of  a  hot  saline  solution  into  the  subcutaneous  tissiie. 
About  one  drachm  of  common  salt  is  di.ssolved  in  a  quart 
of  distilled  water  at  a  temperature  of  100°  to  105^  F. 
The  apparatus  for  this  should  consist  of  a  glass  funnel 
with  a  long  rubber  tube  attached  to  a  liypodermic  needle 
of  fairly  large  calibre.  The  needle  is  introduced  in  the 
gluteal,  interscapular,  lumbar,  or  iliocostal  region,  the 
funnel  being  held  at  about  the  level  of  the  patient,  and 
the  needle  pushed  so  far  in  that  it  may  be  moved  freely 
iu  the  subcutaneous  tissue.  The  reservoir  is  then  ele- 
vated slowly  .so  that  the  fluid  runs  into  the  tissue  by  the 
force  of  gravity  and  its  distribution  is  aided  by  the  "man- 
ipulation of  the  fingers.  When  about  half  o"f  the  fluid 
has  been  introduced  the  needle  is  removed  aud  the  re- 
mainder is  injected  in  another  place.  The  method  seems 
to  be  rational  and  is  supported  by  strong  evidence  by 
Cantani,  who  has  made  extensive  use  of  it.  It  was  also 
extensively  etnployed  in  the  Ilamhurg  epidemic.  It  is 
easier  of  application  than  the  older  method  of  intravenous 
injection  that  has  been  employed  for  many  years,  and 
it  seems  to  be  attended  with  better  permanent  results. 
Either  or  both  of  these  methods  must  be  emplo3'ed  earlier 
than  is  u.sually  the  ca,se,  and  before  the  actual  S3'mptoms 
of  death  have  made  their  appearance;  to  wait  too  long  is 
to  throw  away  all  chances  of  success.  The  amelioration 
of  the  symptoms  is  usually  very  striking  and  jjrompt, 
due  to  the  introduction  of  fluid  and  warmth  ;  but  improve- 
ment is  frequently  of  short  duration.  The  ]m>cedure  ma,v 
be  repeated  if  the  indications  for  it  return ;  but  experi- 
ence has  led  to  the  belief  that  three  or  four  injections  of 
a  quart  or  more  are  all  that  are  likely  to  be  beneficial. 

Rest  and  quiet  being  of  the  greatest  importance,  owing 
to  tlie  exhausting  nature  of  the  disease,  it  must  be  a  mat- 
ter of  judgment  to  what  extent  active  measures  to  combat 
the  conditions  as  they  arise  are  wise.  The  ])atient  should 
be  kept  as  quiet  as  is  compatible  with  proper  care. 

During  collapse  the  ccmdition  of  the  circulation  excites 
most  .solicitude.  When  the  pid,se  at  the  wrist  is  lost  and 
cyanosis  appears,  the  most  eflicient  remedy  is  the  injec- 
tion of  fluid  either  intravenously  or  beneath  the  skin,  as 
already  described.  Where  the  lo,ss  of  fluitl  is  less  pro- 
nounced, careful  stimulation  with  cold  champagne  or 
brandy  and  water  may  be  tolerated  by  the  stomach. 
Subcutaneous  injections  of  ether  or  nitroglycerin,  if  used 
with  care  and  not  contraindicated  by  the  condition  of  the 
jiatient,  may  give  good  results.  Inhalations  of  ,sinall 
doses  of  amyl  nitrite  may  also  prove  beneficial.  In  the 
early  stages  of  the  disease  opium  may  be  used  to  relieve 
]iaiii,  for  it  also  tends  to  check  the  diarrha>a.  But  in  the 
later  stages,  when  there  is  danger  of  collapse,  this  drug 
should  be  avoided.  Pain  must  then  be  relieved  bj'  otlier 
means,  such  as  hot  applications,  moderate  counter-irrita- 
tion, inlialations  of  chloroform,  or  subcutaneous  injec- 
tions of  camphor  rubbed  up  with  olive  oil  in  the  propor- 
tion of  one  jiart  of  camphor  to  nine  parts  of  oil  sterilized 
by  heat.  Gentle  massage  may  give  relief  from  pain,  but 
is  likely  to  disturb  the  patient  more  than  is  wise. 

Thirst  can  best  be  relieved  by  ice  held  in  tlie  mouth, 
cold  carbonated  water,  or  nourishing  fluids  given  in 
small  amounts  and  at  frequent  intervals. 

To  prevent  loss  of  heat,  the  patient  should  be  kept  in 
a  warm  room,  the  skin  should  be  kept  as  dry  as  possible 
without  disturbing  the  patient,  and  he  should  have  dry 
heat  applied  b_y  means  of  hot-water  bottles  or  warm 
bricks;  or  the  "temperature  may  be  maintained  by  hot 
compresses. 

After  recovery  from  the  severe  stage  of  the  disease  the 
treatment  must  follow  the  indications  as  they  arise. 
Particular  attention  must  be  given  to  the  diet,  'relapses 
being  frequently  traceable  to  neglect  in  this  direction. 

Pr()p/iylii.ris.— Two     principles  goveru   the    measures 
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which  slioiikl  be  taken  to  avoid  cholera.  The  first  looks 
to  thee.xclusiou  of  living  cholera  spirilla  frointlie  gastro- 
intestinal tract;  the  second  refers  to  preserving  any 
natural  resistance,  particnlarlj'  on  the  part  of  the  intes- 
tine, to  injury  due  to  the  presence  of  that  organism  in 
the  intestinal"  contents.  It  is  believed  that  the  to.xins 
produced  by  the  cholera  spirillum  are  not  absorbed 
through  intact  intestinal  epithelium,  but  gain  eutrace  to 
the  circulation  only  after  the  epithelium  has  become 
damaged,  necrosed,  or  desquamated.  Therefore  all  diet- 
ary indiscretions  which  might  cause  intestinal  irritation 
are  to  be  avoided.  Over-fatigue  and  exposure  to  cold 
are  to  be  carefully  guarded  against.  But  it  appears  wise 
not  suddenly  to  change  the  ordinary  mode  of  life,  but 
simply  to  follow  the  usual  habits  in  a  temperate  manner. 
The  five  use  of  alcohol  appears  to  be  extremely  danger- 
ous. Those  addicted  to  its  use  are  particularly  suscep- 
tible, and  when  attacked  by  the  disease  the  prognosis  is 
bad  in  people  of  intemperate  habits.  Care  in  the  charac- 
ter of  the  food  is  important.  All  articles  which  might 
carry  infection  should  be  avoided  entirely,  or  partaken 
ot  only  after  being  cooked.  Thi.s  is  especially  the  case 
with  water  and  milk,  which  sliouldbe  heated  to  the  boil- 
ing ]ioint.  Prolonged  boiling  is  not  necessary,  but  to 
insure  the  death  of  the  spirillum  it  is  .safest  actually  to 
boil  liquid  articles  of  food.  It  has  been  recommended  to 
take  acid  drinks,  such  as  very  weak  hydrochloric  acid,  as 
a  prophylactic  measure,  but  it  seems  doubtful  whetlier 
this  is  a  wise  measure,  in  view  of  the  danger  to  the  diges- 
tion if  sufficient  acid  betaken  to  act  as  an  effective  agent 
in  killing  the  spirillum.  Particular  care  should  be  exer- 
cised against  iufecliou  by  those  attending  cases  of 
cholera.  They  should  disinfect  the  bauds  inmiediately 
after  they  have  come  in  contact  with  the  dejecta  or  vomi- 
tus  from  the  patient.  A  two-  or  three-per-cent.  solution 
of  carbolic  acid,  1  in  1,0U0  solution  of  mercuric  chloride, 
or  a  solution  of  "chloride  of  lime"  may  be  used  for  this 
purpose.  It  is  possible  that  pero.xide  of  hydrogen  might 
find  useful  application  for  this  purpose  and  in  cleansing 
the  patient,  particularly  for  rinsing  the  mouth ;  its  free- 
dom from  to.xic  properties  and  odor  and  its  acid  reaction 
particularly  commending  it. 

The  public  measures  for  preventing  the  spread  of 
cholera  must  be  diiected  toward  the  destruction  of  the 
spirillum,  and,  when  that  is  not  possible,  the  checking 
of  its  dissemination.  Each  case  that  occurs  must  be  re- 
garded as  a  po.ssible  centre  from  which  other  cases  may 
arise.  The  patient  nmst,  therefore,  be  isolated  and  the 
utmost  care  taken  to  destroy  all  the  spirilla  in  tbe  dejecta 
and  vonutus,  on  the  bedding  and  clnlhiug.  and  im  the 
liands  or  persons  of  those  attending  him.  As  the  patient 
must  be  kept  as  quiet  as  possible,  the  evacuations  must 
he  received  in  a  bed-pan  and  disinfected  before  being  dis- 
posed of.  For  this  purpose  milk  of  lime  has  been  found 
very  efficacious.  This  may  be  prepared  as  follows.  One 
volume  of  quicklime,  which  must  not  be  air-slaked,  is 
placed  in  a  large  vessel  containing  an  equal  volume  of 
water.  This  is  gradually  absorbed  by  the  lime,  whicli 
then  falls  to  powder.  Three  volumes  of  water  are  then 
added  and  the  whole  is  stirred  to  a  thin  creamy  fluid.  Of 
tills  equal  parts  should  be  added  to  the  dejecta  and  the 
mixture  allowed  to  stand  for  an  hour,  when  disinfection 
maybe  considered  complete.  Fresh  "chloride  of  lime" 
may  also  be  used,  a  large  heaping  tablespoouful  of  the 
powder  beingadded  to  each  quart  of  the  eva<-uationsand 
thoroughly  mixed  with  them.  In  half  an  hc}ur  the  mixt- 
ure may  be  regarded  as  harmless.  Tbe  han<ls  of  the 
attendants  should  be  disinfected  immediately  after  com- 
ing in  contact  with  the  patient.  The  supernatant  Uuid 
obtained  by  mixing  2  parts  of  fresh  "chloride  of  lime" 
and  100  parts  of  water,  shaking,  and  allowing  the  sedi- 
ment to  settle,  may  be  used,  or  a  two-  to  three-per-cent. 
solution  of  carbolic  acid,  or  1  in  2.000  corrosive  sublimate. 
These  solutions  may  also  be  used  to  cleanse  the  jiaticnt. 
Sheets  and  linen  may  be  soaked  in  1  in  1.000  .solution  of 
corrosive  sublimate,  the  above  soluticm  of  carbolic  acid, 
or  in  a  three-per-cent.  solution  of  green  or  soft  (potash) 
soap,  with  or  wititout  the  addition  of  five  per  cent,  of 


crude  carbolic  acid.  The  fluid  must  couipletely  cover 
the  articles.  The  simple  .soap  solution  must  act  for 
twenty-four  liours:  the  carbolized  soap  solution  will  dis- 
infect within  twelve  hours.  Weak  formalin,  two  per 
cent.,  may  also  be  used  where  its  odor  anil  irritating 
properties  are  unolijeetionable.  In  emergencies,  where 
facilities  for  carrying  on  such  disinfection  cannot  be  ob- 
tained, boiling  or  burning  maj-  be  employed  to  destroy 
the  spirilla. 

The  bodies  of  the  dead  should  be  disinfected  or 
wrapped  in  a  sheet  wet  with  1  in  1,000  corrosive  sub- 
limate solution,  aud  placed  iu  a  tight  coffin  upon  a  la3'er 
of  some  absorbent  material.  The  sick-room  must  be  dis- 
infected with  sulphurous  acid  or  formaldehyde,  or  thor- 
oughly washed  with  1  in  1,000  corrosive  sublimate,  and 
be  well  aired  and  dried  out  before  being  again  occupied. 

llarM  C.  Ernst. 
Revised  by  Edicard  K.  Dunham. 

BACTERIOLOGICAL  TECHNIQUE.— Tbe  methodsfor 
the  artificial  cultivatiDU  i<i  bacti'iia  are  of  fundamental 
imi)ortance  in  bacteriology,  and  for  that  reason  deserve 
very  careful  consideration.  Nutrient  media  of  various 
kinds  are  used,  but  the  three  most  commonly  employed 
are  bouillon,  gelatin,  and  agar.  These  in  turn  maj'  be 
variously  modified  as  the  needs  of  the  work  may  require. 
In  addition,  other  media  are  used,  such  as  blood,  serum, 
exudates,  eggs,  urine,  milk,  potatoes,  aud  the  like. 
These  will  be  severally  considered. 

Bouillon. — To  prepare  beef  tea,  or  bouillon  as  it  is 
called,  500  gm.  of  lean,  chopped  beef  (Hamburger  steak) 
are  placed  in  a  suitable  enamelled  vessel  or  in  a  one-and- 
a-half-litre  flask  and  1,000  c.c.  of  ordinary  tap  water  are 
added,  and  the  whole  is  thoroughly  mixed.  This  may  now 
be  set  aside  iu  an  ice-box  for  twenty-four  hours  so  as  to 
bring  the  soluble  constituents  into  solution;  or,  what  is 
preferable,  it  may  be  jjlaced  in  a  water-bath  and  warmed 
at  a  temperature  not  exceeding  60°  C.  for  an  hour.  In 
this  way  the  nutrient  substances  are  dissolved  out  and 
much  time  is  saved.  It  is  not  desirable  at  this  point  to 
heat  the  fluid  above  the  temperature  given,  inasmuch  as 
that  would  lead  to  the  coagulation  of  the  albuminous 
constituents,  which,  if  they  are  allowed  to  remain  in  solu- 
tion, will  facilitate  the  subsequent  clarification  of  tlie 
medium.  When  the  digestion  is  completed,  whether 
carried  out  at  a  low  temperature  or  in  the  water-bath,  the 
liquid  is  strained  through  well-washed,  starch-free  mus- 
lin, or  the  juice  may  be  expressed  by  means  of  a  meat 
press.  The  liquid  thus  obtained  is  of  a  dark  red  appear- 
ance, due  to  tbe  presence  of  ha?moglobin. 

One  thousand  cubic  centimetres  of  the  meat  extract 
are  then  placed  in  a  clean  flask  or  vessel,  and  10  gm.  of 
dry,  powdered  peptone  (Witte's)  and  5  gm.  of  common 
salt  are  added  and  the  whole  is  then  warmed  at  about  .15" 
to  60°  C.  till  the  peptone  has  dissolved.  The  next  step  is 
to  render  the  medium  suitably  alkaline,  since  bacteria  as 
a  rule  require  a.slightly  alkaline  soil.  This  manipulation 
requires  special  care,  fcu',  if  improperly  done,  the  finished 
product  may  be  cloudy,  or  may  even  have  a  deposit,  or 
may  even  be  unfit  for  tbe  growth  of  bacteria.  The 
clouding  and  the  formation  of  a  precipitate  can  be  avoided 
b_y  boiling  the  meat  extract  after  adding  just  enough  al- 
kali to  neutralize  the  fluid.  For  this  purpose  5  c.c.  of 
«(;r/H((i  sodium  hydrate  (four-per-cent.  solution)  are  added 
to  the  litre  of  meat  extract.  This  amount  is  usually 
sufficient  to  make  the  extract  neutral  to  litmus.  The 
liquid  is  then  heated  in  a  boiling  water-bath  or  over  a 
free  flame  for  about  fifteen  minutes,  after  which  it  is  fil- 
tered through  a  moist  Jilaited  filter  and  allowed  to  cool 
to  about  .')0°  C.  As  stated,  bacteria  thrive  best  when  the 
medium  is  slightly  alkaline.  Hence  10  c.c.  of  the  normal 
sodium  hydrate  are  now  added  to  impart  the  desired 
alkalinity,  after  which  the  liquid  is  again  boiled  for 
twenty  to  thirty  minutes,  and  finally  filtered  through 
moist  paper. 

Inasmuch  as  considerable  water  is  usually  lost  by  vap- 
orization during  the  preparation  of  the  medium,  it  is 
advisable  either  to  indicate  the  volume  at  the  beginning 
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of  the  operation  by  a  suitable  mnrk  ou  the  vessel,  or,  bcl, 
ter,  to  take  the  weight  of  the  fluid  before  and  after  heat- 
ing. The  diflereuee  in  the  volume  or  weight  is  finally 
made  up  by  the  addition  of  the  corresponding  amount  of 
distilled  water.  The  finished  bouillon  should  make  up 
to  the  original  volume  of  meat  extract,  that  is,  l.OiX)  e.c. 

The  beef  tea  thus  prepared  is  now  filled  into  tubes  or 
into  fiasks,  as  the  case  may  be,  and  sterilized  by  steam. 
This  process  will  be  described  later.  It  is  hardly  ncces 
sary  to  add  that  the  bouillon  after  being  tubed  and  steri- 
lized should  be  perfectly  clear,  without  a  tleposit.  and 
should  have  a  slight  alkaline  reaction. 

For  cultivating  tiie  gonococcus  Thalniann  recommends 
using  the  ordinary  bouillon,  to  which  has  been  added  two- 
thirds  to  three-fourths  of  the  amoiuit  of  alkali  necessary  to 
make  it  neutral  to  phenolphthalein. 

Suffdr-free  l><inUliin. — The  bouillon  as  just  prepared 
always  contains  some  sugar  derived  from  the  muscle 
tissue  employed.  For  many  purposes  this  sugar  content 
is  undesirable,  and  must  be  removed  in  some  way.  One 
procedure  is  to  allow  the  meat  extract  to  ferment  at  a 
low  temperature,  10'  to  1-5°  C,  for  twodays.  Another  is 
to  place  the  meat  extract  at  !57"  C.  for  twenty-four  hours. 
Neither  one  of  these  methods  will  give  results  wliich  can 
be  relied  upon.  The  best  procedure  is  toaild  to  the  meat" 
extract  aricli  fluid  culture  of  .some  acid-producing  organ- 
ism, such  as  Bacillus  coli  (Smith),  or  B.  lactis  ai?rogenes 
(Durham),  and  then  set  it  aside  to  ferment  at  37°  ('.  for 
twent3'-four  liours  or  longer.  The  frothy  liipud  is  then 
carefully  neutralized  by  the  addition  of  normal  sodium 
hydrate,  peptone  and  salt  added,  then  boiled,  cooled,  and 
rendered  alkaline  according  to  the  directions  given  under 
the  preparation  of  bouillon.  The  sugar-free  bouillon 
thus  prepared  does  not  contain  indol,  as  might  at  tirst  be 
suppo.sed.  It  is  preferable  to  thct  Dunham  peptone  solu- 
tion mentioned  below  for  testing  for  the  presence  of  indol, 
since  a  good  reaction  is  given  in  sixt(!eu  hours,  whereas 
the  cultures  in  Dunham's  solution  often  require  several 
days  before  giving  a  positive  test. 

Martin's  Iliniilinii. — The  thorouglilv  mixed  meat  sus- 
pension (500  gm.  of  choiiped  beef  and  1 .000  c.c.  of  water) 
is  set  aside  at  about  37'  C.  tVir  twenty  hours  so  as  to  de- 
stroy the  sugar  normally  i)resent.  The  liquid  is  then 
strained  through  well-washed  musliu,  and  to  1,000  c.c.  of 
the  filtrate  5  gm.  of  common  salt  are  added,  after  which 
the  liquid  is  neutralized  and  finally  rendeied  alkaline  1)}' 
the  addition  of  7  c.c.  of  normal  alkali  per  litre  of  bouillon. 
Ord'nary  peptone  is  not  added,  inasmuch  as  it  is  likely  to 
contain  sugar.  Instead,  Martin  adds  to  this  bouillon  an 
equal  volume  of  a  rich  peptone  solution  made  by  digest- 
ing tlie  stomach  of  a  pig.  This  latter  solution  is  prepared 
as  follows;  A  pig's  stomach  is  cleaned  and  cut  up  into 
small  pieces,  and  to  200  gm.  of  this  finely  divided  tissue 
1,000  c.c.  of  water  and  10  c.c.  of  cojrcentrated  hydro- 
chloric acid  are  added  and  the  mixture  is  set  aside  at  50' 
C.  for  about  twelve  hours.  The  iligested  fluid  is  then 
decanted  through  a  filter  of  absorbent  cotton  and  the 
strongly  acid  reaction  is  reduced  b\'  the  addition  of  S.j 
c.c.  of  a  sixteen-per-cent.  solution  of  sodium  hydrate. 
The  liquid  is  then  carefully  neutralized,  after  which  it  is 
rendered  alkaline  by  the  addition  of  7  c.c.  of  normal  so- 
dium hydrate  per  litre.  The  mixture  of  equal  volumes 
of  the  sugar-free  bouillon  and  the  pe|ilone  solution  is 
heated,  filtered,  and  tubed  or  placed  in  flasks. 

Perkltdin's  BiKiilliin. — This  is  made  by  taking  finely 
chopped  liecf,  which  nuist  be  as  old  as  it  can  be  obtained 
in  order  that  it  may  be  free  from  uuisele  sugar,  and  add' 
lug  22.5  gm.  of  it  to  50(1  c.c.  of  water.  The  mixture  is 
rendered  slightly  alkaline  with  sodium  carbonate,  after 
which  it  is  placed  in  a  water-bath  at  40°  C,  and  4  gm.  of 
trypsin  are  added.  After  digesting  for  an  hour  the  fluid 
is  again  rendered  alkaline  with  sodium  carbonate.  In 
from  one  to  one  and  .-i  half  hours  the  digestion  should  be 
arrested,  otherwise  traces  of  indol  may  be  detected.  At 
the  end  of  this  jierioil  the  mixture  is  boiled  and  sti'ained 
through  gauze  and  filtered  cold  through  wet  filter  paper 
to  remove  the  fat.  Five  grams  of  salt  and  enough  water 
to  make  up  to  one  litre  are  then  added.     The  acidity  of 


the  clear  straw-coloreil  filtrate  is  then  reduced  to  the  de- 
sired point.  The  most  suitable  reaction  for  the  develop; 
ment  of  colon  and  like  bacilli  is  when  the  medium  con- 
tains such  an  amount  of  free  acid  as  to  require  from  20 
to  30  c.c.  per  litre  of  a  decinormal  sodium-hydrate  solu- 
tion to  bring  it  to  a  |ioint  neutral  to  phenolpiithalein. 

Artificial  digestion  of  muscle  tissue  by  means  of  pepsin 
and  trypsin  is  resorted  to  in  the  preparation  of  Deycke's 
agar. 

Dinihdni'x  Peptone  Sdlntimi. — This  is  prepared  by  dis- 
solving 10  gm.  of  Witte's  [leptone  and  5  gm.  of  common 
salt  in  1,001)  c.c.  of  ordinary  tap  water.  The  solution  is 
then  tubed  and  sterilized  by  steam.  This  medium  is 
used  to  detect  the  formation  of  indol  by  bacteria,  but  in- 
asmuch as  many  organisms  fail  to  grow  in  it  and  others 
reipure  several  days  before  giving  a  reaction,  it  has  not 
been  found  to  be  as  suitable  as  the  sugar-free  bouillon 
given  above. 

Ciliicose  BoiiiUon. — This  is  used  to  test  for  acid  and  gas 
production.  It  is  made  by  adding  to  the  ordinarj'  bouil- 
lon, or  better  to  that  Avhicb  is  sugar-free,  one  or  two  per 
cent,  of  glucose.  The  two-percent,  solution  is  most 
eonunonly  employed.  The  sterilization  of  sii,gar-con- 
taining  media  by  steam  requires  special  cure  to  prevent 
oxidation  of  the  carbohydrate  piesent.  As  a  rule  the 
steaming  should  not  exceed  ten  or  fifteen  minutes  each 
day  on  three  successive  days. 

Instead  of  glucose  other  carbohydrates  may  be  added 
to  the  bouillon  in  one-  or  two-per-cent.  concentration. 
Thus  galactose,  lactose,  saccharo.se,  maltose,  dextrin,  and 
the  alcohol  manuite  are  frequently  u.sed  to  differentiate 
between  organisms  which  otherwise  closely  re.semble 
each  other. 

Gli/cciin  Bouillon.. — This  is  especially  used  for  cultivat- 
ing tlie  tubercle  bacillus.  It  is  made  by  adding  live  per 
cent,  of  glycerin  to  the  ordinary  bouillon.  The  mixture 
is  then  tubed  and  sterilized  in  the  usual  way. 

C'lirboiic  Bouillon, — This  is  made  so  as  to  contain  0.1 
per  cent,  of  carbolic  acid.  One  gram  of  acid  may  be 
added  to  one  litre  of  bouillon.  The  better  procedure  is 
to  add  1  c.c.  of  a  one-percent,  carbolic  acid  to  9  c.c. 
of  bouillon.  It  is  advisable  to  incubate  the  tubes  for 
several  days  so  as  to  eliminate  any  passible  contamina- 
tion. The  medium  is  useful  for  examining  water  for  the 
colon  bacillus,  especially  when  the  bacterial  contents  are 
very  high.  The  presence  of  the  anti.scptic  serves  to 
check  or  prevent  the  growth  of  many  organisms  which 
would  otherwise  develop.  It  should  be  borne  in  mind 
that  weak  colon  and  typhoid  bacilli  are  likewise  re- 
strained. 

The  tubes  after  inoculation  with  the  water  are  incu- 
bated f(U' twenty-four  hours  at  38°  C,  after  wliich  lactose 
litmus  agar  plates  are  made,  which  are  then  examined 
for  red  colonies.  Of  course  all  red  colonies  are  not  to  be 
regarded  without  further  stud}'  as  the  colon  bacillus. 

I'lirielti's  Bouillon. — A  mixture  of  carbolic  acid  and 
hydrochloric  acid  is  first  prepared  by  adding  4  c.c.  of  the 
latter  to  100  c.c.  of  a  flve-per-cent.  carbolic  solution. 
This  solution  after  standing  a  few  days  is  added  in  por- 
tions of  0.1,  0.2,  0.3  c.c.  to  portions  of  10  c.c.  each  of 
sterile  bouillon. 

(Mofed  Bouillon.. — Various  coloring  agents  are  added  to 
the  nutritive  media  in  order  to  bring  out  the  acid-produc- 
ing or  the  reilucing  properties  of  bacteria.  Tlie  sub- 
stances which  are  most  commonly  used  for  this  jnirpose 
are  litmus,  neutral  red,  satTranin,  and  sodium  indigo  sul- 
phate. Tlie  first  two  are  particularly  useful,  and  are 
prepared  the  same  as  the  corresponding  agar  or  gelatin 
media,  which  see. 

Gelatin. — The  ordinary  nutrient  gelatin  is  really 
nothing  more  than  bouillon  to  which  ten  per  cent,  of 
irclatin  has  been  added  so  as  to  inqiart  solidity  with  the 
additional  advantage  that  the  medium  is  transparent. 
The  metliodof  preparation  is  asfollows:  To  1,000  c.c.  of 
the  meat  extract,  prepared  according  to  the  directions 
given  luider  bouillon.  100  gm.  of  the  best  sheet  gelatin 
are  added ;  likewise  10  gm.  of  Witte's  peptone  and  5  gm. 
of  conunon  salt.     The  whole  is  then  warmed  in  a  water- 
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l);itli  at  60'  C.  until  the  gelatin  lias  i)assed  into  solution. 
Tlie  liquid  is  tlien  neutralized  and  cnouKli  alUali  added 
ill  excess  so  as  lo  impart  a  siiifable  alkalinity.  As  ordi- 
narily prepared  the  nutrient  gelatin  reciuiri'S  from  30  to 
35  c.'c.  of  normal  alkali  lo  elfeet  neutralization.  An 
additional  10  e.e.  will  f;ive  the  desired  alkalinity.  Ilenee 
40  e.e.  of  the  normal  alkali  may  be  added  at  onee  and  the 
li(iuiil  tesleil  wiih  litmus  im]ier.  If  the  liquid  is  not  dis- 
tinetly  alkaline  more  of  the  rea.sent  may  be  added  until 
the  desired  alkalinily  is  obtained.  Tlie  method  of  stand- 
ardizing media  by  means  of  ]ihenolphtlKdein  will  he 
.niven  later. 

When  the  ])roper  amount  of  alUali  has  been  added  to 
the  gelatin  solution  the  latter  is  then  plaeed  in  a  water- 
bath"  the  water  of  wliieh  is  then  raised  to  the  boiling 
temperature.  The  gelatin  is  kejit  immersed  in  the  ae- 
tively  boiling  water  for  three-quarters  to  one  hour.  The 
alliuininotis  eonslituents  of  the  meat  extract  coagulate 
in  llakes,  and  at  the  same  time  clarify  the  liquid  so  that 
on  subsequent  tiltration  the  gelatin  will  be  perfectly 
clear.  The  gelatin  is  then  liltered  tlirough  a  plaited  filter, 
which  should,  however,  be  first  warmed  b_y  passing 
through  it  several  hundred  cubic  centimetres  of  boiling 
water.  If  the  jiapcr  and  funnel  are  sutliciently  warmed 
in  this  wa}'  there  is  no  likelihood  of  the  gelatin  solidify- 
ing on  the  filter.  The  filtered  .celatin  should  bejierfectly 
clear,  should  possess  a  slight  alkaline  reaction,  and  should 
solidify  when  cooled  under  tunning  tap  water.  If  it 
meets  these  requirements  it  is  then  tilled  into  sterile 
tubes  to  a  depth  of  one  and  a  half  to  two  inches,  and  the 
entire  lot  of  tubes  are  then  sterilized  by  steaming  for  a 
quarter  of  au  hour  ou  each  of  three  consecutive  days. 

Whenever  nutrient  gelatin  is  mentioned  in  bacteriologi- 
cal work  il  is  umlerstood  ti>  be  a  ten-per-cent.  solution. 
This  medium  melts  at  about  23"  C.  That  is  warm  sum- 
mer teiuperature,  and  for  that  reason  it  is  sometimes 
advisable  to  add  more  gelatin  to  the  preparation  in  order 
to  make  it  more  solid.  A  twelve-  or  even  a  fifteen-per- 
cent, solution  of  gelatin  is  used  under  these  conditions. 
Again,  at  other  times  it  is  desirable  to  employ  a  gelatin 
which  is  relatively  quite  soft,  and  in  that  case  a  live-  or 
eight  per-eent.  solution  maj'  be  made  use  of.  Obviously 
the  amount  of  alkali  necessar}-  to  neutralize  such  media 
will  vary  from  that  required  for  the  ordinary  jselatin. 
The  .great  value  of  the  gelatin  medium  lies  in  the  fact 
that  it  can  be  reailily  melted  and  again  resolidified,  and  in 
its  transparency.  Moreover,  many  bacteria  give  rise  to 
soluble  ferments  or  enzymes  wdiieh  jteptonize  or  liqiiefj' 
the  gelatin,  whereas  others  are  not  able  to  do  this.  It 
becomes  possible  therefore  to  divide  bacteria  into  two 
large  groups,  according  as  to  whether  they  liquefy  or  do 
not  liquefy  gelatin. 

Glucose  Gehiiin. — This  is  inade  by  adding  to  the  clear 
filtered  gelatin,  prepared  as  above,  two  percent,  of  glu- 
cose. The  material  is  then  tubed  and  sterilized  the  same 
as  ordinary  gelatin.  This  medium  is  ])articularl\'  useful 
for  the  cultivation  of  anai-roliie  bacteria. 

Glncom  Litiiins  Gilnt/n. — To  the  glucose  gelatin  a  con- 
centrated solution  of  litmus  is  added  .so  as  to  impart  to 
the  medium  a  deep  blue  color.  This  is  then  tubed  aird 
sterilized.  During  the  .steaming  of  this  medium  the  lit- 
mus is  usuall.y  decolored,  but  on  subsequent  cooling  the 
blue  color  returns.  If  such  a  medium  is  overheated  in 
the  process  of  sterilization  the  sugar  will  be  altered,  and 
as  a  result  the  color  of  the  litmus  will  change  to  more  or 
less  of  a  red. 

For  special  purposes  other  sugars  may  be  added  to  the 
gelatin,  as  in  the  case  of  bouillon.  A  lactose  litmus 
gelatin  is  very  useful  in  differentiating  various  organ- 
isms.    The  amount  added  is  usuallj-  one  or  two  per  cent. 

Eisner')!  MiJinm. — The  addition  of  gelatin  to  a  potato 
extract,  instead  (>f  to  a  meat  infusion,  was  first  resorted 
to  by  Holz.  Elsf'Cr's  medium  is  essentially  IIolz's  ]iotato 
gelatin,  to  which  one  per  cent,  of  potassium  iodide  is 
added.  It  can  be  used  to  good  advantage  in  differen- 
tiating between  the  tyjihoid  and  colon  bacilli,  but  at  the 
same  time  it  should  beremeinliered  that  it  does  not  afford 
an   absolute  means  of  detecting  the  former  organism. 


Tlie  method  of  preparation  is  as  follows:  1,000  gm.  of 
well-cleaned  potatoes  are  cut  up  into  lumps  whit^h  are 
then  mashed  as  fine  as  po.ssihle,  which  can  be  done  best 
by  passing  the  material  through  a  fruit  press.  The  fine- 
l.\'  mashed  potatoes  are  then  ])laced  in  a  meat  ]ircss  and 
pressure  is  applied.  In  this  way  about  400  c.c.  of  a  dark 
licpiid  is  obtained  from  the  kilogram  of  potatoes.  The 
potato  .iuice  is  then  set  aside  in  au  ice  chest  overnight, 
after  wiiieh  it  is  filtered  through  cotton.  Ten  per  cent, 
of  gelatin  and  one  per  cent,  of  potas.sium  iodide  are  then 
added  to  the  dark  liqiiid,  and  the  mixture  is  wariued  at 
about  40  C.  until  the  gelatin  melts.  Inasmuch  as  the  re- 
action of  this  material  varies  considerably  it  is  necessary 
now  to  determine  the  exact  degree  of  acidity  present,  and 
then  to  reduce  this  by  the  addition  of  the  jiroper  amount 
of  alkali,  so  that  the  resulting  medium  has  an  acidity 
such  that  il  would  recjuire  the  addition  of  20  c.c.  of  nor- 
mal alkali  per  litre  to  make  the  solution  neutral.  The 
acidit)'  of  tlie  gelatin  is  determined  by  titrating  a  por- 
tion, say  10  c.c,  with  deeinormal  sodium  hydrate,  using 
litmus  paper  as  an  indicator.  If,  for  exanijile,  10  c.c. 
re(|uire  6.2  c.c.  of  the  decinoriual  alkali,  it  will  be  neces- 
sary to  reduce  the  acidity  by  adding  1.2  e.e.  of  deeinor- 
mal alkali,  or  better  0.12  c.c.  of  normal  alkali  for  every 
10  e.e.  if  gelatin  made.  AVhen  the  proper  degree  of 
acidity  has  been  imparled  to  the  medium,  the  gelatin  is 
then  placed  in  a  boiling  water-bath  for  three-quarters  of 
an  hour  until  all  the  proteids  have  coagulated,  after 
which  it  is  filtered  through  pajier,  filled  intc  sterile 
tubes,  and  sterilized  by  steaming  for  fifteen  minutes  on 
each  of  three  consecutive  days. 

Fi«/i  Gelatin. — Five  hundred  grams  of  chopped  fish 
arc  added  to  1,000  c.c.  of  water,  and  the  material  is 
digested  the  same  as  given  above  for  ordinary  gelatin. 
To  the  strained  liquid  100  gm.  of  gelatin,  40  gm.  of  salt, 
o  gm.  of  glycerin,  and  5  gm.  of  asparagin  are  added,  and 
the  mixture  when  perfectly  fluid  is  rendered  slightly  al- 
kaline. It  is  then  heated,  tubed,  and  sterilized  as  above. 
This  medium  is  particularly  useful  for  the  growth  of 
idiosphore.scing  bacteria. 

Nutrient  Agar. — One  drawback  to  the  ordinary  gelatin 
is  that  it  cannot  be  used  as  a  solid  medium  at  temper- 
atures above  23°  C.  This  lias  led  to  the  introduction  of 
agar  agar  as  a  stiffening  agent.  This  sulistance  is  a  sea- 
weed gathered  off  the  coast  of  Asia.  It  has  n<i  nutritive 
(|ualities  of  its  own,  and  is  unacted  upon  by  bacteria. 
The  prejiaration  of  nutrient  agar  is  very  simple.  Ordi- 
nar}'  bouillon  is  first  made  according  to  the  directions 
alreadv  given.  The  agar  may  be  obtained  as  a  powder 
or  in  threads;  in  tlie  latter  case  the  agar  is  cut  up  into 
very  small  pieces,  and  20  gm.  (two  per  cent.)  is  then 
added  to  the  litre  of  bouillon,  which  should  be  in  a  large 
flask,  or,  better,  in  an  enamelled  .I'ar.  The  vessel  and 
contents  should  then  be  weighed,  after  which  the  liquid 
should  be  gently  boiled  until  the  agar  has  completely 
dissolved.  The  vessel  is  now  again  weighed,  and  the 
difference  between  the  two  weights  is  made  up  by  the 
addition  of  the  proper  amount  of  distilled  water. 

It  is  advisable  to  place  the  agar  now  in  a  water-hath  at 
about  oO  ('.  for  several  hours  in  order  to  allow  the  sedi- 
ment to  settle  as  much  as  possible.  Tiie  filtration  of  a 
two-percent,  agar  is  a  very  slow  and  tedious  process 
even  when  carried  out  in  a  steam  sterilizer.  It  is  suffi- 
cient for  practically  all  purposes  to  filter  through  a  layer 
of  cotton.  The  filtrate  thus  obtained  is  almost,  if  not 
entirely,  clear,  and  whatever  little  sediment  may  he 
present  does  not  in  the  least  interfere  with  the  usefulness 
of  the  medium. 

The  filter  is  prepared  by  placing  a  piece  of  ordinary 
cotton,  about  two  inches  square,  in  the  angle  of  a  large 
funnel,  and  then  wdiile  it  is  held  down  by  means  of  a 
glass  rod,  a  litre  or  so  of  very  hot  water  is  jiassed 
through,  once  or  twice,  so  as  thoroughly  to  warm  the 
funnel.  Eventually  the  sedimented  agar  is  carefull.y  and 
slowly  decanted  on  to  the  cotton  filter.  If  desirable  the 
agar  can  be  filtere<l  a  second  time.  A  very  convenient 
arrangement  for  the  rapid  tiltration  of  agar  throu.gh  cot- 
ton is  .shown  in  Fig.  .5052.     This  consists  essentially  of 
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5052.— Fjltratiiiii  Tliroush   Cotton  Over 
a  Port-elain  Plate.     fNovy.) 


a  Witte's  perfoiated  porcelain  plate,  which  is  steadied 
in  place  in  the  funnel  bj'  means  of  a  glass  rod  which 
passes  throngh  the  centre.  Tiie  )ilate  is  covered  with  a 
layer  of  cotton  on  which  a  sim- 
ilar porcelain  plate  is  jilaced  to 
prevent  the  coltou  from  Moat- 
ing. The  funnel  is  inserted  into 
a  strong  vacuum  flask,  wliicli  is 
connected  with  a  Chapman  air 
pump.  Boiling  water  is  first 
passed  through  the  filter  to 
warm  it  tluiroughl_y,  after  which 
the  agar  is  added  ami  suction  aji- 
plied.  As  soon  as  the  pump  br>- 
gius  to  act  the  top  plate  can  be 
removed. 

When  it  is  desired  to  make  a 
perfectly  clear  medium  it  slioidd 
be   matle   with   only  one  or  one 
and    a    half     jier 
cent,  of  agar   iu- 
sieatl  of  two   per 
cent.,     as     given 
above.    Such  agar 
is  softer  and  can 
be  passed  througli 
a     previously 
moistened  filter  paper,  especially  if  the  funnel  is  placed 
in  a  steam  steiilizer  or  in  a  fuuncl-shaiicd  cupper  water- 
bath,  such  as  is  shown  in  Figs.  o0.)3  and  50.54. 

Tile  filtered  agar  is  then  tubed  and  sterili/.ed  by  steam- 
ing one-half  hour  on  each  of  three  consecutive  days,  after 
which  it  is  kept  in  an  upright  position.  When  it  is  de- 
sired to  make  inclined  or  slant  agar  tubes,  as  many  of 
these  as  are  needed  are  melted  in  a  water-bat  It  and  theu 
inclined  so  that  the  agar  comes  withiu  an  inch  of  the  cot- 
ton plug. 

Thtliniinn's  Agar. — Five  hundred  grams  of  meat  are 
boiled  for  one-quarter  of  an  iKJur  with  1.000  c.c.  of  dis- 
tilled water,  after  which  the  mass  is  made  up  to  the  origi- 
nal weight  aud  .strained  through  muslin.  Oue  per  cent, 
of  peptone  aud  0..5  per  cent,  of  salt  are  then  added,  and 
the  liquid  is  boiled,  after  which  it  is  again  made  up  to  the 
original  weight,  cooled,  and  filtered.  Oue  and  one-half 
per  cent,  agar  is  then  added  and  the  weighed  liquid  is 
boiled  in  a  concentrated  salt-water  bath  for  about  three- 
quarters  (if  an  hour,  after  which  it  is  again  luade  up  to 
the  original  weight.  Thirty  cubic  centimetres  are  theu 
titrated  with  normal  sodium  hydrate,  using  phenol- 
phthalein  as  an  indicator.  The 
amount  of  alkali  necessary  to 
neutralize  the  entire  amount  of 
agar  is  ascertained  and  two- 
thirds  of  this  quantity  is  theu 
added,  in  portions  and  while 
shaking,  to  the  agar.  After 
heating  fifteen  minutes  the  ma- 
terial is  filled  into  ttdjcs. 

According  to  Thalmanu  aud 
others  this  medium  is  adapted 
for  the  cultivation  of  the  gono- 
coccus,  especially  for  diagnostic 
purposes.  A  little  of  the  pus 
is  luixed  with  the  water  of  con- 
densation, iind  then  by  means  of 
a  wire,  rod,  or  cotton  swab  the 
suspension  is  thoroughly  spread 
over  the  surface  of  a  series  of 
inclined  tubes  or  over  Petri 
dishes.  These  when  kept  for 
twenty-four  hours  at  86°-37' 
show  small,  glistening  colonies, 
confluent  and  appear  like  highly 


Fig.  rim.  —  Uoiiljle- Walled 
Hot-Water  Fiinuel. 


which  are  single 
refractive  drops. 

The  medium  is  not  suitable  for  subcultures,  aud  Thal- 
maun  recommends  that  the  colonies  be  transplauted  to 
serum  bouillon.  This  is  prepared  by  adding  to  some 
bouillon  two-thirds  to  three-fourths  of   the   amount  of 


alkali  needed  to  neutralize  the  liquid.  After  lieatiiig  and 
filtering,  an  equal  volume  of  hog  serum  is  added  and  the 
mi.\ture  tubed.  The  tubes  are" inclined  and  heated  .'or 
oue  to  two  hours  at  70'  on  the  first  and  also  on  the  sec- 
ond day,  aud  for  oue  hour  at  100  on  the  tliird  day.  Ac- 
cording to  Wasserniann  hog  serum  is  just  as  good  as 
human  serum  for  cultivating  the  gonococcus. 

Glucose  Agui: — This  is  made  by  addiug  to  the  filtereil 
agar,  or  to  so  much  of  it  as  luay  be  wanted,  two  per 
cent,  of  glucose.  The  medium  is  theu  tubed  aud  steri- 
lized iu  the  ordinary  way.  It  is  u,sed  especially  for  the 
growth  of  yeasts  and  anaerobic  bacteria.  If  desired  it 
may  be  colored  with  litmus  as  iu  llie  cas(^  of  gelatin. 

JiiAkhirger's  Heutnil-red  Agar. — This  can  be  made  by 
adding  to  a  0.3  per-cent.  glucose  agar  one  per  cent,  of 
a  saturated  aqueous  neutral  red  solution.  The  typhoid 
bacillus  does  not  change  the  color  or  produce  gas, 
whereas  the  colon  discharges  the  red  and  leaves  a  fluor- 
escing color.  The  inoculation  can  be  made  either  by 
planting  a  shake  culture  or  by  making  a  stab  culture, 
which  can  then  be  covered  with  a  layer  of  agar  to 
exclude  air  changes.  The  addition  of  neutral  red  to 
bouillon  is  of  service  in  water  examinations  (Irons, 
Jordan). 

Lactune  Litmus  Agni: — This  medium  was  introduced  by 
Wurtz,  and  is  very^  useful  iu  ililVerentiating  between  the 
typhoid  and  colon  bacilli. 
Acid  f(u-iuation  in  the  case 
of  the  latter  is  indicated  by 
a  change  iu  the  reaction  of 
the  litmus.  If  this  luedium 
is  made  by  the  addition  of 
two  perccut.  of  lactose  and 
litmus  to  the  ordinary  agar 
it  will  be  found  that  even 
typhoid  bacilli  will  give  a 
slight  acid  reactiou.  This, 
however,  is  not  due  to  the 
fermeutatiou  of  the  lactose, 
but  to  the  small  amounts  of 
muscle  sugar  derived  from 
the  meat.  It  is  therefore 
desirable  that  the  agar  for 
this  purpose  should  be  made 
out  of  sugar-free  bouillon, 
whi<h  can  be  prepared  ac- 
cording to  the  directions 
iilready  given.  Prolonged 
boiling  of  the  agar  must  be 

avoided,  inasmuch  as  the  agar  itself,  siuce  it  is  a  com- 
plex carbohydrate,  may  split  off  some  sugar. 

It  is  often  preferable  to  make  the  plain  lactose  agar 
and  to  add  to  the  tubed  and  sterilized  medium,  whenever 
needed,  by  means  of  a  sterile  pipette,  a  sterile  litmus 
solution.  Obviously  other  indicators,  such  as  rosolic 
acid,  neutral  red,  etc.,  may  be  added  in  the  same  way. 

Glycerin  Agar. — To  the  ordinary  nutrient  agar  pre- 
pared as  above,  five  per  cent,  of  glycerin  is  added.  The 
addition  of  glycerin  serves  to  keep  the  surface  of  tlie 
medium  moist,  acd  at  the  same  time  imparts  nutritive 
qualities  to  the  agar.  This  medium  is  very  valuable  for 
tlie  growth  of  diphtheria,  glauders,  pneuiuonia,  and  tu- 
bercle bacilli. 

Maiiiiilc  Annr. — Mannitc,  which  like  glycerin  is  a 
polyatomic  alcohol,  was  first  used  by  Norris  and  Hiss  as 
a  meansof  differentiating  the  typhoid  from  thedysentery 
bacillus.  The  latter  organism  does  not  give  rise  to  acid 
production  when  grown  on  manuite  media,  whereas  the 
typhoid  bacillus  iloes.  The  agar  should  be  prepared 
from  sugar-free  bouillon,  and  to  it  one  or  two  per  cent, 
of  mannite  is  then  added.  Litmus  may  be  added  to  the 
bidk  mediuiu  before  it  is  tubed,  or  the  sterile  litmus  solu- 
tion may  be  added  to  the  sterile  tubed  agar  by  means  of 
a  pipette  whenever  needed. 

Pfeiffers  Blood  Agar.— 'Xhi?,  is  made  by  spreading  over 
the  surface  of  ordinary  inclined  agar  a  few  drops  of  hu- 
man blood.  On  the  surface  thus  prepared  he  was  able 
to  ctdtivate  the  influenza  bacillus.     The  blood  from  the 
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Fig.  5055.— Blood 
Pipette,  Novy  Forni. 


lower  animals  can  be  used  in  like  manner  to  good  advan- 
tage. 

The  human  blood  required  lor  this  and  similar  pur- 
poses can  bo  drawn  without  difliculty  by  means  of  a  ster- 
ile syriuge  Ironi  the  larj;e  iiiedian  veins  just  below  the 
lle.xure  of  the  elbow,  'i'hc  supcrtioial  circula- 
tion should  iirst  be  diminished  by  means  of  a 
rubber  lube  tied  aliout  Ihe  middle  of  the  arm. 
The  surface  of  Ihe  skiu  over  the  vein  to  be 
punctured  is  thoroughly  cleaned  by  means  of 
a  disinfecting  solution,  such  as  mercuric  chlo- 
ride or  ly.sol.  The  needle  of  the  sterile  S3'ringe 
is  tlieu  introduced  into  the  vein,  and  as  the  pis- 
ton is  slowly  withdrawn  the  syringe  tills  with 
blood.  Five  or  ten  cubic  centimetres  of  blood 
can  thus  be  obtained  in  a  few  minutes.  AVhen 
the  needle  is  withdrawn  a  compress  of  cotton, 
soaked  in  mercuric  chloride,  should  be  applied 
to  the  wound.  The  blood  must  be  at  once 
transferred  to  either  the  surface  of  inclined 
agar  or  to  previously  melted  agar,  cooled  to 
50°  C.  In  the  latter  case  it  is  mi-\cd  at  once, 
and  the  tube  is  then  set  aside  in  an  inclined 
position  to  solidifj'. 

Blond  Af/dr  Mii'tin-e. — As  just  described  hu- 
man blood  ma}'  be  mi.xed  with  melted  agar, 
cooled  to  .50°  C,  after  which  the  mixture  may 
be  allowed  to  solidify  in  an  inclined 
position.  For  diagnostic  purposes 
this  procedure  has  been  utilized  to 
detect  the  presence  in  the  blood  of 
typhoid  bacilli,  gonococci,  and  other 
organisms.  Instead,  however,  of  al 
loAving  the  blood  nii.xttu'e  to  .solidifj'  in  the  tube  it  is 
poured  out  into  a  sterile  Petri  dish,  and  in  this  way  a 
Wood-agar  plate  is  oljtained,  on  which  eveutuallj'  col 
onies  of  the  sus|ieeted  organism  ma}'  develop.  The 
presence  of  a  very  tew  organisms  can  thus  be  detected 
in  1  or  2  c.c.  of  blood,  which  would  not  be  possible  by 
direct  examination  or  by  staining.  The  amount  of  blood 
wliich  is  added  to  the  agar  may  be  varied  according  to 
circumstances.  Thus  it  may  be  one  to  four,  one  to  two, 
or  even  one  to  one. 

Blood  from  the  lower  animals  can  be  drawn  under 
strictly  aseptic  conditions  into  sterile  Nuttall's  blo(xl 
pipettes,  or  into  the  modified  form  of  Novy.  shown  in 
Fig.  .50.5.5.  This  can  lie  easily  made  from  test  tubes  of 
various  sizes,  according  to  the  kind  of  animal  to  be  bled. 
Thus  a  five-eighth  by  five-inch  test  tube  may  be  used  for 
bleeding  a  mouse  or  rat,  while  a  one-  by  eight-inch  tube 
would  be  used  in  the  case  of  a  rabbit.  The  bottcmi  of 
the  test  tube  and  the  end  of  a  piece  of  glass  tubing  are 
softened  in  the  tlame  of  a  blast  lamp  and  then  brought 
together.  A  narrow  blast  tlame  is  then  directed  against 
the  test  tube  about  an  inch  from  the  bottom.  On  slow 
rotation  in  a  horizontal  po.'^ition  a  thickened  constriction 
results,  and  as  S(jon  as  this  is  sutiiciently  thick  the  two 
ends  are  pushed  apart  slowly.  A  tapering  capillary  re- 
sults, which  is  then  sealed  in  the  flame  at  a  point  about 
two  inches  from  the  tube  proper.  The  tube  is  then 
plugged  with  cotton  and  sterilized  by  dry  heat.  When 
it  is  desired  to  prepare  sterile  defibrinated  blood  a  drawn- 
out  tube  or  a  narrow  glass  rod  is  passed  through  the  cen- 
tre of  the  plug.  By  moving  this  about,  after  the  blood 
has  been  received  in  the  pipette,  complete  defibrination 
can  be  obtained,  and  that  without  any  contamination 
from  the  outside. 

In  the  case  of  the  larger  animals  the  blood  is  best 
drawn  from  the  carotid  artery.  For  this  purpose  the 
animal  is  ana-sthetized  and  the  artery  exposed  for  about 
an  inch.  After  the  first  incision  it  is  advisable  to  avoid 
the  use  of  cutting  instruments,  and  instead  to  separate 
the  tissues  witli  the  fingers.  Pressure  forceps  are  then 
aiiplied  at  the  disi.d  end  of  the  artery.  Another  pair  are 
then  ap])lied  about  an  inch  below  this  point.  A  finger  is 
flien  |ilaeed  under  the  clamped  ixirtion  of  the  artery  and 
a  very  slight  opening  is  made  into  the  bloodvessel.  The 
blades  of  a  Very  narrow  pointed  pair  of  forceps  are  then 


introduced  into  the  opening,  and,  when  distended,  the 
tip  of  the  sterile  blood  pipette  can  readily  be  introduced. 
Before  this  is  done,  however,  the  tip  slxudd  be  scratched 
with  a  file,  then  broken  off,  and  the  open  end  should  be 
flamed  for  a  moment  to  insure  steiility  and  to  round  off 
the  sharp  edge.  As  soon  as  the  ])ipette  is  in  position  the 
lower  clamp  is  removed,  when  the  blood  rapidly  rises  in 
the  tube.  If  defibrinated  blood  is  desired,  the  blood 
should  be  stirred  by  an  a.ssistant.  When  serum  is  wanted 
this  stirring  is  omitted.  As  soon  as  blood  ceases  to  flow, 
the  pipette  is  removed  and  the  tip  is  sealed  in  the  blast 
lamp. 

Obviou.sly  in  the  case  of  small  aniiuals,  such  as  the 
mouse  or  rat,  this  procedure  is  not  applicable.  The 
blood  may  be  drawn  up  into  a  syringe  from  the  artery, 
A  much  better  way,  however,  which  has  been  used  for 
several  j'ears  in  the  author's  laboratory,  is  to  take  the 
blood  directly  from  the  heart  into  a  small  pipette  of  the 
same  form  as  that  used  for  the  larger  animals.  For  this 
purpose  the  thoiax  is  opened,  the  heart  is  freed  from  the 
pericardium  and  raised  by  means  of  oval-tipped  forceps. 
The  end  jf  the  pipette  is  then  introduced  into  the  right 
ventricle.  Suction  may  be  apjilied  to  the  end  of  the 
pipette  in  order  to  obtain  the  fullest  possible  j'ield. 

Blood  can  be  drawn  from  very  large  animals,  such  as 
the  horse,  by  introducing  a  trocar  into  the  jugular  vein. 
This  is  the  procedure  which  is  followed  in  the  prepa- 
ration of  antitoxins.  The  trocar  is  connected  by  means 
of  a  sliort  rubber  tube  with  a  glass  tube,  which  is  inserted 
into  the  receiving  cylinder.  In  this  way  several  litres  of 
blood  can  be  drawn  from  the  horse  at  each  bleeding. 

In  ordinary  laboratory  work  the  blood  which  has  been 
collected  in  the  glass  pipettes  is  then  transferred  to  melted 
agar,  which  has  been  previously  cooled  in  the  water-bath 
to  50°  C.  The  amount  of  blood  which  is  added  to  each 
tube  will  vary  with  the  purpose  in  view.  It  may  be  one 
part  of  defibrinated  blood  to  ten  of  agar,  or  one  to  five, 
one  to  two,  or  one  to  one,  as  the  case  may  be.  Excep- 
tionally two  to  one  and  three  to  one  are  u.sed.  The 
blood  is  then  mixed  with  the  agar  and  the  tubes  are  set 
aside  to  solidify  in  an  inclined  position.  The  transfer  of 
the  blood  to  the  tubes  is  best  accomplished  by  means  of 
a  sterile  drawn-out  bulb  pipette, 
such  as  is  shown  in  Fig.  5084,  e. 

The  blood  agar  thus  prepared 
requires  no   furtlier  sterilization, 
for  if  the  operation  has  been  pro])- 
erly  carried  out  no  organisms  will 
be   present.      The    tubes  can    be 
used  for  culture  purposes  at  once, 
or  they  may  be  kept  for  several 
days    to    allow    any     organisms 
which   might  be    present   to   de- 
velop.    This  blood  medium  is  in- 
valuable  for    the    cultivation    of 
various     pathogenic     organisms. 
On  such  media  it  has  been  possi 
ble,    for    example,    to 
grow  for  the  first  time 
])athogenic      protozoa    '    >  '^ 
—  the      trypanosoma 
Lewisi  of  rats  and  the 
trypanosoma     Brncci, 
the  cr.use  of  nagaua  or  the  tsetse 
fly  disease  (Novy  and  McNeal). 

Scrum  At/m-. — This  is  made  by 
adding  variable  amounts  of  ster 
ile  serum  to  the  melted  agar, 
which  has  been  cooled  to  .50°  C. 
in  tlie  water-bath.  The  serum 
can  be  obtained  by  collecting  the 
blood,  as  given  above,  in  sterile 
pipettes.      The  blood   is  allowed 

to  clot,  and  eventuallv  when  the  serum  has  separated 
it  can  be  drawn  tip  into  sterile  bulb  jiipettes  and  trans 
ferred  to  the  melted  agar.  The  largest  yield  of  serum 
is  obtained  by  using  the  Latapie  pijiette  shown  in 
Fig    .50.50.     Tills  consists  of  aa   inner   tube,    which  is 


Fig.  .5a")fi.— Bloofl   Pipette 
of  Latapie. 
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freely  perforated  and  the  narrow,  outer  end  of  which 
is  drawn  out  into  a  capillary  for  insertion  into  the 
blood-vessel.  This  tube  is  held  in  position  within  the 
outer  one  by  means  of  a  rubber  stopper.  The  outer 
receiving  tube,  which  is  about  an  inch  in  diameter,  is 
provided  with  two  side  tubes,  one  of  which  is  drawn 
out  and  sealed  while  the  other  is  plugged  with  cotton. 
The  entire  pipette  is  first  sterilized  by  steaming  in  an 
autoclave.  The  tip  of  the  inner  tube  is  theu  broken, 
flamed,  and  inserted  into  the  carotid  artery  of  a  rabbit  or 
other  animal.  Tlie  blood  should  not  fill  the  jiipette  be- 
yond the  inner  lube.  The  tip  is  then  sealed  and  the 
pipette  is  allowed  to  remain  in  a  veitical  position  until 
the  blood  has  firmly  clotted.  It  is  then  inverted  and  the 
serum,  as  it  is  squeezed  out  of  the  clot,  falls  to  the  bot- 
tom. The  purpose  of  the  perforated  inner  tube  is  to 
allow  more  complete  shrinking  of  the  clot.  The  serum 
drains  awa.v  at  once  from  the  clot,  and  is  therefore  jjer- 
fectly  clear.  When  it  is  desired  to  remove  the  serum 
the  tip  of  the  side  tube  is  scratched  with  a  file,  then 
broken  off,  and  the  end  is  flamed  to  insure  absence  of 
bacteria.  The  tube  is  then  inserted  into  a  sterile  test 
tube  or  flask  and  l.iy  blowing  into  the  other  side  tube  the 
serum  is  forced  out.  It  can  then  be  distributed  to  the 
agar 'tubes  by  means  of  a  sterile  bulb  pipette.  These- 
are  then  allowed  to  solidify  in  an  inclined  position.  As 
in  llie  case  of  blood  agar  the  medium  jireparcd  in  this 
way  is  perfectly  sterile,  if  the  manipulation  is  properly 
carried  out.  Inasmuch  as  sterilization  by  heal  is 
avoided,  the  proleid  constituents  of  the  serum  remain  in 
as  near  to  the  native  condition  as  possible.  Such  serum 
agar  makes  an  excellent  medium  for  the  pneumococcus 
and  for  other  organisms.  Obviously,  .serum-agar  plates 
can  be  prepared,  if  it  is  so  desired,  in  which  case  the 
melted  and  cooled  agar  is  inoculated  with  the  organism 
to  be  cultivated,  after  wliicli  the  serum  is  added  and 
mixed  with  the  agai,  which  is  th'.'U  poured  out  into 
sterile  Petri  dishes. 

Serum  agar,  made  by  adding  human  blood  serum  to 
melted  agar,  has  been  used  for  the  cultivation  of  the 
gonoeoecus  (Wertheimerl  Ascitic  or  pleuritic  fluid  may 
also  be  added  to  agar  in  the  proportion  of  one  part  of  the 
fluid  to  two  jiarts  of  the  agar.  Such  agar  is  used  esjie- 
cially  for  the  cultivation  of  the  gonoeoecus.  The  ascitic, 
pleuritic,  (U-  hydrocele  fluids  may  be  sterilized  by  frac- 
tional sterilization  or  by  filtration  through  a  Bcrkefeld 
filter  under  pressure. 

]''asserm(iii/i's  Serum-Nutrose  Ayiiv. — This  also  lias 
been  found  useful  for  cultivating  the  gonoeoecus.  Five 
cubic  centiuieties  of  hog  serum  are  added  to  30  to  35 
c.c.  of  water,  2-3  e.c.  of  glveerin,  and  0.8-0.9  gm.  of 
nutrose.  Nutrose  is  a  .sodium  phosphate  casein  coni- 
poimd,  and  when  ailded  to  serum  pievcnts  coagulation 
on  boiling.  The  solution  is  boiled  for  twenty  minutes, 
after  which  it  is  adtled  in  equal  parts  to  two  per  cent, 
peptone  agar  in  test  tubes.  This  mi.xture  is  then  poured 
into  Petri  dishes.  Nutrose  has  been  used  also  in  the 
preparation  of  the  Drigalski-Couradi  agar.  Hog  serum, 
which  is  said  to  be  as  good  as  human  serum  for  cultivat- 
ing the  gonoeoecus,  has  been  employed  also  by  Thal- 
niann. 

Dvigrihki  and  Conradi  Agar. — This  is  a  meat-peptone- 
nutrose  agar  containing  lactose,  lituuis,  and  crystal  vio- 
let. The  preparation  is  as  follows:  1.  A  mi.xture  of  three 
pounds  of  meat  and  two  litres  of  water  is  allowed  to 
stand  for  twenty-four  hours;  the  expressed  meat  juice 
is  then  boiled  for  one  hour  and  filtered.  To  the  fil- 
trate are  added  20  gm.  of  Witte's  peptone,  20  gm.  of 
nutrose,  10  gm.  of  sodium  chloride,  and  the  whole  is 
boiled  for  one  hour  and  filtered.  To  this  filtrate  60  gm. 
of  agar  are  added  and  the  liquid  is  boiled  for  three  liours, 
or  one  hour  in  an  autoclave.  It  is  then  rendered  alkaline 
to  litmus  paper,  boiled  half  an  hour,  and  filtered.  2.  A 
solution  of  litmus  is  prepared  according  to  Kubel-Tie- 
niann  as  follows:  The  powdered  commercial  litmus  is 
repeatedly  extracted  with  hot  distilled  water.  The 
liquvil  is  acidulated  with  dilute  acetic  acid  and  evapor- 
iited  to  syrujiy  consistence  on  a  water-l>ath.     The  thick 


fluid  is  then  diluted  by  the  gradual  addition  of  niuety- 
per-eent.  alcohol,  transferred  to  a  flask,  and  an  excess  of 
ninety-per-eent.  alcohol  is  added.  This  precipitates  the' 
blue  pigment,  while  the  red  dye  and  the  potassium  ace- 
tate remain  in  solution.  The"  precipitate  is  filtered  and 
washed  with  alcohol,  then  dissolved  in  distilled  water, 
after  w-hieh  the  solution  is  warmed  and  filtered.  The 
filtrate  is  then  added  gradually  to  very  dilute  sulphuric 
acid  (one  or  two  drops  of  acid  to  200  e.c.  of  water)  till 
the  color  changes  to  a  wine  red.  The  concentrated  blue 
is  then  added  till  the  blue  color  is  restoi'ed ;  2G0  c.c.  of 
this  litmus  solution  are  boiled  for  ten  minutes,  then  30 
gm.  of  pure  lactose  are  added,  and  the  boiling  is  con- 
tinued for  fifteen  minutes.  3.  The  hot  litmus  is  added 
to  the  hot  agar,  mixed,  and  the  reaction  is  made  slightly 
alkaline;  4  c.c.  of  a  hot  sterile  solution  of  teu-per-cent. 
anhydrous  soda  and  20  c.c.  of  a  fresldy  prejiared  solution 
of  0.1  gm.  of  crystal  violet  in  100  ex.  of  warm  sterile 
water  are  then  added,  after  which  the  material  is  filled 
into  tubes  or  flasks.  Excessive  heating  should  be 
avoided,  inasmuch  as  it  alters  the  lactose.  The  crystal 
violet  is  intended  to  restrict  (he  development  of  the  un- 
important bacteria. 

The  Drigalski-Conradi  medium  has  been  recommended 
for  the  isolation  of  the  typhoid  bacillus.  For  this  ])ur- 
pose  the  faxes  should  be  diluted  with  ten  to  twenty  vol- 
umes of  salt  solution.  The  authors  employ  large  plates, 
l.')-20  em.  in  diameter.  The  agar  is  poured  into  the 
dishes  to  a  depth  of  at  least  2  mm.,  and  the  cover  is  then 
kept  off  till  the  moisture  lias  dried  off  the  surface  of  the 
agar.  By  means  of  a  5  mm.  glass  rod,  bent  at  right 
angles  and  jireviously  dipped  in  the  suspension,  a  series 
of  streaks  are  made  over  a  number  of  tlie  dishes.  The 
inoculated  plates  are  then  kept  at  37°  C.  for  twenty-four 
hours.  The  colon  colonies  are  large,  opaque,  and  red, 
while  the  typhoid  are  small,  glassy,  and  resemble  dew 
drops.  The  further  identification  of  the  susjiceted  colony 
is  made  by  applying  the  agglutination  test  and  by  grow- 
ing in  Kotbberger's  neutral  red  agar. 

Gelatin  Aijar. — Several  formulas  have  been  proposed 
for  the  preparation  of  this  medium.  Each  finds  its  spe- 
cial ap])lication.  That  of  Capaldi  was  recommended  for 
the  isolation  of  the  typhoid  bacillus  from  fteces.  It  is 
made  by  dissolving  20  gm.  of  Witte's  jieptone,  10  gm.  of 
gelatin,  10  gm.  of  glucose  or  of  mannite,  5  gm.  of  so- 
dium chloride,  and  5  gm.  of  potassium  chloride  in  1,000 
c.c.  of  water.  The  solution  is  filtered  and  two  jier  cent, 
of  agar  is  added  and  dissolved  by  boiling,  after  which  it 
is  rendered  alkaline  by  the  addition  of  10  c.c.  of  normal 
alkali.  The  filtered  solution  is  then  tubed  and  sterilized 
by  steaming. 

"  titoddart's  medium  is  a  gelatin  agar  which  contains  five 
per  cent,  of  gelatin,  one  per  cent,  of  peptone,  and  a  half 
per  cent,  each  of  agar  and  of  salt.  A  litre  of  meat  ex- 
tract is  prepared  in  the  usual  way.  In  this  10  gm.  of 
peptone  and  5  gm.  of  salt  are  dissolved,  and  the  solution 
is  then  divided  into  two  parts.  To  one  portion  ten  per 
cent,  of  gelatin  is  added,  and  when  this  has  dissolved, 
the  solutionis  neutralized  and  an  excess  of  10  c.c.  of  nor- 
mal alkali  per  litre  is  added.  The  other  half  of  the  meat 
extract  is  likewise  neutralized,  and  then  10  c.c.  of  the 
normal  alkali  are  added  per  litre  to  impart  the  requisite 
reaction.  The  liquid  is  then  measured  or  weighed, 
boiled,  and  filtered.  Five  grams  of  cut  agar  are  added 
to  the  bouillon,  wliich  is  then  boiled  until  the  agar  dis- 
solves. Distilled  water  is  added  to  make  up  to  the  origi- 
nal volume  or  weight,  after  which  tlie  two  liquids  are 
combined  and  allowed  to  sediment.  The  entire  product 
is  finally  filtered  through  cotton  or,  better,  through 
paper.  The  medium  is  filled  into  tubes  which  are  then 
steamed  for  fifteen  minutes  on  each  of  three  consecutive 
days.  To  u,se  this  medium,  it  is  poured  out  into  sterile 
Petri  dishes,  and  when  solidified  the  centre  is  touched 
with  the  organism  to  be  tested.  The  typhoid  bacillus, 
on  account  of  its  motility,  spreads  rapidly  over  the  sur- 
tace  as  an  almost  transparent  growth,  whereas  that  of 
the  colon  bacillus  spreads  less  and  is  easily  visible. 

Gvarnieri's  gelatin  agar  is  made  in  a  somewhat  similar 
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iiuiiincr.  Three  erams  of  powdered  agar  arc  emulsified 
with  .■>()  c.e.  of  dislilh'd  water,  and  this  is  tlien  added  to 
a  sohitioii  of  .')()  j:in.  of  gelatin  in  ToO  e.e.  of  meat  extrael. 
The  whole  is  h'oiled  till  the  agar  lias  dissolved,  when  a 
solution  of  25  gm.  of  Witte's  peptone  and  5  gm.  of  salt 
are  ailded.  The  entire  liquid,  whieh  now  makes  up  to 
one  litre,  is  then  earefuUy  neutralized  with  normal  alkali, 
using  litmus  as  an  indieator.  The  medium  is  tubed  an<l 
sterilized  as  usual.  It  has  been  used  to  advantage  in  the 
cultivation  of  the  pneumococeus. 

UV//'s  Meid-Pdliito  Affdi:— The  potato  iuice  is  prepared 
as  in  the  method  of  Holz  or  Eisner;  300  c.c.  of  this  are 
added  to  200  e.e.  of  slightly  alkaline  bouillon;  3.75  gm. 
of  agar  are  then  dissolved  "in  the  liquid,  thus  yielding  a 
0.75  percent,  agar  solution.  The  typhoid  bacillus  pre- 
sents threaded  "colonies  on  this  medium,  the  same  as 
in  Eisner,  Hiss,  and  Piorkowski  media. 

.^iiMitutes  for  the  Matt  /;)/'/»■('««.— In  the  preparation 
of  the  foregoing  media  a  meat  infusion  served  as  the  basis 
in  each  case.  In  special  instances,  but  not  as  routine 
procedure,  these  media  may  be  modified  by  using  the 
commercial  Liebig's  beef  extract  in  place  of  the  meat  in- 
fusion. The  chief  advantage  lies  in  the  fact  that  the 
beef  extract  can  be  kept  always  on  hand.  At  the  same 
time  it  must  be  remembered  that  media  made  up  with 
such  extract  are  by  no  means  as  nutritious  as  those  made 
up  witli  the  meat  infusion.  The  amount  of  Liebig's  ex- 
tract which  is  used  varies  with  different  workers.  In 
general,  from  1  to  3  gm.  are  added  to  one  litre  of  water; 
5  and  even  10  gm.  are  also  used.  To  this  solution  pep- 
tone anil  salt  may  be  added  in  the  usual  amounts.  The 
liquid  when  rendered  alkaline  and  filtered  constitutes  a 
Liebig's  extract  boinllon.  In  the  same  way  gelatin  and 
agar  media  are  prepared. 

Peptone  SultKtitutes.- — Several  compounds  have  been  sug- 
gested as  substitutes  for  Witte's  peptone.  In  Martin's 
and  Peckham's  bouillon  and  in  Deycke's  agar  this  peptone 
is  replaced  Iiy  that  which  is  formed  by  the  digestion  of 
the  muscle  tissue.  In  other  media  derivatives  of  albumen 
or  casein  are  employed.  Heyden's  "  Niihrstoff "  is  a 
digested  egg  albuminate,  while  uutrose  is  a  casein  com- 
pound. The  addition  of  lecithin,  protogcn,  and  haemo- 
globin, etc.,  is  made  with  the  object  of  improving  the 
nutritive  qualities  of  the  media. 

//('s.s'  Tube  Medium. — This  is  used  as  a  means  of  test- 
ing for  the  typhoid  bacillus.  It  is  made  by  adding  5 
gm.  of  Liebig's  extract,  5  gm.  of  salt,  and  o  gm.  of  agar 
to  1,000  c  c.  of  water.  The  mixture  is  then  heated  until 
the  agar  has  dissolved,  after  which  the  water  which  is 
lost  by  evapf>ration  is  replaced  and  then  eight  per  cent, 
gelatin  is  added.  As  soon  as  the  gelatin  has  dissolved, 
the  liijuid  is  partially  neutralized  by  the  addition  of  nor- 
mal alkali.  The  reaction  is  left  acid,  and  to  such  an 
extent  that  it  would  require  15  c.c.  of  normal  alkali  per 
litre  to  make  the  solution  neutral  to  phcnolphthalein. 
The  liquid  is  then  cooled  to  60°  C.  and  cleared  by  the 
addition  of  the  white  of  an  egg  stirred  up  in  about  25 
c.c.  of  water.  The  liquid  is  then  boiled  for  a  few  min- 
utes, after  which  10  gm.  of  glucose  are  added.  After 
sedimentation  at  50°  C.  the  medium  can  be  filtered  through 
paper  in-  cotton  and  tubed.  This  medium  is  used  only 
for  stab  cultures.  Diffusion  of  the  growth  through  the 
medium  in  the  case  of  very  motile  organisms,  such  as  the 
typhoid  bacillus  and  tlie  production  or  absence  of  gas, 
are  the  criteria  sought  for. 

/7m'  Plate  Medium. — Hiss  utilized  the  tendency  of 
the  typhoid  bacillus  to  form  threaded  colonies  when 
grown  on  soft  media,  as  a  means  of  differentiation  from 
the  colon  bacillus.  The  medium,  as  first  proposed,  con- 
tained 15  gm.  of  agar,  15  gm.  of  gelatin,  5  gm.  each  of 
Liel)ig's  extract  and  of  sodium  chloride,  10  gm.  of  dex- 
trose, and  1,000  c.c.  of  distilled  water.  This  was  cleared 
by  the  addition  of  the  whites  of  two  eggs  and  filtered 
through  absorbent  cotton.  The  reaction  was  left  acid, 
and  of  such  extent  that  it  would  require  the  addition  of 
2  c.c.  of  normal  alkali  to  make  it  neutral  to  phcnolphtha- 
lein. Subsequently  Hiss  made  various  modifications  of 
this  formida,  eliminating  the  unnecessary  constituents. 


The  simplest  combination,  which  was  foimd  to  give  ex- 
cellent results,  was  made  b)'  adding  15  gm.  of  agar  and 
5  gm.  of  Liebig's  extract  to  1,000  c.c.  of  distilled  water. 
No  acid  or  alkali  was  added.  The  medium  was  cleared 
by  the  whites  of  two  eggs  and  filtered  through  cotton. 
Plate  cidtures,  made  at  37'  C,  .show  excellent  differeiilia- 
tion  between  the  coloniesof  typhoid  and  colon  bacilli  in 
twenty-four  hours.  The  former  show  threaded  colonies, 
the  latter  do  not. 

Ilesm'n  Xiiltriitiiff-Heyden  Agar. — The  "Niihrstoff-Hcy- 
den  "  is  an  albumose  made  from  egg  albumen.  It  should 
first  be  stirred  up  in  a  beaker  with  a  little  wafer,  and 
then  added  to  the  liquid.  For  cultivating  the  tubercle 
bacillus  the  medium  consists  of;  5  gm.  Xidirstoff-IIey- 
den,  5  gm.  salt,  30  gm.  glycerin,  10  gm.  agar,  and  1,0110 
c.c.  of  distilled  wafer;  5  c.c.  of  normal  soda  solution  are 
added.  The  latter  represents  a  14.3  per  cent,  of  the 
crystalline  salt  (NaoCOa  -f  10  HjO)  and  not  28.6  per  cent., 
as  stated  by  Hesse.  The  Hesse-Nieiluer  agar,  which  lias 
been  recommended  for  the  study  of  water  bacteria,  is 
made  by  dissolving  7.5  gm.  of  Niihrstoff-IIeyden  and  f2.5 
gm.  of  agar  in  1,000  c.c.  of  distilled  water.  Gage  and 
Phelps  dissolved  one  percent,  each  of  agar  and  of  the 
Nilhrstoff  in  l.tfOOc.c.  of  distilled  water,  and  made  the 
solution  neutral  to  phenolpbthalein. 

Blood  Serum. — The  preparation  of  serum  from  small 
animals  has  been  described  at  length  under  serum  agar. 
When  it  is  desirable  to  tise  large  quantities  of  serum  it  is 
advisable  to  collect  ox  blood  at  a  slaughter-house.  The 
more  care  taken  in  collecting  the  blood  under  aseptic  con- 
ditions the  less  troublesome  will  be  the  subsequent  steri- 
lization. Aconvenient  receptacle  is  ahalf-gallon  battery 
jar  covered  with  paper  and  previously  sterilized.  The 
spurting  blood  is  received  directl.v  into  the  jar,  after 
which  the  paper  cap  is  replaced  and  the  blood  set  aside 
until  it  firmly  clots.  It  can  then  be  transported  to  the 
laboratory  and  set  aside  in  a  cool  place  for  the  serum  to 
separate.  The  serum  can  then  be  drawn  up  by  means  of 
an  aspirator  into  a  sterile  globe  I'eceiver,  such  as  is  shown 
as  a  part  of  Fig.  5060.  It  can  then  be  conveniently  filled 
into  test  tubes  or  into  flasks. 

The  earliest  method  of  sterilizing  blood  scrum  is  that 
of  Koch  by  fractional  beating.  The  tubes  were  placed 
in  an  inclined  position  in  a  serum  coagulalor  shown  in 
Fig.  5057.  The  Koux  water  bath,  shown  in  Fig.  5063, 
is  particularly  useful  for  this  purpose.  The  serum  tubes 
are  immersed  in  the  water  at  58^  C.  The  serum  tubes  arc 
heated  for  an  hour  at  58'  C.  on  each  of  seven  successive 
days.  This  low  tenqierature  is  selected  in  order  to  ac- 
complish the  sterilization  and  yet  keep  the  serum  in  a 


Fig.  .50.57.— Koi'h's  BlooU-St-runi  Coiipiilatur. 

fluid  condition.  Unfortunatciv  bacteria  may  be  present 
in  the  serum  which  will  actually  grow  at  the  temiiera- 
ture  employed,  and  in  that  case  this  method  of  steriliza- 
tion is  inapplicable.  Some  have  endeavored  to  obviate 
this  difficulty  by  filtering  the  serum  through  a  Berkefeld 


376 


REFERENCE   HANDBOOK  OF  THE   MEDICAL  SCIENCES. 


Ba<"toriolo;iica_ 
Technique. 


bougie.  Martin  suggested  that  oue  to  two  percent,  of 
cliloroforni  be  added  to  tlie  serum,  wliicli  is  tlieu  set 
aside  for  several  niontlis,  after  whicli  the  eliloroforui  can 
be  driven  off  by  lieating  at  6-5'.  Fraenkel  dispensed 
witli  tlie  sterilization,  relying  entirely  upon  the  aseptic 
collection  of  the  serum.  When  the  serinn  is  collected 
with  the  caie  outlined  above,  it  will  be  foiuid  that  very 
few  bacteria  are  jiresent.  Couseciuently  after  the  tubes 
have  been  filleil  with  the  serum  they  may  be  incubated 
for  several  days,  aud  at  the  end  of  that  time  the  con- 
taminated ones  can  be  discarded.  This  procedure  is 
preferable  to  those  just  given.  The  sterile  serum  is  then 
coagulated  in  an  inclined  position  b_v  raising  the  tem- 
perature of  the  sterilizer  to  65'  C,  and  keeping  it  there 
until  the  serum  has  become  solid.  The  medium  thus 
prepared  is  transparent  and  solid.  When  a  higher  tem- 
perature is  used  the  serum  coagulates  to  an  opaque  white 
mass. 

Inasmuch  as  the  above  methods  require  much  time  and 
skill  and  are  in  themselves  very  tedious,  they  have  been 
largely  supplanted  b}-  fractional  sterilization  in  steam. 
For  this  purpo.se  the  tubes  are  first  placed  in  an  inclined 
position,  either  in  a  dry-heat  oven,  or,  better,  in  the 
coagulator,  and  then  heated  to  85"  to  95°  C.  until  firm 
coagulation  results.  If  this  is  not  looked  after  thenie- 
dium  will  be  torn  up  by  gas  bubbles  during  the  ne.\t 
step.  Tlie  coagulated  serum  tubes  are  then  placed  in 
wire  baskets  and  steamed,  as  in  the  case  of  agar,  for  half 
an  hour  on  each  of  three  consecutive  days.  The  medium 
thus  prepared  is  fully  as  useful  as  that  which  is  trans- 
parent. 

LOffler's  Blood  Serum. — This  consists  of  oue  part  of  a 
one-per-cent.  glucose  bouillon  and  of  three  parts  of  blood 
serum.  Thismixture  isfilkd  into  tubes  and  sterilized  in 
the  manner  just  given.  It  is  used  very  extensively  for 
the  diagnosis  of  diphtheria. 

Glijceiiii  Serum.— Fiyc  per  cent,  or  more  of  glycerin  is 
added  as  in  the  case  of  glycerin  agar.  The  sterilization 
is  the  same  as  that  just  given.  It  is  used  for  the  culti- 
vation of  the  tubercle  bacillus. 

Serum  Wafer  Media. — When  serum  is  diluted  with  five 
to  teu  parts  of  water  it  can  be  sterilized  by  steaming 
without  coagulation  taking  place.  Hiss  employed  sueli 
a  medium  in  differentiating  between  the  pneumococcus 
and  streptococcus;  also  in  distinguishing  between  tlie 
dysentery  and  allied  organisms.  He  prepares  the  me- 
dium by"  adding  one  part  of  clear  beef  serum  to  two 
parts  of  distilled  water.  The  mixture  is  first  heated  to 
100'  for  a  short  time,  so  as  to  destroy  the  glycolytic 
enzyme  which  is  present,  after  which  one  per  cent,  of 
the'sugar  desired  is  added.  Dextrose,  galactose,  maii- 
nite,  maltose,  lactose,  saccharose,  inulin,  and  dextrin 
have  been  thus  used.  The  medium  is  colored  by  the 
addition  of  one  iier  cent,  of  a  tive-per-cent.  aqueous  lit- 
mus solution.  The  medium  is  then  tubed  and  steamed 
for  ten  minutes  on  three  consecutive  days. 

Marniorck'.'i  Media. — In  order  to  maintain  streptococci 
at  their  maximum  virulence  Marmorek  used  several  me- 
dia, preference  being  given  to  them  in  the  following 
order: 

1.  Human  serum  2  parts,  boiullon  1  part. 

2.  Pleuritic  or  ascitic  fluid  1  part,  bouillon  2  parts. 

3.  Serum  of  mule  or  ass  2  parts,  bouillon  1  part. 

4.  Horse  serum  2  i)arts,  bouillon  1  part. 

These  media  can  be  sterilized  by  fractional  heating  at 
low  temperature,  or,  better,  by"  filtration  through  a 
Berkefeld  bougie. 

Thalmann's  serum  bouillon  for  cultivating  the  gono- 
coccus  has  been  mentioned  in  connection  with  his  agar. 

J//M-.— This  is  an  excellent  medium  for  diagnostic  pur- 
poses. It  is  advisable  to  use  centrifugated  milk  if  pos- 
sible. Otherwise  the  whidc  milk  is  placed  in  a  beaker 
or  Hask  and  steamed  for  about  half  an  hour.  Wheu  par- 
tially cooled  it  can  be  poured  into  a  large  separatory 
funnel,  or  into  a  bulb  receiver  shown  as  part  of  Fig. 
5060.  and  allowed  to  stand  thus  overnight.  The  under- 
lying layer  of  fat-free  milk  can  then  be  filled  directly 
into  tubes.     These  are  then  sterilized  by  steaming  half 


an  hour  on  each  of  three  consecutive  days.  When  time 
is  an  object  the  whole  milk  may  be  tilled  directly  into 
tubes.  If  desired  the  milk  may  be  colored  with  litmus.' 
Instead  of  milk,  whey  may  be  used  to  good  advantage. 
This  can  be  prepared  by  coagulating  the  milk  with  ren- 
net. The  liquid  is  first  separated  by  means  of  cheese- 
cloth aud  tinallj'  pat  through  paper.  It  is  then  colored 
with  litmus,  filled  into  tubes,  and  sterilized.  Care  must 
be  taken  not  to  overheat  the  milk  lest  the  lactose  under- 
go more  or  less  oxidation.  Whey-gelatin  and  whey -agar 
are' used  for  special  purposes. 

Urine. — By  discarding  the  first  portion  of  urine  which 
is  passed  the  remainder  can  be  collected  in  sterile  flasks 
and  will  be  free  from  bacteria.  Such  urine  may  be  used 
directly  for  studying  the  various  fermentations  which  it 
may  undergo.  To  prepare  a  urine  gelatin  the  secretion 
should  be  diluted  so  as  to  have  a  specific  gravity  not  to 
exceed  l.OIO.  Ten  per  cent,  of  gelatin  is  then  added, 
and  when  it  has  dissolved  the  reaction  is  made  to  corre- 
spond to  that  of  the  original  urine.  Heller's  urine  gela- 
tin is  prepared  in  the  same  wa}',  but  has  one  per 
cent,  peptone  and  a  half  percent,  of  salt.  After  solution 
the  liquid  is  rendered  faintly  alkaline,  then  filtered  and 
tubed. 

Piorkomski  Urine  Gelatin. — Normal  urine  of  1.020  spe- 
cific gravity  is  collected  for  two  days,  aud  is  allowed  to 
become  slightly  alkaline  in  reaction.  Then  1.5  per  cent, 
peptone  and  3.3  per  cent,  gelatin  are  added,  and  the 
mixture  is  heated  for  one  hour  on  the  water-bath,  after 
which  it  is  filtered  aud  filled  info  tubes.  These  are  ster- 
ilized by  heating  for  fifteen  minutes  at  100"  on  the  first 
da_v,  and  for  ten  minutes  on  the  second  day.  The  me- 
dium is  used  to  differentiate  the  typhoid  from  the  colon 
bacillus.  Petri  plates  are  made  and  developed  at  22°  C.  for 
twenty-four  hours.  While  the  colon  colonies  are  round- 
ish, finely  granular,  sharp-bordered,  and  yellowish,  the 
typhoid  colonies  are  small  and  show  a  more  or  less 
n'larked  threaded  border.  This  method  has  given  good 
results  in  connection  with  the  examination  of  typhoid 
fa-ces. 

Urine  ^Ijrof.  — This  can  be  prepared  by  adding  to  the 
freshly  passed  urine  two  per  cent,  of  finely  cut  agar. 
The  mixture  is  then  boiled  until  solution  results,  when 
it  is  filtered  through  cotton  or  paper  as  in  the  ca.se  of 
ordinary  agar.  This  agar  is  then  filled  into  tubes  and 
sterilized  by  steaming. 

Another  way  of  preparing  a  urine  agar  is  to  collect 
the  urine,  after  discarding" the  first  portion  which  is 
passed,  iu  a  sterile  flask,  au"d  then  to  transfer  it  by  means 
of  a  pipette,  as  in  the  case  of  blood  or  serum,  to  the 
melted  and  cooled  agar.  One  part  of  urine  to  two  parts 
of  agar  is  ordinarily  used.  Normal  or  albuminous  urine 
may'be  used  for  this  purpose,  and  with  very  little  care 
the  urine  can  be  collected  entirely  free  from  bacteria. 
Such  urine  agar  has  been  used  to  a'dvantage  for  growing 
the  gonococcus. 

Interned  Uri/ans.— For  special  use  the  several  media, 
such  as  bouillon,  agar,  and  gelatin,  may  be  made  up  with 
the  finely  divided  organs  in  place  of  the  minced  meat. 
At  times"  the  solid  organs  are  sterilized  and  used  as  such. 
The  steamed  brain,  for  example,  when  cut  up  into  slices 
and  sterilized,  can  be  used  for  cultivating  the  tubercle 
bacillus  (Ficker):  and  also  the  gonococcus  (Thalmann). 

Eejr/  Media.— lluep-pe  first  suggested  the  use  of  fresh 
eggs  as  a  culture  medium.  For  this  purpose  the  shell  is 
tliorouglily  cleaned  and  disinfected  with  mercuric  chlo- 
ride. A  small  opening  is  then  punched  through  the 
shell,  and  through  this  the  organism  to  be  tested  is  intro- 
duced iuto  the  inside.  The  opening  is  then  sealed  with  a 
bit  of  sterile  paper  and  collodion.  Another  procedure  is 
to  insert  through  the  opening  in  the  shell  a  rather  wide, 
drawn-out  tube  pipette.  Onapplying.suction.  especially 
with  the  aid  of  an  aspirator,  the  contents  of  the  egg  can 
be  drawn  up  into  the  bulb,  and  can  then  be  distributed 
to  tubes  (Novy). 

The  egg  may  be  used  as  a  solid  oixupie  medium  ac- 
cording to  Wesener.  The  egg  is  thoroughly  agitated  so 
as  to  mix  the  yolk  with  the  albumen.     It  is  then  coagu- 
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lilted  at  75°  to  80'  C,  after  wliich  the  shell  is leniovetl  and 
the  conteuts  are  cut  up  into  slices  iiiul  placed  in  suitable 
dishes  and  sterilized  by  steam  In  like  manner  the  coagu 
lated  white  of  the  egg  may  be  cut  up  into  slices  and 
tubed.  A  transparent,  coagulated  egg  albumen  may  be 
prepared  by  converting  it  Tnto  an  alkali  albuminate,  as 
suggested  liy  Turchaiiow  and  by  Karlinski,  For  this 
purpose  the' egg  is  jiiaced  in  ten-pei-cent.  potash  for 
fourteen  days,  after  which  the  shell  is  removed  and  the 
solidified  egg  is  cut  up  into  slices,  tubed,  and  sterilized. 
J'otutoi's— These  may  be  prepared  in  several  ways. 
The  old  method,  iutrod'uced  by  Koch,  is  still  used  where 
mass  cultures  are  desired.  The  potatoes  are  scrubbed 
clean  under  tlie  taj),  and  any  bad  spots  carefully  re- 
moved by  means  of  a  knife.  They  are  then  placed  in 
boiling  water  or  steamed  for  three-quarters  of  an  hour. 
Bv  means  of  a  knife,  which  has  been  sterilized  in  a  hame, 
tliey  are  then  cut  into  halves  and  placed  in  a  large  moist 
chamber  or  suitable  i^au  provided  with  a  lid.  The  bottom 
of  this  vessel  should  first  be  covered  with  a  piece  of  tiller 
paper  which  has  been  moistened  with  water  or  witli 
mercuric  chloride.  The  cut  and  sterile  surface  of  the 
potatoes  can  then  be  inoculated  with  the  organisms  to 
be  cultivated,  either  by  spreading  the  material  over  the 
potato  with  a  sterile  knife  or  by  making  jiarallel  streaks. 
Inasmuch  as  there  are  several  sources  of  contamination 
in  this  method,  it  has  been  largely  displaced  by  the  modi- 
lied  procedures. 

In  Esmarch's  modification  the  potato  is  pared  and  cut 
into  slices  about  a  third  of  an  inch  thick,  after  which 
they  are  ])laced  into  small  glass  dishes  about  7  cm.  in 
diameter  and  1  cm.  high,  known  as  Esmareh  dishes. 
These  are  then  sterilized  by  steaming  in  the  usual  way. 

The  best  way  of  using  potatoes  for  culture  purposes 
is  that  introduced  independently  by  Bolton  and  Globig. 
The  cleaned  jiotato  is  placed  in  boiling  water  for  about 
half  an  hour.     By  means  of  a  cork  borer  or  a  test  tube, 

the  end  of  which  has  been 
cut  off,  cylinders  of  potato 
may  be  punched  out.  The 
skin  is  removed  from  the 
ends  of  the  cylinders,  after 
wlilch  these  are  halved  by 
a  diagonal  cut.  The  wedge- 
shaped  semicylinders  are 
now  placed  in  sterile  test 
tubes  and  sterilized  by 
steam. 

Roux  introduced  a  very 
useful  modification  of  this 
method.  A  constriction  is 
made  in  the  lower  part  of 
the  tube,  about  an  inch 
from  the  bottom.  This 
compartment  may  be  filled 
with  water,  or  when  culti- 
vating the  tubercle  bacillus 
with  five-per-ceut.  glycerin. 
These  tubes  can  be  readil.v 
prepared  from  the  ordinary 
test  tubes.  A  narrow  blast 
flame  is  directed  horizon- 
tally against  the  tube, 
which  is  rotated  in  a  verti- 


Fic.  -3058. -Roux  Tube  for  Potato  rulture. 

cal  position,       The  Roii.\   tube  is  shown  in  Fig.  5058. 
A  good  substitute  for  this  tube  may  be  made  by  placing 
on  the  bottom  of  the  test  tube  a  layer  of  absorbent  cot- 
ton, which  may  be  soaked  with  the  glycerin  solution. 
Mashed   jiotatoes  .spread   over  the  bottom  of  a  tlask 


have  been  used,  but  they  offer  no  s))ecial  advantage  over 
the  methods  given.  The  preparation  of  potato  gelatin 
with  or  without  potassium  iodide  has  already  been  de- 
scri  bed 

Bread  Medium. — Ordmary  bread  is  toasted  to  a  crisp, 
then  powdered,  in  wliich  condition  it  may  be  kept  in 
stock.  For  use  the  powder  is  i)laccd  on  the  bottom  of 
small  flasks  and  thoroughly  moistened  with  water,  then 
sterilized  by  steaming  This  medium  is  particularly  use 
ful  for  cultivating  moulds. 

Plant  Infusions. — These  are  useful  for  growing  certain 
bacteria  and  also  amcebie.  Infusions  of  hay,  straw, 
fruits,  grains,  etc.,  take  the  place  of  meat  extract.  By 
the  addition  of  agar  or  gelatin  solid  media  may  be  pre- 
jnared.  Beer  wort,  either  as  such  or  as  a  gelatin,  is  valu- 
able for  the  cultivation  of  yeasts. 

Proteid-free  Media. — With  the  exception  of  urine  all  the 
media  described  thus  far  contain  some  proteid  matter. 
The  latter,  however,  is  not  essential,  for  it  is  possible  to 
grow  bacteria  on  media  which  contain  sulphur,  nitrogen, 
and  phosphorus  in  inorganic  combination.  Such  a  solu- 
tion was  used,  for  instance,  at  a  very  early  date  by  Pas- 
teur. It  consisted  of  1  part  of  ammonium  tartrate,  10 
parts  of  candy  sugar,  the  ash  of  1  part  of  yeast,  and  100 
parts  of  water.  The  botanist  Cohn  employed  a  similar 
solution,  consisting  of  0.1  gm.  each  of  potassium  phos- 
l^hate  and  magnesium  sulphate,  0.01  gm.  of  tribasic  cal 
cium  phosphate,  0.3  gm.  of  ammonium  tartrate,  and  20 
c.c.  of  distilled  water.  Naegeli's  solution  was  made  by 
adding  1  gm  dibasic  phosphate,  0.2  gm.  magnesium  sul- 
phate, 0.1  gm.  calcium  chloride,  and  10  gm.  of  ammo- 
nium tartrate  to  1,000  c.c.  of  distilled  water. 

After  the  lapse  of  many  years  these  non-albuminous 
fluids  were  again  brought  into  use  in  a  modified  form 
by  Uschinsky.  His  solution  consisted  of:  Water,  1,000 
parts;  glycerin,  30-40  parts;  sodium  chloride,  5-7  parts; 
calcium  chloride,  0.1  part;  magnesium  stdphate,  0.2-0.4 
part;  dipotassium  phosphate,  2-2  5  parts;  ammonium 
lactate,  6-7  parts;  sodium  asparaginate,  3-4  parts. 

Fraenkers  modification  of  this  solution  contains  5  gm. 
of  sodium  chloride,  2  gm.  of  potassium  diphosphate,  6 
gm.  of  ammonium  lactate,  and  4  gm.  of  sodium  aspa- 
raginate. These  substances  are  dissolved  in  1,000  c.c.  of 
water  and  the  solution  is  then  rendered  slightly  alkaline. 

Similar  solutions  have  been  used  by  Maassen  and  by 
others.  Thus  Proskauer  and  Beck  cultivated  the  tuber- 
cle bacillus  on  the  following  solution:  Commercial  am- 
monium carbonate,  0.35  per  cent. ;  monopotassium  phos- 
]ihate,  0.15  per  cent.;  magnesium  phosphate,  0.25  per 
cent.;  glycerin,  1.5  per  cent. 

For  cultivating  the  nitrous  and  nitric  acid  organisms 
Winogradsky  employed  wholly  inorganic  solutions.  The 
nitric-acid  producers  were  grown  in  a  solution  consisting 
of  1,000  c.c.  of  water,  1  gm.  potassium  phosphate,  0.5 
gm.  magnesium  sulphate,  0.01  gm.  calcium  chloride,  2 
gm.  sodium  chloride.  This  is  filled  into  flasks  in  por- 
tions of  20  c.c.  each,  together  with  a  little  freshly  washed 
magnesium  carbonate.  To  these  flasks,  after  sterilization 
by  steam,  2  c.c.  of  a  two-percent,  solution  of  ammonium 
sulphate  is  added,  after  which  they  are  incubated  to 
eliminate  contaminations. 

For  the  nitrous-acid  organisms  the  solution  consists  of 
1  gm.  ammonium  sulphate,  1  gm.  potassium  sulphate, 
and  1,000  c.c.  of  water.  It  is  filled  into  flasks,  magne- 
sium carbonate  added,  after  which  they  are  sterilized  by 
steam. 

As  a  substitute  for  gelatin  Winogradsky  employed 
silicic-acid  .jelly,  which  was  added  to  solutions  of  essen- 
tially the  same  composition  as  those  just  given. 

Stiindardization  of  Media. — The  procedure  as  intro- 
duced by  Koch,  and  still  followed  in  many  laboratories, 
is  to  add  a  saturated  solution  of  sodium  carbonate,  in 
portions  of  a  cubic  centimetre  or  more,  to  the  nutrient 
medium,  to  be  neutralized  until  a  drop  of  the  mixture, 
transferred  by  means  of  a  glass  rod,  turns  red  litmus 
paper  promptly  blue.  In  some  laboratories  a  .strong  solu- 
tion  of  sodium  hydrate  is  u,sed  in  the  same  way.  Ob- 
viously this  method  lacks  quantitative  precision,  and  the 
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duplication  of  the  same  reaction  in  several  batches  of 
material  is  out  of  question.  Jloreover,  it  is  an  estab- 
lished fact  tliat  the  leaction  of  a  medium  has  a  verj'  im- 
portant influence  upon  the  development  of  bacteria.  For 
these  reasons  the  bacteriological  committee  of  the  Ameri- 
can Public  Health  Association,  adopting  Fuller's  work, 
recommended  the  following  method  for  the  titration  of 
nutrient  media.     The  reagents  necessary  are : 

1.  Five-tenthsper-cent.  solution  of  phenolphthalein  in 
fifty-per-cent.  alcohol. 

2".  Normal  sodium  hydrate  (N.  NaOH).  A  litre  of  this 
solution  contains  40  gm.  of  NaOH. 

3.  Twentieth  normal  sodium  hydrate  (,"„  NaOH).  A 
litre  of  this  solution  contains  3  gm.  of  NaOH. 

4.  Normal  hydrochloric  acid  (N.  HCl).  A  litre  of  this 
contains  ye..')  gm.  HCl. 

5.  Twentieth  normal  liydrocldoricacid  (j'^).  A  litre  of 
this  contains  1.825  gm.  of  HCl. 

The  preparation  of  these  solutions  requires  some  famil- 
iarity with  the  methods  of  quantitative  analysis.  The 
solutions  can  be  built  up  by  starting  from  a  twentieth 
normal  solution  of  o.xalic  acid,  or,  better,  succinic  acid. 

The  titration  is  carried  out  as  follows:  To  5  c.c.  of  the 
filtered  medium  in  a  si.\-inch  porcelain  evaporating  dish 
add  45  c.c.  of  distilled  water  and  1  c.c.  of  the  phenol- 
phthalein solution;  boil  for  three  minutes  to  expel  car- 
bonic acid,  then  run  in  the  twentieth  normal  alkali,  drop 
bj'  drop,  with  constant  stirring,  until  a  bright  pink  color 
results.  The  number  of  cubic  centimetres  of  the  twen- 
tieth alkali  required  to  noitralize  5  c.c.  of  the  medium 
gives  directly  the  number  of  cubic  centimetres  of  normal 
alkali  {i.e.,  percentage)  required  by  100  c.c.  of  the  me- 
dium. Thus  if  5  c.c.  of  the  medium  requires  3.8  c.c.  of 
."alkali,  then  100  c.c.  would  need  56  c.c.  5",,  or  3.8  c.c. 
of  N  NaOH. 

The  (|uantity  of  the  medium  remaining  is  now  meas- 
ured and  the  amount  of  alkali  needed  for  neutralization 
is  calculated  and  added.  After  the  addition  of  the  alkali 
the  liquid  is  boiled  and  a  portion  is  then  titrated  as  be- 
fore. It  should  be  neutral,  and  if  it  is  not,  as  often  is 
the  case  on  account  of  unknown  changes,  the  requisite 
amount  of  alkali  to  make  it  so  is  added  to  the  btilk. 

The  medium  which  is  neutral  with  reference  to  phenol- 
phthalein is  very  alkaline  with  respect  to  litmus.  Thus 
a  bouillon  which  is  neiUral  to  litmus  will  require  about 
25  c.c.  of  normal  alkali  per  litre  to  make  it  ne\itral  to 
phenolphthalein.  In  general  the  addition  of  10  c.c.  of 
normal  alkali  to  a  medium  which  is  neutral  to  litmus 
imparts  the  most  favorable  degree  of  alkalinity.  Hence 
the  optimum  reaction  with  reference  to  phenolphthalein 
is  obtained  by  adding  15  c.c.  of  normal  acid  to  the  litre 
of  neutralized  medium.  It  is  customary  to  use  the  sign 
-j-  to  indicate  an  acid  reaction,  and  that  of  -  for  one  that 
is  alkaline.  Thus  +  15  means  that  the  reaction  is  acid 
with  respect  to  phenolphthalein,  and  that  one  litre  of 
the  medium  would  require  15  c.c.  of  normal  alkali  for 
neutralization. 

The  titration  with  litmus  as  an  indicator  is  best  carried 
Old  in  tlie  following  way :  Portions  of  5  c.c.  of  the  me- 
dium are  measured  out  into  each  of  four  or  five  large 
test  tubes.  In  the  case  of  bouillon  the  amoiuit  of  ,°5  alkali 
needed  to  neutralize  this  amount  may  vary  from  0.3 
to  0.6  c.c.  Hence  to  tube  1  add  0.3  c.c  ;  to  tube  2  add 
0.4  c.c.;  to  tube  3  add  0.5  c.c.  etc.  The  contents  of 
each  tube  are  then  boiled  for  a  minide,  after  which  a  slip 
of  red  and  of  blue  litmus  paper  is  dropped  into  the  hot 
liquid  and  allowed  to  remain  there  for  about  a  ndntde. 
The  papers  are  then  drawn  out,  side  by  side,  on  the  walls 
of  the  tube  when  the  colors  can  be  compared.  In  this 
way  the  ammuit  of  alkali  necessary  to  neutralize  5  c.c. 
with  respect  to  litmus  can  be  determined.  Bouillon,  as 
well  as  agar,  usually  requires  about  5  c.c.  per  litre  for 
neutralization,  wddle  gelatin  needs  about  30-35  c.c. 
Having  determined  the  amount  needed  for  neutralization, 
this  amount,  together  with  an  excess  of  10  c.c.  per  litre, 
to  impart  a  suitable  alkaline  reaction,  is  then  added  to 
tlie  medium. 

For  ordinary  purposes  it  is  hardly  necessary  to  resort 


Fig.  .5(K9.— Wire  Basliet  for 
Sterilizing  Tubes. 


to  these  rather  complicated  methods.  It  is  sufficient  to 
add  directly  to  bouillon  and  to  agar  15  c.c.  of  normal 
alkali  per  litre.  Gelatin  will  require  about  40  c.c.  in 
general  sodium  carbonate  is  preferable  to  the  hydrate 

Prepnrtition  and  Filling  of  Tiibts. — The  cheaper  grades 
of  test  tubes  shoidd  be  avoided.  They  are  very  thin  and 
therefore  break  easily,  and.  moreover,  on  heating  they 
will  often  frost  because  of  the  separation  of  silicic  acid. 
The  best  test  tubes  are  the  "blue-lined"  or  "resistant 
glass"  qualit_y,  or  those  of  genuine  Bohemian  glass. 
The  size  used  varies  with  the  purpose  and  the  individual 
taste;  13  X  125,  15  X  150,  and 
20  X  150  mm.  are  convenient. 

The  new  tubes  of  the  better 
glass  can  be  used  after  being 
swabbed  out  with  warm  water. 

The  cheaper  grades  are  very 
alkaline,  and  for  that  reason 
should  be  first  soaked  in  very 
dilute  warm  hydrochloric  acid, 
after  which  they  should  be 
rinsed  or  swabbed  thoroughly 
in  clean  warm  water.  The 
cleaned  tubes  are  allowed  to 
drain,  and  when  dry  are 
plugged.  Used  tubes  should 
be  sterilized  by  steaming  tor  a  half-hour,  after  which 
they  may  be  filled  with  water  and  again  heated,  so  as  to 
bring  the  more  or  less  dried  contents  into  .solution. 

The  simplest  way  of  plugging  is  to  place  over  the 
mouth  of  the  tube  a  piece  of  cotton,  about  two  inches 
square,  which  is  then  pushed  within  by  means  of  a  nar- 
row glass  rod  or  a  pair  of  smooth  forceps.  Such  plugs 
answer  all  ordinary  purposes.  They  are,  however, 
rather  loose,  and  permit  evaporation  of  the  media,  and 
cannot  be  used  where  the  tubes  are  to  be  sealed  with 
wax.  A  firm  solid  plug  is  made 
by  taking  a  piece  of  cotton, 
about  three  inches  square.  This 
is  folded  into  thirds  and  then 
rolled  up  from  the  end  into  as 
firm  a  cylinder  as  possible.  By 
a  twisting  motion  the  plug  is 
inserted  into  the  tube,  and  only 
enough  cotton  is  left  on  the  out- 
side to  permit  grasping  of  the 
plug.  The  plugged  tubes  are 
then  placed  in  a  wire  basket, 
such  as  is  shown  in  Fig.  50-59. 
These  baskets  are  made  of  heavy 
galvanized  netting.  The  usual 
size  is  24  cm.  high  and  18  cm. 
square.  Smaller  baskets,  10  X 
12  and  18  cm.  high,  are  very 
useful.  Circtdar  baskets,  of  a 
size  to  fit  the  sterilizer,  are  also 
used. 

Flasks,  bulbs,  etc.,  should  be 
prepared  for  sterilization  in  the 
same  way. 

After  "the  tubes  have  been 
sterilized  by  heating  in  the  dry- 
heat  oven  "they  are  ready  to  be 
filled  with  the  nutiient  media. 
This  can  be  done  by  the  aid  of 
a  small  funnel.  Where  large 
quantities  of  media  are  to  be 
tubed  much  time  can  be  savcil 
by  using  a  large  funnel  or  globe 
receiver,  such  as  is  shown  in 
Fig.  5060.  The  lower  end  of  the 
bulb  is  connected  with  a  drawn- 
out  glass  tube  and  is  ])rovided 
witha  pinch  cock.  In  this  way 
the  media  can  be  rapidly  filled  into  the  tubes.  Ordi- 
narily the  tubes  are  filled  to  the  depth  of  one  and  one- 
half  or  two  inches.  In  special  cases  in  which  definite 
quantities  are  desired,  the  simple  apparatus,  shown  in 
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Frfi.  5060.— Globe  Receiver 
for  Fillins  Media  into 
Tubes,  with  Burette  At- 
tachment.    (Novy.) 
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Fig.  5061.  —  Treskow's  A  p  - 
paratus  for  MeasurinR  Media 
into  Tubes. 


Fi"  5060,  can  be  used.  Tlie  containers,  with  the  media 
tole  filleil,  can  first  be  sterilized  by  steaming  after 
whicli  tlie  media  can  be  measured  out  into  sterile  tubes, 
wliich  will  not  require  further 
treatment.  A  less  desirable 
apparatus  is  that  of  Treskow, 
si).-\vn  in  Fig.  5061. 

SriiuiLizATiON. — By  sterili- 
zalion  is  meant  the  total  de- 
struction or  removal  of  all 
organisms  in  or  about  a  given 
olrject.  This  can  be  accom- 
plished in  a  variety  of  ways. 

1 .  By  Direct  Fhimiiiff. —TU'is 
method  is  applicable  for  the 
sterilization  of  glass  rods, 
slides,  cover-glasses,  platinum 
wires,  searing  irons,  and  rough 
instruments.  Valuable  surgi- 
cal instruments  would  of 
course  be  damaged  by  this 
)iroccdure. 

2.  By  Means  of  the  Dry-Heat 
Sterilizer.  —  The  form  most 
often  used  is  that  of  Koch, 
shown  in  Fig.  5063.  This  is 
made  of  sheet  iron,  is  double 
walled,  and  the  outer  wall  may 
be  lined  to  advantage  with 
thick  asbestos  board.  The 
form  as  shown  is  designed  to 
sterilize  not  only  tubes  and 
flasks  but  also  glass  tubing, 
pipettes,  and  the  like.  The 
oven    is    used    for  sterilizing 

only  glass  and  metal  ware.  It  must  not  be  used  for 
sterilizing  media.  A  temperature  of  150°  C.  should  be 
maintained  for  one  hour.  Usually  it  will  be  sufficient  to 
allow  the  temperature  to  rise,  and  as  soon  as  it  has 
reached  200°  the  gas  is  turned  off.  The  cotton  should 
show  a  slight  tinge  of  yellow  after  this  heating.  If 
the  plug  browns  considerably  and  powders  it  is  due 
more  to"  the  fact  that  the  cotton  has  been  chemically 
treated  than  to  the  heat. 

3.  Fractional  t<terilitation  at  56'-58°  C— This  method 
was  introduced  by  Tyndall,  and  has  been  used  for  the 
sterilization  of  liquid  sVriim,  milk,  and  other  fluids  which 

are  liable  to  be  al- 
tered more  or  less  by 
heat.  It  is  based  up- 
iiu  the  fact  that  the 
activel.y  vegetating 
forms  of  bacteria  are 
readily  destroyed  as 
a  rule  by  exjjosure 
for  some  minutes  to 
this  temperature. 
The  resting  forms  or 
spores  are  not  in  the 
least  affected  by  such 
exposure.  It  is  nec- 
essary to  wait  until 
the  spores  have  ger- 
minated into  the  veg- 
etating forms,  which 
can  then  be  destroyed 
by  a  second  like  heat- 
ing. As  ordinarily 
practised,  the  method 
is  as  follows:  The 
tubes  are  placed  in 
an  apparatus,  such 
as  that  shown  in 
Fig.  5063,  and  are 
heated  for  one  hour  at  the  given  temperature  on  each  of 
seven  or  eight  consecutive  days. 

This  method  sometimes  gives  good  results,  at  other 
times  it  fails.     The  reason  for  this  lies  in  the  presence  or 


absence  of  the  so-called  thermophilic  bacteria.  These 
organisms  actually  grow  best  at  the  temperature  em- 
ployed,  and  hence,   if  they  chance  to  be  present,  the 


Fig.  5062.— Koch's  Dry-Heat  Surilizer. 


Fifi.  .506:3.— Roux   Water-Balli   for  Stenlizing  Serum  with  Metallic 
Regulator. 

method  is  inapplicable.  A  temperature  of  70"  C.  may 
be  used  in  like  manner,  but  this  causes  coagulation  of 
the  serum. 

By  Pasteurization  is  meant  the  partial  destruction  of 
the  organisms  which  are  present  in  a  milk.  This  is  ac- 
complished by  exposing  the  milk  for  half  an  hovu-,  or 
more,  to  a  temperature  of  about  68'  C.  (155°  F.).  While 
this  temperature  does  not  destroy  the  spores  Avhich  may 

be  present,  it  does  kill 
the  lactic  -  acid  ami 
other  bacteria,  which 
do  not  produce  spores. 
As  a  result,  milk  treat- 
ed in  this  way  will 
keep  for  several  days 
without  coagulating. 
If  a  higher  tempera- 
ture is  used,  the  taste 
of  the  milk  is  likely  to 
be  impaired. 


FIG.  5064.-Koch's  Steam  Stcrihzer. 

3  Sterilization  in  Flamnq  .s7c(T/».— Several  forms  of 
apparatus  have  been  devised  for  this  purpose.  Among 
the  earliest  is  the  well-known  form  which  bears  Koch  s 
name.     This  apparatus  is  used  almost  entirely  in  Ger- 
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many,  aud  to  a  consideralile  extent  in  this  country.  It  is 
shown  iu  Figs.  5064  aud  5065. 

It  consists  of  a  cylinder  of  galvanized  iron,  or  better  of 
copper,  ■which  can  be  given  such  dimensions  as  may  be 
desired.  Ordinarily  it  is  about  half  a  metre  high  and 
about  25  cm.  iu  diameter.  It  is  surrounded  by  a  thick 
covering  of  felt  M,  to  prevent  loss  of  heat  b_v  ladiation. 
In  the  interior  of  the  cylinder  at  R,  is  placed  a  grate 
which  serves  as  a  supjiort  for  the  pail  and  other  vessels  to 
be  disinfected.  The  water  in  the  lower  compartment  is 
heated  by  one  or  more  large  gas  burners.  Above  it  is 
closed  Avith  a  cover  I),  which  is  also  covered  with  felt. 
A  central  opening  permits  the  escape  of  steam,  and  can 
be  usetl  for  the  insertion  of  a  thermometer.  The  pail 
shown  to  the  right  of  'the  ster- 
ilizer has  a  grating  for  a  bot- 
tom, to  allow  free  access  of  the 
steam,  and  in  it  are  placed  the 
articles  to  Ijc  sterilized. 

The  nutrient  media  are  as  a 
rule  sterilized  by  steam.  A 
single  heating  fm-  one  hour  in 
steam  at  100°  C.  is  usually' 
sufficient  to  render  the  media 
sterile.  Prolonged  heating) 
however,  tends  to  alter  the 
media,  and  for  that  reason 
fractional  or  discontinuous 
sterilization  is  resorted  to. 
The  latter  has  the  additional 
advantage  that  it  lenders  the 
medium  more  surely  sterile. 
„  There   are   spores   which    can 

lf~         Tl  withstand   steaming    for   one, 

■  VV  and   even   five    or  six    hours, 

M  \\  and   if  such   forms  chance  to 

Jf  vk  be  present,   it  is  evident  that 

^  '^  the  material  cannot,  be   steril- 

ized by  the  single  heating  for 
one  hour.  In  the  other  pro- 
cedure the  media  are  steamed 
for  fifteen  minutes  or  half  an  hour,  according  to  the 
nature  of  the  medium,  on  each  of  three  consecutive 
days.  The  first  heat  serves  to  destrov  the  vegetating 
germs  that  may  be  present.  In  the  interval  which 
elapses  between  the  first  and  second  heating,  the  spores 
which  are  probably  present  will 
germinate  and  are  thus  converted 
into  the  much  weaker  form,  which 
is  then  destroyed  by  the  second 
steaming.  The  second  interval 
.allows  any  remaining  spore,  which 
may  have  failed  to  germinate  the 
first  dav.  a  chance  to  do  so,  and 
the  third  heating  is  expected  to 
dispose  of  these  last  organisms. 
Asa  rule  all  media  should  be  in- 
cubated for  one  or  two  days  to 
make  sure  that  they  are  jierfectly 
sterile.  If  any  growth  develops 
in  the  tubes  or  flasks  these  should 
be  discarded,  and  only  those  which 
are  free  should  be  jireserved  for 
use. 

Failure  to  secure  sterilization 
by  this  procedure  is  due  to  one  of 
the  following  conditions:  The 
temperature  which  prevails  -dur- 
ing the  twenty-four-hour  period 
wliich  elapses  between  the  con- 
secutive heats  may  be  so  high 
that  the  spores  which  are  pres- 
ent not  only  germinate,  but  the 
vegetating  forms  in  turn  give  rise 

to  spores,  so  that  a  larger  number  of  resistant  forms  are 
liresent  on  the  second  or  on  the  third  day  than  were 
present  in  the  beginning.  Again,  it  may  happen  that 
the   temperature   is  too  low,  in   which  case   the  spores 


?1G.  r)l)ii.i.— Seotiim  lit  Kocli's 
Steam  Sterilizer. 


FIG.   ofiefi.- Arnold 


>Ujam  Sterllizor,  Sectional 
View. 


cannot  germinate,  and  hence  will  be  found  to  resist 
Sterilization.  Another  source  of  error,  though  much  less 
common,  was  pointed  out  by  Smith.  If  the  spores  ol 
anaerobic  bac- 
teria are  present 
in  a  bouillon, 
t  ii  e  y  cannot 
from'  their  very 
nature  germi- 
nate under  the 
ordinary  condi- 
tions, tiiat  is,  in 
the  presence  of 
the  air,  and  may 
therefore  escape 
destruction. 

In  this  coun- 
try, and  even  in 
Germany,  the 
Arnold  steam 
sterilizer  has 
met  with  a  very 
favorable  recep- 
tion. The  ap- 
paratus is 
shown  in  Fig. 
5066.  It  con- 
sists of  (a)  a  flat, 
shallow  boiler, 
holding    but    a 

small  amount  of  water,  and  therefore  requiring  but  a 
minimum  amount  of  heat  to  produce  steam ;  (h)  a  reser- 
voir placed  upon  the  boiler,  which  it  constantl}'  feeds 
aud  insures  the  constant  formation  of  steam;  (rf)  a  cov- 
ered steam  chest  or  receiving  vessel,  placed  above  the 
reservoir  and  connected  with  the  boiler  by  a  cylindrical 
tube  of  large  diameter  (f);  and  (e)  a  hood,  covering  the 
receiver  and  enclosing  an  airspace,  which  is  constantly 
sui>]5lied  with  escape  steam.  The  hood  and  the  steam 
jacket  which  it  encloses  prevent  variations  iu  tempera- 
ture in  the  receiving  vessel  so  long  as  the  heat  applied  to 
the  boiler  remains  unchanged. 

A  cheap  and  thoroughly  eflicient  steam  sterilizer 
adapted  for  individual  woik  is  shown  in  Fig.  5067.  Tliis 
consists  of  an  ordinary  Hoffmann  iron  water-bath  10-20 
cm.  in  diameter.  On"  this  is  placed  a  copper  pail  (20  X 
20  cm.),  which  is  pi'ovided  with  a  perforated  bottom. 
Two  perforated  rings  on  the  inside  allow  the  passage  of 
steam,  aud  prevent  the  cotton  of  the  tubes  from  coming 
into  contact  with  the  side  of  the  steamer.  The  tubes 
filled  with  media  are  placed  in  the  pail,  and  tliis  is  then 
set  on  the  water-bath,  the  water  of  which  has  been  pre- 
viously raised  to  active  ebullition.  In  a  few  minutes 
steam  will  issue  from  the  tube  in  the  top  of  the  cover. 
It  is  always  advisable  to  take  the  temperature  of  the  va- 
por as  it  issues  from  a  sterilizer  and  to  count  the  time  of 
exposure  from  the  moment  that  the  vapor  actually  shows 
the  temperature  of  steam,  that  is  100°. 


Fig.  5067.— Novy  Steam  Sterilizer. 

4.  SterUiziiHon  by  Steam  I'lnUi-  Pngsu re. —This  ju-oce- 
dure  is  used  almost  entirely  by  the  French  workers.  Its 
usefulness  is  such  as  to  merit  a  wide  introduction  into 
this  country.     The  apparatus,  which  is  designated  as  an 
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Fig.  .5068.— Chamberland  Aiitnclave  tor  Steril- 
izing by  Steam  Under  Pressure.     (Novy.) 


autoclave,  is  shown  in  Fig.  5068.  It  consists  of  a  strong 
boilor,  in  the  bottom  of  which  a  small  quantity  of  water 
is  placed.  The  articles  to  be  steamed  are  placed  in  a 
wire  hasUet,  wliieli  is  set  on  the  bottom  of  the  boiler. 
„.  The   litl  is   closed   with    a    rubber 

gasket  ami  securely  held  in   jjlace 
by    tlmmb    screws.     Inasmuch    as 
the  amount  of  aqueous  vapor  in  a 
given  space  as  well  as  the  tempera 
ture,  in  the  ease  of  contiued  steam, 
is  greater  than  with  flow- 
ing steam,  it  follows  that 
the  autoclave  is  consider- 
ably more  eflicient.     Thus 
steam   at   130°   C.,  under 
pressure,  will  destroy  in- 
stantaneously      spores 
which  would  resist  flow- 
ing steam  at  100°  for  live 
or  si.\  hours. 

The  culture  media  can 
be  sterilized  by  a  single 
lieutiug  for  fifteen  to 
thirty  mintites  at  110°  C. 
A  h  i  g  h  e  r  temperature 
should  be  avoid- 
ed, as  it  tends  to 
alter  tlie  reac- 
tion of  the  me- 
dia. Glass  ap- 
paratus, tilters, 
rubber,  etc.,  can 
be  sterilized  by 
heating  at  120° 
for  half  an  hour. 
Infected  animals  can  be  subjected  to  130°  for  the  same 
length  of  time,  or  to  130°  or  more  for  a  less  period. 

It  must  be  remembered  that  the  autoclave  requires 
more  care  than  an  ordinary  sterilizer  owing  to  the  danger 
of  explosion.  The  follow'ing  points  should  be  observed 
in  its  use:  Enough  water  should  be  present;  after  the 
burners  are  lighted,  the  steam  valve  should  be  left  open 
until  all  the  air  has  been  expelled;  when  the  steam  has 
flowed  I'apidly  for  one  or  two 
minutes  the  valve  is  closed ;  as 
soon  as  the  desired  temperature 
is  indicated  on  the  gauge,  the 
burners  are  turned  down,  so 
that  this  temperature  is  main- 
tainetl  for  the  required  time ;  the 
burners  are  then  turned  oil,  but 
the  steam  valve  is  not  opened 
until  the  temperature  has  fallen  below 
100°,  after  which  tlie  lid  can  be  removed. 
The  safety  valve  should  be  tested  to 
open  at  about  125°  C.  It  is  a  good  rule 
not  to  leave  the  autoclave  out  of  sight 
whili;  the  temperature  is  rising. 

5.  Sterilization  by  Filtfiition. — It  is 
possible  to  remove  completely  all  the 
organisms  which  ma\'  be  present  in  a 
liquid  by  filtration.  Filter  paper,  of 
coui'se,  on  account  of  the  small  size  of 
the  bacteria  cannot  be  used  for  this  pur- 
pose. There  are  only  two  reliable  fil- 
ters for  bacteriological  woik.  That 
known  as  the  Pasteur-Chamberland  filter 
is  tlie  best,  and  is  made  of  unglazed  por- 
celain. The  form,  as  used  for  filtering 
water  for  domestic  use,  is  shown  in 
Fig.  5069.  The  original  French  fillers 
are  to  be  preferred  to  the  German  imi- 
tation.s.  They  are  made  in  two  grades; 
that  marked  /-'is  more  porous  than  tliat  marked  B. 

Tlie  Kitasato  filter,  a  narrow  form  of  the  above,  is  also 
made  of  unglazed  porcelain,  and  isintended  for  the  filtra- 
tion of  very  small  amounts  of  liquid.  This  can,  however, 
be  done  also  with  the  former.     Il  is  shown  in  Fig.  5070. 


FIG.  5(Xi9.  —  Pas- 
teur -  Chamber- 
laud  Filter. 


Fig.  5070. 


Kitasa  to ' 
Filter. 


The  Berkefeld  filter  (Pig.  5074)  consists  of  closely 
packed  infusorial  earth.  It  can  be  obtained  in  several 
sizes,  having  the  general  shape  of  the  Chamberland  Pas- 
teur bougie.  It  is  considerably 
more  porous  than  the  porcelain 
filter,  and  is  therefore  adapted  for 
rapid  filtration,  but  it  should  be 
borne  in  mind  that  it  is  more 
likely  to  allow  the  passage  of 
bacteria. 

A  useful  form  of  apparatus 
for  holding  the  Pasteur-Chamber- 
land bougie,  that  of  Martin,  is 
shown  in  Fig.  50T1.  It  consists 
of  a  metal  cylinder  with  a  fun 
nel-shaped  top,  which  permits  the 
filtration  of  the  culture  through 
filter  paper  previous  to  its  pas- 
sage through  the  bougie,  and  thus 
obviates  or  lessens  the  clogging 
of  the  latter  A  rubber  ling 
serves  to  make  a  tight  joint  when 
the  bougie  is  held  in  place  by  the 
lower  screw  cap  The  lower  end 
of  the  bougie  is  connected  with 
a  piece  of  vacuum  rubber  tubing 
to  a  globe  receiver  The  entire 
apparatus  is  sterilized  by  heating 
in  an  autoclave.  The  filtration 
may  be  carried  on  by  gravity  or  an  aspirator  may  be 
connected  witli  the  upper  tube  of  the  globe  receiver. 
When  the  filtrate  is  to  be  transferred,  the  tlrawn  out 
side  tube  is  scratched  near  the  end  with  a  file,  and 
then  broken  off,  after  which  the  tube  is  flamed  and  the 
liquid  is  drawn  off  into  sterile  tubes  or  flasks  This 
globe  receiver  can  be  used  until  the  drawn  out  tube  is  too 
short,  when  a  new  tube  is  fused  on 

A  better  form  of  a  globe  receiver  is  shown  in  Fig. 
5074.  This  is  provided  with  three  side  tubes,  which  are 
plugged  with  cotton,  after  which  the  receiver  is  sterilized 
in  a  dry  heat  oven.  When  it  is  to  be  used,  the  cotton  is 
removed  from  the  tube  1).  which  is  then  connected  with 
the  sterile  bougie  by  means  of  a  piece  of  sterile  vacuum 
tubing.  The  horizontal  tube  F  is  similarly  connected 
with  the  sterile  drawn  out  glass  tube  G.  The  tube  E, 
with  its  cotton  plug  in  place,  is  connected  with  a  Chap- 
man jnimp.  The  filtrate  may  be  withdrawn  by  means 
of  a  sterile  liullj  pipette,  or  in  the  same  way  as  from  the 
receiver  of  Jlar- 
tin.  The  advan- 
tage lies  in  the 
short  rubber 
tubing,  com- 
pactness, a  n  d 
the  convenience 
in  attaching  the 
drawn-out  tube. 
This  vacuum  re- 
ceiver can  be  ob- 
tained in  several 
sizes,  such  as 
o  n  e  -  ti  u  a  r  t  e  r , 
one-half,  one, 
and  one  and  one- 
halt  litre  capa- 
city. 

Instead  of  a 
metal  cylinder 
to  hold  the  bou-  ^ 
gie,  Novy  has  m; 
devised  one  of  ^_ 
glass.  This  is 
shown  in  Fig. 
,5072.  The  nec- 
essary tight  joint  between  the  bougie  and  the  glass 
cylinder  is  made  with  a  rubber  ring,  and  the  bougie  is 
brought  up  tight  into  place  by  means  of  small  vises, 
which  act  on  the  flange  and  on  an  iron  washer.     The  ar- 


Tuat  ^  VIDE 


FIG.  5071.— Martin's  Filter. 
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rangement  is  shown  in  Fig.  5073.     If  desired  tlie  liquid 

can  be  tillered  under  pressure,  iu  which  case  the  rubber 

stopper  at  II  is  connected  with  a 

tank  of  compressed  air.     The  C3'l- 

inders   are  made   to  withstand  a 

pressure  of    over    one    hundred 

pounds. 

Tlie  Berliefeld  filter  may  be  at- 
tached to  the  above  glass  cylinder 
by  means  of  a  rubber  and  iron 
washer  and  the  clamps  mentioned 
(Fig.  5074).  A  more  convenient 
arrangement  is  to  use  a  c_ylinder  '|  g 

of  brass  of  suitable   length   and 
width,  threaded  at  each  end     The 

lower  end  is  provided  with  a  screw      „^,^ 

cap.  through  which  the  metal  end         i^^^B  f 
of  the  Berkefeld  bougie  is  passed 
The  upper  end  is  also  closed  with 
a   screw    cap,    provided    with    a 
three-eighths  of  an   inch   nipple, 


Fig.  5072.— Xovy's  Filteriug  Apparatus. 

which  serves  to  connect  the  cylinder  with  the  compressed 
air  The  tip  of  the  Berkefeld  is  connected  with  a  globe 
receiver.  The  tiltratiou  can  then  be  carried  out  by  grav- 
ity, by  aspiration,  or  by  pressure. 

The  filtration  of  liquids  constitutes  an  exceedingly  im- 
portant part  of  bacteriological  teclinique.  By  its  means 
the  soluble  prodvicts  of  bacteria  may  be  separated  from 
the  solid  cells.  In  this  way  the  toxins  of  many  patho- 
genic bacteria  are  prepared.  Again  it  is  by  the  filtration 
process  that  it  has  been  possible  to  demonstrate  the  exist- 
ence of  the  so-called  ultra-microscopic  organisms.  While 
the  common  bacteria  will  not  pass  through  a  filter,  there 
are  a  number  of  diseases  in  which  the  cause  is  so  miiuite 
that  it  will  go  through  the  Berkefeld,  and  at  times,  even 
through  the  Pasteur-Chamberlanil  bougie.  Yellow  fe- 
ver, sheep  pox,  foot-and-mouth  disease,  contagious  pleu- 
ro-pneumonia  of  cattle,  chicken  pest,  rinderpest,  horse 
sickness,  molluscum  contagiosum  of  birds,  and  the 
"mosaic  disease  of  tobacco  "  are  of  this  class.  So  also  is 
that  of  rabies.  The  fact  that  a  given  filtrate  infects  is 
not  proof  that  the  cause  is  always  in  this  extremely  mi- 
nute form.     It  may  be  that  the  real  organism  is  relatively 

large,  as  in  the 
case  of  the  rat  try- 
lianosome,  and  3'et 
Berkefeld  filtered 
cultures  of  this  will 
often  infect  ani- 
mals. This  is  due 
to  the  existence  of 
a  minute  stage  in 
the  development  of 
the  organism.  It  is 
therefore  to  be  ex- 
pected that  the 
pathogenic  proto- 
zoa, though  they 
themselves  may  be 
large,  may  give  rise 
to  filterable  sporo- 
zoites. 
6.  Sterilizatinn  bn 
Chemicnh. — This  principle  is  applicable  only  to  a  limited 
extent  to  nutrient  media.  Tlie  addition  of  such  sub- 
stances as  carbolic  acid  or  mercuiic  chloride  will  serve 


Fig.  .507.'!.— Connections  for  ttie  Novy  Ap- 
paratus. ].  2,  3.  Rubber  rings :  4,  iron 
washer. 
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to  destroy  the  organisms  which  may  be  present,  liut 
since  these  compounds  cannot  be  removed  from  tlie 
medium,  it  follows  that  it  cannot  be  u.sed  for  culture 
purposes.  A  few  substances  have,  however,  been  used 
with  this  object  in  view.  Thus  if  chloroform  is  added 
to  milk  or  blood  .serum,  and  is  allowed  to  act  long 
enough,  it  will  bring  about  sterilization.  The  remain 
ing  chloroform  can  finally  be  driven  off  by  means  of 
gentle  heat  and  by  aeration.  Ether  has  been  used  in 
the  same  way,  and  indeed  this  is  a  useful  procedure 
for.  sterilizing  such  weak  cultures  as  those  of  cholera. 
Glycerin,  as  is  well  known,  is  added 
to  vaccine  with  the  object  of  destroy- 
ing the  common  pus  producing  or- 
ganisms which  are  so  often  present. 
It  certainly  will  in  time  destroy  all 
of  these  accidental  bacteria,  but  un- 
fortunately prolonged  exposure  of 
the  vaccine  virus  to  the  glycerin 
damages  it  as  well. 

Chemical  disinfection  of  drinking- 
waters  has  also  been  proposed,  espe- 
cially in  connection  with  military 
operations.  For  this  purpose  vari- 
ous substances,  such  as  bromine  and 
the  organic  peroxides,  have  been  sug- 
gested 

In  the  laboratory  this  method  is 
resorted  to  more  or  less  to  sterilize 
old  used  cultures,  test  tubes,  and 
even  animals.  Five  -  per  -  cent,  car- 
bolic acid  or  0.1-per-cent.  mercuric 
chloride  are  employed. 

The  Incuhatar. — It  is  custom- 
ary to  divide  bacteria  into  two 
large  groups  —  the  saprophytic 
and  the  parasitic — according-  as 
to  whether  they  grow 
in     nature    on    dead 
matter  or  in  the  liv- 
ing    body.      Among 
the  latter  are  classed 
the   disease- produc- 
ing bacteria.    In  gen- 
eral the  optimum  temperature  for  the  growth  of  the  sapro- 
phytic organisms  is  about  25°  C,  whereas  the  pathogenic 
bacteria  thrive  best  at  the  tem()erature  of  the  body.     In 


Fig.  mn.  —  Berkefeld  Filter  showinK 
Manner  of  Aitacbment.  Globe  re- 
ceiver.    (Novy.) 


Fig.  507.5.— Koch's  Incubator. 

order  to  supply  this  requirement  it  is  neces.sary  to  use  an 
incubator  or  thermostat,  tlie  temperature  of  which  can 
be  maintained  without  variation  at  any  desired  level. 
Various  forms  of  apparatus  have  been  devised  for  this 
purpose;  that  of  Koch  is  shown  in  Fig.  5073.  It  con- 
sists of  a  double-walled  box  of  copper,  the  sides  and  top 
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lioiiig  covered  with  felt.  The  space  between  the  wal.s 
is  Jilled  with  water.  In  the  top  is  an  opening  com 
miinicatinn-  willi  tlie  interior  air  splice, 
and  in  it  a  thcrniomtlcr  i.s  placed  to 
indicate  the  temijerature.  The  open 
injrs  in  the  corners  communicate  with 
tlie  water  space.  One  of  these  is  in- 
,,     tcnih'd  tn  Iinld  a  thermo-regulator,  while 


l-ii..  .MtTfJ.    Kocti's  Safety  Biirnei-s. 

the  other  serves  for  the  addition  of  water.  Inner  and 
outer  doors  are  provided,  and  in  the  better  models  jiro- 
vision  is  made  for  ventilation  and  for  keeping  the  air 
moist. 

The  apparatus  may  be  lieatcd  with  an  Argaud  burner. 
The  ordinary  Bunseu  burner  is  not  used  because  of  the 
danger  of  "shooting  back."  The  Kocli  safety  burner  is 
to  be  preferred,  for  it  automatically  shuts  off  the  supply 
in  case  the  gas  should  byanycliance  happen  to  be  turned 
off.  It  consists  of  two  iron  spirals  which,  as  they  are 
licated,  expand,  and  in  so  doing  communicate  this  motion 
to  an  arm  which  then  swings  under  and  supports  the 
weighted  lever  of  the  valve.  If  by  any  accident  the 
fiame  should  become  extinguished,  "the  spirals  cool  and 
contract;  this  causes  the  supporting  arm  to  swing  out 
from  under  the  lever,  which  then  falls  and  thus  shuts  off 
the  gas  (see  Fig.  SOTli). 

In  case  gas  is  not  available  the  incubator  is  heated  with 
an  oil  lamp.  The  Sartorius  model  is  especially  well  con 
strucled  for  this  form  of  lieating.  A  good  substitute  can 
always  be  found  in  the  iirdinarj^  egg  incubator.  In  a 
few  places  the  heat  is  supplied  by  means  of  electric  hot 
plates. 

By  far  the  most  imjiorfant  accessor_y  to  an  incubator  is 
a  thermo-regulator,  which  will  automaticall}'  control  the 
supply  of  gas  and  hence  the  temperature  of  the  oven. 
Several  of  the  more  coiumon  forms  are  shown  in  Fig. 

5077.  The  Reich- 
ert  form,  though 
very  widely  used, 
is  far  from  being 
the  7iiost  satisfac- 
tory. The  lower 
bulb   is  filled  with 


Fig.  SOTS.—Rdux  Metallic  Thermo- 
Itej^ulator. 


A.  D. 

F/0.  5077.-Tliermo-ReKiilators. 


^1,  Hansen's ;  B,  Reiehert's ;  C,  Dunbam's;  D,  Novy's. 


mercury,  which  as  the  temperature  rises  shuts  off  the 
opening  through  which  the  gas  enters.  In  order  to  pre- 
vent the  tlame  from  lieing  (Wtiuguished  a  minute  open- 
ing is  made  in  tlie  gas  delivery  tube  whereby  a  mini- 
mum flame  can  be  maintained. 

In  the  Bunsen  form  the  lower  compartnieiit  is  nearly 
filled  with  a  mixture  of  equal  parts  of  ether  and  abso- 
lute alcohol,  after  which 
a  sufficient  quantity  of 
raercur}'  is  added  to  act 
as  a  valve.  The 
upper  part  is  closed 
with  a  stopper, 
throng  h  wliicli 
passes  the  gas  tube. 
When  the  proper  tem- 
perature is  reached,  this 
tube  is  pushed  down  till 
the  gas  tlame  drops.  The 
minimum  opening  pre- 
vents total  extinguish- 
ment. By  careful  manip- 
ulation the  regulator  can 
be  set  at  any  temperatvu'c 
which  may  be  desired. 

In  bo[h  the  Novy  and 
Dunham  forms  the  lower 
Indli  is  filled  with  abso 
lute  alcohol.  As  this  ex 
pands  it  acts  against  a 
column  of  mercury,  which 
in  turn  shuts  off  the  sup- 
plj'  of  gas.  The  lateral 
.screw  permits  the  adjust- 
ment of  the  regulator  to  the  desired  temperature.  In 
the  former  the  minimum  supply  can  be  regulated  to  a 
nicety.  This  enables  it  to  be  used  for  a  water-bath,  or 
for  a  small  or  lurge  incubator.     It  can  be  obtained  with 

the  alcohol  cylinder  of  dif- 
erent  sizes,  according  to 
the  use  for  which  the  ap- 
paratus is  intended. 

The  metallic  regulator  of 
Roux  is  intended   for  con- 
trolling the  temperature  of 
large    water-baths   and    of 
incubator  rooms,  for  which 
purpose    no    better   device 
can  be  found.     It  is  made 
in     the     two     forms,     the 
straight  and  the 
U  shape,  shown 
in  Fig.  5078,    It 
consists  of  two 
metal   b  a  n  d  s 
having  different 
coelficients    of 
expansion. 
These    are    sol- 
dered together  the  full  length.     As 
the  temperature  rises,  the  free  up- 
]ier  arm  moves  from  and  thus  re- 
leases a  spring  valve,  which  shuts 
off   the   main    supply   of    gas.     A 
minute  opening  serves  to  supply  a 
minimum  amount  of  gas,  and  thus 
prevents    extinguishment    of    the 
tiame. 

The  incubator  described  in  its 
several  modifications  answers  all 
ordinary  purposes.  In  large  labo- 
ratories they  can,  however,  be  dis- 
pensed with  almost  entirely,  and 
their  place  is  taken  by  the  incuba- 
tor room.  By  this  is  meant  a  room, 
usually  about  eight  feet  cube, 
which  is  maintained  at  a  constant 
temperature.       This     arrangement 


384 


REFERENCE   HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


lSactoriolo<;ical 
Xccliiiique. 


was  first  em]iloyed  iit  the  Pasteur  Institute,  where  tlie 
heat  is  couveyecl  to  tlie  room  by  meaus  of  large  pipes 
aloug  the  wall,  filled  with  water,  or  better  with  glycerin. 
The  "circulating  liquid  is  heated  by  a  small  gas  stove 
placed  on  the  outside  cjf  the  room. 

A  more  simple  aud  thoroughly  eflicient  procedure  is  to 
place  a  small  gas  stove  in  the  centre  of  the  room.  Tliis 
stove,  which  C'au  be  obtained  of  the  French  dealers,  is  so 
constructed  that  the  gases  of  combustion  are  carried  out 
of  the  room  into  a  flue. 

Another  procedure  of  limited  application  is  to  heat  the 
room  w  ith  steam  coils.  The  regulation  of  the  heat  in 
this  case  is  accomplished  by  means  of  an  automatic  steam 
valve  operated  bj'  compressed  air. 

The  construction  of  the  room  requires  no  special  care. 
The  walls,  whether  of  brick  or  of  plaster,  should  be  given 
several  coats  of  white  zinc.  Shelves,  water,  gas  and 
electric  light,  and  a  window  should  lie  provided. 

The  regulation  of  the  temperature  in  the  rooms  heated 
by  gas  is  done  by  means  of  the  Roux  U-shaped  regulator. 
All  the  connections  should  be  of  metal  to  lessen  the 
chances  of  fire.  In  order  to  have  a  temperature  record  it 
is  advisable  to  place  in  the  room  a  thermometrograph, 
the  best  form  of  which  is  made  by  the  Richard  FrSres,  of 
Paris. 

G(is-Pre.iKui-e  Rcjidator. — The  best  results  with  an_y 
form  of  thermo-regulator  are  obtained  when  the  gas 
pressure  is  constant,  or  nearly  so.  When  the  variation 
is  considerable  it  is  advisable  to  pass  the  gas  through  a 
pressure  regulator  before  it  reaches  the  thermo-regulator. 
There  are  several  forms  of  apparatus  for  this  purpose. 
The  5Ioitessier  regulator  is  shown  in  Fig.  5079.  It  con- 
sLsts  of  a  cylinder  .1,  which  is  filled  to  the  level  of  G, 
with  a  mi.vture  of  equal  parts  of  glycerin  and  water.  On 
this  is  floated  the  metal  shell  B.  The  gas  is  admitted  to 
the  interior  of  7?,  through  the  tube  />,  the  pressure  being 
indicated  by  the  manometer  /'.  The  gas  flows  into  B 
until  it  is  filled,  when  it  raises  it  up  and  shuts  off  the 
supply  of  gas  by  closing  the  valve  D.  The  pressure  on 
the  bvnner  is  regulated  b_y  the  weights  placed  in  the 
pan  11,  which  is  connected  with  B  by  the  rod  G.  The 
amount  of  pressure  on  the  burner  is  indicated  by  the 
manometer  on  the  left  of  the  apparatus.  The  burner  is 
connected  with  the  apparatus  by  means  of  a  rubber  tube 
attached  to  /.  and  the  height  of  the  flame  is  regulated  by 
the  stopcock  M. 

A  cheaper  and  more  simple  regulator  is  that  devised  in 
Novy's  laboratory  b}-  Murrill  and  shown  in  Fig.  5080. 
The  gas  passes  into  a  cylinder  which  floats  in  liquid 
petroleum  and  leaves  by 
two  tubes  at  the  bottom, 
one   of    which    is    con- 
nected with  the  thermo- 
regulator,  the  other  with 
a  manometer.     The  cyl- 
inder is  weighted  so  as 
to  give  the  desired  press- 
ure  to    the    outflowing 
gas. 

During  the  liot  sum- 
mer months  it  is  desir- 
able to  have  an  appara- 
tus  which  will    keep   a 
fairly  constant  low  tem- 
perature,     below     that 
which  would 
cause  the  gel- 
atin cultures 
to     melt. 
There  are  in- 
cubators con- 
structed   for 
this  purpose 

which  furnish  a  suppl}'  of  ice-cold  water  when  the  tem- 
perature rises  above  a  given  point.  If  the  temperature 
drops  too  low  an  electric  lamp  is  turned  on. 

When  the  temperature  of  the  water  as  it  leaves  the 
ground  is  about  15°  it  is  possible  to  use  the  simple  ap- 
VoL.   VIII.— 2.5 


Fig.  5079.— Moitessier's  Gas-Prt'ssure  Rejrulator. 


paratus  shown  in  Fig.  5081.  This  is  made  of  galvanized 
iron.  The  inner  box  is  held  in  place  by  means  oj:  a 
couple  of  stout  rods.  The  water  enters  at  the  bottom 
through  the 
small  tube, 
which  stops 
short  on  the 
inside  of  the 
outer  box.  The 
w  a  t  e  r  then 
flows  under  and  around 
the  inner  box,  and  event- 
ually' reaches  at  the 
farllierend  the  wide  out- 
flow tube.  The  end  of 
this  is  turned  up  and  is 
provided  with  a  short 
piece  of  rubber  tubing. 
By  moving  this  up  or 
down  the  level  of  the 
water  in  the  box  can  be 
regulated.  By  regulat- 
ing the  flow  of  the  water  it  is  possible  to  maintain  a 
fairly  constant  temperature  iu  the  inner  compartment. 

Thi'  Methods  of  Ciiltiriition. — The  fundamental  basis  of 
bacteriology  may  be  saitl  to  be  the  fact  that  it  is  possible 
to  cultivate  artilicially,  and  that  in  ])ure  condition,  nearly 
all  of  the  known  forms  of  bacteria.  Until  methods  had 
been  devised  for  this  purpose  it  was  not  possible  to  de- 
termine deflnitely  the  part  played  by  any  organism  either 
iu  the  ordinary  phenoiuenaof  fermentation  or  in  the  more 
mysterious  processes  of  disease.  To  arrive  at  a  demon- 
st  ration  of  the  causal  relation  of  a  given  organism  to  the 
change  which  it  is  supposed  to  induce  it  is  necessary  to 
do  two  things:  First,  the  organism  must  be  isolated  in 
pure   culture;  and  second,   the  pure  culture,  once  ob- 


Fio.    5080.— Murrill's    Gas    Pressure 
Reyulalor.    Cross-section.    (Novy.) 


Fig.  5081.— Novy's  Low-Temperature  Incubator. 

tained,  must  be  maintained  b\-  transplantation.  The 
pure  culture  thus  kept  up  through  a  series  of  transplan- 
tations, or  generations  as  they  are  called,  can  then  be 
tested  upon  animals  to  see  if  it  will  reproduce  the  dis- 
ease; upon  suitable  media  to  ascertain  if  it  will  cause  the 
kind  of  fermentation,  the  pigment,  or  the  light  whi^h  it 
is  supposed  to  produce. 

B3-  a  pure  culture  is  meant  one  which  is  derived  from 
a  single  cell.  A  given  bacterium,  small  as  it  is,  multi- 
plies by  division,  and  thus  gives  rise  to  two  new  in- 
dividuals. These  in  turn  grow  and  divide,  yielding  four 
cells.  This  process  is  kept  up  till  many  millions  of  or- 
ganisms constitute  the  offspring  of  a  single  cell.  Inas- 
much as  the  division  of  bacteria  is  very  rajiid  tmder 
favorable  conditions,  many  dividing  ever.v  half-hour,  it 
follows  that  in  a  few  hours  a  visible  growth  may  be  seen 
where  at  the  beginning  but  a  single  cell  was  present.  If 
the  medium  in  which  they  are  growing  is  liqvud,  it  will 
usually  become  cloudy  because  of  the  disseminated  bac 
teria. 
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The  early  methods  of  oultivatioii,  as  (employed  by  Pas- 
teur, iiHule  use  of  liquiii  nii'di;i.  Under  these  condi- 
tions it  was  exeeodingly  dillii-ull  lo  ol)tain  pure  cult- 
ures, and  indeed  it  was  largely  a  matter  of  chance  and 
patience.  Suppose  that  a  given 
licpiid  contains  two'  kinds  of  bac- 
teria: iu  order  lo  separate  these 
so  as  to  have  a  single  cell  as  a 
starter  for  the  pure  culture  it 
would  be  necessary  so  to  dilute 
th<-  li(iuid  that  in  all  probability 
a  drop,  or  a  cubic  cenlimetre. 
would  contain  but  one  cell.  'I'liis 
small  quantity  would  then  be 
takeu  and  transferred  to  a  sterile 
niediuui,  and  in  this  way  it  would 
be  possible  to  obtain  presumably 
pure  culturo'S.  Failure,  liowever. 
was  necessarily  frequent  and  the 
eh'inent  of  doubt  always  remained. 
The  iutrodviction  of  the  nutrient 
gelatin  by  Koch  made  it  possil^le 
to  secure  pure  cultures  with  the 
greatest  of   ease.      All   that   was 

necessary  was  to  inoculate  the  liquefied  gelatin  with 
the  mi.vture  of  bacteria,  and  after  thorough  agitation  so 
as  to  separate  each  cell  from  its  neighbor,  to  pour  the 
liquid  on  to  the  surface  of  a  sterile  plate.  The  gelatin 
now  solidities  and  imprisons,  as  it  were,  the  separated 
cells.  Each  of  these  now  multiplies  and  reproduces  its 
kind;  eventually,  in  the  course  of  a  day  or  two,  a  small 
growth,  perhaps  of  the  size  of  a  small  pinhead,  ap- 
pears. This  is  called  a  colony,  and  since  it  is  derived 
from  a  single  cell  it  constitutes  a  pure  culture.  Such  is 
the  principle  of  the  dilution  method  for  obtaining  pure 
cultures.  The  isolation  once  accomplished,  alt  that  is 
necessary  is  to  transplant  the  colony  to  sterile  culture 
media  so  as  to  keep  up  the  growth. 

The  transferring  of  bacteria  is  usually  done  by  means 
of  a  platinum  wire.    The 
wire,   which    should   be        A 
about   two   inches  long      a^ 
and    fairly    stiff,    about      W 
No.  21  iu  size,  is  fused        HI 
into  the  end  of  a  glass 
rod.     According  to  the 
object    iu   view        p^ 
it     is    e i  t li e r       ( ) 
straight,  bent,  or 
is  provided  with 
a  loop  as  shown 
in  Fig.  .1082. 

At  times  a 
bunch  of  very 
ti  n  e  platinum 
wires  attached 
to  a  holder, 
the  so  -  called 
Kruse's  brush, 
is  used  to 
spread  the  ma- 
terial over  the 
surface  of  the 
media,  A  glass 
rod  bent  at  right 
angles  is  also 
very  useful  for 
this  purpose. 
FiH.Snss.-Platlnum wires,  The  Roux  spat- 
Fused  In  Glass  Rods.  ula  of  nickeled 
steel  was  lirst 
employed  for  the  purpose  of  transplant- 
ing bits  of  diphtheritic  membrane  to 
the  culture  lube.  A  similar  spatula 
made  of  thick  iron  wire  is  extremely  use-        "•  ''• 

ful  for  transferring  moulds  and  compact  Fui.  5083.  — n, 
growths,  such  as  tliat  of  actinomyces.  P"J,  f?""','','- 
I  lie   JNuttall  platinum  spear  is  particu-       platinum  spear. 


larly  useful  for  transferring  bits  of  tissue,  blood,  etc., 
to  the  nutrient  media.  These  two  instruments  are  shown 
iu  Fig.  .5083. 

The  transferring  of  liquids,  in  large  or  in  small  quau- 
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Fig.  5U8+.— Pasteur  Pipettes,  showing  Metliod  of  Preparation,     (Novy.) 


titles,  can  best  be  done  by  means  of  drawn-out  glass  tube 
pipettes,  as  is  practised  by  the  Pasteur  School.  This 
technique  is  at  once  simple  and  invaluable.  The  prepa- 
ration of  these  pipettes  will  be  understood  from  Fig. 
508-1. 

The  glass  tubing,  which  hasadiameter  of  about  8  unu., 
is  cut  up  into  Icngthsof  about  twelve  inches.  By  means 
of  the  blast  lamp  a  slight  constriction  is  made  at  about 
two  inches  from  each  end.  This  serves  to  jirevcnt  the 
cotton  plug  from  falling  down,  and  also  tends  to  keeii  the 
liquid  from  reaching  the  cotton.  The  ends  of  each  tube 
are  then  carefully  rounded  out  in  the  flame.  A  piece  of 
cotton  is  then  iiiished  into  the  end  of  each  tube.  The 
tubes  thus  preiiaied  (Fig.  5084,  a)  are  then  sterilized  in 
the  dry-beat  oven,  after  which  they  may  be  stowed  away 
for  future  use. 

Whenever  it  is  desired  to  make  a  pipette,  one  of  these 
tubes  is  heated  in  the  middle  in  a  blast  flame,  and  when 
the  glass  has  thoroughly  .softened,  the  two  halves  are 
slowly  drawn    apart.     A  rclativeljr  wide,   thick-walled 


Fig.  .508.5.— Koch's  Levelling  Apparatus. 

capillary,  about  sixteen  inches  long,  is  thus  obtained 
(Fig,  5084,  b).  Tliis  is  then  sealed  in  the  flame  in  the 
middle,  and  the  result  are  two  pipettes.  For  transferring 
larger  quantities  of  liquid  a  bulb  is  blown  in  the  pipette 
(Fig.  5084.  e).  This  is  made  by  directing  a  uarrow  blast 
flame  against  the  tube,  which  is  at  the  same  time  rotated 
As  the  glass  softens  the  ends  are  slightly  pushed  togel  her. 
so  as  to  form  a  thick  ring  of  glass.  This  is  repeated  once 
or  twice.  Finally  a  large  blast  flame  is  turned  on,  and 
when  the  thickened  glass  is  perfectly  soft,  the  end  is 
brought  into  the  mouth  and  the  bulb  is  blown.  The 
glass  should  be  rotiited  during  this  operation,  and  in  fact 
in  all  work  of  this  kind. 

To  use  a  pipette,  the  mouth  end  should  first  be  rolled 
for  a  few  seconds  in  a  flame  so  as  to  insure  sterility  :  the 
capillary  end  is  thiMi  scratched  with  a  file  and  the  tip  is 
liriiken  off,  after  which  the  capillary  is  llameci.  As  .soon 
as  the  tube  has  cooled,  which  fact  can  be  ascertained  by 
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blowiug  tlirough  the  pipette  against  tlie  bade  of  the 
hand,  it  is  ready  for  use.  The  closure  of  tlic  pipette 
wlien  it  is  filled  with  the  liquid  is  effected  by  means  of 
the  tongue 

The  great  value  of  the  pipette  lies  in  the  fact  that  it 
cau  be  made  in  a  few  minutes,  and  can  be  used  to  trans- 
fer liquids  from  one  tube  to  another,  for  drawing  blood 
from  the  heart,  fluids  from  the  cavities,  etc.  It  is  indeed 
even  more  useful  than  a  platiniim  wire. 

Plate  Citltures. — Solid  media,  such  as  gelatin  or  agar, 
either  plain  or  modified,  are  employed  for  this  purpose. 
The  starting-point  in  this  method  were  the  slide  cultures 
used  by  KoX-h  in  his  early  investigations.  The  liquefieil 
gelatin  was  poured  upon  the  surface  of  sterile  glass 
slides,  which  were  levelled  and  kept  cool  by  means  of 
the  apparatus  shown  in  Fig.  .5085.  The  lower  dish  was 
filled  with  ice  water  and  the  wliole  was  set  true  by  the 
aid  of  a  small  spirit  level.  A  series  of  parallel  streaks 
was  then  made  on  the  solid  gelatin  by  means  of  a  pla- 
tinum wire,  which  was  dipped  in  the  material  to  be 
planted.  A  nmuber  of  slides  were  thus  made,  after 
which  they  were  stacked  on  gla.ss  benches  (Fig.  5086), 
and  placed  in  a  moist  chamber  to  develop  (Fig.  5087). 
The  first  streak,  on  account  of  the  large  number  of  or- 
ganisms planted,  would  probably  yield  a  continuous 
solid  growth.  The  ue.xt  streak  would  have  fewer  germs, 
and  the  succeeding  ones  still  less  until  eventually  only 
single  germs  would  be  deposited,  separated  by  an  appre- 
ciable distance  from  the  following  ones.  Wherever  a 
single  organism  was  deposited,  as  a  result  of  multiplica- 
tion, a  cxflony  would  soon  make  its  appearance.  (Sec 
Plate  LXI.) 

The  slide  method  was  soon  improved  by  substituting 
larger  glass   plates  (10x13  cm,).     Instead  of  making 


Fi(-.  "lUSi;.  — (iiass  Benches  and  Culture  Slides. 

Streak  dilutions  as  just  given,  the  gelatin  was  li(iuefied, 
inoculated,  and  poured  out  upon  the  sterile  jilates,  which 
were  cooled  on  the  plating  apparatus.  This  method  of 
plating  may  be  used  when  the  special  Petri  dishes,  ordi- 
narily employed,  are  not  obtainable.  Tlie  fact  that  the 
method  required  a  lot  of  apparatus,  slides,  slide-box, 
levelling  apparatus,  ice,  moist  chamber,  etc..  as  well  as 
the  fact  that  contamination  from  the  air  and  from  the 
dripping  of  the  superposed  plates  was  unavoidable,  led 
Petri  to  introduce  the  modification  which  has  almost  en- 
tirely supplanted  the  older  method. 

Oelatin  Petri  Plates. — In  this  method,  as  in  the  preced- 
ing, the  gelatin  is  first  melted  b}-  immersion  in  warm 
water  for  a  few  minutes.  By  means  of  a  sterile,  looped, 
platinum  wire  a  small  quantity  of  the  material  t(.i  be 
examined  is  transferred  to  a  tube  of  liquefied  gelatin, 
marked  1.  By  means  of  the  wire  the  material  is  thor- 
oughly mixed  with  the  gelatin.  Another  tube,  marked 
3,  is  then  placed  beside  the  first,  from  which  three 
loopsful  of  gelatin  are  carried  over  to  tube  3,  with  the 
contents  of  which  they  are  well  mixed  (Pig.  5088).     A 
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third  tube,  marked  3,  is  then  jilaced  beside  number  2, 
and  three  loopsful  of  gelatin  are  transferred  from  tube  2 
to  tube  3.  It  is  evident  from  this  procedure  that  even  if 
the  first  tube  received  a  million  germs  the  second  tube 


would  contain  only  a  small  fraction,  and  the  third  Xwhv. 

w-onld  contain  still  less.     Tlie  platinum  wire   must   fif 

course  be  sterilized  whenever  an  inoculation  is  made  into 

a  new  tube. 

A  number  of  Petri  dishes  (Fig.  5089),  which  are  10  cm. 

in  diameter  and  1  cm.  high,  are  previously  sterilized  by 

heating  in  a  drj'-heatoven 
for  one  hour  at  150  .  or 
for  a  few  minutes  at  200  , 
and  allowed  to  cool.  To 
pour  the  plate,  the  (cpt- 
ton  is  removed  from  one 
of  the  tubes,  and  the  open 
end  is  rolled    for  a  few 
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FIG  i088  —Method  of  Holding 
the  Tubes  when  Making  Dilu- 
tions. 


seconds  in  the  flame  .so  as  to 
sterilize  it.  In  a  few  sec 
onds  the  end  of  the  tube  be 
comes  cool,  after  which  the 
contents  are  poured  out  into 
the  Petri  dish.  The  hd  of 
the  latter  is  removed  just 
sufficiently  to  allow  the  gela- 
tin to  be  introduced.  By 
tilting  the  gelatin  is  then 
spread  all  over  the  bottom  of  the  dish.  The  latter  is 
then  set  aside  in  a  cool  place  for  the  gelatin  to  set. 
With  a  good  gelatin  this  will  take  place  even  in  the 
ordinary  room  within  a  few  minutes.  The  remaining 
gelatin  lubes  are  poured  in  the  same  manner.  Each 
plate  should  hv.  numbered  to  correspond  to  the  tube 
from  which  it  was  made.  They  should  be  marked  also 
with  the  date  and  the  kind  of  niaterial  used.  A  Faber's 
colored  wa.x  pencil  is  used  for  tills  jiurpose. 

A(i(ir  Pi  til  Pliites.  —  Iiiasinncli  as  gelatin  melts  at  about 
25°  C.  it  follows  tliat  the  method  just  given  cjuinot  be 
used  when  the  organism  requires  tlie  temperature  of  the 
incubator.  In  such  cases  it  is  necessary  to  resort  ti^  the 
use  of  agar.  The  nutrient  again  is  first  melted  by  heat- 
ing in  a  water-bath  at  100°  C.  The  flame  is  then  "turned 
out  and  the  tubes  are  allowed  to  cool  in  the  water  bath 
until  a  temperature  of  about  45°  is  reached.  The  uiiar 
solidifies  at  about  40',  and  consequently  the  dilution 
must  be  made  rajiidly  and  the  plates  poured  before  the 


Fig.  .W89.— Petri  Dish  for  Plating. 

point  is  reached.  Dilution  cultures  are  made  in  the  same 
way  as  just  given  for  gelatin.  The  three  agar  tubes  are 
then  poured  out  into  the  corresponding  sterile  Petri 
dishes.  The  agar  promptly  solidifies,  and  for  that  reason 
the  spreading  of  the  agar  over  the  bottom  must  be  has- 
tened. The  agar  plates  are  then  set  aside  to  develop 
either  at  the  temperature  of  the  room  or  at  that  of  the 
incubator. 

Esmareh  Roll-Tube  Culttire. — This  modification  of  I  lie 
plate  method  docs  away  with  the  use  of  any  special  con. 
tainer  other  than  the  test  tube.  The  dilutions  in  gel.-iiin 
are  made  in  the  usual  vmy.  According  to  the  origiiiul 
directions  the  cotton  plug  was  cut  off  short,  and  the  <  nd 
of  the  tube  was  covered  with  a  close-fitting  rubber  ca|i. 
The  tube  was  then  immersed  and  rotated  in  an  almost 
horizontal  position  in  ice  water.  The  gelatin  solidified 
in  an  even  film  over  the  inside  of  the  test  tube  (Fig. 
5090). 

A  more  convenient  way  of  rolling  the  tubes  was  de- 
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vised  l)y  Bookei-.  With  the  aid  of  a  large  test  tube  filled 
with  warm  water  a  groove  is  melted  into  a  block  of  ice. 
The  iielatin  tubes  are  tlien  rolled  in  this  groove  until  the 
gelatin  .solidifies  iu  a  smooth,  even 
tilm.  Nuftall  has  modified  this 
Iirocediire  by  re|)laeing  the  iee 
bloclc  with  a  marble  block  provided 
with  grooves  for  the  test  tubes. 
Running  tap  water  serves  to  cool 
the  tubes. 

H'  the  tubesare  not  rolled  smooth- 
ly the}'  can  be  softened  by  gentle 
warming  and  rerolled.  One  ad- 
vantage of  this  method  lies  in  the 
fact  that  desiccation  can  be  re- 
tarded more  tlian  with  llie  other 
methods.  Air  contamination  is  like- 
wise diminished.  On  the  other 
hand,  the  presence  of  a  few  liquefy- 
ing bacteria  may  siioil  the  tube. 
The  Esmarch  roll  tubes  should  be 
kept  in  a  cool  place  to  prevent 
melting.  When  the  colonies  de- 
velo])  they  may  be  examined  liy 
placing  the  tube  on  the  stage  of 
the  microscope.  To  transplant  the 
colonies  a  platinum  wire,  provided 
with  a  hook,  as  show-n  in  Pig.  .'5082, 
should  be  used. 

Shake  Cultures.  — ■  Dilutions  are 
made  in  gelatin  or  agar  as  hereto- 
fore described.  The  t>ibes  are  then 
solidified  in  an  upright  position  and 
allowed  to  develoji.  K  it  is  desired 
to  transplant  a  given  colony  the 
test  tube  should  be  scratched"  with 
a  diamond  at  about  the  level  of  the 
colony.  On  touching  the  scratch 
with  a  hot  rod,  the  crack  can  be  led 
around  the  tube,  after  which  the 
two  parts  can  be  .separated.  By 
means  of  a  sterile  knife  the  medium 
can  be  cut  and  the  colony  exposed. 
In  the  case  of  agar  the  entire  cylin- 
der of  agar  can  be  forced  out  of  the 
tube  into  a  sterile  dish  by  the  cau- 
tious a|)plication  of  a  flame  to  the 
lower  end  of  the  tube. 

Tlie  method  olfers  a  convenient 
means  of  tletermining  whether  or 
not  the  organism  planted  generates 
If  such  is  the  case  gas  bubbles  will  make  their 
appearance  in  the  medium.  As  will  be  seen  later  this 
method  is  also  useful  in  connection  with  the  cultiva- 
tion of  anaerobic  bacteria. 

Streak  Cultures. — This  procedure,  which  is  essentially 
the  same  as  that  used  by  Koch  in  his  slide  cultures,  is 
very  frequently-  made  use  of  at  the  present  time.  Thus, 
sterile  gelatin  or  agar  ma_y  be  poured  into  sterile  Petri 
dishes,  and  after  the  material  has  solidified  a  series  of 
parallel  streaks  may  be  made  with  an  infected  wire. 
The  Kruse  platinum  brush  ma}'  be  iised  to  spread  the 
organisms  over  the  surface.  A  narrow  glass  rod,  bent 
and  tiattened  at  tbe  end,  has  been  used  for  spreading 
gononiia'al  pus  over  plates.  Cotton  swabs  are  used  for 
the  same  purpose  in  the  case  of  diphtheria. 

As  in  the  case  of  the  Esmarch  roll  tube,  the  Petri  disli 
may  be  omitted  in  this  method.  In  that  event  the  gela- 
tin or  agar  is  melted  and  allowed  to  solidify  in  an  incHued 
position.  The  streaks  are  then  made  on  the  surface  of  the 
inclined  medium.  Potato  tubes  are  inoculated  in  the 
same  way.     (See  Plates  LX.  and  LXI.) 

To  obtain  perfectly  isolated  colonies  by  this  method 
the  same  wii-e  should  be  used  to  make  parallel  streaks  on 
each  of  four  or  five  tubes.  When  the  colonies  develop 
transplantations  can  be  made  by  means  of  a  bent  wire. 

llanginfi-drop  Cultures. — A  concave  or  well  slide, 
shown  in  Figs.  5100  and  5106,  is  used.     The  cover  glass 
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must  first  be  sterilized  by  passing  it  several  times  through 
a  flame.  A  large  drop  of  sterile  bouillon  is  then  placed 
in  the  centre,  and  this  is  then  inoculated  with  the  germ 
to  be  studied.  The  slide  with  a  ring  of  vaseline  is  then 
inverted  and  brought  down  upon  the  cover-glass,  after 
which  the  preparation  is  turned  over.  Care  must  be 
taken  to  see  that  the  vaseline  closure  is  i)eifect.  This 
method  of  cultivation  is  used  to  study  the  multiplication 
of  the  bacteria  under  the  microscope. 

lLiuijhiri-l)lock  Cultures. — In  order  to  be  able  to  study 
the  morphology  and  the  multiplication  of  the  diiihtheria 
bacillus  to  bt  tier  advantage  than  that  att'orded  by  the 
hanging  drop.  Hill  devised  the  following  procedure: 
Jlelted  nutrient  agar  is  pouied  into  a  Petri  dish  to  a 
depth  of  about  one-eighth  to  one-quarter  inch.  When 
cool,  a  block  of  agar  is  cut  out,  about  one-quarter  to  one- 
third  inch  square,  and  of  the  thickness  of  the  agar  layer 
in  the  dish.  The  block  is  i)laccd,  under  surface  down, 
on  a  slide  and  protected  from  dust.  A  suspension  of  the 
growth  to  be  e.xamined  is  then  made  in  sterile  water  or 
a  bouillon  culture  is  used.  The  suspension  is  spread  over 
the  upper  surface  of  the  block  as  if  making  an  ordinary 
cover-slip  preparation.  The  slide  and  block  are  then  set 
aside  in  the  incubator  at  37'  for  five  or  ten  minutes,  to 
dry  sliihtly.  A  clean  sterile  cover  slip  is  then  placeii  on 
the  inoculated  surface  of  the  block  in  close  contact, 
avoiding  large  air  bubbles.  The  slide  is  then  removed 
from  the  under  surface  of  the  block,  and  the  cover  slip  is 
inverted  so  that  the  agar  block  is  uppermost.  With  the 
aid  of  a  platinum  wire  a  drop  or  two  of  melted  agar  is 
run  along  each  side  of  the  agar  block,  to  fill  the  angles  L 
between  the  sides  of  the  block  and  the  cover  slip.  This  I 
seal  hardens  at  once  and  prevents  slipping  of  the  block.  ' 
The  preparation  is  again  placed  in  the  incubator  for  five 
or  ten  minutes  to  dry  the  agar  seal.  Finally  the  jirepara- 
tion  is  inverted  over  a  moist  chamber  or  suitable  well 
slide.  The  cover  slip  is  sealed  in  place  with  white  wax 
or  paraffin.  Vaseline  cannot  be  used  because  it  softens 
at  37°.  The  "hanging  block,"  thus  prepared,  is  exam- 
ined on  a  warm  stage  or  in  the  incubator  room. 

Transphnitatkin  <if  Colonies. — The  entire  object  of  mak- 
ing plate  culture  by  any  one  of  the  several  methods  given 
is  to  obtain  single  isolated  colonies,  which  can  be  trans- 
planted to  other  media  and  the  organism  present  can  then 
be  studied  in  perfectly  jiure  condition.  The  colony  as 
indicated  is  presumably  derived  from  a  single  cell,  and 
consequently  is  a  pure  culture.  The  transplantations  or 
sub-cultures  can  be  made  to  gelatin,  agar,  serum,  bouil- 
lon, milk,  etc.  When  the  colonies  are  on  a  plate  or  in  a 
Petri  dish  a  straight  wire  is  used.  The  plate  is  first  care- 
fully e.Namined  under  the  microscope,  and  a  colony  is 
selected  which  is  clearly  single.  If  possible  it  should  be 
the  only  one  iu  the  field  of  the  No.  3,  or  one-third  inch 
objective.  The  farther  apart  that  the  colonies  are  the 
less  likely  are  they  to  intermingle.  As  originally  di- 
rected, the  colonies  wei'e  touched  under  the  microscope 
by  a  sterile  platinum  wire,  and  in  this  way  a  few  of  the 
bacteria  were  i-emoved.  Cai'c  had  to  be  taken  that  the 
wire  did  nut  touch  the  objective  or  any  other  part  of  the 
gelatin.  This  operation  of  "fishing."  as  it  was  called, 
obviously  required  considerable  practice  and  care.  An 
equally  good  procedure  is  to  pick  out  the  desired  colony 
under  the  microscope.  The  tube  of  the  microscope  is 
then  raised,  and  the  point  of  the  sterile  wire  is  brought 
down  so  that  it  cuts  the  colony  and  nothing  else.  The 
tube  is  then  again  lowered  and  the  site  of  the  colony  ex- 
amined to  make  sure  that  nothing  but  the  one  colony 
was  touched.  If  such  is  the  case  the  wire  is  then  used 
for  the  sub-culture. 

Stub  Cultures. — A  tube  of  solid  gelatin  is  taken,  the 
cotton  plug  is  seized  by  the  right  little  finger  and  re- 
moved. The  mouth  of  the  tube  is  then  flamed,  after 
which  the  wire,  laden  with  the  bacteria,  is  inserted  and 
carefully  passed  down  the  centre  of  the  gelatin.  The 
organisms  are  thus  planted  along  the  line  of  inoculation. 
The  cotton  plug  is  replaced  and  the  tube  is  labelled  and 
set  aside.  The  form  of  the  growth  is  then  noted  from 
day  to  day,  also  the  presence  of  gas,  liquefaction,  pig 


388 


Reference  Handbook 

OF  THE 

Medical  Sciences. 


Plate  LX. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

Blick 

Red 

Brown 

Yellow 

Bacillus 

Bacillus 

Bacillus 

Yeui. 

Y«SL 

YeasL 

Strclna. 

Prodigiosus. 

Indicus. 

Violaceus 

14.  15. 

Micrococcus  Staphylococcus 
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17.  18.                               19.                              20. 

Staphylococcus  Streptococcus  Streptococcus  Streptococcus 

pyogenes  pyogenes.  of  erysipelas.  of  Puerperal 
albus.                                                                                                Fever. 


TEST-TUBE  CULTURES. 

Reproduced  from   Huber  &  Becker's   "Untersuchungs-Methoden  ' 
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ment,  etc.  The  cbaracteristics  of  tlic  stab  cullures  areof 
the  very  greatest  importance  in  tlie  identilieation  of  bac- 
teria, if  tlie  gelatin  is  old  and  partially  dried,  the  passage 
of  the  needle  is  likely  to  cause  a  split  in  the  medium.    This 

can   be  avoided    by  melting 

and  resolidifving  the  gelatin 
(See  Plates  LX.  and  LXI.) 

Strciik  Cultures. — These  are 
also  known  as  "smear  cult- 
ures." The  gelatin  or  agar  tubes  are  melted 
and  solidified  in  an  inclined  position.  Similarly 
soliditied  blood  serum  is  also  used;  so  also  are 
the  potato  tubes.  The  infected  platinum  wire 
is  drawn  along  the  middle  of  the  surface  of  the 
medium  by  making  one  single  streak.  The 
growth  develops  along  the  line  of  inoculation, 
and  siJreads  in  a  more  or  less  characteristic 
manner.     (See  Plates  LX.  and  LXI.) 

Liquid  Cullures. — The  tubes  of  sterile  bouil- 
lon, milk,  serum,  etc.,  are  inoculated  by  sim- 
ply introducing  some  of  the  material  from  a 
colony  by  means  of  the  sterile  wire. 

The  sub-cultures  from  tube  to  tube  are  made 
in  the  same  way  as  just  given.  The  drawn- 
out  glass  tube  pipettes  and  spatulas  can  lie 
used  to  transfer  the  material  from  one  tube  to 
another,  or  to  flasks. 

AxAiiROBIC  ClLTIVATION  OP  B.\CTEHI.\. — The 
methods  just  given  are  essentially  aerobic,  since 
there  is  free  access  of  air.  As  is  well  known 
there  are  two  clas,ses  of  bacteria  wilh  reference 
to  their  oxygen  requirements.  The  aCrobic 
Imeteria  live"  in  the  presence  of  air,  while  the 
anac'robie  thrive  only  in  the 
absence  of  o.xygen.  In  order 
to  cultivate  the  latter  sjieeinl 
methods  must,  therefore,  be 
employed  which  will  sup)ily 
the  needed  conditions.  Nu- 
merous piocedures  have  been 
devised  for  this  purpose,  ami 
til  give  all  of  these  would  be 
lieyond  the  scope  of  this  arti- 
cle. It  will  be  sullicient  to  in- 
dicate the  principles  which 
.serve  as  a  basis  for  these  meth- 
ods, and  to  describe  those 
which  are  most  widely  used. 

1.  E-fclusioii  ofOxi/r/ett. — This 
was  accomplished  by  Pasteur 
in  his  early  work  by  pouring  a 
layer  of  oil  upon  the  culture 
tiuid.  This  served  to  exclude 
the  air  and  allowed  the  bac- 
teria to  develop.  Koch  ob- 
tained anaerobic  conditions  by 
covering  the  surface  of  the 
gelatin  plates  with  a  thin  shei 
mica.  Others  have  done  the 
with  glass  plates. 

The  Liborius  method  of  cultivation 
in  deep  lasers  falls  under  this  head. 
It  is  .simple  and  is  constantly  used. 
Ordinary  stab  cultures  are  made  in 
the  suitalile  media,  prefer;d3ly  glucose 
agar.  Another  tube  of  agar  is  lique- 
fied, cooled  to  about  50',  and  the  con- 
tents of  this  are  then  poured  on  top  of 
the  stab  culture.  Care  mu.st  be  taken 
to  flame  the  mouths  of  both  tubes  so  as 
to  avoid  contamination.  The  upper 
laj'er  of  agar  serves  to  keep  out  the 
air.  The  cultures  can  be  prepared 
equally  well  by  emplo)-ing  agar  or 
gelatin  tubes  lilled  wi'th  the  niedium  to  a"  depth  of 
about  two  inches.  After  the  stab  is  made  the  line  of 
puncture  closes  up  itself,  and  the  growth  theri  develops 
in  tlie  lower  part  of  the  tube,  as  shown  in  Fig.  5091. 
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Isolated  colonies  can  also  be  obtained  by  this  method. 
Theliqucfied  medium  is  inoculated  anddilutionsare  made 
as  for  shake  cultures.  The  tubes  are  then  solidified,  and 
if  necessary  an  additional  layer  of  medium  is  poured  on 
top.  When  the  colonies  develop  they  can  be  reached  ac- 
coiding  to  the  directions  given  under  shake  cultures. 
Another  procedure  was  to  make  Esmarch  roll  tubes 
and  then  fill  the  inside  with  gelatin  or  agar. 

The   drawn-out 
glass    tube    pipettes 
(Fig.  5084)  have  been 
used  b\'  Roux  for  this 
same    purpose.     The 
liquefied  medium  is  inoculated  and   drawn  up 
into  the  pipette,  which  is  then  sealed  above  and 
below  the  contents.    The  colonies  which  develop 
can  be  reached  by  cutting  the  glass.     A  .some- 
what similar  procedure  was  devised  by  Wright. 
A  short  glass  tube  with  constricted  ends  is  used. 
Each  end  has  a  piece  of  rubber  tubing  attached. 
One   of  these  is  connected   with  a  glass  tube, 
which  projects  through  the  cotton  jilug  of  the 
test  tube.     The  test  tube  contains  bouiflon,  and 
this    contrivance    is  sterilized    and    inoculated. 
The  bouillon   is  then  drawn  up  into    the   con- 
stricted tube,  whicli  is  sealed  by  simply  push- 
ing down  on  the  tube,  .so  that  both  rubber  ends 
are  bent  back  on  themselves. 

3.  Binplacemeiit  of  Air. — This  is  accomplished 
by  passing  through  the  tube  or  a  suitable  con- 
tainer an  inert  gas  till  all  the  air  has  been  dis- 
placed. Hydrogen  is  the  least  injurious  gas 
for  this  purpose.  It  can  be  generated  from  zinc 
and  sulphuric  acid  in  a  Kipjj's  generator.  The 
gas  should  be  washed  by  passing  successively 
through  alkaline  lead  acetate,  six  per  cent,  po- 
tassium ]iermanganate,  and  finally  through  a 
solution  of  silver  nitrate.  After  passing  through 
the  apparatus  the  gas  is  sent  through  a  small 
wash  bottle,  which  serves  as  a  valve  to  prevent 
air  from  entering  wlien  the  current  slows  up. 
Such  a  wash  bottle  is  shown  in  Fig.  5093.  After 
the  gas  has  passed  for  an  hour  or  more  it  should 
be  tested  by  applying  a  light  as  it  leaves  the 
wash  bottle.  If  the  flame  burns  with  explo- 
sions it  is  evident  that  all  the  air  has  not  been 
displaced.  The  operation  is  continued  until  the 
gas  burns  evenlj-  at  the  mouth  of  the  tube.  Ow- 
ing to  the  danger  of  explosion  the  light  should 
never  be  applied  to  the  outflowing  gas  without 
the  safeguard  of  the  w-ater  valve. 

One  of  the  earliest  attempts  at  making  tube 
cultures  by  this  method  was  that  of  Liborius. 
He  made  use  of  a  special  test  tube  with  a  de- 
livery tube  fused  into  the  side.  After  inocula- 
tion of  the  liquid  mediuiu  gas  was  passed 
through,  and  finally  the  neck  of  the  test  tube, 
as  well  as  the  end  of  the  delivery  tube,  were  sealed  in 
the  flame.  Tliis  method  is  of  only  very  limited  applica- 
tion, and  requires  much  time  and  is  expensive.  Fraen- 
kel's  modification  is  a  distinct  improvement.  Ordinary 
large  test  tubes  are  used.  These  are  provided  with 
rubber  stoppers  and  delivery  tubes,  as  shown  in  Fig. 
5092.  After  the  inoculation  of  the  medium  and  ex- 
])ulsion  of  the  air,  tlie  tubes  are  sealed  in  the  flame. 
If  it  is  desired  to  obtain  colonies,  the  tube  can  be  con- 
verted into  an  Esmarch  roll  tube,  as  shown  in  Fig. 
5092. 

This  principle  has  been  adapted  in  various  ways  for 
the  purpo.se  of  obtaining  plate  cultures.  Kitasato  em- 
ployed a  flat  bottle,  having  a  tube  fused  at  the  lower 
end.  The  dilutions  were  made  in  the  ordinary  tubes, 
after  which  the  material  was  poured  into  these  flasks, 
which  were  connected  in  series  and  liydrogen  passed 
through.  Finally  the  ends  were  sealed  by  fusing  in  the 
flame,  while  the  neck  of  each  flask  was  closed  with  a 
clamped  rubber  lube.  Several  modifications  of  this  bottle 
have  been  made,  but  they  are  little  used,  since  methods 
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Avcre  soon  pciff'ptctl  whereby  it  was  possible  to  make 
Pc'li'i  ])liiU's  in  hvdrosicn. 

One  of  tlie  eiirlicst'iitlempts  in  this  direction  was  that 
of   BlUchcr.    wlio    made    use   of    a   funnel    whicli   was 


Firi.  5093.— Botkin's  Apparatus  for  Plate  Culture  of  Anaen.ljes. 

weiglited  with  lead  and  inverted  over  the  plates  in  a 
larger  dish.  Air  was  excluded  by  means  of  glycerin 
waU'r.  Hesse  inverted  a  glass  vessel  in  a  circular  trough 
filled  with  mercury.  Liborins  used  a  copper  bell  jar  , 
which  was  compressed  against  a  rubber  gasket  by  means  I 
of  set  screws;  others  made  use  of  bell  jars  inverted  upon 
a  ground  glass  surface.  In  many  respects  the  Rotkin 
apparatus  is  useful.  It  is  shown  in  Fig.  5093.  It  con- 
sists of  a  metal  rack  on  which  are  placed  the  Petri  dishes. 
This  is  set  in  a  large  outer  dish  which  contains  about  an 
inch  of  liquid  petroleum.  A  bell  jar  is  inverted  over  the 
stand.  The  inflow  and  outflow  tubes  are  of  rubber  stilf- 
ened  b_y  a  copper  wire  on  the  inside.  After  the  hydrogen 
has  been  passed  for  a  sufficient  length  of  time,  tiie  tubes 
are  withdrawn  and  the  apparatus  is  then  set  aside. 

The  Novy  apparatus  sliown  in  Fig.  •'5094  leaves  little 
to  be  desired.  The  hollow  stopper  has  two  perforations, 
one  of  which  is  connected  with  a  glass  tube  which  ex- 
tends almost  to  the  bottom  of  the  bottle.  In  the  ca.se  of 
the  plate  apparatus  the  tube  may  be  continued  by  means 
of  a  piece  of  rubber  tubing.  A  perfect  seal  is  obtained 
by  simph'  turning  the  stopper  through  an  angle  of  90°. 


inoculated  in  the  usual  wa}'.  The  cotton  jilug  is  then 
cut  off  square,  and  by  means  of  a  pair  of  ciucible  tongs 
the  tube  is  lowered  into  the  bottle.  It  is  advisable,  if 
the  cotton  plug  is  verj-  tight,  to  loosen  it  up  l)y  partially 
pulling  it  out.  A  single  jar  can  be  filled  in  this 
way  with  a  large  nunilier  of  tubes  containing 
either  solid  or  li(iuid  media.  The  stopper  is 
then  put  in  place  and  the  apparatus  connected 
with  a  h_vflrogen  generator.  When  the  gas  has 
passed  for  a  suHicient  length  of  time  the  bottle  is 
closed  by  giving  the  stopper  a  turn.  As  will 
be  seen  this  jar  can  be  used  likewise  for  the 
p}'rogallate  method. 

The  plate  apparatus  shown  in  Fig.  5094,  B, 
consists  of  two  parts.  The  inner  dimensions  of 
the  lower  jnirt  are  13  X  13  cm.  The  Petri  plates 
are  stacked  into  this  compartment.  The  flanges 
ai'e  covered  with  a  mixture  of  beeswax  and 
olive  oil  (1  ;4).  The  two  parts  are  then  brought 
together  and  a  rubber  band  is  slipped  over  the 
outer  edge  of  the  flanges.  Two  or  three  clamps 
or  small  vises  are  now  applied.  The  jaws  of 
these  should  be  covered  with  a  piece  of  rubber 
'tubing.  Oasis  passed  as  in  case  of  the  bottle, 
and  at  (he  conclusion  of  this  operation  the  stopcock  is 
given  a  turn  so  as  to  seal  the  apparatus. - 

Thi^  other  modification  (Fig.  .5094,  C)  has  a  special 
stopper,  which  enables  it  to  be  used  for  vacuum  cult- 
ures. It  can.  however,  be  employed  equally  well  for 
hydrogen  cultivation.  Moreover,  both  forms  of  the  plate 
apparatus,  as  well  as  the  bottle,  can  be  used  for  the  pyro- 
gallate  method. 

3.  Ahsorptidii  of  O.Ty()en. — The  most  convenient  absor- 
bent for  this  purpose  is  an  alkaline  solution  of  pyrogallic 
acid.  The  princijde  was  first  utilized  l)}-  Ruchner  for 
tube  cultures,  as  shown  in  Fig.  5095.  The  large  outer 
tube  is  provided  with  a  closely  fitting  rubber  stopper. 
On  tlie  bottom  of  the  tul)e  is  placed  about  a  gram  of 
pyrogallic  acid  and  a  suitable  support.  The  tube  con- 
taining the  nutrient  medium  is  inoculated  in  the  usual 
way  and  placed  on  tliis  support.  Finally  10  c.c.  of  a 
ten-percent,  solution  of  potassium  or  sodium  hydrate  is 
added  from  a  pipette,  as  rapidly  as  possible,  and  the  tube 
is  tlien  (juickly  closed  with  the  stopper. 

As  mentioned  above,  the  Novy  apparatus  can  be  em- 
])loyed  for  the  pyrogallate  method.     In  the  case  of  the 


^1.  B.  r. 

Fig.  5094.— Novy  Ai)paratus  for  Anaerobes.    A.  Bottle  for  tulie  culturHs :  B,  jar  for  Petri  plate.s  :  ( ',  jar  for  plates  with  siieciul  stopcock  for 

vacuum  culture. 


The  bottle  (Fig.  5094,  A)  is  made  in  two  sizes,  8  x  16 
and  10  X  20  cm.,  which  dimensions  do  not  include  the 
neck.     A  pieceof  cotion  should  be  iilaced  onlln'  liottom. 

The  ovd!n:irv    lc<t    lube-;  cotitaiiiiiii;-    anv    uiediiiin   are 


jar  a  Avidc  tub<'  is  introduced  which  contains  about  2  gm. 
of  the  aeid.  After  the  culture'  tubes  have  all  been  in- 
serted, .■ibiuit  20  c.c.  of  a  twenty-five-percent.  .solution 
of  sialium  hydrate  is  intrcalueed  into  the  iiyrogal late  tube 
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from  a  pipette,  and  the  stopcock  is  then  inserted  as 
quickly  as  po.ssible  and  turned.  In  the  case  of  the  plate 
apparatus  a  crystallizing  dish,  about  10  cm.  in  diameter 
and  about  2  cm.  high,  is  placed  ou  the  bottom,  and  about 
4  gm.  of  pyrogallic  aciil  added.  A  co\iple  of  strips  of 
glass  are  then  placed  on  top,  and  on  these  are  stacked  the 
Petri  dishes.  Twcuty-tive  cubic  centimetres  of  the  strong 
alkali  are  introduced  in  the  manner  just 
mentioned,  after  which  the  top  is  put 
into  place,  tlie  clamps  and  the  rubber 
band  are  applied. 

Wright's  method  will  be  found  to  be 
verj- useful  for  occasional  cultures.  The 
cotton  plug  is  cut  off  square  and  puslicd 
down  about  1  cm.  into  the  tube.  Tlie 
plug  is  made  of  absorbent  cotton.  It  is 
then  moistened  w-ith  about  4  c.c.  of  a 
strong  solution  of  pyrogallic  acid,  after 
whicli  about  the  same  volume  of  strong 
sodium  hydrate  (1:2)  is  added.  The 
tube  is  closed  as  rapidly  as  possible  with 
a  tight-fitting  rubber  stojiper.  Obvi- 
ouslj',  siilid  jiyrogallic  acid  may  be  used. 
It  will  be  seen  that  the  pj'rogaHic- 
acid  method  is  extremely  convenient 
and  very  sim]ile.  re(|uiring  a  minimum 
of  time  and  cxjieuse.  The  method  is 
also  applicable  for  the  Ii'diijiiig-divji 
criniiiniitioii  of  anai'robic  bacteria.  A 
drop  of  alkali  and  nf  the  acid  can  be 
placed  on  the  side  of  the  concave  slide. 
After  the  cover  is  in  jdace  the  slide  can 
be  tilted  so  as  to  bring  the  two  liquids 
together.  A  special  slide  for  this  pur- 
pose was  devised  by  Braatz  (Fig.  509Gi. 
The  hanging  drop  is  made  and  placed 
over  the  well.  The  flat  flask  contains 
the  pyrogallic  acid  and  communicates 
with  the  space  below  the  drop.  Strong 
alkali  is  finall.v  adde<l  and  tlie  flask  is 
clo.sed  with  a  stopper.  Pyrogallic  acid 
can  also  be  employed  in  cunnection  with 
Hill's  "hanging  block  "  culture.  An- 
other apparatus  for  anaerobic  hanging 
drops  is  that  of  Kiihue.  It  is  very  ser- 
viceable and  can  be  used  for  either  the 
gas  or  pyrogallaie  jirocess. 
J  /  4.  Ejhniixtioii    of    Ah: — Pasteur  eni- 

^^^pr  ployed  U-shaped  tubes,  from  which  the 

air  was  removed  by  means  of  an  air 
pump:  Gruber  applied  the  princii)le  to 
the  tube  culture.  He  used  a  stout  gla.ss 
tube,  which  was  provided  with  a  stop, 
per,  through  which  passed  a  sln>rt  glass  tube  by  whicli 
connection  was  made  with  the  air  pump  The  test  tube 
was  constricted  just  below  the  stopper  so  as  to  facilitate 
the  subsequent  sealing  process.  The  tube  was  fllled  in 
the  usual  way  with  the  nutrient  medium  and  inoculat- 
ed. It  was  then  connected  with  the  pump,  and  as  soon 
as  the  air  was  exhausted  the  tube  was  sealed  at  the  con- 
striction. The  plate  apparatus  shown  in  Fig  5094,  C.  is 
intended  for  vacuum  as  well  as  gas  or  pyrogallate  cult- 
ures.    It  can  be  used  for  tube  or  plate  cultures. 

.").  Mi.i-ed  CiiUiirex. — This  method  of  cultivating  anae- 
robic bacteria  corresponds  to  the  way  in  which  these  or- 
ganisms grow  in  nature.  If  the  anatJrobe  is  planted 
together  with  an  aerobe,  the  latter  will  consume  all  the 
o.\ygen  in  the  immediate  neighborhood,  and  as  a  result 
till'  anaerobe  will  grow.  Thus,  if  the  tetanus  and  hay 
bacilli  are  planted  at  the  same  time  into  a  tube  of  bouil- 
lon, they  will  both  develop.  Other  aerobic  bacteria, 
such  as  the  Bacillus  prodigiosus  and  Proteus  vulgaris, 
can  be  used  for  the  same  purpose. 

fi.  Cultivation  in  Air. — This  of  course  is  apparent 
rather  tlian  real.  If  a  tube  of  glucose  gelatin,  preferably 
colored  with  litmus,  be  inoculated  with  an  anaerobe  and 
then  set  aside  in  the  incubator,  an  abtmdant  growth  will 
develop  (Novy's  method).     Similarly,   when  deep  stab 


Fig.  5095.— Buch- 
ner's  Pyrogal- 
late Metliod. 


cultures  are  made  of  the  anaerobes,  it  will  be  found  quite 
frequently  that  the  water  of  condensation  on  the  top  of 
the  medium  is  cloudy  from  the  growth  of  the  germ.s. 
The  explanation  in  the  one  case  is  that  air  is  excluded 
partly  by  the  viscosity  of  the  liquid  and  partly 'by  the 
evolved  gases.  The  gas  formation  accounts  for  the 
growth  of  the  germs  in  the  water  of  condensation.  The 
culture  in  glucose  litmus  gelatin  is  by  far  the  simplest 
way  of  growing  anaerobes.  Moreover,  the  cultures  thus 
obtained  retain  their  vitalitj-  for  many  years.  In  some 
cases  the  author  has  recovered  cultures  from  tubes  five 
and  six  years  old. 

CijUodium  Sacs. — This  method  of  cultivating  has  been 
used  extensively  by  the  Pasteur  School  for  exalting  the 
virulence  of  bacteria.  The  underlying  idea  is  to  grow 
the  organisms  in  the  peritoneal  cavity  of  an  animal,  and 
under  such  conditions  that  the  waste  products  of  the 
germs  will  be  removed,  an  abundant  supply  of  nutrient 
material  furnished,  and  the  germs  themselves  protected 
against  tlie  action  of  phagocytes.  This  is  accomplished 
by  enclosing  the  bacteria  in  a  liermetically  sealed  sac,  the 
walls  of  which  are  permeable  to  the  waste  products  of 
the  germs  and  to  the  soluble  proteids  of  the  peritoneal 
fluid.  Several  Russian  workers  have  employed  for  this 
purpose  the  inner  lining  membrane  of  reeds,  but  the  best 
procedure  is  to  make  the  sacs  of  c<illodium.  Various 
methods  have  been  devi.sedfor  the  rolling  of  the  sac,  but 
undoubtedly  the  best  and  simplest  is  that  perfected  in 
the  author's  laboratory  by  Gorsliiie. 

The  rolling  tube  employed  for  making  sacs  is  about 
twelve  to  fifteen  inches  long,  and  of  any  width  that  may 
be  desired.  For  ordinary  purposes  a  \vi(.lth  of  half  an 
inch  is  sufficient.  One  end  of  this  tube  is  rounded  off 
like  a  test  tube,  and  has  a  2  mm.  opening  at  the  tip. 
This  opening  is  first  closed  with  collndium  either  by 
touching  it  with  the  cork  which  has  been  covered  with 
the  solution,  or  the  collodium  may  be  applied  with  the 
finger.  Care  must  be  taken  to  see  to  it  that  the  collo- 
dium does  not  get  inside  of  the  tube.  In  a  few  seconds 
the  layer  is  dry  enough  to  go  ahead. 

Thecollodium  used  is  the  United  States  Pharmacopoeia 
.solution,  which  by  exposure  lo  the  air  has  been  concen- 
trated by  one-third  or  one-half.  It  should  be  perfectly 
clear,  and  if  not  it  must  be  filtered  through  cotton  by 
the  aid  of  a  pump.  The  collodium  can  be  kept  in  a 
.glass-stoppered  cylindrical  vessel,  suc-li  as  is  used  for  the 
collection  of  blood.  The  collodium  is  inclined  till  it 
comes  within  a  few  inches  of  the  opening. 

The  rolling  tube,  with  the  opening  freshly  closed,  is 
dipped  in  the  collodium  and'  rolled  several  times  in  the 
liquid.  It  may  be  rolled  so  that  only  the  low'er  side  of 
the  tube  touches  the  collodiuiu.  If  the  sac  is  to  be  very 
thin  it  is  sufficient  to  roll  the  tube.but  two  or  three  tiiues, 
after  which  it  is  raised  from  the  liquid  and  rolled  in  the 
ether  atmosphere  in  a  horizontal  position  till  the  collo- 
dium has  set.  If  the  layer  is  not  thick  enough  the  tube 
can  be  returned  to  the  collodium,  but  care  must  be  taken 


Fig.   5096.— Braatz's  Slide   for  Anaerobic    Hanging-drop  Examina- 
tions. 

to  avoid  the  formation  of  air  liubbles.  The  coated  tube 
is  finally  rolled  in  the  air  until  it  has  reached  the  proper 
consistence.  This  can  be  ascertained  by  touching  the 
thickest  part  with  the  finger.  The  collodium  layer 
should  be  rather  firm.  The  tube  isthen  immersed  in  dis- 
tilled water  for  a  minute  or  two.  If  the  collodium  is  not 
sufticiently  hard,  it  will  cloud  or  become  milky  on  con- 
tact with  the  water.  It  should  remain  perfectly  clear, 
and  when  finished  a  thin  sac  placed  in  water  is  almost 
iuvisible. 
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To  (k-tiu'h  tlio  sac  the  tubi.'  is  filled  -svith  distilied 
water,  and  liy  lilowing  iiitu  the  open  end  the  water  ean 
be  foreed  through  the  opening  below  and  upward  be- 
tween the  sae  and  the  tube.  By  slight  manipulation 
with  the  lingers  the  delaehnient  ean  be  eflected  read- 
ily on  all  sides.  The  free  end  is  then  trimmed  square, 
after  which  the  sac  is  placed  in  distilled  water,  where 
it  remains  until  it  is  ready  to  be  attached  to  the  glass 
tube. 

An   ordinary  test  tube   having  a  diameter  slightly 
less  than  the  sac  is  constricted  in  the  blast  iiame  at 
about   two   inches  from  the  end.     A   scratch  is   tlien 
made,  about  a   half  an  inch   below  the  constriction, 
with   a  diamond,  and   with  the 
aid  of  a  hot  rod  the  end  is  re- 
moved.    The  resulting  tube  has 
tlie  form  shown  in  Fig.  5097,  a. 
The  cut  end  should  be  rounded 
in  the  tiame  so  as  to  remove  the 
sharp  edge. 

The  inside  of  the  neck  of  the 
sac  is  dried  by  means  of  filter 

paper,  after  which  the  end  of  the  tube  is  inserted. 
This  can  be  done  more  easily  if  the  end  of  the  tube  is 
previously  dipped  in  alcohol.  The  ne.xt  step,  that  of 
shrinking"  the  sac  upon  the  tube,  is  very  important  and 
requires  care.  Most  of  the  shrinking  is  done  by  rotating 
the  tube,  in  a  horizontal  position,  some  distance  above  a 
small  spare-flame  burner.     In  this  way  the  collodium  can 

be  made  to 
contract  down 
upon  the  glass, 
but  the  opera- 
tion must  be 
done  slowly 
and  at  some 
distance  above 
the  flame, 
otherwise 
there  is  danger 
of  igniting  the 
sac.  Tlie  ad- 
hesion is  ren- 
dered more 
coiuplete  b  y 
the  applica- 
tion of  a  hot 
glass  rod.  Fi- 
nally a  silk 
thread  is 
wound  as 
closely  as  pos- 
sible over  the 
glass  neck,  and 
this  iu  turn  is 
The  sac  now  has 
The  finished  sac 


days  or  even  for  several  months.  To  remove  it  the  ani- 
mal is  killed  with  gas.  The  sac  is  freed  from  the  adhe- 
sions and  transferred  to  a  sterile  test  glass  with  the  glass 
end  downward.  By  means  of  a  hot  rod  an  opening  is 
burned  into  the  end  of  the  sac.  and 
through  this  the  contents  are  removed 
by  means  of  a  drawn-out  tube  pipette. 
When  large  .sacs  are  to  be  inserted  into 
an  animal  it  is  advisable  to  streufftben 


Fig.   5097.  —  Preparation     i>f 
(Novy.) 


Collodium    Sacs 


covered  with  a  layer  of  collodium. 

the  appearance  shown  in  Fig.  .50i)T,  h. 

is  now  tilled  with  distilled  water  and  jjlaced  in  a  test  tube 

on  foot,  which  also  contains  water  (Fig.  5097,  c),  and  the 

whole  is  sterilized  by  steaming  in  an  autoclave  for  half 

an  hour  at  110°. 

"When  the  sac  is  to  be  tised,  the  water  is  removed  from 
the  inside  by  means  of  a  di-awn-out  pipette  and  refilled 
in  like  manner  with  bouillon  which  has  been  inoculated 
with  the  organism  to  be  tested.  Tlie  threaded  part  is 
then  wra]iped  in  a  piece  of  sterile  filter  paper,  for  con- 
venience in  handling,  and  the  constriction  is  sealed  in  a 
sharp-pointed  llame.  The  sealed  sac  is  then  placed  in  a 
sterile  test  glass. 

The  rabbit  or  guinea-pig  which  is  to  receive  the  sac  is 
now  attached  to  a  holdei-  and  the  hair  is  removed  from 
the  abdomen.  Tlie  field  of  the  operation  is  thoroughly 
washed  with  lysol  or  mercuric  cliloride.  After  the  ani- 
mal is  ana'Stlietized  an  incision  is  made  in  the  abdominal 
wall,  and  througli  this  the  sac  is  introduced  into  the  peri- 
toneal cavity.  The  incision  is  then  sewed  up  and  covered 
%vith  cotton  and  a  little  collodium. 

The  sac  is  allosved  to  remain  in  the  animal  for  a  few 
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Fig.  3098.— Syringe  HoUleranil  Sterilizing  Pan.     (Novy.) 


these  by  placing  within  a  perforated  glass  tube  as  show-n 
inFig.*5097,  c,/. 

The  collodium  sacs  can  be  used  not  only  as  just  de- 
scribe<],  but  also  with  marked  advantage  for  dialyzing 
experiments.  For  this  purpose  the  sacs  can  be  made  an 
inch  or  more  in  diameter  and  twelve  or  fifteen  inches 
long.  The  thin  collodium  membrane  is  considerably 
more  permeable  than  parchment  paper. 

Inocui..\tion  op  Ani.mai.s. — According  to  the  nature 
of  the  experiment  these  are  made  witli  pure  or  impure 
cultures  of  bacteria,  or  with  the  chemical  products  elabo- 
rated by  them.  The  use  of  impure  material  is  met  with 
in  diagnostic  work.  Thus  in  suspected  glanders  the  dis- 
charge is  introduced  into  animals  in  order  to  ascertain  if 
the  bacillus  of  glanders  is  present.  The  same  is  often 
done  in  tuberculosis,  pneumonia,  bubonic  plague,  an- 
thrax, tetanus,  rabies,  etc.  In  all  these  experiments  the 
animal  serves  as  a  plate,  since  it  eliminates  all  the  sapro- 
phj'tic  bacteria  which  may  be  ]ireseut  in  the  original 
material  and  allows  the  disease-producing  ones  to  develop 
in  pure  or  almost  pure  cultures.  The  inoculation  with 
pure  cultures  is  made  to  test  their  identity,  to  study 
their  effects  upon  animals,  and  to  ascertain  the  diverse 
means  of  infection,  and  for  purposes  of  immunization. 
The  inoculation  with  the  chemical  products  serves  to  as- 
certain the  presence  of  poisonous  substances,  or  to  pro- 
duce vaccines  or  anti- 
toxins. 

■  The  inoculations  may 
be  made  with  a  fine 
needle  or  lance,  but 
more  often  with  tlie 
aid  of  a  syringe.  The 
drawn-out  glass  tube 
pipette  is  also  used  as 
a  means  of  introduc- 
ing infectious  material. 
The  sj'ringe  used 
varies  w'ith  different 
workers.  The  Ger- 
mans are  especially 
favorable  to  the  Koch 
syringe,  which  consists 
of    a    glass    cylinder, 


Fig.  .509!).— Gr.icluatecl  Cylinder  for  Injectin!.'  Liciiiids.     (Novy.) 

graduated,  the  narrow  end  of  wliich  connects  with  the 
needle  while  the  upper  end  fits  into  the  nii'tal  collar  of 
a  rubber  bulli.  The  advantage  claimed  is  that  the  cyl- 
inder and   needle   can   be  effectivel_y  sterilized  by   dry 
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heat.  As  a  matter  of  fact  the  Koch  sj'ringe  is  extremely 
inconvenient  and  unsatisfactory,  and  equally  good  re- 
sults with  less  time  and  annoyance  are  obtainable  with 
the  ordinary  hyiiodcrmic.  The  latter  of  course  must  be 
sterilized  by  boiling  in  water  for  ten  or  fifteen  minutes. 
A  convenient  holder  for  the  syringe  is  shown  in  Fig. 
5098. 

When  large  quantities  of  liquids  are  to  be  introduced, 
as  when  injecting  horses  with  diphtheria  toxin  in  the 
preparation  of  antitoxin,  an  apparatus  similar  to  that 
shown  in  Fig.  5099  can  be  used. 

The  necessary  instruments,  such  as  knives,  scissors, 
needles,  etc.,  are  sterilized  by  boiling  in  water,  or  better 
in  a  saturated  solution  of  borax.  A  very  convenient 
sterilizer  for  this  purpose  is  that  shown  in  l^'ig.  5104. 

In  all  operations  the  animal  must  be  secured  in  some 
way  or  another.  Various  kinds  of  holders  have  been 
constructed  for  this  purpose.  That  of  Latapie,  shown 
in  Fig.  5100,  Is  very  convenient,  and  is  to  be  preferred 
to  the  ordinary  models.  It  can  be  used  for  guinea-pigs, 
rabbits,  birds,  etc. 

The  Voges  holder,  shown  in  Fig.  5101,  is  useful  for 
taking  temperatures  and  for  injecting  small  animals.  A 
good  substitute  can  be  made  by  using  a  glass  cylinder, 


Fig.  5100.-Lataple's  Animal  Holder.     (Novy.) 

Special  holders  have  been  devised  for  rats  and  mice. 
These,  however,  can  be  handled  best  by  means  of  a  pair 
of  compression  or  arterj'  forceps.  The  animal  is  seized 
by  the  nape  of  the  neck  with  the  forceps,  which  are  then 
transferred  to  the  left  hand.  The  tail  and  the  hind  legs 
are  also  held  by  this  hand.  The  animal  in  this  way  is 
put  upon  the  stretch, 
and  the  inoculation 
can  then  be  made 
with  the  righi  hand. 
Even  full-grown 
wild  rats  can  be  han- 
dled in  this  way 
without  the  help  of 
an  assistant. 

After     inoculation 
the  animals  are  placed  in  special  jars  or 
cages.     The  ordinary  glass  battery  jars, 
provided   with    a    galvanized    wire    top, 
weighted  with  lead,  serves  to  confine  rats 
and  mice,  and  can  even  he  used  for  guinea- 
pigs  (Fig.  5102).     If  the  animals  are  in- 
oculated with  a  very  dangerous  organism, 
such  as  the  pest  bacillus,  it  is  advisable  to 
place  the   jar  inside 
of  a  ten-gallon  crock. 
In  special    cases,   as 
in    animals    infected 
witli     try  panosomes, 
bubonic  plague,  etc., 
it  is  well  to  cover  the 
cage  with  a  piece  of 
mosquito   netting  as 
a  safeguard  against  insects  spreading  the  infection. 

Guinea-pigs,  rabbits,  and  the  like  can  be  kept  in  the 
Vaughan  cage  shown  in  Fig.  5103.  The  cage  proper  is 
30  cm.  high,  38  cm.  deep,"and  54  cm.  wide.  The  feet 
are  13  cm.  liigh. 

1.  Cutaneous  Application. — Ordinarily  bacteria  do  not 
penetrate  the  unbroken  skin  or  mucous  membrane.  The 
direct  application  of  some  organisms,  even  in  the  absence 
of  .mv  known  lesion,  leads  to  infection.     This  is  the  case 


5101.— Voges' 
Animals. 


Holder   tor    Small 
(Novy.) 


when  the  virus  of  the  foot-and-mouth  disease  or  the  ba- 
cillus of  plague  is  brought  into  contact  with  the  mucous 
membrane.  The  pus  germs,  when  rubbed  into  the  skin 
by  the  aid  of  vaseline,  may  cause  infection. 

2.  Subeutaiieoiis  Application. — For  this  piu'pose  the  hair 
is  removed  from  the  region  where  the  inoculation  is  to 
be  made.  Tlie  place  is  then 
rubbed  with  a  disinfectant. 
In  the  rat  this  is  usually  on 
the  back,  at  the  root  of  the 
tail;  in  the  guinea-pig  it  is 
on  the  side.  A  nick  is  made 
with  sterile  scissors,  and 
then  with  a  narrow  scalpel 
or  spatula  a  pocket  i.s  made 
under  the  skin.  A  piece  of 
tissue,  a  bit  of  earth,  blood- 
laden  wire,  etc.,  is  then  in- 
troduced into  the  opening, 
which  if  made  small  reqinres 
no  special  closure. 

3.  Suhcnianeons    Injection. 
— The  suspended  material  is 
introduced  under  the  skin  by    yk.  5102.-Rat  Cage  and  For- 
means  of    a    syringe.      The  ceps.    (Novy.) 

hair  should  first  be  clipped 

close  and   the  place  of  inoculation  touched  up  with  a 

disinfectant. 

4.  Intrarenous  Injection. — In  the  case  of  the  rabbit  this 
is  easily  done.  The  marginal  branch  of  the  posterior 
auricular  vein  is  selected,  although  it  may  apjiear  to  be 
narrower  than  the  needle.  The  hair  may  be  removed  and 
the  surface  of  the  ear  rubbed  freely  to  stimulate  circula- 
tion. A  clamp  is  then  applied  at  the  base  of  the  ear  so 
as  to  distend  the  vein.  The  needle  is  then  inserted  at  a 
very  sligiit  angle  to  the  vein.  In  other  animals  the 
jugular  can  be  exposed  and  the  injection  made  without 
any  ditliculty.  In  the  preparation  of  preventive  sera 
the  culture  or  toxin  is.  often  injected  into  the  jugular 
of  a  horse.  A  trocar  is  first  introduced  into  the  jugu- 
lar, and  this  is  then  connected  with  the  cylinder  contain- 
ing the  liquid  to  be  injected  (Fig.  5099). 

5.  lnU-iqirnlo)ieal  Injection. — This  jjrocedure  is  very 
commonly  resorted  to.  The  skin  over  the  abdomen 
should  be  raised  and  th(^  needle  of  the  syringe  is  then  in- 
troduced into  the  cavity.  In  the  case  of  the  horse,  while 
the  animal  is  standing,  a  trocar  is  introduced  through 
the  skin  at  a  point  a  few  inches  anterior  to  the  crest  of 
the  ilium. 

6.  Intrapleiiral  Injection. — The  needle  is  introduced 
into  the  right  pleural  cavity,  care  being  taken  to  prevent 


Fig.  310:3.— Vauglian  Cape.     iXovy.) 


any  injury  to  the  lung  or  to  the  heart.     Large  amounts 
of'liquid  cannot  be  tolerated  by  the  animal. 
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Fig.  5104.— Instruini'iil  sterilizer.     (Novy.) 


7.  Intracranial  Injection. —T:\nsme.thodv.'&3miioAuced 
bj'  Pasteur  as  a  means  of  surely  infecting  auiinuts  with 
rabies.     The  iirocedure  is  followed  out  when  inoculating 

auini;ils  either  for  diugno 
sis  or  for  the  purjiose  of 
preparing  the  vaccine  for 
hydrophobia.  It  is  usu- 
ally practised  on  rabbits 
anil  guinea  -  pigs.  The 
skin  from  between  the 
forward  is  shaven 
clean  and  dis- 
infected. An 
incision  about 
an  inch  long  is 
then  made. 
T  h  e  Pasteur 
School  apply  a 
hand  trephine, 
and  make  an 
opening  into 
the  skull.  A 
small  trephine, 
operated  by  a  dental  engine,  is  much  more  convenient. 
In  the  absence  of  either  an  opening  may  be  made  into 
the  skull  with  a  stout  scalpel.  By  means  of  a  hypoder- 
mic syringe  a  few  drops  of  the  brain  or  cord  suspension 
are  then  introduced  under  the  dura.  At  times  the  injec- 
tion is  made  into  the  brain  proper,  in  which  case  it  is 
spoken  of  as  intmcerebnil.  After  the  injection  a  sut- 
ure or  two  is  applied,  and  the  wound  is  covered  with 
collodium  and  cotton. 

8.  Intra-ocular  Injection. — Cocaine  is  first  applied  to 
the  eye,  after  which  this  is  fi.\ed  with  forceps  and  the 
material  injected  into  the  anterior  chamber.  If  desired, 
an  opening  can  be  made  with  a  cataract  knife  or  narrow 
scalpel  and  the  solid  material  can  be  introduced  in  this 
way . 

9.  Injection  into  the  Lympliatics. — This  is  usually  made 
bj'  introducing  the  material  into  the  testicles. 

10.  Ecspiratoiij  Infection. — While  the  preceding  meth. 
ods  maybe  looked  upon  as  wound  inoculations,  this  con- 
cerns itself  as  nearly  as  possible  with  duplicating  the  natu- 
ral infections  along  the  respiratory  tract.  The  direct 
method  consists  in  causing  the  animal  to  inhale  the  finely 
divideii  mati  rial,  which  can  be  readily  done  by  means  of 
an  atcjiuizer.  Another  procedure  may  be  calletl  the  intra- 
triic/iiid  injection.  This  is  carried  out  liy  making  an 
opening  into  the  trachea,  and  through  this  introducing 
the  infectious  agent. 

11.  Alimentary  Infection. — Since  water  and  food  serve 
to  introduce  the  pathogenic  agent  of  many  diseases  into 
man  and  animals,  it  is  necessary  at  times  to  resort  to  a 
similar  method  of  infection.  The  animal  may  receive  the 
infectious  agent  in  water,  milk,  or  in  solid  food.     Thus 
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Fig.  5ia5.— Concave  Slide  showing  Hantrinp  Drop. 
n.  side  view. 
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bread  may  be  soaked  in  a  bouillon  rultiire  of  the  organ- 
ism. At  other  times  it  may  be  necessary  to  introduce  the 
material  into  the  stomach  by  means  of  a  nibbertube.  In 
order  to  prevent  the  animal  from  biting  the  tube,  it  is 
well  to  pass  it  tlirough  a  perforated  cork  or  plug  of  .soft 


wood.  Under  e.xceptional  conditions  a  laparotomy  maj' 
be  made  and  the  material  injected  into  the  intestines. 
This  is  si^oken  of  as  the  intradiiodenal  injection. 

Obmrmtion  and  Autopsy  of  Infected  Animnls. — The 
matter  of  suitable  caging  of  animals  has  already  been 
touched  upon.  Attention  may  be  called  to  the  need  of 
daily  observations  of  the  infected  animals,  so  as  to  note 
the  sj'inptoms  manifested.  The  animals  must  have 
plenty  of  food  and  drink,  and  must  be  kept  in  as  clean  a 
condition  as  possible.  Their  weight  and  temperature 
should  be  taken  daily,  for  in  this  way  the  best  informa- 
tion can  be  gained  as  to  the  physical  condition  of  the 
animals.  , 

When  the  animal  dies  it  should  be  autopsied  at  once, 
or  else  it  must  be  put  aside  in  an  icebox.  The  need  of 
immediate  examination  is  shown  in  some  of  the  trypano- 
somatic  infections,  as  nugana  and  caderas.  where  the  or- 
ganism may  disappear  from  the  blood  within  an  liour  or 
so  after  death.  Moreover,  delayed  examination  may  lead 
to  the  invasion  of  the  organs  of  the  cadaver  by  the  intes- 
tinal bacteria,  in  which  case  the  search  for  the  specific 
germ  is  rendered  moie  diflicult,  if  not  impossible. 

The  animal  is  prepared  for  autopsy  by  being  placed  on 
its  back  and  tacked  down  on  a  board.  A  convenient 
board  of  this  kind  is  one  which  is  about  34  by  54  cm., 
and  has  a  raised  border.  The  cracks,  if  any,  should  be 
filled  with  paraffin. 

After  the  animal  is  laid  out,  the  hair  should  be  thor- 
oughly moistened  with  mercuric  chloride  solution.     The 
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Fig.  .'Jllitl.— Cell  Slide  sluiwine  H.-intrinff  Drop.  .A,  Surf.ice  view  :  B. 
side  view:  }i,  edge  of  cell;  c  hollow  of  cell;  d,  cover  glass:  e, 
hanging  drop. 

necessary  instruments  can  be  sterilized  in  a  copper  steri- 
lizer, such  as  is  shown  in  Fig.  .5104.  In  the  absence  of 
such  an  arrangement  the  instruments  may  be  sterilized 
by  heating  directly  in  the  flame,  but  this,  of  course,  in- 
jures them.  A  searing  iron,  several  drawn-out  pipettes 
and  sterile  dishes,  as  well  as  the  necessary  media,  should 
be  conveniently  on  hand 

With  a  sterile  scalpel  an  incision  is  made  along  the  en- 
tire length  of  the  bndy  from  the  neck  to  the  pubis.  Lat- 
eral inci-siims  are  then  made  in  the  direction  of  each  of 
the  extremities,  and  the  two  large  flaps  thus  resulting 
are  turned  Ijack.  The  condition  of  the  subcutaneous 
tissue,  the  presence  of  ffdema.  bloody  effusions,  enlarged 
lymphatic  glands,  etc.,  are  noted.  The  glands  or  jior- 
tions  of  the  tissues  may  be  transferred  by  means  of  ster- 
ile instruments  to  a  sterile  dish.  Cover-glass  smears  or 
streaks  can  be  made  and  examined  either  at  once  or  later. 

The  abdominal  and  thoracic  cavities  are  usually  opened 
at  the  same  time.  The  alidominal  wall  in  the  lower  part 
of  the  body  is  slightly'  raised  and  nicked  with  sterile  scis- 
sors: then  the  lower  blade  is  inserted  and  the  incision 
prolonged  upward  to  the  diaphragm.  The  ribs  are  then 
cut  as  low  down  as  possible,  and  the  wedge-shaiied  piece 
of  the  wall  of  the  thorax  is  removed.  The  condition  of 
both  cavities  and  of  the  organs  is  carefully  noted. 
Cover-glass  streaks  are  made  from  the  periton<'al  surfaces 
and  from  the  cut  surfaces  of  the  organs,  and  examined 
either  at  once  or  later.     Anv  fluid  which  is  present  in 
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the  cavities  may  be  transferred  to  sterile  tubes  by  means 
of  the  pipette. 

Cultures  should  always  be  made  from  an  intact  organ. 
For  this  purpose  it  is  cut  open  with  sterile  scissor.s,  and 
a  piece  of  the  pulp  removed  on  a  sterile  wire,  or  by  the 
aid  of  a  Nuttall  spear  or  spatula  (Fig.  5083).  The  heart 
liloud  is  usually  given  preference  for  culture  purposes. 
Tlic  pericardium  should  be  opened,  after  which  the  sur- 
face of  the  licart  is  seared  with  a  hot  iron.  An  incision 
is  then  made  into  the  ventricle,  from  which  the  blood  can 
be  removed  bj'  the  aid  of  a  looped  wire.  The  best  way 
of  removing  the  heart  blood  is  b^v  means  of  a  sterile  Pas- 
teur bull)  iiijiette.  The  end  of  this  is  broken,  Hamed,  and 
wlien  cool  it  is  inserted  into  the  heart,  and  by  suction  the 
blood  is  drawn  up  into  the  pipette.  The  contents  of  the 
tube  can  then  be  used  to  inoculate  culture  media  or  for 
making  blood  streaks. 

.\fter  theautopsj'tlie  animal  should  be  placed  in  a  ves- 
sel and  steamed  or  autoclaved,  and  eventuallj'  burned. 
The  board  should  be  washed  with  mercuric  chloride, 
and  all  instruments  and  utensils  should  be  sterilized 
by  steaming.  Throughout  the  autopsy  care  nuist  be 
taken  to  prevent  infection,  either  by  scattering  the 
material  on  the  floor  or  by  its  being  carried  away,  by 
insects. 

Ex.^^MiN-\TiON  OF  B.\CTEi!i.\. — III  order  to  gain  .some 
definite  information  regarding  the  bacteria  which  develop 
on  the  nutrient  media,  or  in  the  animal  body,  recourse 
must  be  had  to  the  microscope.  The  organisms  may  be 
examined  in  the  living  condition  or  in  stained  prepara- 
tions. The  former  procediu'e  is  resorted  to  so  as  to  learn 
all  I  hat  is  possible  regarding  the  living  cell :  its  form, 
,si7.e,  color,  granulations  if  any,  motion,  grouping  of  the 
cells,  presence  of  spores,  etc.  Such  facts  are  ascertained 
by  making  a  preparation  in  which  the  bacteria  will  con- 
tinue to  live  for  some  time. 

IJn'nri  Ilnrtcriit. — 1.  The  simplest  procedure  is  to  place 
a  drop  of  the  bacterial  lii(uid  on  a  sli<le,  after  which  the 
coviM'-glass  can  be  applied  and  the  ])re])aration  examined 
under  the  microscope.  This  method  is  useful  for  rapid 
orientation,  but  it  has  certain  drawbacks,  chief  among 
which  is  the  fact  that  evaporation  lakes  place  along  the 
edge  of  the  glass,  and  as  a  result  currents  are  established 
in  the  liquid.  Sucli  currents  tend  to  interfere  with  the 
observation  of  any  one  organism  or  group  of  cells. 
Again,  a  ])reparation  of  this  kind  cannot  be  kept  under 
observation  for  any  length  of  time  on  account  of  the 
desiccation  which  soon  takes  place. 

2.  The  examination  in  a  hanging  drop,  as  it  is  called, 
obviates  the  difficulties  mentioned.  A  rather  thick  slide 
with  a  concave  well  is  used  (Fig.  510.5)  A  ring  of  vase- 
line is  spread  around  the  edge  of  this  well.  A  clean 
cover  glass,  about  three-fourths  of  an  inch  in  diameter,  is 
placed  on  the  table,  and  a  drop  of  water  is  aijplied  to  the 
middle  by  means  of  a  looped  platinum  wire.  It  is  desir- 
able that  the  drop  should  spread  out  flat,  and  it  it  does 
not  it  is  because  the  cover  glass  is  not  clean.  The  drop 
of  water  is  then  inocidated  with  a  little  of  the  culture. 
Just  enough  mateiial  is  added  so  that  the  liquid  isslight- 
ly  cloudy.  The  vaseline-ringed  slide  is  then  inverted 
and  brought  down  upon  the  cover  glass.  The  prepara- 
tion is  turned  over,  and,  if  need  be,  pressure  applied  to 
the  border  of  the  glass  so  as  to  have  an  air-tight  hang- 
ing drop.  Under  these  contlitions  evaporation  does  not 
take  place,  and  consequently  the  specimen  may  be  ex- 
amined for  hours,  if  necessary,  without  au_v  interference 
by  currents  due  to  evajKiration.  As  mentioned  above, 
this  method  can  be  vi.sed  for  tlie  cultivation  of  bacteria, 
and  thus  their  growth  and  multiplication  can  be  followed 
out.  In  that  case  it  is  necessary  to  u.sc  a  flamed  cover 
glass  and  a  sterile  liquid. 

Instead  of  the  concave  slide  a  so-called  well  slide  can 
be  used  (Fig.  5106),  This  is  essentially  a  square  bit  of 
glass  with  a  circular  opening  which  is  cemented  to  an 
ordinary  glass  slide,  and  the  banging  drop  is  then  made 
in  the  manner  described. 

One  disadvantage  in  either  method  lies  in  tbe  fact  that 
the  drop  is  more  (>r  less  convex,  and  consequently  when 


using  higher  powers  it  is  difHcult  to  examine  the  deeper 
portions.  This  difliculty  can  be  overcome  bj'  em]>loying 
the  Ranvier  slide,  which  has  a  circular  trough,  and  the 
portion  within  the  circle  is  ground  down  so  that  its  level 
is  about  0.1  mm.  below  tha^  of  the  slide.  A¥hen  a  drop 
of  licjuid  is  placed  within  the  circle  and  covered  with  a 
cover  glass,  tlie  liquid  spreads  out  into  a  thin  layer,  every 
part  of  which  can  be  examined  under  the  microscope. 
A  ring  of  vaseline  is  placed  along  the  edge  so  as  to  pre- 
vent evaporation.  By  flaming  the  slide  and  cover  slip 
and  u.sing  sterile  liquid 
the  preparation  can  be 
observed  for  several 
days  if  need  be.  This 
metluxl  is  especially  to 
be  recommended  for 
studying  trypanosomes, 
malaria  parasites,  etc. 

Stiii  III  nil  of  Bacteria. — 
In  order  to  obtain  good 
stains  it  is  necessary  to 
have  good  clean  cover 
glasses.  The  cover  slips, 
as  purchased  in  the 
market,  are  unfit  for  use 
until  they  have  been 
cleaned.  One  method  of 
doing  this  is  to  heat  the 
slips  in  a  beaker  with 
concentrated  sidphuric 
acid  and  potassium  bi- 
chromate. The  cover 
glasses  are  then  washed 
in  rimning  water,  after 
which  they  are  kept  in 
alcohol.  Another  pro- 
cedure which  gives  very  Fig.  .510".— Cover-glass  Forceps,  a, 
satisfactory  results  is  to  Cornet's;  b,  Stewart's:  C  Novy's. 
soak    the    cover  glasses 

first  in  alcohol,  after  which  they  are  wiped  with  soft, 
washed  linen,  placed  in  an  Esmarch  dish  and  heated 
in  a  dry-heat  sterilizer  at  abotit  200°  for  an  hour  or  two. 
This  high  heat  completel}'  destroys  the  organic  matter 
that  may  be  on  the  glasses.  A  cover  glass  is  not  clean 
if  a  siuall  drop  of  water,  when  spread  over  the  surface, 
does  not  remain  even  but  gathers  into  droplets. 

Several  kinds  of  forceps  have  been  devised  for  holding 
cover  glasses  while  staining.  The  Cornet  forceps  (Fig. 
5107,  a)  are  w'cll  known,  and  are  useful  though  rather 
awkward.  Stewart's  modification  is  widely  used  (Fig. 
5107,  h).  A  much  more  convenient  forceps  is  shown  in 
Fig.  5107,  c.  Tlie  lower  blade  has  a  thin  edge  which 
permits  one  to  pick  up  the  cover  glass  without  contact 
with  the  fingers.  The  upjier  blade  is  bent  in  oriler  to 
avoid  capillarity,  and  is  narrowed  to  a  point  so  that  the 
specimen  is  held  by  point  contact.  A  catch  serves  to 
hold  the  cover  slip  in  place. 

Aniline  Dues. — The  aniline  dyes  wliich  are  employed 
for  staining  purposes  are  either  basic  or  acid  in  character. 
The  former  contain  amido  groups  and  are  spoken  of  as 
nuclear  stains,  since  tliey  color  the  nuclei  of  cells  as  well 
as  bacteria.  Tlie  latter  contain  hydroxyl  groups  and  do 
not  stain  bacteria,  but  are  used  chiefly  for  contrast  color- 
ing, and  tosoineextent  for  decolorizing.  The  basic  dyes 
are  usually  employed  as  salts  of  hydrochloric  acid,  while 
the  acid  d.ves  occur  as  sodium  or  potassium  salts. 

Among  the  basic  aniline  dyes  which  are  commonly 
employed  may  be  mentioned  fuchsin,  gentian  violet, 
methyl  violet,  crvstal  violet,  methylene  blue,  thionin, 
safranin,  methyl  green,  neutral  red,  and  vesuvin  or  Bis- 
marck brown.  These  are  all  more  or  less  crystalline 
powders,  and  while  some  are  definite  chemical  com- 
pounds, others  are  mixtures.  For  this  reason  various 
brands  ai'e  met  with  on  the  market,  and  it  will  be  readily 
understood  why  the  exact  duplication  of  stains  is  not  al- 
ways possible. 

It  is  advisable  to  keep  on  hand  not  only  the  solid  dyes, 
but  also  stock  .solutions  which  are  saturated  alcoholic 
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solutions     Tlie  amount  required  to  saturate  will  vary 
from  two  to  tive  jier  ten  I. 

The  eoneentrated  alcoholic  solulious  are  never  used  as 
such,  but  serve  for  the  preparation  of  the  dilute  dj'es 
wliich  are  tlie  stains  projicr.     The  latter  are  made  by 


Flli.  olas.^SIaTnl  fell  Stiiililll!;  S..luiliins. 

placing  a  few  cubic  centimetres  of  the  concentrated  dye 
in  a  small  tincture  bottle,  and  adding  teii  to  twenty  parts 
of  water.  This  bottle  istlien  provided  with  a  corii  and  a 
piece  of  glass  tubing  which  serves  as  a  pipette.  The 
ditterent  dilute  dyes  can  be  kept  in  a  stand,  sucli  as  is 
shown  in  Fig.  510*8.  The  dilute  dyes  after  a  while  un- 
dergo alteration  and  yield  deposits.  In  that  event  they 
sliotdd  be  filtered  befoi-e  use,  or  else  new  dilutions  should 
be  made. 

Tlie  acid  aniline  dyes  are  represented  by  eosin,  acid 
fuchsin,  and  fluorescein.  The  concentrated  and  the 
dilute  d.yes  are  prepared  as  above. 

The  staining  solutions  may  be  used  as  such,  or  their 
properties  may  be  accentuated  by  the  addition  of  sub- 
stances which  act  more  or  less  directly  as  mordants.  A 
number  of  these  solutions  are  in  daily  use,  and  for  that 
reason  their  preparation  is  here  given. 

Lqffler's  inetliyleiie  hlue.  is  made  by  adding  30  c.c.  of 
concentrated  methylene  blue  to  100  c.c.  of  a  0.01-per- 
cent, solution  of  potassium  hydrate.  A  similar  solution 
with  less  alkali  was  lirst  used  by  Koch.  The  alkali  not 
only  serves  to  make  the  cell  more  permeable,  but  also 
increases  the  staining  power  by  liberating  the  free  base 
from  the  dye. 

Gufholic  fiifhtiin ,  or  Ziehl  solution,  is  made  by  adding  1 
gm.  of  fuchsin  and  10  c.c.  of  alcohol  to  100  c.c.  of  a  five- 
per-cent.  carbolic-acid  solution.  This  stain  is  very  wide- 
ly used  for  simple  as  well  as  double  staining.  Czaplew- 
ski  modified  it  by  substituting  glycerin  for  the  alcohol. 
His  solutionis  prepared  by  rubbing  up  in  a  mortar  1  gm. 
of  fuchsin  with  5  gm.  of  carbolic  acid,  and  to  this  1.50 
gm.  of  glycerin  and  100  c.c.  of  water  are  added. 

(Mrbolic  metJiykiie  Uiie,  first  employed  by  Kiihue,  con- 
sists of  1.5  gm.  of  methylene  blue.  10  gm.  of  absolute 
alcohol,  and  100  c.c.  of  a  tive-per-cent.  solution  of  car- 
bolic acid. 

Varholic  theonin coTi&ysts,  of  10  parts  of  a  saturated  solu- 
tion of  thionin  and  100  parts  of  a  one-percent,  solution 
of  carbolic  acid  (Nicolle). 

Oirholic  gentian  violet  is  made  the  same  as  the  preced- 
ing (Nicolle). 

Aniline  Water,  Gentian  Violet,  etc. — The  carbolic  acid, 
like  the  alkali,  favors  the  penetration  of  the  stain.  Ani- 
line water  acts  in  lik(-  manner  and  was  first  used  by  Ehr- 
lich.  To  prepare  the  aniline  water  a  few  cubic"  centi- 
metres of  aniline  are  placed  in  a  test  tube,  and  this  is 
then  filled  with  distilled  water  and  thoroughly  shaken. 
The  milky  liquid  is  filtered  through  a  moist  filter.  To 
the  water-elear  filtrate  enough  concentrated  fuchsin  or 
gentian  violet  is  then  added  to  make  the  liquid  opaque, 
and  so  that  it  j\ist  bi-gins  to  form  on  the  surface  a  slight 
metallic  film  of  precipitated  dye.  The  solution  is  then 
used  as  such,  but  if  the  deposit  is  very  marked  it  may  be 
necessary  first  to  filter  it.  The  aniline  water  dyes  do"  not 
keep  very  well,  and  for  that  reason  it  is  well  to  make  a 


fresh  solution  every  time  that  it  is  to  be  used.  Oil  of 
cloves  has  been  suggested  by  London  as  a  substitute  for 
aniline. 

The  aniline  water  stains  were  first  employed  by  Elir- 
lich  for  coloring  the  tubercle  bacillus,  and  are  still  used 
for  that  purpose.  They  are,  however,  employed  espe- 
cially for  staining  Avhips  and  in  connection  with  Gram's 
stain.  In  the  latter  case,  after  the  preparation  has  been 
stained  with  the  solution,  a  mordant  is  applied,  known  as 
Lugol's  solution,  which  serves  to  form  a  difficultly  solu- 
ble compound  between  the  dye  and  the  cell  contents. 

Liigol'ii  solution  consists  of  1  part  of  iodine,  3  parts  of 
potassium  iodide,  and  JitjO  parts  of  distilled  water. 

The  Stiiiiiinr/  of  Co  DC  r-f;  III, IS  Preparations. — These  may 
be  considered  under  the  head  of  (1)  simple,  (2)  double, 
and  (3)  special  stains.  For  the  simple  stains,  when  it  is 
desired  to  have  a  heavily  colored  preparation,  either 
fuchsin  or  gentian  violet  is  used.  When  it  is  desired  to 
bring  out  structural  characteristics,  it  is  advisable  to  em- 
ploy solutions  which  stain  more  feebly,  such  as  methy- 
lene blue  or  thionin.  In  either  case  the  simple  or  rein- 
forced stains,  given  above,  may  be  employed. 

To  make  a  stained  preparation  of  a  i)ure  culture  the 
procedure  is  as  follows:  A  drop  of  water,  preferably  dis- 
tilled, is  placed  upon  a  clean  cover  glass,  which  either 
lies  on  a  board  or  is  held  in  a  pair  of  forcejjs.  By  means 
of  a  .sterile  platinum  wire  a  nuuute  amount  of  the  bacte- 
rial growth  is  picked  up  and  transferred  to  the  water. 
Only  enough  should  be  added  so  as  to  impart  to  the 
water  a  slight  cloudiness.  The  remainder  on  the  wire  is 
then  burned  off.  The  drop  is  then  spread  over  the  whole 
surface  of  the  glass  and  allowed  to  dry  in  the  air,  or  the 
process  may  be  hastened  by  passing  it  above  a  flame. 
The  air-dried  preparation  must  now  be  fl.xcd  in  order  that 
the  bacteria  are  not  washed  off  in  tlie  subsequent  treat- 
ment. The  fi.xing  is  done  by  passing  the  cover  glass 
three  times  through  a  flame.  Care  must  be  taken  not  to 
scorch  the  specimen,  for  in  that  case  the  dye  will  not  act. 
It  is  well  to  turn  down  the  flame  so  that  it  is  at  most  but 
two  inches  high.  The  properly  fi.xed  cover  glass  is  now 
covere<l  with  the  stain,  which  is  allowed  to  act  for  ten  to 
twenty  seconds.  The  dye  is  then  washed  off  under  the 
tap  and  the  cover  glass  inverted  upon  a  glass  slide.  Any 
water  which  may  be  on  the  surface  of  the  slip  should  be 
removed  by  means  of  a  piece  of  filter  paper.  The  prepa- 
ration can  now  be  examined  under  a  No.  7  objective,  or 
with  the  one-twelfth  inch  oil  immersion  lens.  If  the  speci- 
men is  such  as  to  merit  preservation  a  drop  or  two  of 
water  may  be  applied  to  the  edge,  and  in  this  way  the 
slip  can  be  floated  oil  without  damaging  the  film.  The 
excess  of  water  can  then  be  touched  off  witn  a  piece  of 
filter  paper,  after  which  the  specimen  is  dried  in  the  air 
or  by  passing  it  over  the  flame.  The  thoroughly  dried 
film  is  then  inverted  upon  a  drop  of  Canada  balsam 
placed  on  the  centre  of  a  clean  slide.  By  gentle  warm- 
ing or  Ijy  pressure  the  balsam  can  be  made  to  spread  out 
evenly. 

Smear  or  streak  preparations  made  from  the  fluids  or 
organs  of  the  body  are  stained  in  the  same  way.  The 
fl.xation  of  the  cover  glass  when  it  contains  much  proteid 
matter,  as  in  the  case  of  blood  streaks,  requires  special 
care.  The  best  results  are  obtained  by  immersing  the 
slip  for  a  few  minutes  in  a  mi.xture  of  equal  parts  of  ab- 
solute alcohol  and  ether.  Fl.xation  is  thus  accomplished 
witliout  any  injury  to  the  blood  cells.  It  is  sometimes 
advi.sable  instead  of  adding  the  d_ye  to  the  cover  glass  to 
float  the  latter  upon  the  dye  in  a  watch  glass. 

To  make  good  blood  preparations  requires  considerable 
care  and  experience.  A  small  drop  of  blood  is  jilaced  on 
a  perfectly  clean  cover  glass,  which  is  held  in  a  pair  of 
forceps  A  second  cover  slip  is  then  applied,  evenl_y  and 
without  pressure,  and  as  soon  as  the  blood  has  s]iread  out 
the  two  glasses  are  drawn  apart.  The  blood  cells  must 
not  be  crushed  and  should  lie  in  a  .single  laj'er. 

The  smears  from  the  cut  surface  of  an  organ  are  made 
by  gently  applying  the  cover  glass,  without  pressure, 
and  then  drawing  it  away;  or  a  piece  of  the  organ  may 
be  taken  up  in  the  forceps  and  streaked  over  the  cover 
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glass,  care  being  taken  to  leave  only  the  thinnest  film 
possible. 

The  ordinary  glass  slide  is  often  used  in  place  of  the 
cover  glass.  The  streaks  or  blood  smears  are  made  as  in 
the  case  of  the  latter.  When  the  growth  is  hard,  as  in 
the  case  of  aotinomyces,  it  is  well  to  crush  it  between 
two  gla'ss  slides. 

Double  Staining. — This  procedure  is  resorted  to  when 
staining  the  tubercle  bacillus  and  the  allied  acid-resisting 
bacilli.     It  is  also  used  for  staining  spores,  and  in  differ- 
entiating bacteria  by  means  of  Gram's  stain.     Other  spe-  ' 
cial  methods  are  given  under  gonorrhoja  and  meningitis. 

The  group  of  acid-resisting  bacilli,  the  type  of  which 
is  the  tubercle  bacillus,  are  stained  with  more  or  less 
difficulty  b}'  the  simple  stains.  The  dye,  however,  can 
be  forced  into  the  cell  by  the  aid  of  heat,  and  especially 
if  the  reinforced  stains,  such  as  carbolic  fuchsin  or  aniline 
water  gentian  violet,  are  used.  On  subsequent  treatment 
with  acid  and  alcohol  the  ordinary  bacteria,  which  chance 
to  bo  present,  are  readilj'  decolorized,  whereas  the  acid- 
resisting  retain  the  stain.  A  contrast  color,  such  as 
methylene  blue,  will  then  stain  the  background  and  the 
ordinary  bacteria  a  light  blue. 

Staining  of  the  Tubercle  Bacillus. — The  cover  glass  is 
air-dried  and  fixed  in  the  usual  niannei-,  after  which  any 
one  of  several  methods  may  be  used.  The  Zielil-Neelsen 
method  is  usually  employed.  It  is  carried  out  as  fol- 
lows. The  cover  glass,  held  in  the  forceps,  is  covered 
with  carbolic  fuchsin  and  heated  over  the  flame  so  that 
vapors  are  given  off  for  one  or  two  minutes.  It  is  then 
rinsed  in  water  and  dipped  for  a  few  seconds  in  a  twenty- 
per-cent.  solution  of  nitric  acid,  after  which  it  is  washed 
in  dilute  alcohol  (sixty  per  cent.)  till  it  is  almost  color- 
less. Methylene  blue  Is  then  applied  for  a  few  seconds 
and  washed  off.  Tlie  specimen  is  transferred  to  a  slide, 
the  surface  dried,  and  examined  under  the  microscope. 
The  tubercle  bacilli  will  appear  red  on  a  blue  background. 
The  ordinary  bacteria  will  appear  blue. 

The  Kocli-EhrUeh  method  consists  in  staining  with  ani- 
line water  fuchsin  or  gentian  violet  with  the  aid  of  heat 
for  a  few  minutes.  The  specimen  is  then  decolored  in 
thirty-flve-per-cent.  nitric  acid  for  about  a  quarter  of  a 
minute,  washed  in  dilute  alcohol  till  nearly  colorless, 
after  which  methylene  blue  or  Bismarck  brown  is  ap- 
plied for  a  contrast  color. 

In  the  Fraenkel-Gabbet  method  the  preliminary  staining 
is  effected  with  carbolic  fuchsin  as  above.  The  decolo- 
ration and  contrasting  is  done  at  once  by  immersing  the 
cover  glass  in  a  saturated  solution  of  methylene  blue  in 
the  following:  Sulphuric  acid  25  parts,  alcohol  .50  parts, 
distilled  water  1,000  parts.  It  is  then  rinsed  with  water 
and  examined. 

Czaplewsky's  method  differs  from  the  preceding  In  the 
way  the  decoloration  is  effected.  He  employed  for  this 
a  solution  of  1  gm.  of  fluorescein  and  5  gm.  of  methylene 
blue  in  100  c.c.  of  alcohol.  The  specimen  is  first  stained 
with  carbolic  fuchsin:  then,  without  rinsing  in  water,  it 
is  placed  for  a  few  seconds  In  the  fluorescein  meth}'lene 
blue  solution.  Finallj'  it  is  dipped  ten  or  twelve  times 
in  a  sohiti<ni  of  5  parts  of  methylene  blue  in  100  parts  of 
alcohol.     It  is  then  washed  with  water  and  examined. 

Numerous  modifications  of  these  methods  have  been 
proposed,  but  they  possess  no  special  advantage  over 
tho.se  given. 

Staining  of  Spores. — The  cover-glass  ])reparat!on  is 
treated  for  some  minutes  with  hot  carbolic  fuchsin,  either 
on  the  forceps  or  by  floating  on  the  dye.  It  should  then 
be  rinsed  and  examined  in  water.  If  the  spores  are 
colored  the  next  step  is  taken:  if  not,  then  the  heating 
with  the  (lye  is.  continued  until  they  are  stained.  The 
specimen  is  then  decolored  in  dilute  acid  and  alcohol  un- 
til the  spores  stand  out  red  on  a  colorless  background. 
Methylene  blue  is  then  applied  for  a  contrast,  washed 
off,  and  the  prejiaration  is  ready  for  examination.  The 
bright  red  spores  are  seen  within  the  light  blue  cells. 
This  method  requires  considerable  care,  and  every  step 
nuist  be  conti-olled  by  frequent  examinations  under  the 
microscope. 


In  order  to  enable  the  dj'e  to  more  readily  enter  the 
spore,  Moller  treated  the  cover  glass,  first,  for  a  minute 
or  two  with  a  five-per-cent.  solution  of  chromic'  acid, 
after  w  hich  essentially  the  above  procedure  was  followed. 
By  repeated  passage  through  the  flame  or  by  heating 
with  strong  sulphuric  acid  for  a  few  seconds  the  sub- 
stance of  the  spore  can  be  disintegrated  so  that  on  sub- 
sequent staining  with  carbolic  fucb.sin  the  spores  will 
readily  take  the  dye.  This  treatment,  however,  destroys 
the  original  cell,  and  hence  contrast  coloration  is  not  pos- 
sible. 

The  Oram  Stain. — This  is  one  of  the  most  valuable 
methods  in  bacteriologj',  since  it  often  serves  to  distin- 
guish between  organisms  which  otherwise  resemble  each 
other  very  closely.  The  cover-glass  preparation  is 
floated  for  a  few  minutes  on  aniline  water  gentian  violet, 
or  on  carbolic  gentian  violet.  Heat  may  be  applied,  but 
in  that  case  the  excessive  staining  will  interfere  with  the 
subsequent  decoloration.  The  specimen  is  then  rinsed  in 
water  andimmeised  in  Lugol's iodine  solutii;n  for  two  or 
three  minutes.  After  rinsing  in  water  it  is  then  placed 
for  a  few  minutes  in  strong  alcohol  until  most  of  the  dye 
has  been  washed  out.  Very  dilute  eosin  solution  is  now 
applied  for  about  five  seconds.  After  thorough  wa.shing 
with  water  it  is  ready  for  examination.  The  organism 
will  appear  a  deep  violet  on  a  pink  background. 

Gram's  method  is  applicable  to  the  bacilli  of  anthrax, 
symptomatic  anthrax,  diphtheria,  leprosy,  malignant 
a>dema,  mouse  septicaemia,  rouget,  tetanus,  tuberculosis, 
the  Fraenkel  diplococcus,  micrococcus  tetragenus,  the 
various  staphylococci  and  streptococci,  actinomyces, 
moulds,  and  yeasts.  It  is  not  given  by  the  bacillus  of 
glanders,  typhoid  fever,  hog  cholera,  Asiatic  cholera, 
chicken  cholera,  influenza,  plague,  Friedlander's  bacil- 
lus, colon  bacillus,  gonococcus,  rhinoscleroma,  and  recur- 
rent fever  spirillum. 

The  Staining  of  Flagella. — Special  care  must  be  given 
to  the  preparation  of  the  cover  glass.  The  cultures 
should  be  made  on  freshly  inclined,  moist  agar,  and 
should,  as  a  rule,  be  less  than  twenty-four  hours  old.  A 
very  dilute  suspension  of  the  growth  is  made,  and  when 
spread  over  the  cover  glass  is  allowed  to  dry  in  the  air. 
The  fixation  must  be  done  with  the  least  amount  ot  heat 
possible.  This  can  best  be  done  by  passing  the  cover 
glass,  held  between  the  thumb  and  forefinger,  through 
the  flame. 

In  Liitfler's  method  the  specimen  is  covered  with  a 
mordant  solution  which  consists  of  100  parts  of  a  twenty- 
per-cent.  tanuic-acid  solution,  .50  parts  of  a  cold  saturated 
ferrous  sulphate  solution,  and  10  parts  of  alcoholic  fuch- 
sin. The  cover-glass  is  heated  over  the  flame  so  that 
vapors  are  given  off  for  a  minute  or  two.  Everj'  trace 
of  the  mordant  must  then  be  removed  by  washing  with 
water,  and  if  it  has  dried  dowm  around  the  edge,  it 
should  be  removed  with  a  knife.  The  last  traces  of  the 
mordant  can  be  removed  by  momentary  immersion  in  ab- 
solute alcohol.  The  specimen  is  then  heated  with  aniline 
water  fuchsin  for  a  couple  of  minutes,  washed  with 
water,  and  examined.  The  chief  difficulty  in  this 
method  lies  in  the  formation  of  a  heavy  deposit  of  for- 
eign matter,  which  masks  the  bacteria. 

Fischer's  mordant  is  a  .slight  modification  of  that  of 
Lofiler.  It  consists  of  3  gm.  of  dry  tannin,  20  c.c.  of 
water,  4  c.c.  of  ferrous  sulphate  (1 : 2),  and  1  c.c.  of  con- 
centrated alcoholic  fuchsin.  The  aniline  water  fuchsin 
is  made  bj-  adding  about  5  gm.  of  fuchsin,  and  1  c.c.  of 
a  one-per-cent.  solution  of  sodium  hydrate  to  100  c.c.  of 
aniline  water. 

Bunge  employed  a  mordant  consisting  of  75  parts  of 
concentrated  tannin  solution,  25  parts  of  a  five-per-cent. 
solution  ot  ferric  chloride,  and  10  parts  of  a  concentrated 
aqueous  fuchsin  solution.  After  standing  some  days 
hydrogen  peroxide  is  added  imtil  a  reddish-brown  color 
is  obtained. 

Pitfield  makes  use  of  a  single  solution  of  mordant  and 
dye.  Two  solutions  are  first  prepared  :  (1)  consisting  of 
1  c.c.  of  saturated  alcoholic  gentian  violet  and  10  c.c.  of 
saturated  aqueous  alum;  (2f  consisting  of  1  gm.  of  tan- 
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nic  acid  and  10  c.c.  of  distilled  water.  The  two  solutions 
arc  filtered  and  then  combined.  The  mixture  is  healed 
on  the  cover  glass  over  a  llame  for  about  a  minute,  and 
then  waslied  olT. 

Van  Ermengem's  method  is  essentially  different.  The 
cover  glass  is  warmed  for  about  five  minutes  with  a  fix- 
ing so'luticm  consisliug  of  60  c.c.  of  a  twenty-percent, 
tannin  sohaion,  80  c.c.' of  two-per  cent,  osmic-acid  solu- 
tion, ami  four  to  five  drops  of  glacial  acetic  acid.  It  is 
then  washed  wilh  water,  rinsed  in  alcohol,  and  dipped 
for  one  or  two  seconds  in  a  sensitizing  solution  of  silver 
nitrate  (one-half  to  one  per  cent.).  After  this  it  is  placed 
for  a  few  seconds  in  the  reducing  solution  which  consists 
of  .")  parts  of  gallic  acid.  8  parts  of  tannic  acid,  10  parts 
of  sodium  acelule.  and  ;i.")0  ))arls  of  distilled  water.  It  is 
again  placed  in  llie  silver  nitrate  solution,  in  which  it  is 
moved  aliout  until  the  liquid  darkens,  after  which  the 
preparation  is  washed  with  water,  dried,  and  examined. 

Of  the  numerous  other  modifications  which  have  been 
proposed  that  of  Gemelli  only  need  be  given.  Gemelli 
cleans  tlie  cover  glasses  in  a  boiling  mixture  of  potassium 
bichromate  (three  per  cent.),  and  sulphuric  acid  (five  per 
cent.).  After  washing  in  water  tliey  are  kept  in  alcohol. 
Before  use  each  cover  glass  is  flamed  several  times. 
Gelatin  cultures  developed  at  37°  C.  are  said  to  give  the 
best  result.  A  loopfid  is  transferred  to  5  c.c.  of  water 
in  a  watch  glass,  and  from  this  suspension  a  drop  is  taken 
and  spread  over  a  cover  glass,  which  is  then  set  aside 
over  calcium  chloride  to  dry.  The  specimen  is  then 
placed  for  ten  to  twenty  minutes  in  a  one-fourth-per- 
cent, solution  of  potassium  permanganate.  The  prepa- 
ration is  now  washed  well  in  distilled  water,  after  which 
it  is  placed  in  a  threc-fourths-per-cent.  solution  of  cal- 
cium chloride  (?),  to  which  has  been  added  a  one-per- 
cent, solution  of  Grlibler's  neutral  red  in  the  proportion 
of  twenty  to  one.  After  remaining  in  this  for  fifteen  to 
thirty  minutes  the  specimen  is  washed,  dried,  and 
mounted.  The  method  is  said  to  give  excellent  and  sure 
results  without  the  annoying  precipitates  which  form  in 
the  other  procedures. 

Staining  of  Capsules. — Welch's  method  consists  in  treat- 
ing the  cover  glass  with  glacial  acetic  acid  for  a  few  sec- 
onds. The  excess  of  acid  is  drained  off  with  a  filter  pa- 
per, after  which  the  specimen  is  washed  in  aniline  water 
gentian  violet,  and  finally  in  a  .sodium  chloride  solution 
(O.S.'?  to  2  jier  cent.).  The  heavily  stained  bacillus  will 
be  found  to  lie  surrounded  by  a  pale  violet  halo. 

Nicolle  treats  the  cover  glass  with  a  mixture  of  one 
per  cent,  carbolic  acid  (100  parts)  and  concentrated  gla- 
cial alcoholic  gentian  violet  (10  parts).  It  is  then  washed 
in  absolute  alcohol  containing  one-third  its  volume  of 
acetone,  rinsed  in  water,  dried  and  motmted. 

Staining  of  the  Bohcu-Ernai  Granules. — Neisser  rec- 
ommends the  following  method  as  a  means  of  differen- 
tiating the  diphtheria  bacillus  from  like  organisms.  A 
culture  grown  on  Liiffler's  serum  shoidd  be  used.  The 
specimen  is  treated  for  one  to  three  seconds,  or  a  little 
longer,  with  the  following  solution:  1  gm.  of  methylene 
blue,  20  c.c.  of  absolute  alcohol,  50  c.c.  of  glacial  acetic 
acid  made  up  to  one  litre  with  distilled  water.  It  is  then 
washed  with  water  and  stained  with  Bismarck  brown 
(two  per  cent,  aqueous  solution)  for  three  to  five  seconds. 
Finally  it  is  washed  with  water  and  examined.  The  blue 
granules  will  stand  out  in  tlie  light  brown  bacilli. 

Piorkowski  heats  the  preparation  for  one-half  to  one 
minute  with  an  alkaline  solution  of  methylene  blue,  then 
decolors  for  five  seconds  in  alcohol  containing  three  per 
cent,  of  hydrochloric  acid.  A  one-per-eent.  aqueous 
cosin  is  applied  for  contrast,  after  which  the  preparation 
is  washed  and  examined. 

liomanoirKl-ji's  Clii-omatin  Stain. — This  method  is  ex- 
tremely valualilefor  staiidng  protozoal  parasites,  such  as 
these  of  malaria  and  the  trypanosomes.  When  properly 
carried  out  it  gives  an  admirable  differentiation  of  the 
chromatin,  wliich  appears  red  on  a  blue  background. 
Nocht's  modification  gives  very  good  results,  and  is 
briefly  as  follows:  A  solution  of  one-per-cent.  methylene 
blue  and  one-half  per  cent,  of  sodium  carbonate  is  kept 


at  about  60°  C.  for  several  days  to  "ripen."  The  change 
which  tidies  place  is  one  of  slow  oxidation,  and  as  a  re- 
sult a  number  of  products  form,  among  which  is  the  one 
which  is  essential  to  this  method.  This  active  red  con- 
stituent has  been  designated  as  methylene  azur.  'J'o 
about  3  c.c.  of  water  in  a  watch  glass  two  to  three  drops 
of  a  one-percent,  solution  of  eosin  are  added,  and  tlien 
the  altered  blue,  drop  by  drop,  till  the  eosin  tint  just  ilis- 
appears.  The  specimen  is  floated  on  this  dye  for  five  to 
ten  minutes,  after  which  itls  washed  and  examined. 

Independently  Wright,  Leishman,  and  Renter  arrived 
at  a  simple  modification.  The  ripened  or  polychmmo 
methylene  blue  is  treated  with  an  eosin  solution  to  sligiit 
excess.  The  precipitate,  which  Renter  has  called 
a  methylenc-blue  eosin,  is  then  filtered,  washed  and  dis- 
solved in  methyl  alcohol.  This  solution  can  now  be  ob- 
tained from  Gilibler.  Thirty  drops  of  this  are  added  to 
20  c.c.  of  distilled  water  in  a  large  watch  glass  or  Petri 
dish.  The  specimen,  which  can  be  fixed  with  ether  alco- 
hol or  with  formaldehyde  alcohol  (10:90),  is  immersed  in 
the  dya  for  fifteen  to  thirty  minutes.  It  is  well  gently  to 
agitate  the  liquid  from  time  to  time.  It  is  then  washed, 
dried,  and  mounted. 

Giemsa  prepares  the  stain  by  adding  1  c.c.  of  a  0.08- 
percent.  solution  of  methj'lene  azur  hydrochloride, 
Hiichst,  to  10  c.c.  of  a  0.005-per-cent.  aqueous  solution 
of  Hochst  eosin.  Laveran  employs  1  c.c.  of  a  one-per- 
cent, solution  of  azur,  2  c.c.  of  a  0. 1-per-cent.  solution  of 
eosin,  and  8  c.c.  of  water.  The  specimen  is  stained  fnr 
ten  minutes,  then  washed  and  immersed  for  two  to  thice 
minutes  in  a  five  percent,  tannic  solution,  after  whicli  it 
is  washed,  ilried,  and  mounted. 

Impressio/i  Preparations  of  Colonies. — It  is  very  often 
desirable  to  reproduce  or  preserve  the  characteristic  sur- 
face colonies.  The  selection  of  the  surface  colony  is 
made  under  the  microscope,  after  which  the  tube  of  the 
instrument  is  raised  and  a  cover  glass  is  dropped  down 
upon  the  colony.  Gentle  pressure  is  applied,  the  cover 
glass  lifted  off,  air-dried,  fixed,  and  stained  with  methy- 
lene blue  in  the  usual  way. 

Staining  of  Sections. — In  order  to  study  the  finer  distri- 
bution of  bacteria  in  the  body  of  an  infected  animal  it  is 
necessary  to  harden  portions  of  the  different  tissues  and 
organs,  which  are  then  cut  up  into  sections.  The  tissue 
may  be  cut  by  the  aid  of  a  freezing  microtome,  but  tlie 
best  results  are  obtained  when  the  material  is  embed<led 
in  celloidin  or  in  paralTm.  The  latter  is  especially  to  be 
recommended.  The  methods  which  are  used  for  tins 
work  are  essentially  histological,  and  need  not  be  consid- 
ered in  this  cfjnnection. 

To  obtain  a  simple  stain  the  section  is  placed  in  the 
dilute  aniline  dj'e  for  about  five  minutes.  Dilute  car- 
bolic fuchsin  or  carbolic  methylene  blue  are  very  good 
for  this  purpose.  It  is  then  washed  thoroughly  in  water 
and  transferred  to  very  dilute  acetic  acid  (1  c.c.  of  glacial 
acetic  acid  to  1,000  c.c.  of  water).  The  section  is  now 
placed  in  strong  alcohol  for  one-half  to  one  minute  to  re- 
move the  excess  of  dye.  After  washing  in  water  it  may 
bo  exanuned,  and  if  the  decoloration  has  not  been  suffi- 
cient, the  treatment  with  alcohol  can  be  repeated.  AVhen 
properly  differentiated  the  section  is  placed  for  a  few 
seconds  in  absolute  alcohol  for  dehydration,  then  cleared 
in  oil  of  cloves,  passed  through  xylol  and  mounted  in 
Canada  balsam. 

In  Kiihne's  method  the  sections  are  stained  in  carbolic 
methylene  blue  and  differentiated  in  one-half  per  cent, 
hj-droehloric  acid,  rinsed  in  dilute  lithium  carbonate  solu- 
tion, then  in  \\'ater.  The  section  is  transferred  to  abso- 
lute alcohol,  which  is  slightly  colored  with  methylene 
blue  for  one-half  minute;  then  for  a  fe.w  minutes  to  ani- 
line oil  containing  methylene  blue,  finally  into  clear  ani- 
line oil,  turpentine,  xylol,  and  balsam. 

Nicolle  stains  the  sections  in  carbolic  thionin,  washes  in 
water  for  about  a  minute,  dehydrates  with  absolute  alco- 
hol, clears  up  in  oil  of  cloves,  and  mcmnts  in  balsam. 
Another  procedure  employed  by  him  is  to  stain  first  with 
Lofller's  methylene  blue,  differentiate  in  one-half  per 
cent,  acetic  acid,  and  fix  in  ten-per-cent.  solution  of  tan- 
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nin  for  a  few  seconds.  Tlie  section  is  then  -washed, 
dehydrated,  cleared,  and  mounted. 

Grara'.s  stain  is  applied  to  sections  in  the  following 
manner:  The  section  is  placed  in  the  freshlj'  prepared 
aniline  water  gentian  violet  for  about  ten  to  tifteen  min- 
utes, after  which  it  is  washed  in  water,  or  better  in  ani- 
line water,  to  remove  the  excess  of  dye.  The  section  is 
then  placed  in  Lugol's  iodine  for  three  to  five  minutes, 
transferred  to  absolute  alcohol,  in  which  it  is  tilted  about 
until  the  excess  of  the  stain  has  been  removed  and  only 
a  pale  violet  color  remains.  Ebner's  solution  may  also 
be  used  for  decoloring.  It  is  counterstained  iu  very  di- 
lute eosin  for  about  a  minute,  washed  in  water,  dehy- 
drated in  absolute  alcohol,  cleared  in  cloves,  and 
mounted. 

Bismarck  brown  may  be  used  for  a  contrast  color,  or 
Weigert's  picrocarniine.  The  latter  may  be  made  by  add- 
ing 1  part  each  of  carmine  and  annuonia  to  iiO  parts  of 
water:  to  this  solution  picric  acid  is  added  until  a  pre- 
cipitate forms  which  is  dissolved  by  the  addition  of  a 
little  ammonia;  finally  a  few  drops  of  carbolic  acid  are 
added. 

Tubercle  and  leprosy  bacilli  can  be  stained  iu  sections 
by  applying  the  principle  employed  for  cover-glass- 
preparations.  The  carbolic  fuchsin  should  be  warmed  to 
about  40°  C.  in  a  Petri  dish.  The  .sections  remain  in  this 
solution  for  fifteen  to  thirty  minutes,  after  wliicli  they 
are  washed  in  water  to  remove  ilie  excess  of  dye.  They 
are  then  decolored  in  dilute  acid,  or  better  in  Ebner's 
solution.  The  latter  consists  of  one-half  part  each  of  so- 
diiuu  chloride  and  hydrochloric  acid.  3l)  parts  of  water, 
and  100  parts  of  alcohol.  The  faint  pink  sections  are 
then  placed  in  Loffler's  methylene  blue  solution  for  about 
half  a  minute,  aftcrwhich  tliey  arc  dehydrated  in  abso- 
lute alcohol  for  a  few  seconds,  transferred  to  xylol,  and 
mounted  in  balsam. 

DiAGKOSTic  Methods. — The  general  principles  which 
have  been  given  find  their  practical  application  in  the 
diagnosis  of  disease.  It  is  desirable,  therefore,  to  indicate 
briefly  the  way  in  which  these  methods  are  applied. 

1.  Actinomycosis. — The  pus  should  be  examined  un- 
stained under  a  cover  glass  for  the  characteristic  yellow- 
ish, radiating  masses  with  club-shaped  threads  along  the 
border.  Permanent  preparations  may  be  made  by  mak- 
ing smears,  and  staining  either  by  the  simple  or  by  the 
Gram  method.  The  pus  may  be  hardcnecl  in  mercuric 
chloride,  sectioned  and  stained  by  Gram.  Curettings 
may  be  treated  in  like  manner. 

2.  Antlirar. — Cover-glass  smears  of  the  blood  are 
stained  by  the  simple  and  bj-  the  Gram  method.  Con- 
firmation of  the  nature  of  the  organism  found  can  be  ob- 
tained by  inoculating  awliite  mouse  or  a  guinea-pig  sulj- 
cutaneously  with  the  material.  This  with  the  cultural 
characteristics  will  enable  identification. 

3.  Bvhonic  Plague. — This  diagnosis  may  be  made  dur- 
ing life,  but  more  often  after  death.  In  the  pneumonic 
form  the  bloo<l-streaked  sputum  can  be  tised  for  simple 
stains,  which  will  show  large  numbers  of  the  small  rods. 
In  the  bubonic  type  the  enlarged  gland  maj'  be  punct- 
ured and  thus  material  obtained  for  examination.  The 
detection  of  the  bacillus  in  the  blood  can  be  effected  by 
drawing  several  cubic  centimetres  of  the  blood  from  a 
vein  by  means  of  a  syringe.  Agar  plates,  one  part  of 
blood  to  two  parts  of  agar,  shotdd  then  be  made.  Whether 
the  result  is  apparently  positive  or  wliolly  negative,  an 
animal  experiment  must  be  carried  out.  The  suspected 
material  is  inoculated  subcutaneouslj'  into  a  guinea-pig, 
and  if  plague  bacilli  are  present,  death  will  en.sue  in  from 
five  to  eight  days.  Cultures  and  smears  from  the  animal 
will  then  establish  the  nature  of  the  organism.  An  im- 
portant ciUtural  characteristic  is  brought  out  by  planting 
the  material  on  agar  containing  about  three  per  cent,  of 
salt.  Round  or  pear-shaped  involution  forms  develop. 
The  smears  from  the  body  should  be  stained  with  Loffler's 
methylene  blue  or  with  carbolic  thionin.  The  short  rods 
take  the  bipolar  stain,  and  if  the  material  is  old,  round- 
ish involution  forms  or  "doughnuts"  will  be  met  with. 
The  bacilli  are  not  stained  by  Gram. 


4.  Chukiii. — The  examination  may  aim  to  find  the 
cholera  vibrio  in  the  drinking-water,  or  it  may  be  con- 
cerned with  the  diagnosis  of  the  disease.  In  the  latter 
case  the  rice-water  discharges  should  be  collected  and 
searched  for  mucous  flakes.  Preparations  from  these, 
when  stained,  will  show  the  presence  of  the  characteristic 
vibrio.  The  appearance  of  the  colonics  on  gelatin  and  on 
agar  plates,  tlie  growth  in  bouillon,  and  the  indol  reac- 
tion serve  to  identify  the  organism.  The  intraperitoneal 
injection  of  the  culture  into  a  guinea-pig  should  also  be 
practised.  The  most  important  reaction  is  that  of  Pfeiffer. 
It  consists  in  injecting  into  the  peritoneal  cavity  of  a 
guinea-pig  a  mixture  of  the  cholera  antisenun  and  the 
suspected  oi-ganism.  Every  few  minutes  a  drop  of  fluid 
is  withdrawn  from  the  peritoneal  cavity  by  means  of  a 
capillary  tube  and  examined.  If  the  organisms  persist, 
it  is  safe  to  say  that  they  are  not  those  of  true  cholera. 
The  latter  under  these  conditions  lose  motion,  become 
granular,  and  soon  disappear. 

It  may  be  possible  under  exceptional  circumstances  to 
detect  the  cholera  vibrio  in  drinking-water  by  ordinary 
plating  on  gelatin.  Obviously  the  number  of  the  organ- 
isms may  be  so  small  and  the  other  bacteria  may'  be  so 
numerous  that  it  is  impossible  to  obtain  positive'restdts 
by  this  method.  To  overcome  this  difficulty  Schottelius 
devised  his  enriching  method.  This  consists  in  adding 
the  suspected  water  to  a  one  per-cent.  solution  of  peptone 
and  incubating  at  37^  C.  for  about  twelve  hours.  The  ac- 
tively motile  cholera  spirilla,  on  account  of  their  need  of 
oxygen,  accumulate  as  a  cloudy  layer  near  the  surface. 
A  loop  of  this  liquid  is  then  transferred  to  and  spread 
over  the  surface  of  gelatin  and  agar  plates,  and  the 
further  identification  is  then  easily  effected.  Obviously 
the  peptone  may  be  added  direct  to  the  water,  for  exam- 
ple 10(3  c.c,  and  in  this  way  the  presence  of  a  very  few 
vibrios  in  a  large  volume  of  water  may  be  detected. 

5.  Diphtheriii. — The  neces.sary  material  for  the  exami- 
nation is  obtained  either  by  means  of  a  Koux  spatula 
(Fig.  5083),  or  by  a  cotton  swab.  The  cotton  swab  is 
usually  employed,  and  is  made  by  twisting  a  piece  of 
cotton  about  the  end  of  a  thick  iron  wire.  The  wire 
should  be  about  six  inches  long.  The  cotton  end  is  then 
placed  in  a  plugged  test  tube  which  is  sterilized  by  dry 
heat.  Whether  a  pseudo-membrane  is  present  or  not, 
scrapings  are  made  from  the  surface  of  the  affected  ton- 
sils or  throat  and  examined.  Usually  the  swab  is 
streaked  over  the  surface  of  one  or  more  tubes  of  plain, 
or  better  Loffler's  serum.  These  tubes  are  incubated 
overnight  and  examined  in  the  morning  for  the  charao- 
teristic  diphtheria  bacilli.  The  cover-glass  preparations 
made  from  these  cultures  are  stained  with  Loffler's 
methylene  blue.  The  swollen  rods  with  irregularly 
stained  contents  are  easily  identified.  In  case  there  is 
any  doubt  as  to  the  diagnosis,  it  is  advisable  to  inoculate 
a  guinea-pig  with  the  culture  material. 

Whenever  possible  it  is  advisable  to  make  cover-glass 
preparations  direct  from  the  false  membrane.  These  are 
then  stained  with  Loffler's  methylene  blue.  The  diagno- 
sis can  be  made  thus  often  in  a  few  minutes. 

6.  Dysenteri/. — It  is  necessary  to  distinguish  between 
two  types,  the  bacillary  and  the  ama?bic.  The  examina- 
tion for  amoeba?  should  be  made  at  once,  immediately 
after  the  stool  is  passed,  in  order  to  obtain  actively  motile 
organisms.  A  drop  of  the  thin  faeces  or  suspension  is 
placed  on  a  slide,  covered  with  a  cover  glass,  and  exam- 
ined under  the  microscope.  The  characteristic  motion 
will  leave  no  doubt  as  to  the  nature  of  the  organism. 
The  nuition  can  be  observed  best  on  a  warm  side  or  in  an 
incubator.     Staining  is  not  necessary. 

The  bacillarj'  form  is  due  to  the  bacillus  dysenterioe, 
and  the  diagnosis  of  this  type  necessitates  the  detection 
of  this  organism.  Agar  plates  should  be  made  from  the 
stools  and  developed  at  37°  C.  From  the  suspected  colo- 
nies subcultures  should  be  made  to  glucose  agar,  lactose 
litmus  agar,  and  niannite  litmus  agar.  The  pure  cultures 
should  finally  be  tested  for  agglutination  with  the  serum 
of  a  dysenteric  patient.  Too  much  care,  however,  can- 
not be  exercised  in  drawing  conclusions  based  upon  a 
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positive  agglutination  reaction,  since  tliis  test  is  un- 
doubtedly given  by  allied  organisms. 

7.  iloniirrha'ii . — Cover-glass  jirciiarations  made  from 
the  pus  will  serve  to  establisli  the  diaguo.sis  in  nearly  all 
instances.  They  should  be  stained  with  LOffler's  methy- 
lene blue.  A  fair  double  sUun  can  be  obtained  by  lirst 
applying  cosin,  after  which  the  blue  can  be  used  for  a 
few  seconds.  The  result  is  a  more  or  less  pink  back- 
ground with  blue  gonococci.     Gram's  method  is  negative. 

Von  \\':\\\\  recommends  the  following  method  of  double 
staiidng  which  brings  out  the  gonococci  as  reddish-violet 
to  black  cells  on  a  Tight  greeu  background.  The  stain 
consists  of:  Concentrated  alcoholic  soluti(m  of  auramin, 
2  CO. ;  ninety-five-|)er-cent.  alcohol,  1.5  c.c. ;  concen- 
trated alcoholic  solution  of  thionin,  2  c.c. ;  concentrated 
aqueous  methyl  green,  3  c.c. :  water,  6  c.c.  The  aura- 
min and  thionin  solutions  are  prepared  by  dissolving  the 
dyes  in  hot  ninety-tive-per-cent.  alcohol  to  saturation, 
cooling,  and  filtering.  The  cover  glasses  are  stained  for 
five  to  fifteen  seconds.  The  ordinary  bacteria  stain 
feebly  or  not  at  all. 

The  detection  of  the  gonococcus  in  septicsemic  cases 
can  be  accomplished  by  drawing  5-10  c.c.  of  blood  from 
the  vein  of  the  arm  and  adding  this,  in  about  equal  parts, 
to  melted  agarat  45\  The  mixture  is  at  once  poured  into 
Petri  dishes,  and  these  are  developed  at  37°  C.  In  this 
waj-  the  gonococcus  can  be  detected  when  direct  stains 
would  fail  to  show  the  organism. 

The  culture  test  for  the  gonococcus  is  rarely  resorted 
to  on  account  of  the  difficulty  of  obtaining  the  necessary 
blood  or  serous  fluids.  The  ordinary  media  have  always 
been  regarded  as  unfavorable  for  tlie  growth  of  this  or- 
ganism. According  to  Thalmann,  Wildbolz,  and  others, 
the  gonococcus  can  be  grown  on  ordinary  one-and-onc- 
half-per-cent.  meat  peptone  agar.  Thalmann  recom- 
mends very  highly  such  a  medium  for  diagnostic 
purposes,  and  especially  where  direct  microscopic  exami- 
nation is  unsatisfactory  or  negative.  The  acidity  of 
ordinary  agar  or  bouillon  is  reduced  by  the  addition  of 
two-thirds  of  the  amount  of  alkali  necessary  to  make  the 
media  neutral  to  jihenolphthalein.  The  preparation  of 
these  media  has  been  given. 

8.  Leprony. — The  leprous  nodules  are  characterized  by 
the  presence  of  enormous  numbers  of  the  specific  bacillus 
which  can  be  readily  detected  by  staining.  The  Ziehl- 
Neelsen  method,  as  employed  for  the  tubercle  bacillus, 
will  give  excellent  results  if  the  tissue  is  reasonably  fresh. 
When  kept  for  some  time  in  alcohol  the  bacilli  lose  their 
staining  properties  so  far  as  this  method  is  concerned, 
but  they  can  still  be  found  by  means  of  Gram's  method. 
Animal  inoculations  and  cultures  are  not  possible. 

9.  Meningitis,  Cerebrospinal. — The  diplococcus  intra- 
cellularis  meningitidis  is  found  in  the  cerebro-spinal  fluid. 
Hence  during  life  it  is  necessary  to  remove  some  of  the 
fluid  by  lumbar  puncture.  This  fluid  should  be  planted 
abundantly  on  glycerin,  or  better  on  serum  agar.  Cover- 
glass  preparations  made  direct  will  show  the  typical  or- 
ganism resembling  the  gonococcus  in  form  and  in  its 
presence  within  the  leucocytes.  It  is  not  stained  by 
Gram's  method,  but  can  be  given  a  double  stain  by  that 
of  Pick  and  Jacobsohn,  or  by  the  modification  suggested 
by  Fraenkel.  The  dye  is  made  by  adding  to  20  c.c.  of 
water  eight  drops  of  a  saturated  solution  of  methylene 
blue,  and  then  forty  to  fifty  drops  of  carbolic  fuchsin. 
The  dye  is  allowed  to  act  for  five  minutes.  The  cocci 
are  bliie  on  a  red  background. 

10.  Pnetrmonia, — In  all  pneumonic  conditions  the 
blood-streaked  sputum  should  be  examined  by  making 
simple  and  Gram  stains.  In  this  way  it  becomes  possible 
to  recognize  the  pneumonic  form  of  plague.  Ordinarily, 
however,  pneumonia  is  due  to  the  Fraenkel  diplococcus 
and  at  times  to  the  Friedliinder  pneumobacillus.  The 
form,  staining  and  cultural  jiroperties  of  these  organisms 
permit  ready  differentiation  and  identification.  The 
lance-shaped  diplococcus  of  Fraenkel,  as  found  in  the 
body,  is  surrounded  by  a  capsule,  and  is  stained  by 
Gram's  method.  The  colonies  and  cultures  on  glycerin 
agar  are  very  faint  and  dewdrop-like,  and  tend  "to  die 


out  in  a  few  days.  Their  vitality  and  virulence  are  best 
jireserved  by  cvdtivating  them  on  rabbit  blood  or  serum 
agar.  In  doubtfid  cases  the  material  should  be  injected 
under  the  skin  of  the  ear  of  a  rabbit.  If  death  results 
the  diplococcus  will  be  found  in  large  numbers  in  the 
heart  blood  and  organs  of  the  animal. 

11.  Rubies.  — The  Ciiuse  of  this  disease  is  as  yet  unknown, 
but  it  is  to  be  found,  in  pure  ccmdition  so  to  speak,  in 
the  brain  and  spinal  cord  of  the  affected  person  or  ani- 
mal. The  diagnosis  rests  upon  animal  inoculation  with 
such  material.  A  few  drops  of  a  suspension  of  the  brain 
or  cord  are  injected  subdurally  into  a  rabbit  or  guinea- 
pig.     The  metliod  has  been  already  described. 

The  histological  changes  in  the  nervous  system  are 
very  slight,  and  it  has  been  suggested  that  the  diagnosis 
of  rabies  may  be  hastened  by  making  an  examination  of 
sections  of  the  cord  and  ganglia.  The  lesions  are  not 
sufficiently  marked  in  all  cases  to  permit  diagnosis,  and 
for  that  reason  this  method  shoukl  not  be  relied  upon  to 
the  exclusion  of  the  only  positive  test,  that  of  animal 
inoculation. 

12.  Tetanus. — The  point  of  inoculation  must  be  found 
first.  This  may  not  always  be  easj-,  for  the  original 
wound  may  have  healed  over.  The  portal  of  entry  may 
be  a  bad  tooth,  or  the  wound  produced  by  an  old  rusty 
nail,  a  splinter  of  wood,  or  the  powder  grains  of  a  pistol. 
Cover-glass  preparations  should  be  made  from  the  pus,  if 
there  is  any :  and.  if  not.  from  such  serum,  blood  or  tissue 
as  can  be  obtained  from  the  wound.  They  should  be 
stained  with  carbolic  fuchsin.  The  specimen  should  be 
examined  for  "  drum  sticks  "  or  rods  with  terminal  spores, 
and  particularly  for  the  presence  of  rather  narrow,  long 
bacilli.  These  are  present  even  when  no  spores  can  be 
found. 

Cultures  should  be  made  on  glucose  litmus  gelatin, 
and  at  the  same  time  a  series  of  glucose  agar  plates 
should  be  made  and  developed  at  37'  C,  either  in  hydro- 
gen or  in  the  p_vrogallate  apparatus.  The  original  tissue 
should  be  planted  under  the  skin  of  a  white  mouse  and 
of  a  guinea-pig.  The  cultures  when  developed  are  care- 
fully searched  for  the  drum-stick  forms. 

13.  Tuberculosis. — The  pulmonary  form  is  usually  rec- 
ognized by  an  examination  of  the  sputum,  preferably 
that  which  has  been  collected  in  the  morning  on  rising. 
The  cheesy  particles,  if  such  can  be  recognized,  should 
be  picked  out  by  means  of  the  wire  and  spread  over  the 
cover  glass.  The  specimen  is  then  stained  b}'  the  Ziehl- 
Neelsen  method  already  given.  The  red  rods  on  a  blue 
background  are  readily  recognized. 

The  same  method  is  cmploj-ed  in  the  examination  of 
pleuritic  fluid,  pus,  urine,  milk,  etc.  In  all  these  exami- 
nations, however,  two  facts  should  be  borne  in  mind.  In 
the  first  place  the  tubercle  bacilli  may  be  present,  but  in 
such  small  numbers  that  they  escape  detection.  Again, 
acid-resisting  organisms,  such  as  the  leprosy,  smegma, 
timothy  grass  bacillus,  etc. ,  may  be  present,  and  may  be 
easily  mistaken  for  the  tubercle  bacillus. 

In  either  case  it  is  the  animal  experiment  which  will 
serve  to  remove  the  doubt.  When  the  tubercle  bacilli 
are  few  or  doubtful,  it  is  well  to  submit  the  material  to 
preliminary  centrifugation.  The  deposit  can  be  used 
then  for  staining  and  for  injection.  The  injections 
should  be  made  into  the  peritoneal  cavity  of  the  guinea- 
pig.  If  tubercle  bacilli  are  present  in  the  material  used, 
even  if  so  scarce  as  to  be  unrecognized  by  the  microscope, 
the  animal  will  develop  the  disease  and  will  die  in  the 
course  of  a  mcmth  or  two.  The  tuberculous  organs  and 
glands  can  be  examined  then  for  tubercle  bacilli,  and  cult- 
ures can  be  made  on  glycerin  agar,  potatoes,  and  on 
Hesse's  Heyden  agar.  The  acid-resisting  bacilli,  other 
than  the  tubercle  bacillus,  are  not  fatal  to  animals,  and, 
moreover,  the  histological  changes  which  they  induce  are 
quite  different  from  those  caused  by  the  tubercle  bacillus. 

14.  Typhoid  Ferer. — The  verification  of  the  diagnosis 
is  usually  made  by  means  of  the  agglutination  test  of 
Widal,  which  will  be  described  later.  The  direct  detec- 
tion of  the  typhoid  bacillus  in  fo'ces,  urine,  blood,  rose 
spots,  and  in  water  jjresents  marked  tlifflciUties.     The 
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reason  for  this  lies  iu  the  very  great  similarity  which  ex- 
ists between  the  typhoid  aud  the  colon  bacillus.  Nu- 
merous methods  have  been  devised  for  the  purpose  of 
effecting  a  distinction  between  these  two  organisms;  and 
while  it  is  an  easy  matter  to  differentiate  between  the 
pure  cultures  of  the  typical  organisms  it  becomes  vastly 
more  difficult  under  natural  conditions,  especially  when, 
as  often  is  the  case,  the  para-colon  and  para-typhoid  ba- 
cilli arc  present. 

Some  of  these  methods  endeavor  to  restrict  the  growth 
of  the  colon  aud  of  adventitious  bacteria  by  the  addition 
of  antiseptic  substances  to  the  media.  Thus  carbolic 
bouillon,  Parictti's  carbolic  hydrocldoric-acid  broth,  and 
cr3'stal  violet  are  used  with  this  object  in  view,  but  there 
can  be  no  doubt  that  weak  typhoid  bacilli  are  also  in- 
hibited. 

Other  methods  are  based  upon  the  unecjual  diffusion  of 
the  two  organisms  in  special  media.  The  Stoddart,  Hiss, 
and  Capaldi  media  belong  to  this  class. 
Again,  the  effort  is  made  to  bring  out 
dilfercnces  between  the  colonies  of  the 
Eberth  and  colon  bacilli,  as  in  the  case 
of  the  Holz  potato  gelatin,  Eisner, 
AVeil,  Hiss,  and  Piorkowski  media. 
These  are  all  described  in  the  fore- 
going jniges.  Still  other  methods  seek 
to  utilize  the  differences  in  the  fer- 
mentative powers  of  these  organisms, 
as  evidenced  in  the  production  of  gas, 
acid  iM'oducts,  etc.  Lastly,  there  are 
several  methods  which  have  only  re- 
cently been  devised  iu  wliich  the  dis- 
tinction is  effected  b}-  means  of  the  ag- 
glutination reaction.  That  of  Windelbandt,  as  modified 
by  Schepilewsky ,  certainly  seems  to  be  effective  iu  detect- 
ing typhoid  bacilli  in  tap  water.  Its  real  value  in  the  ex- 
amination of  typhoid  fa'ces  remains  to  be  demonstrated. 

Sciiepilewsky's  procedure  is  as  follows:  Several  cubic 
centimetres  of  the  infected  water  are  added  to  50  c.c.  of 
bouillon  in  an  Erlenmeyerfla.sk,  which  is  then  incubated  for 
twenty-four  hours  at  37°  C.  The  culture  is  now  tiltered 
through  a  sterile  cotton  filter  in  order  to  remove  any  com- 
pact masses  of  bacteria  which  may  lie  jiresent.  The  fil- 
trate is  received  in  conical  centrifugating  tubes.  A  very 
active  serum  from  a  rabliit,  which  has  been  immuuized 
to  the  typhoid  bacillus,  is  then  added  to  the  cloudy  fil- 
trate, and  this  is  set  aside  for  two  to  three  hours  at  37°  ('. 
If  many  typhoid  bacilli  are  present,  visible  agglutination 
may  be  noted  ;  but  if  the)'  are  not  abundant,  the  masses 
will  be  so  small  that  agglutination  may  not  be  detected. 
In  either  case  the  tubes  are  centrifugated  for  one  to  two 
minutes,  after  which  the  tluid  is  decanted  and  the  tubes 
are  in^■ertcd  so  as  to  draiu  fis  completely  as  posssible. 
Sterile  sodium  chloride  solution  is  then  added  to  the  tubes 
and  the  deposit  is  taken  up  and  transferred  to  a  sterile  test 
tube  which  contains  glass  beads.  B\'  vigorous  shaking 
the  agglutinated  masses  can  now  be  broken  up  and  homo- 
geneous suspension  obtained.  A  glass  rod,  bent  at  right 
angles,  is  then  dipped  in  the  suspension,  and  streaked 
thoroughl}-  over  the  surfaces  of  a  number  of  plates  of  the 
special  agar.  The  latter  is  a  three-percent,  agar,  to 
which  after  sterilization  in  an  autoclave  a  lactose  and 
lacmoid  solution  is  added.  This  consists  of  1..'5  per  cent, 
lactose  and  0.0-1  per  cent,  lacmoid.  and  before  addition  is 
boiled  fifteen  minutes.  The  Petri  dishes  are  developed  at 
37°  C.  for  twenty-four  hours.  The  typhoid  colonies  are 
round,  or  oval,  and  sharp  bordered;  later  they  show  the 
typical  spreading  form,  and  the  color  of  the  centre 
changes  to  a  dirty  yellow. 

The  typhoid-like  colonies  should  then  be  examined 
under  the  microscope  and  submitted  to  further  identifica- 
tion. A  susi^ension  of  the  colony  may  be  tested  for  tlie 
agglutination  reaction  with  typlioid  serum.  Pfeiffer's 
reaction  may  be  tested  for  by  injecting  a  mixture  of 
antityphoid  serum  and  the  organism  into  the  peritoneal 
cavity  of  a  guinea-pig,  as  described  under  Cholera.  The 
cultures  should  also  be  tested  for  gas  production,  indol, 
milk  coagulation,  and  on  the  special  plating  media. 
Vol.  VIII.— 26 


In  the  absence  of  the  serum  necessary  for  the  above 
method  recourse  may  be  had  to  the  plating  medium  of 
Hiss,  the  urine  gelatin  of  Piorkowski,  and  the  Drigalski- 
Conradi  agar,  the  preparation  of  which  has  been  given. 

1-5.  A  number  of  infections  due  to  moulds  and  allied 
forms  and  also  to  yeast-like  bodies  have  been  described. 
The  former  are  represented  by  the  streptothrices,  or,  more 
correctly,  by  the  actinomyces  of  Madura  foot  and  of  cat- 
tle farcy.  The  3'east  or  blastomycotic  affections  have 
been  noted  iu  certain  forms  of  dermatitis,  and  may  even 
be  systemic  in  character.  In  all  these  diseases  the  exami- 
nation of  the  pus  aud  of  sections  of  tissue,  as  well  as  the 
culture  of  the  organism,  must  be  carried  out. 

16.  Protozoal  Diseases. — Several  very  important  dis- 
ea.ses  are  due  to  organisms  of  this  class.  The  examina- 
tion for  amcebise  in  tropical  dysentery  has  already  been 
touched  upon.  The  sporozoa  include  among  others  the 
Plasmodium  of  malaria,  the  piroplasma  of  Texas  fever, 


Capillary  Tulies  tor  Thermal   Deatb-point  Determinations,    c  Tube 
■eady  to  be  sealed  at  .c ;  (i,  emptying  ot  tube.    (Novy.) 

of  "spotted  fever,"  and  of  horses,  sheep,  and  dogs.  The 
fiagellata  cause  the  various  trypanosomatic  diseases,  such 
as  the  surra  of  Asia  aud  of  the  Philipiiine  Islands,  na- 
gana  or  the  tsetse-fly  disease  of  South  Africa,  dourine  or 
"maladie  du  coit"  of  the  Mediterranean  littoral,  caderas 
of  South  America,  the  gambian  fever  and  the  sleeping- 
sickness,  the  last  two  being  diseases  of  man.  Moreover, 
many  animals  harbor  in  the  blood  parasites  of  this  group, 
as  in  the  case  of  the  wild  rat. 

In  all  suspicious  cases  the  blood  should  be  examined 
for  these  two  groups  of  organisms.  The  Plasmodium  of 
malaria  is  found  especially  within  the  blood  cells.  The 
trypanosomes  are  free  in  the  plasma.  The  blood  may  be 
examined  direct  under  the  cover  glass,  or  in  hanging 
drop,  or  in  a  Ranvier  slide.  Stained  preparations  can  be 
made  with  methylene  blue,  thionin.  or  best  with  some 
modification  of  the  Romanowski  method.  The  prejjara- 
tion  of  the  specimens  and  the  staining  methods  have 
already  been  described.  The  trypanosomes  of  the  _at 
and  of  nagana.  cultivated  by  Novy  and  McNeal,  are  the 
only  pathogenic  protozoa  which  it  has  been  possible  to 
grow  artificially.  Their  presence  is  best  detected  by 
direct  examination  of  the  blood,  though  at  times  they 
may  be  very  difficult  to  find,  aud  may  require  dail_v  ex- 
aminations for  several  weeks. 

DeTI5I!MIKATION   OF   THE   THERMAL    DEATH   PoiNT  OP 

Bacteria. — In  this  work  and  also  in  testing  disinfectants 
it  is  necessary  to  have  almost  lioraogeneous  suspensions 
of  the  organism  to  be  tested.  Water  suspensions  should 
be  used  first,  and  later  those  of  bouillon,  serum,  etc.  The 
liquid  is  introduced  by  means  of  a  bulb  pipette  into  the 
tube  of  an  agar  culture.  The  growth  is  rubbed  up  as 
much  as  possible,  and  the  suspension  is  then  transferred 
to  a  sterile  glass-wool  filter.  In  this  way  the  masses  of 
bacteria  are  removed.  The  cloudy  filtrate  may  be  used 
as  such,  or  it  may  be  diluted  so  as  to  have  fewer  organ- 
isms in  the  test.  It  may  be  used  as  such  for  determining 
the  action  of  moist  heat  and  for  testing  disinfectants. 
Again,  for  dry -heat  work  and  for  many  disinfecting  tests 
the  suspension  is  allowed  to  dry  upon  the  surface  of  ster- 
ile .glass  slips,  glass  or  garnet  beads,  silk  threads,  muslin 
squares,  etc. 

To  test  the  action  of  dry  heat  a  number  of  cover  glasses 
on  which  the  test  organism  has  been  dried  are  placed  in 
a  sterile  Petri  dish  and  exposed  to  a  given  temperature. 
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At  given  intervals  a  specimen  is  removed  and  planted  in 
bouillon. 

To  test  the  action  of  moist  heat  the  best  procedure  is  to 
draw  up  tlip  liquid  into  sterile  rapilliirics,  as  shown  in 
Fisj.  olUO.  Thr  tube  is  .si'aled,  below  and  above,  the 
li(iuid.  The  advaiitai^e  of  this  method  lies  in  the  fact 
that  the  heat  pmniplly  penetrates  every  part  of  the  sus- 
pension. A  number  of  tubes  thus  cquijjped  are  placed 
in  a  water-bath,  the  temperature  of  which  is  kept  at  a 
constant  jxiiul  by  im^aiis  of  a  regulator.  At  intervals  a 
capillary  is  removed,  cooled,  opened  at  one  end,  and  the 
contents  are  e.xpelled  into  a  tube  of  bouillon  by  gently 
touching  the  closed  end  to  a  flame. 

Tiatii'tu  of  (Jliiiiiicah. — In  this  work  it  is  necessary  to 
distiiiginsh  between  the  anti-septic  and  the  disinfecting 
action  of  a  substance.  The  former  refers  to  the  amount 
of  the  substance  which  will  inhibit  the  growth,  but  not 
necessarily  kill  the  organisms.  The  latter  implies  tJie 
actual  destruction  of  the  test  object.  Obviously  a  sub- 
stance which  will  kill  bacteria,  when  diluted  sufficiently 
will  merely  restr-ct  their  growth:  and  when  the  dilution 
is  excessive  will  have  no  acticm  whatever. 

The  antiseptic  action  is  determined  by  adding  to  the 
suspension  in  bouillon  varying  amounts  of  the  chemical 
so  as  to  make  different  dilutions,  for  example:  1  in  500, 
linl,O00,  linS.OOO,  1  in  10,000,  etc.,  solution.s.  Thetubes 
thus  equippeil  are  then  jilaced  in  the  incubator  for  sev- 
eral days.  The  very  weak  solutions  will  show  growths, 
while  the  very  concentrated  ones  will  show  none.  The 
amoiuit  which  just  inhibits  the  growth  represents  the 
antiseptic  power  of  the  substance.  ' 

The  germicidal  action  of  a  gas.  such  as  formaldehyde, 
is  determined  by  exposing  cover-glass  preparations,  silk 
threads,  bit  of  muslin,  etc.,  impregnated  with  the  sus- 
pension, dry  and  moist,  to  the  action  of  the  gas  in  a  tight 
room.  At  the  end  of  the  exposure  the  preparations  are 
transferred  to  sterile  tubes  of  bouillon  and  incubated. 

The  gernncidal  action  of  liquids  is  ascertained,  either 
by  adding  the  solution  to  the  bacterial  suspension  or  by 
immersing  in  the  solution  the  dried  cover-slip  prepara- 
tions mentioned.  In  the  former  case,  at  stated  intervals, 
a  small  loop  of  the  licpud  is  transferred  to  bouillon,  while 
in  the  latter  case  the  slip  or  thread  is  first  rinsed  in  sterile 
water  and  then  placed  in  the  bouillon. 

77/f  Si'riim  Ayglutination  Test. — The  serum  of  an  ani- 
mal which  has  been  immunized  to  a  germ  when  brought 
into  contact  with  a  suspension  of  that  germ  will  cause 
the  organisms  to  gather  in  masses.  This  fact  is  utilized 
in  the  Widal  test  for  typhoid  fever.  A  drop  of  the  serinn 
from  a  typhoid  patient  is  diluted  xvith  ten,  twenty, 
thirty,  fifty,  one  hundred  drops  respectively  of  water  in 
a  watch  glass.  A  drop  of  each  mixture  is  then  trans- 
ferred to  a  cover  glass  and  inoculated  ^^•ith  a  very  small 
amount  of  a  fresh  agar  culture  of  the  lyplioid  bacillus, 
care  being  taken  to  avoid  an  excess  of  the  organisms. 
Hanging  drops  are  then  made  and  the  preparations  ex- 
amined under  the  microscope.  The  limit  of  the  reaction 
is  indicated  by  the  dilution  which  is  just  able  to  cause 
jiaralysis  of  motion  and  clumping  in  one  hour.  Instead 
of  ilihiting  with  water  some  prefer  to  use  a  very  young 
bouillon  culture.  The  agglutination  test  is  most  delicate 
when  carried  out  under  tlie  micro.scope.  Very  good  re- 
sults, visible  to  the  unaided  eye.  luay  be  obtained  by 
adiling  the  serum  to  bouillon  cultures  of  the  organism. 
The  tubes  thus  treated  .should  be  set  aside  for  some  hours 
at  37°  C.  when  the  agglutinated  masses  will  settle  to  the 
bottom  and  leave  the  "liquid  clear.  When  applying  the 
test  to  a  suspected  case  of  typhoid  fever  it  is  not  always 
possible  to  obtain  large  amounts  of  the  scrum.  In  such 
instances  the  blood  may  be  placed  in  single  drops  on  a 
sheet  of  filter  paper,  or  better  tinfoil.  The  dilutions  can 
then  be  made  with  these  drops  of  dried  blood  as  with  the 
serum  itself.  The  application  of  this  test  to  the  recog- 
nition to  the  typhoid  Ijacillus  in  drinking-water,  fa-ces, 
etc.,  has  been  given. 

Tenting  the  Strength  of  Antitoxin. — The  strength  of  an 
antitoxin  is  expressed  in  immimity  units.  A  unit  repre- 
sents that  amount  of  serum  which  will  be  just  sufficient 


to  save  a  250-gm.  guinea-pig  against  100  minimum  fatal 
doses  of  the  diphtheria  toxin.  Thus  if  0.1  c.c.  of  scrum 
protects  against  this  dose  of  poison,  then  it  will  contain 
1  immunity  unit,  and  1  c.c.  of  such  serum  will  contain 
10  immtuiity  units.  It  is  possible  to  prepare  diiihtberia 
antitoxin  of  such  strength  that  1  c.c.  will  contain  more 
than  1,000  immunity  units.  Usually,  however,  the 
serum  as  marketed  contains  about  200  immunity  units 
per  cubic  centimetre. 

The  first  essential  is  to  ascertain  the  minimum  fatal 
dose  of  the  toxin,  by  Which  is  meant  the  amount  of  toxin 
which  will  kill  a  S.-iO-gm  guinea-pig  on  the  fourth,  or  at 
most  on  the  fifth  day.  The  toxin  itself  is  a  Ijouillou  cult- 
ure of  the  diphtheria  bacillus,  which  has  been  rendered 
sterile  by  the  addition  of  a  small  amount  of  carbolic  acid. 
The  diphtheria  culture  should  not  be  more  than  a  week 
old. 

Varying  amounts  of  the  serum  are  then  added  to  por- 
tions of  the  toxin  rejiresenting  one  hundred  minimum 
fatal  doses.  These  mixtures  are  then  injected  into 
guinea  i)igs  of  the  weight  given.  That  fraction  of  a 
cubic  centimetre  of  the  serum  which  just  suffices  to  save 
a  guinea-pig  under  these  conditions  represents,  as  stated 
above,  one  immunity  unit.  The  test  is  usually  made 
with  only  ten  minimum  fatal  doses,  in  which  case  the 
proper  correction  is  made. 

This  method  is  subject  to  some  error,  inasmuch  as  it 
has  been  foimd  that  a  serum  which  has  been  tested 
against  one  toxin  will  show  a  different  value  when  tested 
against  another.  This  is  due  to  the  fact  that  the  toxin 
undergoes  changes  on  keeping,  and  is  converted  into  a 
non-poisonous  body  or  toxoid,  which,  however,  retains 
the  power  of  combining  with  the  antitoxin.  For  this 
reason  Ehrlich  proposed  a  new  method  of  testing  the 
antitoxic  value  of  a  serum.  A  standard  dried  antitoxin 
is  made  the  basis  of  the  measurement.  This  is  diluted  so 
that  a  given  amount  just  represents  one  inmiuuity  unit. 
The  test  dose  of  toxin  is  then  ascertained  and  represents 
the  amount  of  toxin,  which  mixed  with  one  immunity 
unit  of  serum,  will  cause  death  on  about  the  fourth  tlay. 
The  serum  to  be  tested  is  then  diluted,  mixed  with  the 
test  dose  of  the  toxin,  and  injected  into  guinea-pigs.  If 
the  animal  dies  in  a  day  or  tAvo  it  is  evident  that  the 
serum  contains  less  than  one  immunity  unit.  If,  on  the 
f>ther  hand,  it  lives  for  seven  or  eight  days,  or  ev-en  re- 
covers, it  shows  that  the  amount  of  serum  t;tken  contains 
more  than  one  unit.  By  using  suitable  dilutions  of  the 
serum  eventually  the  point  will  be  reached  where  the 
amount  taken  will  represent  exactly  one  unit. 

Methods  of  linmnniiiition. — Only  the  general  principles 
of  active  immunization  can  be  considered.  The  injec- 
tions are  made  subcutaneously,  intraperitoneall}',  and  in- 
travenously. When  a  soluble  poison  is  injected,  a  true 
antitoxin  develops  in  the  animal  and  is  present  in  the 
blood,  and  hence  in  the  serum.  This  is  the  case  in  diph- 
theria, tetanus,  and  venom  immunity.  On  the  other 
hand,  when  the  solid  ceil  is  injected,  the  serum  may  ac- 
quire anti-infectious  properties,  the  best  instance  of 
which  is  seen  in  the  anti-pest  serum.  The  organisms 
may  be  killed  by  exposing  them  to  the  action  of  ether, 
chloroform,  or  to  that  of  moist  heat  at  (50°  C.  In  .special 
cases  the  attenuated  living  germ  is  used,  and  at  times 
even  the  most  virulent  form  is  employed.  By  the  injec- 
tion of  cells  other  than  bacteria,  diverse  cytolytic  sera 
are  obtained.  Thus  the  injection  of  the  red  blood  cells 
gives  rise  to  a  h.^emolytic  senun.  The  temperature  and 
the  weight  of  the  animal  must  be  taken  daily,  since  they 
aiford  the  best  indication  of  the  condition  of  the  animal. 

Examination  of  Air. — The  bacteria  which  chance  to 
be  present  in  the  air  are  in  a  dried  condition,  and  tend  to 
settle  when  the  motion  of  the  air  is  lessened.  The  sim- 
plest method  consists  in  exposing  a  plate  of  gelatin  or 
agar  to  the  air  for  a  given  length  of  time.  Some  of  the 
organisms  settle  on  tlie  gelatin,  and  eventually  give  rise 
to  colonies.  Koch  improved  slightly  upon  this  by  plac- 
ing the  gelatin  plate  in  the  bottom  of  a  sterile  cylinder 
of  known  volume.  A  fter  opening  the  cylinder  in  a  given 
locality  it  is  closed  with  a  cotton  plug  and  set  aside,  when 
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tlic  orjranisms  coiilainod  in  tliat  volume  of  coufiued  air 
settle  to  till.'  bottom  on  the  surface  of  tlie  jjlate.  The 
results,  it  will  b<'  seen,  are  crudely  quan- 
titative (Fig.  ollO). 

Hesse's  method  consists  in  drawing  the 
air  through  a  large  Esniareh  roll  tube 
(Fig.  olll).  The  volume  of  the  air  drawn 
through  can  be  determined  from  that  of 
the  aspirating  bottles.  The  bacteria  in 
the  air  impinge  upon  the  gelatin  surface 
where  they  develop  into  colonies  which 
can  be  counted  and  studied. 

The  apparat\is  of  Petri,  although  very 
expensive,  may  be  said  to  give  the  best 
results.  It  consists  in  the  first  place  of 
an  air  pump,  which  automatically  regis- 
ters the  movement  of  the  piston,  and  thus 
gives  the  volume  of  the  air  which  has 
been  drawn  through.  The  air  is  aspi- 
rated through  a  tube  (Fig.  5112)  contain- 
ing several  layers  of  sterile  sand.  The  .suspended  bac- 
teria are  thus  held  bacU.     At  the  close  of  the  operation 


FIG.  511(1.— 
Kocli's  Cylin- 
der for  Air 
.\Qalys1s. 


Fk:.  .'jUI.— Hi'ssf's  .Apjtaratus  it.tr  .\jr  .\nal,vsis, 

the  sand  is  transferi-ed  to  a  Petri  plate,  where  the  bac- 
teria will  form  colonies  and  thus  become  accessible  for 
study. 

Instead  of  sand,  Sedgwick  and  Tucker  employed  a  fil- 
ter of  sugar.  The  special  tube  employed  by  them  is 
shown  in  Fig.  5113.  After  the  air 
has  been  ili'awn  through,  the  sugar 
is  tapped  down  into  the  wide  jiortion 
of  the  tube,  then  gelatin  is  added  and 
warmed  until  the  sugar  dissolves, 
after  which  an  Esmarcli  roll  culture 
is  made  in  the  same  tube. 

Other  workers  have  filtered  the  air 
through  li((uid  media  or  through  gel- 
atin. The  most  convenient  form  of 
appaiatus  of  this  kind  is  that  of 
Wurtz,  shown  in  Fig.  5114.  A  suitable  amount  of 
gelatin  is  placed  in  the  sterile  tube,  then  a  known  vol- 
ume of  air  is  drawn  through,  after  which  the  gelatin  is 


solidified  over  the  inner  wall  of  the  tube,  thus  forming 
a  roll  culture. 

Exuinination  of  Soil. — By  means  of  a  small  sterile  pla- 
tinum spoon  a  definite  volume  of  the  soil  ma}'  be  trans- 
ferred to  a  Petri  plate,  where  it  is  thoroughlj'  mi.xed 
with  the  medium.  The  colonies  which  develop  can  then 
be  examined.  In  this  way  it  is  possible  at  times  to 
demonstrate  the  presence  of  the  anthrax  bacillus  in  the 
soil  of  an  infected  locality.  The  detection  of  other 
pathogenic  bacteria,  as  for  instance 
those    of    tetanus    and    malignant  M 

oedema,  can  best  be  made  by  intro-  *       *      ^ 

ducing  a  quantity  of  the  soil  under 
the  skin  of  a  guinea-pig  or  rabbit. 

Emntiiuitiiin  af  'Wider. — This  is  a 
very  important  procedure,  and  an 
enormous  amount  of  work  has  been 
done  to  perfect  the  methods  of 
work.  The  method  followed  will 
necessarily  depend  upon  (lie  inl- 
mediate  object  in  view.  Thus  the 
tietection  of  the  cliolera  vibrio  is 
carried  out  in  a  ditferent  waj'  from 
that  used  for  the  colon  bacillus. 
The  isolation  of  the  cholera  and 
typhoid  organisms  from  water  has 
already  been  described. 

The  water  which  is  to  be  tested 
bacteriologically  must  be  received 
into  a  sterile  glass-stoppered  bot- 
tle, and  shoidd  be  examined  at  once. 
The  first  step  in  the  examination 
is  to  make  gelatin  plates.  By 
means  of  a  sterile  pipette  1  c.c.  of 
water  is  added  to  a  tube  of  gelatin, 
mixed  thoroughly,  and  the  gelatin 
is  then  poured  out  into  a  Petri 
plate.  In  the  same  way  ]ilates  are 
made  with  0.5  c.c.  and  with  one 
drop  of  the  water.  The  gelatin 
plates  are  developed  at  20"  C.  for 
several  days.  The  colonies  are  then 
counted  and  examined  in  the  usual 
way.  When  only  a  few  colonies 
are  present  on  a  plate  they  can  be 
readily  counted  with  the  eye.  When 
the  number  is  large  special  counters 
are  made  use  of.  That  of  Wolff- 
hiigel  (Fig.  5115)  is  ruled  in  squares 
of  1  cm.  and  fractious  thereof.  An- 
other form  is  that  of  Lafar.  A 
very  useful  and  cheap  substitute  is 
made  bv  printing  the  divided  circle  fig.  5112.— Petri's  sand 
on  card"  paper.  To  make  a  count.  Filter  for  Air  Analysis, 
the  number  of  colonies  in  ten  or 
more  stjuares  are  ascertained  and  the  average  per  square 
centimetre  is  obtained.  The  area  of  the  gelatin  on  the 
plate  is  taken  and  then  the  total  number  of  colonies  on 
the  plate  determined,  and  tlie  result  is  expressed  per 
cubic  centimetre  of  water. 

Instead  of  using  Petri  jjlates,  the  Esniareh  roll  tube 
can  be  made.  To  count  the  colonies  in  such  a  tube  Es- 
marcli devised  the  counter  shown  in  Fig.  5116. 

When  the  number  of  colonies  is  likely  to  be  extremely 


ill 


Fig.  5113.-  -Sedgwick  and  Tucker's  Ai^robioscope. 


numerous,  as  in  the  examination  of  polluted  water,  it  is 
advisable  to  dilute  a  portion  of  the  sample  with  a  known 
volume  of  sterile  water.     If  the  colonies  are  very  nu- 
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nierous  on  a  plate  the  counting  can  be  caiiiod  out  best 
under  a  micmsrope.  Ehilich  sf(ips  are  jilaeed  in  theeyc- 
jjiece  or  the  special  Ehrlieli  oeiilar  may  be  used.  The 
size  of  the  opening  in  the  oeuhir  must  be  determined  by 
means  of  a  stage  micrometer,  Tlie  average  number  of 
colonies  for  a  given  sized  o]ii'niug  is 
determined,  and  from  this  the  total 
nuudier  on  the  plate  is  calculated. 

The  above  luelliod  of  examination 
gives  aiipro.ximately  the  number  of 
bacteria  whicli  aic  present  in  a  water, 
and  to  some  extent  information  as  to 
the  l<iud  of  bacteria.  It  is  of  great 
value,  therefore,  in  controlling  the 
worii  done  by  the  water  filters.  In 
order  to  ascertain  the  presence  of  path- 
ogenic and  other  bacteria  special  meth- 
ods must  be  lesorted  to.  The  metliod 
which  lias  been  employed  during  the 
past'  fifteen  years  in  the  Hygienic 
Laboratory  of  the  University  of  Mich- 
igan consists  in  planting  a  cubic  cen- 
timetre and  a  drop  of  the  water  in 
tubes  of  bouillon,  wliich  aie  then  in- 
cubated at  39'  C.  If  no  growth  forms, 
as  often  is  the  case,  pathogenic  bac- 
teria may  be  said  to  bo  excluded. 
When  a  growth  does  form,  a  portion 
(1  cc)  is  injected  into  a  guinea-pig. 
In  case  the  animal  dies  tlie  heart  blood 
is  examined  for  the  l;ind  of  organism 
present.  If  no  ill  elTeets  follow  the  in- 
jection, the  water  may  be  said  to  be 
free  from  pathogenic  bacteria. 

Sewage  contamination  is  usually  in- 
dicated b}'  the  presence  of  colon  bacilli 
and  of  streptococci.  The  presence  of 
the  former  is  tested  for  by  means  of  the  Smith  fermen- 
tation tube  (Fig.  5117);  1  c.e.  of  the  water  is  added  to 


Fig.  .5114,— Wurtz's 
Apparatus  for  Air 
Analysis, 


Fig.  5115.— WoUTtiuffi-l's  l^iloiiy  Counter. 

glucose  bouillon  in  the  fermentation  tube,  which  is  then 
set  aside  at  37°  C.     The  formation  of  gas  indicates  the 
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prol)aIile  presence  of  the  colon  bacillus,  while  the  non- 
production  of  gas  points  to  the  absence  of  this  organism. 
Further  tests  are  necessarv  for  ideiititication. 


Fig.  5117.— Smith's 
Fermentat  iou 
Tube. 


Litmus  lactose  agar  plates  should  be  made  directly  from 
the  water  and  also  from  the  fermentation  tube  when  gas 
production  is  present.  The  formation 
cf  red  colonies  is  indicative  of  the 
colon  bacillus,  since  this  organism 
ferments  lactose,  whereas  typhoid-like 
bacteria  do  not.  For  the  same  jHirpose 
lactose  bouillon  is  sometimes  employed 
in  the  fermentation  tube. 

Another  procedure  is  to  plant  the 
water  in  carbolic  bouillon,  or  in  Pari- 
etti's  solution,  in  order  to  eliminate 
many  of  the  more  common  bacteria. 

Neutral  red  bouillon  and  agar  is  also 
used  for  cultivating  the  sns])ected  co- 
lon bacillus.  The  water  may  be  plant- 
ed direct,  or  the  red  colonies  which 
form  on  the  plate  may  be  used  for 
inoculation.  The  coagulation  of  milk  and  the  produc- 
tion of  the  indol  reaction  are  additional  tests  of  identi- 
fication. F.  G.  ]\'fmi. 

BADEN-BADEN  AND  THE  BLACK  FOREST,  GER- 

MANY.— The  region  id'  the  Black  Forest  iSehwarzwald) 
lying  to  the  east  of  the  Rhine,  between  Karlsruhe  and 
Basel  (Switzerland),  is  a  thicklj-  wooded  mountain  range 
of  great  beauty  and  picturesqueness,  containing  many 
climatic  and  mineral-water  health  resorts.  The  most  of 
these  resorts  have  only  a  summer  season  extending  from 
about  the  middle  of  jlay  to  the  end  of  September;  but 
the  open-air  cures  for  pulmonary  tuberculosis  remain 
open  the  whole  year,  and  the  winter  season  is  just  as 
etflcacious  in  the  treatment  of  this  disease  as  are  the 
miUler  seasons  of  tlie  year.  The  climate  in  general  is 
that  of  Central  Europe,  with  the  addition  of  the  peculiar 
influence  of  the  mountains  and  the  thick  fir  forests.  The 
elevations  of  the  climatic  resorts  are  from  one  to  two 
thousand  feet.  In  this  country  comparable  resorts  are 
such  places  as  Rutland,  Mass,,  Sarauac  in  the  Adiron- 
dacks,  and  Liljerty,  N,  Y, 

Baden-Baden  (6.")0  feet)  lies  at  the  entrance  of  the  Black 
Forest  from  the  north,  six  miles  from  the  Rhine,  and 
is  beautifully  situated;  it  is  surrounded  by  hills  thickly 
wooded  with  the  dark  fir.  It  is  one  of  the  most  jiopular 
spas  of  Europe,  and,  besides  its  permanent  population 
of  15,000,  it  is  visited  in  the  summer  by  about  60,000  jieo- 
]ile.  Moreover,  the  environs  of  Baden  are  most  charm- 
ing, and  one  can  either  begin  or  end  a  tour  of  the  Black 
Forest  at  this  point. 

The  average  temperature  of  the  )'ear  is  48.3°  F.,  and 
for  the  summer  as  follows:  May,  53.9^  F. ;  June,  60.2° 
F. ;  Julv,  02,9°  F.;  August,  62,3' F,;  September,  ft).6' 
F.  For  the  autumn,  47.6°  F.  ;  winter,  34.3°  P.  The 
yearly  rainfall  is  quite  large.  The  surrounding  hills 
afford  shelter  from  the  cold  winds  in  winter,  but  in  mid- 
summer they  ju'event  the  cool  breezes  from  mitigating  the 
heat  which,  for  some  persons,  is  too  great  for  comfort. 
The  waters  contain  sixteen  grains  of  common  salt  to 
pint,  at  a  temperature  of  IlO"  to  1.54°  F.  They  are 
L'd  for  drinking,  but  chiefly  for  bathing,  and  in  vari- 
forms  of  douches.  The  maladies  for  which  such 
aters  are  recommended  are  rheumatism,  gout,  lith- 
.>mia,  gastric  catarrh,  catarrh  of  the  bladder,  scrofula, 
ronic  metal  poisoning,  obesitj',  and  chronic  catarrhal 
ections  of  the  respiratory  tract.  The  elTect  of  the  waters 
len  drunk  is  diaphoretic,  diuretic,  and  laxative.  The 
establishments  are  extensive  and  well  ajipointed, 
some  of  them  luxuriously  so,  and  include  hot-air, 
vapcn',  ])ine,  electric,  and  mud  baths,  and  swim- 
ming pools.  There  is  also  an  inhalation  estab- 
lishment, and  a  section  for  Swedish  massage  and 
mechanical  gymnastics.  There  is  an  elaborate 
and  extensive  Cmirersniinns-Ilaiis  with  pleasant 
grounds,  and  near  at  hand  is  a  Drink' -hnUe, 
most  frequented  in  the  early  morning,  wdien  the 
waters  are  drunk  to  the  accompaniment  of  music,  the 
usu;il  custom  in  European  spas.  There  are  also  ,sev- 
eral  private  sauatoria  under  competent  directiou.     The 
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sanitary  coudition  of  the  city  is  satisfactory,  and  tlie 
water  suppl}'  for  domestic  purposes  comes  from  moiiu- 
tain  wells.  Tiie  accommodations  are  abundant,  excel- 
lent, and  of  varying  price.  The  baths  aie  open  all  the 
year,  although  thej'  are  most  frequented  dining  the  sea- 
son (May  to  October).  There  are  al.so  milk,  herb,  and 
grape  cures.  The  situation  of  Baden  with  its  hills  af- 
fords opportunity  for  the  "Terrain-Cur,"  One  can  also 
make  an  "  after-cure  "  here  after  a  course  of  more  active 
mineral  waters. 

East  of  Baden-Baden,  in  the  northeastern  part  of  the 
Black  Forest,  is  Wildbad  (1,410  feet),  a  much-frequented 
spa,  containing  indifferent  thermal  waters,  of  a  tempera- 
ture of  91.3'  to  104.5'  F.,  used  verv  largelj-  for  bath- 
ing, although  they  are  also  used  for  drinking  and  gur- 
gling. The  town,  of  about  3,0(J0  inhabitants,  lies  in  the 
narrow  wild  valley  of  the  Enz,  surrounded  by  hills  cov- 
ered with  pines,  and  po.ssesses  an  agreeable  climate  and 
excellent  drinking-water.  The  mean  yearly  temperature 
is  46.5°  F.,  and  the  mean  monthly  tempenitures  for  the 
season  are:  May,  53.7°  F. ;  June,  6IJ.8'  F. ;  July,  63. T  F.  ; 
August,  fi2.6°  "F. ;  September,  55.9°  F.  The"waters  are 
beneficial  for  the  class  of  cases  for  which  simple  hot  baths 
are  appropriate,  such  as  chronic  rheumatism,  gout; 
chronic  joint  pains,  metal  poisoning,  .scrofula,  funetiortal 
nervous  affections,  catarrh  of  the  respiratory  organs, 
nervous  dyspepsia,  convalesecnce  from  acute  and  chronic 
diseases,  certain  gyna;cological  affections,  and  chronic 
skin  eruptions.  The  bracing  mountain  air  foiuid  beie 
also  enhances  the  value  of  a  visit  to  this  resort.  The  ap- 
plication of  the  waters  is  chicHy  in  bathing,  and  they  are 
conducted  from  the  wells  in  a  continual  stream  at  their 
natural  temperature.  There  are  also  electric,  steam,  and 
hot-air  baths;  massage  and  gymnastics.  There  are  sev- 
eral bath  establishments,  the  property  of  the  Government, 
two  excellent  ones,  the  Great  Bathhouse  and  the  Konig 
Karls  Bad,  and  others  for  the  poor  or  those  of  slender 
means.  There  arc  a  variety  of  outdoor  amusements, 
such  as  fishing,  shooting,  and  tennis;  and,  as  in  almost 
all  these  resorts  so  largely  visited  by  English  and  Ameri- 
cans, an  English  church. 

Not  far  from  Wildliad  is  Schomberg  (:i,13()),  where  is 
situated  a  sanatorium  for  p\dmiinary  tuberculosis  con- 
ducted bj'  a  physician  formerly  attached  to  the  Falken- 
stein  Sanatorium,  and  in  a  similar  manner. 

St.  Blasien  (2,530  feet),  in  the  southeastern  part  of  the 
Black  Forest,  has  an  excellent  climate  and  situation, 
affording  mountain  and  forest  air,  and  is  resorted  to  both 
insummerand  in  winter.  Thereare  pleasant  walksamong 
the  forests  in  the  neighborhood,  and  the  paths  are  ar- 
ranged for  the  "Terrain-Cur."  There  is  a  well-known 
sanatorium  here,  open  the  whole  year  for  the  open-air 
treatment  of  pulmonary  tuberculosis. 

At  Nordrach  (1,470  feet),  near  the  centre  of  tlie  Black 
Forest,  is  Dr.  Walther's  celebrated  "Nordrach-Colouie," 
in  a  protected  position,  looking  toward  the  south.  The 
success  of  Dr.  Walther  in  the  treatment  of  pulmonary 
tuberculosis  has  given  this  place  and  name  a  world-wide 
fame;  Avith  the  Englisli,  especiallj',  this  sanatorium  is 
verj'  popular,  and  the  sanatoria,  now  so  frequently  being 
established  in  England,  follow  Dr.  Walther's  methods, 
and  sometimes  take  the  name  "Nordrach." 

The  climate  at  all  these  open-air  resorts  in  the  Black 
Forest  is  practically  the  same:  the  air  is  fresh  and  pure, 
fairly  dry  and  equable,  and  although  cold  in  winter 
(mean  winter  temperature,  29.6'  F.)  it  issunny  and  there 
is  protection  from  the  wind.  The  mountain  iutiuence  is 
also  apparent,  and  the  thickly  wooded  character  of  the 
country  is  not  without  value. 

Badenweiler  (1.450  feet),  in  the  lower  part  of  the  Black 
Forest,  is  a  popular  summer  resort  and  spa,  and  possesses 
great  beauty  of  situation  and  an  excellent  climate,  pure 
air  with  a  moderate  humidity  of  seventy  per  cent.,  and 
an  equable,  mild  temperature.  The  mean  average  month- 
ly temperatures  are;  May,  53.8'  F. ;  June,  61.5'"F.  ;  Jnlv, 
64.6°  F. :  August,  63.8°  F. ;  September,  57.4°  F.  The 
yearly  rainfall  is  about  forty  inches.  Badenweiler  is 
used  much  more  for  a  climatic  health  resort  than  for  its 


waters,  which  are  indifferent  thermal  (of  84°  F.).  They 
are  used  m  driidiing,  in  gargling,  and  in  baths;  and 
for  various  maladies — gout,  rhenmatism,  neurasthenia, 
chronic  neuralgia,  diseases  of  the  skin,  catarrh  of  the 
respiratory  passages,  dyspepsia,  dysmcnorrluea.  etc. 
There  are  two  public  bathing  pools,  the  "beautiful  mar 
ble  bath,"  an  open  swimming  pool,  and  bath-rooms  in  a 
number  of  hotels.  The  baths  are  sometimes  artificially 
heated,  and  common  salt  is  added  to  render  them  more 
stimv.lating.  The  milk  and  whey  cures  can  also  be  taken 
here.  The  sanitary  ecuiditions  of  the  town  and  the  water 
supply  are  good.  There  is  also  a  steam  disinfecting  a]) 
paratus.  The  accommodations  are  good  in  hotels  and 
pensions.  In  the  vicinity  of  Badenweiler  are  various  re 
sorts  of  different  elevations  which  olTer  favorable  climatic 
conditions. 

Rippoldsau  (1,856  feet)  is  sitviated  in  about  the  centre  of 
the  Black  Forest  near  the  Kniebis  Mountains,  in  a  thickly 
wooded  valley,  with  typical  forest  scenery,  rocky  preci- 
pices, cascades,  and  the  ever-present  fir  trees.  The  waters 
are  gaseous  chalybeate,  containing  bicarbonate  of  iron, 
sulphate  of  sodium,  carbonate  of  calcium,  and  free  car- 
bonic acid  gas.  The  waters  are  taken  internally  in  ane- 
mia, chlorosis,  debility,  dyspepsia,  catarrhal  conditions 
of  tlie  stomach  and  bowels,  etc.  Iron  baths  are  also  used 
from  two  springs  containing  a  small  amount  of  iron  and 
rich  in  carbonic  acid  gas.  Mud  batlis  are  used  exten- 
sively here,  and  are  said  to  be  effective  in  chronic  rheu- 
matic swellings,  various  sexual  disturbances  sucli  as 
amenorrha-a,  spermatorrha'a,  and  impotence.  There  are 
also  pine-needle,  electric,  and  sand  baths,  with  massage 
and  gymnastics.  The  baths  are  heated  by  Schwarz's 
method,  which  consists  of  the  introduction  of  steam  into 
the  double  bottoms  of  the  separate  baths.  Thereare  two 
well-appointed  bathhou.ses  containing  twenty-five  bath- 
rooms. The  yearly  average  is  about  thirty-five  hundred 
baths.  The  water  from  some  of  the  springs,  viz., 
Josef's,  Leopold's,  and  AVcnzel's,  are  bottled  and  largely 
exported,  as  is  also  the  .salt  (Rippoldsau  salts).  The  ac- 
commodations are  good.  The  rural  simplicity  of  the 
place  remains,  many  of  the  old-time  costumes  being  still 
worn  by  the  natives. 

There  aic  numerous  other  small  spas  and  climatic  re- 
sorts in  the  Black  Forest,  all  attractively  situated  and 
affording  opportunities  for  hydrotherapeutic  treatment 
or  open-air  life  in  a  fresh  invigorating  atmosphere.  In- 
deed, a  walking,  bicycle,  or  automobile  tour  through 
this  most  picturesque  region  may  well  be  considered  a 
cure  in  it.self  for  tired  nerves  and  the  mentally  over- 
worked ;  and  the  write)',  from  ]5crsonal  experience,  can 
bear  witness  to  the  charm  and  restfulness  of  such  an 
excursion :  the  air  is  so  fresh  and  invigorating,  the  food 
so  good,  the  country  scenery  so  attractive,  and  the  sing- 
ing of  the  skylarks  so  sweet  and  seductive. 

Edward  0.  Otis. 

BRONCHIECTASIS.— Dilatations  of  the  bronchi,  either 
diffuse  or  circumscribed,  are  known  as  bronchiectases. 
They  are  of  common  occurrence  and  arise  from  a  great 
variety  of  causes.  In  all  cases,  however,  the  essential 
cause  of  bronchial  dilatation  is  to  be  found  in  a  weakness 
of  the  bronchial  wall  or  an  increase  of  pressure  within  the 
bronchus,  or  in  a  combination  of  both  these  factors. 
Bronchiectases  appear  both  clinically  and  pathologically 
in  such  a  variety  of  forms  that  their  classification  is  diffi- 
cult According  to  their  etiology  they  may  be  divided 
into  the  following  forms: 

I  1.  Congenital. 
3.  Atelectatic. 
Bronchiectasis.  \  3.  Vicarious. 

I  4.  Emphy.sematous. 

[5.  Inflammatory. 

GENEn.\L  Morbid  A^.-vtomy. — The  condition  of  bron- 
chial dilatation  may  be  single  or  multiple,  one  or  more 
of  the  bronchi  being  affected.  In  some  cases  the  entire 
bronchial  tree  is  dilated  (iinirerml  brcmchiectash).  When 
but  one  bronchus  is  dilated  the  condition  is  usually  found 
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Fig.  .511S.— .Saccular  and  C.vlindrical  Forms  of 
Bronchiectasis.  (After  Orth.)  n.  Saccular 
form  :  h,  cylindrical  form. 


in  the  upper  lobes;  when  many  are  dilated  the  lower  lobes 
are  aU'ecled.  Usually  the  bronchial  brandies  of  the  third 
(H-  fourtli  Older  are  tlie  ones  involved;  they  not  infre- 
<iueiilly  become  wider  than  the  main  bronchi,  and  may 

o t' t (' n  be  f o  1 
lowed  out  to  the 
pleura,  where 
they  end  gener- 
ally in  a  sac- 
liUe  terminal  dil- 
atation of  some- 
w  h  a  t  greater 
width,  as  is  seen 
in  Fig.  5118,  l>). 
In  other  cases 
the  terminations 
may  be  of  uor- 
mai  width,  or 
tliey  may  be- 
come narrowed. 
T  he  s  m  a  1 1 c  r 
bronchi  may  at 
limi  s  alone  be 
dilated,  the  lung 
on  section  resembling  a  very  porous  cheese. 

The  dilatation  may  be  more  or  less  uniform  (cylindrical, 
fusiform,  or  spindle-shaped  bronchiectasis),  or  it  may  be 
localized,  the  dilatation  being  much  greater  at  one  point 
than  elsewhere,  or  involving  but  a  small  portion  of  the 
bronchus  (saccular  bronchiectitsis).  In  other  cases  a  suc- 
cession of  dilated  portions  may  be  se]5aruted  from  each 
other  by  portions  of  the  bronchus  which  are  of  normal 
width  or  are  constricted  (ruricose  or  rosaryhrunchiectasis). 
The  different  forms  may  be  found  in  the  same  lung. 
Closure  of  the  central  end  of  the  dilated  portion  and  the 
accumulation  of  secretions  may  give  the  dilatation  the 
character  of  a  cyst  {bronch.iectatic  cyst,  cystic  bronchiectasis). 
Suppuration  of  the  wall  of  the  "dilated  bronchus  gives 
rise  to  the  conditions  know  n  as  vlceratire  bronchiectasis 
and  bronchiectatic  abscess.  Enlargement  of  the  bronchi- 
ectasis at  the  expense  of  the  surrounding  lung  tissue  leads 
to  the  formation  of  bronchiectatic  cavities  (corernous 
bronchiectasis).  Infection  of  the  dilated  bronchus  with 
putrefactive  organisms  causes  a  (/angrenousbronchieciasis. 
In  this  case  also  the  destruction  of  the  wall  of  the  dila- 
tation and  the  encroachment  upon  the  surrounding  tissue 
give  ri.se  to  the  formation  of  cavities.  In  some  cases  the 
larger  bronchi  may  lie  cliietly  affected,  in  which  event  the 
distended  portions  project  from  the  main  bronchus  like 
the  dilated  fingers  of  a  glove. 

The  walls  of  the  dilated  portion  may  appear  to  be  nor- 
mal, or  they  may  .show  marked  pathological  changes. 
The  inner  lining  may  be  smooth  or 
roughened.  The  smooth-walled 
dilatations  often  contain  no  fluid. 
As  a  rule  the  bronchial  mucosa 
inesents  the  appearances  of  a 
clironic  purulent  catarrh.  The 
cylindrical  epithelium  is  usually 
replaced  by  one  of  a  cubical  oi' 
squamous  type.  In  the  large  .sac- 
cular bronchiectases  and  in  some 
of  the  C3-lindrical  forms  due  to 
retained  secretions  the  lining 
membrane  may  be  ulcerated. 
Polypoid  outgrowths  are  not  in- 
frequently seen.  The  contents  of 
the  cavity  may  be  thin  and  wa 
tery,  or  thick  or  even  ca.seous.  In 
some  of  Ihe  larger  bronchiectases. 

■■'',"•  ;''i'^ ";,-"'■'?"'''/?"   ""d    particularly   in   the   case  of 

lindrlcal  IJroncliieetasis    „  i  '  -i  ^      ^ 

with  ribbed  transverse    secondary  gangrene,   the  contents 

markings.        (After   are    horriblj'    tetid.      Microscopi- 

Ziegler.)  cally  the  fluid  consists  of  mucus, 

inis  corpuscles,  fatty  acid  crystals, 

and  occasionally  blood  and  luematoidin  crystals.     In  the 

case  of  ulcerative  or  gangrenous  conditions  of  the  w^alis 

elastic  fibres  may  also  be  i)resent.     The  outer  portions  of 
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the  wall  of  the  dilated  portion  may  be  markedly  atro- 
phic; even  the  cartilage  plates  may  entirely  disappear. 
The  elastic  tissue  is  stretched  and "  separated ;  and  the 
muscle,  if  it  has  not  entirely  disappeared,  is  much 
stretched  and  atrophied.  Tlie  mucous  glands  may  also 
entirely  disappear,  or  may  show  extreme  mucous  de- 
generation. In  other  cases  a  secondary  thickening  of 
the  wall,  due  to  a  new  formation  of  connective  tissue 
and  elastic  fibres,  may  occur.  This  is  true  jiarticularly 
of  the  inflammatory  eases.  Small-celled  intiltration  o'f 
the  wall  is  usually  present.  According  to  the  condition 
of  the  bronchial  wall  bronchiectases  may  be  divided 
into  the  atrophic  and  the  hypertrophic  forms.  Such  a 
classificati(m  has,  however,  but  little  practical  impor- 
tance, inas- 
much as  both 
forms  may  be 
found  in  the 
same  lung.  In 
general,  the 
condition  of 
the  wall  is  de- 
pendent esseu. 
tially  upon  tho 
cause  of  the 
dilatation. 

The  atrophic 
form  occurs  in 
association 
with  emphj'- 
sema,  and  as  a 
sequela  of  old 
chronic  inflam- 
matory proc- 
esses which 
lessen  the  elas- 
ticity and  re- 
sisting power 
of  the  bronch- 
ial wall,  so 
that  it  gives 
way  to  the  air 
pressure.  Pro- 
longed and 
difficult  expi- 
ration favors 
its  occurrence. 
Such  dilata- 
tions are  usual- 
ly cylindrical 
and  occur 
chiefly  in  the 
bronchi  of  the 
lower  lobes. 
Very  often  the 
stretching  of 
the  bronchial 
wall  is  not  uni- 
form, and  the  inner  surface  shows  circular  or  oblique 
ribbed  elevations  corresponding  to  circular  bands  of 
muscle  fibres  and  elastic  tissue  which  are  still  preserved, 
the  connective  tissue  between  them  being  pushed  out- 
ward. All  the  elements  of  the  wall  are  more  or  less  atro- 
phic, even  the  cartilage,  which  mav  be  replaced  by  con- 
nective tissue  containing  newly  fcjrmed  blood-vessels. 
The  openings  of  the  mucous  glands  are  dilated  and  fun- 
nel-shaped. The  epithelium  may  be  well  preserved,  or 
it  maj'  be  changed  to  a  cubical  or  flattened  variety,  or 
may  be  desquamated. 

The  hy//erfrophic  form  occurs  as  a  frequent  sequela  of 
indurations  and  contractions  of  the  lung  parenchyma. 
In  these  cases  the  greater  part  of  the  lung  is  usually  im- 
jiermeable  to  air,  and  the  cause  of  the  dilatation  is  less  a 
result  of  the  weakening  of  the  bronchial  wall,  but  is  es- 
sentially dependent  upon  an  increase  of  intrabronchial 
pressure,  which  is  due  to  the  fact  that  the  air  entering 
the  bronchi  no  longer  pa.sses  normally  into  the  ramifica- 
tions of  the  air  passages.     In  the  case  of  retraction  of 


Fig.  .5120.  —  Hypertrophic  bronchiectasis  and 
bronchiectatic  caverns  in  flhroid  induration  of 
lung.  (After  Ziegler.)  a.  Indurated  lung- 
tissue  ;  h,  thickened  pleura ;  c,  dilated  bronchus : 
((,  cavity  communicating  with  a  dilated 
bronchus. 
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the  lung  tissiu^  with  pleural  adhesions  the  outward  pull 
upon  the  bronchial  walls  is  also  an  important  factor  in 
causing  a  dilatation  of  the  bronchial  lumen.  In  both  cases 
tlie  dilatation  is  favored  by  any  inflammatory  process 
wliich  weakens  the  wall.  The  mucous  membrane  of  the 
dilated  bronchus  in  tlie  h.ypertrophic  mass  may  resemble 
that  found  in  tlie  atrophic  forms,  or  papillary  or  poly- 
poid proliferations  may  be  present.  A  lattice-like  mark- 
ins;;  of  the  lining  membrane  is  often  seen.  These  mark- 
ings correspond  to  small  tliickenings  or  elevations  of  the 
mucosa  corresponding  to  the  formation  of  a  very  cellular 
[.'ranulation  tissue  about  the  longitudinal  and  trausver.se 
bundles  of  elastic  ti.ssue.  The  connective  tissue  of  the 
wall  and  of  the  peribronchial  region  is  more  or  less  thick- 
ened and  connective  tis.sue  may  take  tlii^  place  of  the  mu- 
cous glands  and  cartilages.  The  eaiiillaries  of  the  wall 
are  greatly  dilated  and  present  thickened  walls.  The 
liypenemia  of  the  wall  may  be  so  marked  that  the  ap- 
pearance of  the  mucosa  suggests  a  hemorrhagic  con- 
dition. Tuljcrculous  and  gangrenous  piocesses  may 
cau.se  various  muditications  of  these  appearances. 

Tlie  Sdcciilar  bronchiectases  usually  develop  at  the  cost 
of  the  lung  parenchyma.  The  bronchus  may  sliow  at 
some  point  in  its  course  a  dilatation  varying  in  size  from 
that  of  a  mustard  seed  to  that  of  a  hen's  egg,  or  tlie 
bronchus  inay  teniiinate  in  a  sac.  The  central  end  of  the 
dilatation  ma_y  become  obliterated  and  the  dilatation  thus 
come  to  resemble  a  cyst.  Through  tlie  accumulation  of 
secretions  the  c_yst  may  attain  great  dimensions.  All  the 
bronchi  of  one  "lung  maybe  similarly  affected,  the  lung 
tissue  between  becoming  atropine  and  compressed,  so 
that  the  organ  finally  comes  to  resemble  a  multiloeular 
cyst.  In  other  cases  the  saccular  dilatation  may  involve 
only  a  portion  of  the  circumference  of  the  wall,  so  that  it 
appears  as  a  diverticulum  which  is  connected  with  the 
lumen  of  the  bronchus  by  a  narrow  opening  only  (dilo- 
ialinn  timpiillaire  biteriile  of  Crtiveilhier).  In  the  ma- 
■jorityof  cases  the  saccular  dilatations  involve  the  smaller 
bronchi,  more  rarely  are  the  main  branches  affected  They 
are  usually  associated  with  lironehial  stenoses,  and  are 
most  often  found  near  the  periphery  of  the  lung.  Ac- 
cording to  Gairilner  all  the  saccular  dilatations  are  the 
result  of  ulcerative  excavations  of  the  lung  tissue.  This 
is  true,  however,  of  only  a  part  of  the  cases. 

Biermer  divides  bronchiectases,  according  to  the  char- 
acter of  their  walls,  into  the  following  forms:  (1)  Dilata- 
tions with  catarrhal  swelling  and  rela-xaliou  of  the  bron- 
chial wall.  These  are  acute  and  occur  chiefly  in  the 
lungs  of  children  affected  with  chronic  bronchitis.  After 
the  bronchitis  has  been  cured  the  bronchial  walj  regains 
its  old  tone  and  elasticity,  and  the  dilatation  disappears. 

(3)  Dilatations  with  hypertrophic  walls.  These  affect 
the  larger  bronchi  and  are  usually  spindle-shaped.  (3) 
Dilatations  with  thin  walls.     These  are  usually  saccular. 

(4)  Dilatations  with  trabecular  degeneration.  The  walls 
are  uneven,  tliickened,  and  there  is  a  peribronchial  in- 
crease of  connective  tissue. 

Ulceratire  processes  are  of  common  occurrence  in  the 
mucosa  of  the  saccular  bronchiectases.  Complete  de- 
struction of  the  elements  of  the  wall  ma.y  take  place,  giv- 
ing rise  to  a  bronchial  abscess.  Infection  with  putre- 
factive bacteria  leads  to  a  secondary  gangrene.  Such 
changes  are  due  to  the  lessened  resistance  of  the  bronchial 
walls,  the  changes  in  the  secretions,  and  the  entrance  of 
bacteria.  In  these  cases  elastic  tissue  may  be  found  in 
the  sputum.  Deposits  of  lime  salts  may  occur  in  the 
bronchial  walls,  and  as  the  result  of  the  formation  of 
granulating  surfaces  adhesions  of  the  walls  or  the 
development  of  connective-tissue  bridges  may  take  place. 
In  soine  cases  a  complete  obliteration  of  the  lumen  results, 
and  the  bronchus  is  converted  at  the  point  of  dilatation 
into  a  fibrous  cord. 

The  changes  in  the  lung  tissue  in  the  neighborhood 
of  the  bronchiectasis  are  usuallj-  primary,  with  the  ex- 
ception of  ulcerative  and  gangrenous  processes,  which 
are  secondary  to  the  dilatation.  The  bronchi  which  arc 
not  dilated  show  catarrh  and  a  putrid  decomposition  of 
the  secretions.     Thev  are  often  wholly  obliterated.     ]u 


bronchiectases  due  to  syphilitic  affections  of  the  air  pas 
sages  tlie  dilatation  of  the  smaller  bronchi  is  usually  sec- 
ondary to  a  stenosis  of  the  trachea  or  large  bronchus. 
The  portions  of  the  lungs  not  affected  by  the  condition 
causing  the  bronchiectasis  may  present  a"  compensatory 
emphysema,  and  in  the  later  .stages  foci  of  bronchopneu- 
monia, due  to  the  aspiration  of  secretions  from  the 
dilated  bronchi,  may  be  found.  The  right  ventricle  may 
become  hypertropliied  and  dilated  as  the  result  of  the 
stasis  in  the  pulmonary  circulation.  The  bronchial 
glands  are  usually  swollen. 

Ml  t<ist,i.sis  may  take  jjlace  from  bronchiectases.  Bier- 
mer observed  metastatic  brain  abscesses  in  four  cases  of 
bronchiectasis;  and  Gerhardt  and  Bardenheuer  noted  the 
occurrence  of  rheumatic  joint  atl'ections  in  patients  with 
bronchiectases.  C'hiari  has  reported  a  ca.se  of  suppura- 
tive myelitis  following  bronchiectasis.  In  the  pus  and 
vessels  of  the  cord  a  branching  filamentous  fungus  was 
found  which  showed  threads  breaking  up  into  coccoid 
bodies  and  staining  with  Gram's  mixture.  Of  eight  cases 
of  ha-matogenous  myelitis  collected  from  the  literature 
three  were  secondary  to  broncliieeta.sis.  In  one  case  of 
actinomycotic  abscesses  occurring  in  the  brain  of  a  man 
with  numerous  bronehiectatic  cavities,  many  clusters  of 
the  fungus  were  found  in  the  walls  and  contents  of  tlie 
latter. 

Location. — Statistics  as  to  the  location  of  bronchiec- 
tases are  of  doubtful  value.  This  is  particularly  true 
with  regard  to  the  relative  frequency  of  involvement  of 
the  right  and  left  sides  and  the  upper  and  lower  lobes. 
The  statements  generally  made  in  regard  to  these  points 
are  to  the  effect  tliat  bronchiectases  usually  occur  in  one 
lung,  and  more  frequently  on  the  left  than  on  the  right 
side,  and  more  often  in  the  upper  lobe  than  in  the  lower, 
and  that  in  double-sided  bronchiectasis  both  upper  lobes 
are  more  often  affected  than  the  lower  ones.  But  little 
importance  can  at  present  be  attached  to  such  statements, 
the  number  of  ob.servations  upon  which  they  are  based 
Ijeing  too  .siuall.  Tlie  dilatations  occurring  with  tuber- 
culosis and  chronic  inflammatory  processes  are  more  often 
seen  in  the  upper  lobes;  in  the  case  of  pleuritic  exuda- 
tions, in  the  compressed  lower  lobes ;  in  those  occurring  as 
sequela  of  croujious  and  catarrhal  pneumonia,  hyposta- 
tic and  atelectatic  conditions  are  found  in  the  lower  and 
posterior  portions.  In  the  case  of  jjleural  adhesions  the 
dilatations  are  sometimes  found  in  the  bronchi  of  the 
upper  lobe,  sometimes  in  tho.se  of  the  lower  lobe. 

CongeniUil  Bronchiect<i.iix. — Under  this  liead  there  is 
included  a  number  of  conditions  in  the  lungs  of  the  new- 
born wliich  have  been  regarded  as  due  to  congenital 
syphilis.  One  lung  is  usually  att'ected ;  it  may  contain 
numerous  cysts  filled  with  a  serous  fluid.  The  lung  tis- 
sue between  the  cysts  may  be  indurated  or  atelectatic. 
Heller,  Ilerzlieimer.  Grawitz,  and  others  have  described 
cases  which,  according  to  Grawitz,  are  to  be  ascribed  to 
a  hydropic  dilatation  of  the  bronchi.  Heller  regards 
them  as  representing  the  bronchi  of  undeveloped  por- 
tions of  the  lung,  the  dilatation  occurring  in  later  life 
partly  as  the  result  of  the  growth  of  the  thorax  and  the 
consequent  pull  upon  the  bronchus,  and  partly  as  the 
result  of  the  growtli  of  the  bronchus  itself  and  the  press- 
ure of  retained  secretions. 

AUh'ctitti-c  Bniiiehiectasis. — The  congenital  bronchiec- 
tasis of  Heller  is  to  be  placed  in  this  class.  In  a  number 
of  cases  observed  bronchial  dilatations  have  been  found 
in  adults,  the  luug  tissue  being  free  from  pigment  and 
showing  no  evidences  of  inflammatory  changes.  The 
condition  is  therefore  very  probably  the  result  of  a  con- 
genital atelectasis.  An  acquired  bronchiectasis,  due  to 
atelectasis,  may  take  place  in  later  life  as  the  result  of 
deformities  of  the  thorax,  tumors,  aneurism,  etc. 

Vicarious  Bronchiectasis. — If  the  entrance  of  air  into 
any  portion  of  the  lung  be  hindered  and  the  volume  of 
tliat  part  reduced,  the  inspiratory  pull  upon  the  sound 
])ortions  of  the  lung  is  increased.  As  the  result  of  this 
increased  pull  both  the  alveoli  and  the  bronchi  become 
dilated,  and  there  arise  a  vicarious  emphysema  and  a  vi- 
carious bronchiectasis.     Pneumonic  foci,  infarcts,   local 
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atelectasis,  local  tuherculous  nodules  and  infiltrations, 
contracting  seal-  tissue,  etc..  arc  tlic  causal  factors  of  .such 
bronchial  "dilalation.s.  The  brouchial  wall  and  mucosa 
become  slictched  and  thinucd  like  a  serous  membrane 
The  essential  cliaracteristic  of  the  change  is  tliat  no  in- 
flammatory processes  take  part  in  the  direct  production 
of  the  ililatation.  It  is  to  be  regarded  as  a  vicarious  em- 
physema of  the  bronchi.  The  clinical  significance  of  the 
condition  is  not  great.  Tlu;  dilatations  are  relatively 
small  and  circumscribed.  Inflammatory  changes  may 
follow,  and  an  idccrative  or  inllammatory  bronchiectasis 
develop. 

Emjihiisemaiovs  Brimchiectrms.  —\n  emphysema  of  the 
bronchi  occurs  also  in  simple  atrophic  emphysema  of  the 
lungs  not  due  to  a  compensation  for  portions  of  the  lung 
the  "function  of  which  is  lost  or  diminished.  It  is  to  be 
regarded  as  idiopathic  rather  than  vicarious  or  compen- 
sating. The  dilatation  is  not  great,  but  the  walls  of  the 
bronchi  arc  greatly  thinned.  The  smaller  branches,  par- 
ticularly those  of"  the  lower  lobes,  are  chieflj'  affected. 
The  symptoms  cannot  be  separated  from  those  of  alveo- 
lar emphysema. 

Inflammatory  Bronchiectasis.— ThSs  is  by  far  the  most 
common  and  important  form.  All  authorities  are  agreed 
that  for  the  production  of  a  bronchiectasis  of  clinical 
importance  an  inllammatory  weakening  of  the  bronchial 
wall  is  necessary.  In  general  there  are  no  severe  inflam- 
matory conditions  of  the  lungs  or  pleura  in  which  bron- 
chiectases may  not  develop.  Capillary  bronchitis, 
chronic  bronchitis,  catarrhal  pneumonia,  croupous 
pneumonia,  particularly  when  running  a  subacute  or 
chronic  course,  tuberculosis,  obliteration  of  the  bron- 
chioles due  to  indurations,  peribronchitis,  typhoid  hy- 
postasis, stenosis  of  the  large  bronchi,  pleuritis,  pleural 
adhesions,  etc.,  are  the  causal  and  predisposing  factors. 
General  anaemia,  marasmus,  alcoholism,  excessive  or 
forced  respiratory  movements,  singing,  screaming,  cough- 
ing, etc.,  play  a  secondary  part.  In  the  case  of  bronchial 
stenoses  the  bronchus  is  usually  dilated  both  above  and 
below  the  point  of  stenosis.  It  is  probable  that  the  dila- 
tation which  lies  below  the  stenosis  is  due  to  the  fact  that 
the  air  which  passes  through  the  stenosis  into  the  portion 
of  the  bronchus  below  it  is  held  there  by  the  blocking  of 
the  stenosis  with  mucus  during  expiration,  and  as  the 
result  of  the  expiratory  increase  of  pressure  this  portion 
of  the  bronchus  becomes  stretched.  In  the  case  of  for- 
eign bodies  the  bronchial  dilatation  is  found  not  only 
around  the  body,  but  involving  other  bronchial  branches 
as  well.  The  causes  of  such  dilatations  are  complicated, 
but  the  essential  factor  is  the  production  of  a  peribron- 
chitis. Tuberculosis  and  syphilis  may  give  rise  to  bron- 
chiectases which  are  primarily  dependent  upon  stenoses 
caused  by  the  contraction  of  scar  tissue,  or  are  due  to  in- 
filtrations. Chronic  pneumonia,  whether  following  the 
acute  pneumonias,  or  due  to  syphilis,  pleuritis,  foreign 
bodies,  etc.,  or  primary  of  unknown  origin,  is  of  especial 
importance  in  the  etiology  of  bronchiectasis. 

Sy.mptoms.  —  Cough. — This  is  the  rule.  It  occurs  in 
paroxysms,  usually  at  long  intervals,  almost  always  on 
the  patient's  awakening  in  the  morning,  the  paroxysm 
being  repeated  once  or  several  times  during  the  day. 
The  patient  may  be  awakened  by  the  first  paroxysm,  or 
\t  may  come  on  after  arising.  Usually  the  patients  know 
Ihe  time  when  the  attacks  may  be  expected.  A  par- 
oxysm may  also  be  precipitated  bj-  the  patient's  lying 
upon  the  affected  side  and  then  turning  suddenly  into 
another  position.  The  attacks  are  often  very  violent  and 
convulsive,  at  times  completely  depriving  the  patient  of 
breath.  The  frequency  and  severity  of  the  cough  are 
dependent  upon  the  position  and  the  character  of  the 
opening  of  the  dilatation.  As  long  as  the  secretions  are 
retained  within  the  cavity  there  is  no  coughing,  but  when 
these  escape  into  the  neighboring  bronchi  and  alveoli 
paroxysms  are  excited.  When  the  bronchiectasis  is  lo- 
cated in  the  apex  tlie  secretions  may  pass  continuously 
into"a  vertical  bronchus  and  thus  give  rise  to  almost  con- 
stant coughing. 

Dyspniia. — This  may  be  slight  or  entirely  absent;  it 


us\ially  increases  in  degree  toward  the  later  stages  of  the 
affection  and  may  become  very  marked.  Ordinarily  it  is 
noticed  only  at  the  time  of  coughing,  or  after  vigorous 
exercise.  It  is  increased  in  the  event  of  acute  catarrhs 
of  the  respiratory  tract,  and  in  the  case  of  the  collection 
of  mucus  in  the  smaller  bronchi.  Persistent  dy.spu(ea  is 
due  to  some  complication  on  the  part  of  the  heart  or 
lungs. 

Hvpectoration. — The  attacks  of  coughing  are  attended 
by  expectoration.  This  may  resemble  that  of  any  ordi- 
nary bronchitis,  but  in  the  majority  of  cases  the  expec- 
toration is  very  characteristic  and  of  diagnostic  impor- 
tance. With  the  coughing  paroxysm  there  is  a  gush  of 
sputum  so  great  as  to  till  the  patient's  mouth.  Within 
a  few  minutes  an  ordinary  sputum  cup  may  be  entirely 
filled.  The  total  amoimt  of  sputum  ma}'  be  so  great  as 
to  suggest  the  possibility  of  the  perforation  of  an  em- 
pyema into  the  bronchus  or  lung.  Five  to  seven  hun- 
dred cubic  centimetres  may  be  expectorated  within  the 
twenty-four  hours.  With  the  evacuation  of  the  dilata- 
tion the  coughing  usually  ceases,  to  begin  again  as  soon 
as  the  bronchiectasis  fills  up.  Usually  the  sputum  is 
raised  easily,  without  much  effort  or  coughing,  but  in 
the  case  of  such  complications  as  pleuritis,  emphysema, 
tracheal  or  bronchial  stenosis,  etc. ,  the  expectoration  may 
be  very  difficult.  The  position  of  the  patient  is  of  great 
importance;  when  he  lies  upon  one  side  there  may  be 
neither  cough  nor  expectoration,  but  as  soon  as  he 
turns  upon  the  other  side  the  bronchiectasis  begins 
to  empty  itself  and  the  cough  and  expectoration  are  ex- 
cited. Sensations  of  pressure,  fulness,  and  pain  are 
sometimes  felt  before  the  expectoration  takes  place, 
particularh'  in  the  case  of  children.  Occasionally  these 
symptoms  may  be  verj'  marked,  lasting  half  an  hour  or 
so  before  the  expectoration  occurs.  The  large  amounts 
of  sputum  and  the  long  periods  between  the  attacks  of 
expectoration  may  be  explained  as  due  to  a  lessened  irri- 
tability on  the  part  of  the  bronchial  mucosa,  a  larger 
quantity  of  sputum  being  necessary  to  excite  coughing. 
The  amount  of  sputum  raised  is  ahva3'S  greater  during 
the  morning  hours.  Towaid  the  end  of  the  affection  the 
total  amount  decreases  as  the  patient  becomes  weaker. 

Sputum. — The  sputum  is  usually  piurulent  in  char- 
acter, but  may  be  fetid  or  gangrenous.  When  puru- 
lent it  is  3'ellowish  and  contains  more  or  less  mucus.  If 
fetid  in  character  the  odor  may  be  extremely  disagree- 
able and  penetrating,  so  that  the  patient's  breath  may 
be  perceived  .some  distance  aw-ay.  The  patient  himself 
shows  a  remarkable  tolerance  of  the  odor ;  nausea  is  rare- 
ly produced.  In  the  gangrenous  cases  the  sputum  is 
grayish-yellow  or  greenish  in  color.  When  the  compli- 
cation of  gangrene  is  not  present  the  sputum  may  have 
no  putrid  odor,  but  commonly  possesses  a  disagreeable, 
nauseating,  acid  or  sweetish  smell  (pseudogangrene). 
When  collected  in  a  glass  or  cylinder  the  sputum  sepa- 
rates into  two  distinct  layers:  an  upper,  thin,  slightly 
cloudy,  almost  serous  la_yer;  and  a  lower,  thick,  puru- 
lent layer  containing  caseous  masses.  The  latter  ap- 
pear as  dirty  yellow  plugs  vai'ying  in  size  from  a  mus- 
tard seed  to  a  bean  (plugs  of  Dittrich).  If  the  sputum  be 
put  into  a  tall  cylinder  which  is  half  filled  with  water, 
four  distinct  layers  may  be  seen.  The  uppermost  is 
foamy;  the  one  beneath  this  consists  of  muco-purulent 
masses,  which  hang  down  in  the  form  of  shreds  into  the 
third  layer,  consisting  of  cloudy  water.  The  lowest 
layer  of  water  has  a  grayish-green  appearance. 

Microscopically  the  sputum  is  made  up  of  pus  corpus- 
cles which  may  be  well  preserved  or  contain  fat  droplets 
In  the  case  of  putrid  decomposition  bacteria,  crystals  of 
fatty  acids,  margarin,  tyrosin,  Icuciu,  and  triple  plios- 
phates  may  be  present.  Blood  pigment  may  also  be 
founcl.  In  the  case  of  gangrene  elastic  fibres  may  be 
present.  The  caseous  plugs  stain  a  brownish-yellow, 
blue,  or  violet  with  dilute  iodine  solutions.  The  mucin 
content  of  the  sputum  varies  greatly.  Blood  cells  are 
not  infrequently  present. 

Hemorrhar/e. — "The  presence  of  blood  in  the  sputum  of 
bronchiectasis  is  not  rare.     The  amount  is  usually  small, 
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but  the  hemorrhage  may  be  so  large  or  so  frequently  re- 
peated tliat  severe  symptoms  or  even  dc-atli  ma.y  eusue, 
Tlie  sputum  iu  such  cases  may  appear  to  be  cliiefly  blood  : 
it  is  rarely  bright-red,  but  is  more  or  less.discoIored  by 
the  mixture  with  the  other  elements  of  the  sputum.  The 
smaller  hemorrhages  are  chiefly  of  capillary  origin;  the 
large  ones  come  from  the  erosion  of  large  vessels  in  the 
waTl  of  the  dilatation.  In  ulcerative  conditions  of  the 
wall  the  hemorrhages  may  be  very  severe,  persist  for  a 
long  time,  aijd  finall}^  lead  to  death. 

General  tiymptoriis. — "When  secondary  changes  in  the 
heart,  kidneys,  etc.,  are  not  present,  the  general  condition 
of  the  patient  may  be  quite  good  or  fair.  Fever  and 
sweating  are  signs  of  complications.  Occasionally  fever 
may  be  caused  by  the  absorption  of  products  of  "decom- 
position from  the  cavity.  In  such  cases  the  fever  does 
not  present  any  distinct  type. 

Phyxical  Signs — Jnspe^tion.- — The  color  of  the  skin  is 
usually  unchanged.  When  it  is  very  pale  tlie  tmdcrlying 
disease  is  most  likely  to  be  tuberculosis;  when  it  is  C3'a- 
notic  there  is  usuall_y  emphysema  present.  Many  of  the 
patients  lie  upon  their  backs;  others  sit  bending  forward, 
claiming  that  this  pi-events  the  swallowing  of  the  spul  um.. 
When  the  bronchiectasis  is  confined  to  one  side,  the  pa- 
tients usually  lie  upon  the  affected  side,  coughing  and  pro- 
fuse expectoration  being  caused  by  turning  upon  the 
sound  side.  Deformities  of  the  thorax  are  rare,  occiming 
only  in  the  case  of  retraction  of  tlie  lung,  or  when  ex- 
tensive pleuritic  adhesions  are  associated  with  the  bron- 
chiectasis. Diffuse  or  localized  retraction  of  the  thoracic 
wall  and  curvature  of  the  spine  may  result  from  these  con- 
ditions. When  emphysema  is  present  the  thorax  may  pre- 
sent the  characteristic  barrel  form.  Occasionally  differ- 
ences of  movement  may  be  made  o>it  between  the  two 
sides.  In  the  case  of  extensive  bronchiectases  of  the  lower 
lobe  of  of  one  side  there  maj'  be  seen  during  deep  inspira- 
tion a  wave-like  retraction  of  the  intercostal  spaces  pro- 
ceeding from  above  downward.  On  the  affected  side  such 
a  movement  is  not  visible.  A  compensatory  emphysema 
of  the  sound  iung  is  always  found  in  such  cases.  Very 
rarely  it  may  be  seen  that  the  respiratory  movements  on 
the  affected  side  lessen,  and  at  last  wholly  cease  as  the 
bronchiectasis  fills  up,  but  return  after  the  expectoration 
has  emptied  the  bronchus. 

Among  the  most  common  and  important  of  the  physical 
signs  of  bronchiectasis  arc  the  changes  which  take  place 
in  the  distal  phalanges  of  the  hands  and  feet  (drumstick 
fingers).  The  clubbing  of  the  fingers  is  due  to  a  hy))er- 
trophy  of  the  terminal  portions  of  the  bones  (osteoarthro 
pathie  hj'pertrophiante  pneumique),  .so  that  the  joints  of 
the  phalanges,  the  carpal  joints,  and  even  the  wrist  joint 
may  be  greatly  thickened.  These  changes  take  place  iu 
association  with  chronic  cyanosis  and  apjiear  to  be  de- 
pendent upon  the  latter.  They  are  also  found  in  other 
conditions  than  bronchiectasis,  particularly  in  the  con- 
genital heart  lesions;  but  Bamberger  has  attempted  to 
show  that  the  change  in  bronchiectasis  is  characteristic  of 
this  affection,  in  that  it  is  a  painful  hypertrophy  of  the 
epiphyses. 

Percussion. — The  percussion  phenomena  of  bronchiec- 
tasis vary  greatly,  being  dependent  upon  the  size  of  the 
dilatation,  the  quantity  of  fluid  ijresent  in  it,  its  distance 
from  the  chest  wall,  and  the  character  of  the  changes  in 
the  surrounding  lung  tissue.  Duluess  or  a  tympanitic  tone 
may  be  obtained,  or  both  alternately,  according  as  the 
cavity  contains  fluid  or  air.  A  tympanitic  tone  with 
change  of  pitch  on  opening  and  closing  the  mouth  may 
be  noted,  as  well  as  change  of  tone  on  change  of  position, 
the  cracked-pot  sound,  metallic  tones,  etc.,  according  to 
the  conditions  present.  About  the  areas  showing  such 
signs  of  cavity  the  tone  may  l)e  resonant:  in  the  case  of 
tuljcreulous  cavities  it  is  always  dull.  The  dislocation 
of  the  neighboring  organs,  pleuritic  thickenings,  adhe- 
sion, etc.,  may  also  be  shown  by  percussion. 

AiisciiUatiun. — The  vesicular  murmur  is  weakened  or 
absent,  being  replaced  by  a  bronchial  blowing.  The 
cylindrical  dilatations  give  a  soft  bronchial  sound,  and 
when  containing  flui<l  they  yield  also  moist,  coar.se  bub- 


bling r^'Jes.  The  saccular  ihlatations  give  both  the  per- 
cussion and  auscultatiou  signs  of  a  cavity,  particularly 
large,  moist,  bubbling  ntles. 

CoMPLKWTiONS. — The  most  frequent  and  dangerous 
complication  is  the  putrid  or  gangrenous  decomposition 
of  the  contents  of  the  dilatation.  Pleuritis,  peribron- 
chitis, bronchopneumonia,  chronic  pneumonia,  chronic 
bronchitis,  lobar  pneumonia,  emphysema,  chronic  laryn- 
gitis, renal  and  cardiac  affections,  dropsj',  albuminuria, 
cirrhosis  of  the  liver,  etc.,  may  be  associated  with  bron- 
cliiectasis  or  appear  as  sequclse.  Metastatic  abscesses 
may  occur  in  the  brain,  spinal  cord,  etc.  ;  thei'e  ma}'  also 
be  rheumatic  joint  affections.  There  arises  iu  these  cases 
a  suspicion  of  the  occurrence  of  a  general  pya'mic  infec- 
tion. Perforation  of  the  dilatation  into  the  pleural  cavity 
leads  to  the  development  of  a  pyopneumothorax.  lit 
old  chronic  cases  of  long  duration  amyloid  degeneration 
of  liver,  spleen,  and  kidneys  may  be 'found.  Tubercu- 
losis is  a  fairly  common  complication.  The  heart  is 
usually  affected,  h3'pcrtrophy  and  dilatation  of  the  right 
ventricle  occurring  in  tlie  majority  of  cases.  The  cardiac 
changes  are  due  partly  to  disturbances  in  the  pulmon- 
ary circulation,  partly  to  the  accompanying  condition  of 
chronic  intoxication,  partly  to  local  changes  in  the  thorax, 
and  partly  to  coincident  renal  elianges; 

Di;r.\tion  and  Course. — Broncbiectases  may  remain 
stationary  for  years,  the  only  symptoms  being  "those  of 
a  chronic  bronchitis.  As  a  rule  the  dilatation  gradually 
increases  during  this  time  without  an  increase  in  the 
symptoms.  With  the  advent  of  fresh  catarrhs  emphy- 
sema gradually  develops,  the  shortness  of  breath  becomes 
more  marked,  and  the  patient  may  become  cyanotic. 
Therigiit  heart  becomes  hypertrophic  and  finally,  dilated. 
Putrid  bronchitis  and  gangrene  may  occur;  from  these 
the  patient  may  recover  for  a  time,  or  death  may  take 
place.  As  a  rule  the  condition  runs  for  a  long  time; 
amyloid  disease  of  the  kidneys  may  finalh' result  and  the 
patient  becomes  dropsical.  After  alternating  periods  of 
improvement  and  exacerbation,  extending  over  a  long 
period,  the  disease  is  brought  to  an  end  by  some  one  of 
the  complications. 

Diagnosis. — The  differential  diagnosis  of  bronchiec- 
tasis from  its  complications  is  sometimes  vei-y  difficult. 
The  absence  of  the  tubercle  bacillus  will  distinguish  it 
from  tuberculosis.  When  the  latter  process  is  combined 
with  bronchiectasis  the  character  of  the  sputum,  the  age 
of  the  patient,  position  of  the  cavity,  habitus,  etc.,  are 
jioints  to  be  considered  in  the  differential  diagnosis.  The 
history  of  the  case  is  of  greatest  importance.  It  may  be 
taken  as  a  guiding  principle  that  tuberculosis  may  lead 
to  a  bronchiectasis,  but  that  a  bronchiectasis  rarely  be- 
comes tuberculous.  Actinomycotic  cavities  maj-  be  dis- 
tinguished by  the  presence  of  the  fungus  in  the  sputum. 
The  rare  localization  in  the  lung  of  iiydatids  may  also  be 
easily  diagnosed  by  the  findings  in  the  sputum.  From 
pulmonary  gangrene,  abscess,  putrid  bronchitis,  inter- 
stitial pneumonia,  p_vopneumotliorax,  etc.,  the  differen- 
tiation is  often  impossible.  Tlie  physical  .signs  of  cavity 
are  of  the  greatest  importance  in  so  far  as  the  differen- 
tiation between  processes  with  cavity  formation  and 
those  without  is  concerned.  Much  was  expected  from 
the  use  of  .r-rays  in  the  diagnosis  of  bronchiectasis,  but 
these  expectations  have  not  been  realized.  Only  in  the 
case  of  extensive  peribronchial  thickenings  may  aid  be 
looked  for  by  the  use  of  .f-rays. 

Treatment. — In  very  rare  cases  self-healing  of  the 
bronchiectasis  may  take  place.  In  children  this  may  fol- 
low the  cure  of  catarrhal  bronchitis  and  the  restoration 
of  normal  conditions  of  pressure.  In  extremely  rare 
cases  the  bronchial  cavity  may  be  obliterated  by  adhe- 
sion of  the  walls  of  the  cavitj'  or  through  the  formation 
of  granulation  tissue.  Since  in  the  great  majority  of 
cases  such  healing  is  impossible,  the  prophylactic  treat- 
ment becomes  of  prime  im]ioitance.  The  conditions 
(pleuritis,  pneumonia,  etc.)  which  lead  to  bronchiectasis 
should  be  appropriately  treated  with  a  view  to  the  pre- 
vention of  such  dilatations.  After  the  development  of 
bronchiectases  the  chief  therapeutic  indication  is  to  keep 
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(lie  contents  of  the  dilatation— so  far  as  lies  iu  our  power 
—aseptic.  This  can  be  ]HTfi'cfly  accomplislied  only  by 
residence  in  an  atmosplieie  containing  no  bacteria.  Re- 
niiival  of  tlic  patient  to  a  suitalile  climate  is  the  best 
means  of  avoidini;  the  various  complications  of  the  affec- 
tion. When  tills" cannot  be  done  the  treatment  becomes 
chiefly  symptomatic  and  largely  directed  to  antisejitic 
jinii-ednres.  Inhalations  of  creosote,  tnrpentine,  menthol, 
eucalyptus,  etc.,  and  creosote  vapor  baths  are  recom- 
mended for  this  purpose.  A  number  of  writers  speak 
favorably  of  the  creosote  vapor  baths.  These  are,  liow- 
e\'cr,  unpleasant  and  slow  in  operation,  and  do  not  al- 
ways succeed  in  lessening  the  amount  of  the  sputum. 
The  crude  creosote  appears  to  l)e  more  effective  than  the 
various  substitutes  (vapo-cre.soline,  refined  creosote,  sol- 
uble cresol,  etc.)  which  have  been  advised.  Other  w-rit- 
crs  have  found  success  with  guaiacol  vajjor  baths  after 
failing  with  creosote.  The  ordinary  methods  of  giving 
such  inhalations  may,  however,  be  a  source  of  infection, 
as  many  of  the  forms  of  inhalation  apparatus  used  are 
dirt  traps. 

liitralari/iu/eal  injections  of  menthol,  guaiacol,  etc., 
liave  been  advised  by  Rosenberg,  Stewart,  Campbell,  and 
others,  but  are  condemned  by  various  writers  because 
they  give  rise  to  constitutional  disturbances,  fever,  and 
violent  cough. 

ISiibcutanexitis  injections  of  guaiacol  (1  in  5)  and  creosote 
(1  iu  5)  in  olive  oil  have  also  been  recommended.  They 
may  give  rise  to  inflauunation  and  necrosis  at  the  point 
of  injection.  ■ 

Intravenous  injections  of  formalin  (25-50  c.c.  of  a  1 
in  2,000  solution  of  formalin  iu  deciuormal  salt  solution) 
liave  also  been  tried  without  success. 

Injections  of  carbolic  acid  and  menthol  directly  into 
the  bronchiectatic  cavity  have  also  been  suggested. 

Murphy's  method  of  filling  the  pleural  cavity  with  air 
or  nitrogen  to  such  an  extent  as  to  cause  a  collap.se  of  the 
lu'ouchial  cavity  lias  been  tried  with  some  success.  The 
air  should  of  course  be  thoroughly  sterilized.  About 
170  c.c.  of  air  or  nitrogen  are  injected  every  second  or 
third  da)'. 

Inhalations  of  o.xygen  may  aid  in  reducing  the  odor  of 
the  sputum.  Symptomatic  treatment  with  expectorants 
(apomorphine,  senega,  ipecacuanha,  etc.)  may  at  times 
give  relief  or  temporary-  improvement  Hemorrhage 
should  receive  appropriate  treatment. 

Inasmuch  as  the  medical  treatment  is  usually  without 
avail,  much  had  been  hoped  from  surgical  intervention 
in  the  treatment  of  bronchiectasis.  This  has  now  been 
given  a  very  extensive  trial,  with  complete  failure  iu  the 
majority  of  cases,  and  only  partial  success  in  the  others. 
These  unsatisfactory  results  are  easily  understood  when 
we  consider  the  facts  that  the  dilatations  are  often  multi- 
ple and  bilateral,  and  that  the  pulmonary  tissue  is  usually 
extensively  diseased.  Dangerous  hemorrhages  may  re- 
sult, and  anaesthesia  is  in  itself  attended  with  danger  in 
these  cases.  The  uncertainty  of  the  physical  signs  also 
contributes  to  tlie  unsatisfactory  results.  Puncture  of 
the  bronchiectatic  cavity  with  a  trocar  and  drainage,  in- 
cision and  drainage,  cauterization  of  the  cavity,  etc.,  are 
among  the  operative  procedures  advised.  From  the 
cases  thus  treated  which  have  been  so  far  reported,  it 
would  seem  that  under  favorable  conditions  of  life  the 
outlook  for  patients  with  bronchiectasis  is  more  favor- 
able without  operation  than  with  it.  Improvement  of 
till!  technique  of  operations  upon  the  lung  may  lead  to 
better  results. 

The  postural  treatment  of  bronchiectasis  is  strongly 
recommentfed  by  Ewart  (Lancet,  1901).  While  not  re- 
garding it  as  curative  in  advanced  cases,  he  holds  that  no 
other  tieatment  is  so  simple,  so  rational,  and  so  effective. 
In  a  case  so  treated  the  relief  afforded  the  patient  was 
striking,  the  persistent  pyrexia  stopped,  and  the  gushing 
character  of  the  expectoration  ceased.  Ewart  advises  a 
continuous  elevation  of  thcfcjot  of  the  bed  of  fron\  twelve 
lo  fourteen  inches.  For  brief  periods  a  greater  elevation 
may  be  resorted  to  with  benefit. 

PuotiNosis. — In  so  far  as  a  cure  is  concerned  the  prog- 


nosis in  any  well-established  case  of  bronchiectasis  is  bad. 
Exce]it  in  rare  cases  no  method  of  treatment  at  present 
employed  is  of  avail  in  elfecting  a  cure.  Some  of  the 
more  acute  cases  iu  young  persons  may,  however,  be 
cured.  In  the  chronic  cases  our  present  methods  of  treat- 
ment can  only  relieve  the  distress  of  the  affection  and 
prolong  life.  A  Id  red  Scott  Wart/iin. 

CAMPHOR,  POISONING  BY.— Au  imwarranted  belief 
iu  the  iunoeuousness  of  eaiu|>hiir  jirevails  in  the  commu- 
nity, referable,  probably,  to  the  safety  with  which  it  is. 
used  as  an  external  domestic  remedy  for  minor  ailments 
and  to  its  agreeable  odor.  This  should  not,  however, 
blind  the  physician  to  its  real  and  serious  dangers  when 
taken  intcrnalh' ;  for  it  ma)'  act  as  a  poison  either  when 
eaten  frequently  in  small  quantities,  as  for  headaches  or 
colds,  or  when  swallowed  accidentally  or  intentionally 
once  or  more  in  large  amount.  It  is  true  that  fatal  cases 
are  very  rare,  but  the  symptoms  are  often  most  alarming, 
even  when  recovered  from.  The  lethal  dose  of  camphor 
is  difficult  to  determine.  The  smallest  dose  known  to 
have  produced  violent  sj'mptoms  iu  au  adult  is  1.3  gni. ; 
the  largest  dose  known  to  have  been  recovered  from  is  15 
gm.  (Kunkel,  Blyth),  Camphorated  liniments  swallowed 
by  mistake  have  frequently  been  the  cause  of  severe 
cases  of  poisoning,  the  fact  of  the  drugheiug  in  alcoholic 
solution  allowing  it  to  be  absorbed  and  disseminated 
through  the  system  more  rapidly  and  in  larger  quantity 
than  when  swallowed  in  the  solid  form.  The  histories 
wliich  I  shall  presently  cite  illustrate  further  the  usual 
sequence  of  symptoms,  and  such  relations  as  the  early 
or  late  superveution  of  convulsions  to  the  occurrence  or 
absence  of  vomiting,  this  depending  upon  whether  anj' 
large  proportion  of  what  was  swallowed  remained  long 
in  the  stomach  in  a  comparatively  insoluble  condition,  or 
was  promptly  taken  into  the  circulation.  Attention  is 
also  called  to  the  statement  that  when  camphor  has  been 
swallowed,  what  is  absorbed  undergoes  such  a  transfor- 
mation that  the  oilor  of  it  is  not  appreciable  in  the  urine 
or  fa?ccs  (Kuukcl);  sometimes  not  even  in  the  breath  of 
the  patient.  Still,  other  authorities  declare  that  the  bodies 
of  those  dying  smell  strongly  of  the  drug. 

Pull  dcses  of  camphor  produce  markedly  exciting 
effects  upon  the  brain  and  the  medulla,  especially  when 
an  alcoholic  solution  lias  been  taken  which  favors  rapid 
absorption  The  earliest  evidences  of  this  stimulation 
are  Hushing  of  the  face,  a  rapid  succession  of  ideas,  per- 
haps agreeable  hallucinations,  with  a  sense  of  lightness 
of  motion  and  a  desire  to  dance,  in  fact  an  intoxication. 
These  manifestations  are  transient  and  may  soon  be  fol- 
lowed by  tonic  cramps  and  epileptiform  convulsions. 
To  these  may  succeed  sometimes  paroxysmal  tonic  and 
clonic  cramps  with  movements  of  rotation,  followed  by 
paral3'.sis;  or  again  deafness  passing  into  sopor,  coma, 
and  death,  the  parts  of  the  nervous  system  which  are 
first  excited  being  apparently  finally  paralyzed.  The 
temperature  is  lowered,  but  the  pulse  and  resi)iration 
vary  (Brunton,  Husemann).  If  the  patient  recovers,  the 
memory  is  apt  to  be  wanting  for  some  hours.  Thei'e  are 
no  characteristic  lesions  after  death. 

The  following  cases  are  fairly  typical  of  poisoning  by 
camphor-.  Davies  reports  beiug  called  at  3  a.m  to  a  cliild 
of  two  years  and  eight  months,  who  had  swallowed  solid 
camphor.  He  found  it  pale,  with  blue  lips,  a  rapid 
pulse,  and  suffering  from  severe  convulsions.  Vomiting 
was  induced  and  the  ejecta  smclled  strongly  of  camphor. 
The  child  soon  recovered  in  part  from  its  condition  of 
collapse,  but  tlie  convulsions  continued,  and  in  the  inter- 
vals the  patieut  was  semicomatose.  A  stomach-pump 
was  then  used  and  the  stomach  washed  out  with  warm 
water,  iirocui'ing  some  relief.  In  five  hours  castor  oil 
was  given,  also  bromide  of  potassium,  three  grains  every 
three  hours.  Still  no  improvement;  theeonvulsionseon- 
tinued  all  night  and  the  child  died  at  9  a.m.  of  the  next 
da,y.  The  amount  of  camphor  taken  was  proliably  half 
a  drachm.  From  its  being  solid  the  stomach-pump  could 
not  act  upon  it  elTeclively. 

Craig  reports  that  a  man  who  was  a  hypochondriac  ate 
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about  three  diaclinis  of  pure  camphor.  About  half  an 
hour  after  swallowing  it  he  was  seized  with  giddiness  and 
nausea,  staggered  on  rising  and  seemed  likely  to  fall. 
Still  he  was  unable  to  vomit,  and  was  relieved  by  drink- 
ing some  water.  He  was  free  from  pain,  and  lay  down 
with  a  drows_v  ringing  in  the  ears.  In  three-quarters  of 
an  hour  the  giddiness  and  nausea  had  gone,  but  he  felt  as 
if  he  had  been  taken  from  liis  feet  and  were  being  carried 
through  the  air.  He  sat  down  at  the  dinner  table,  but  be- 
came suddenly  unconscious.  He  had  general  convulsions, 
which  soon  ceased,  and  the  reporter  says  there  was  no 
deviation  of  the  eyeballs,  pupils  equal  and  small  and  not 
reacting  to  light,  knee-jerks  exaggerated  ;  breathing  rapid, 
cyanosis  followed  by  pallor.  He  was  not  imconscious  for 
over  five  minutes.  There  was  no  odor  of  camphor  in  the 
breath.  About  two  hours  and  a  half  after  taking  tlie 
camphor  he  vomited  copiousl}-,  and  brought  up  no  blood 
and  some  camphor.  There  was  no  retention  of  urine. 
His  memory  was  affected  for  an  hour  after  other  symp- 
toms had  disappeared. 

Honniiin  reports  the  case  of  a  girl  of  eighteen,  to  whom 
he  was  called  at  11  .\.m.  She  was  in  the  habit  of  eating 
camphor.  He  found  her  unconscious  and  irritable,  with 
dilated  pupils,  cold  extremities,  pale  face,  epigastrium 
sensitive  to  pressure,  pulse  thready  and  uncountable,  and 
the  breath  smelling  distinctly  of  camphor.  The  stomach 
was  washed  out  after  an  unsuccessful  attempt  to  produce 
vomiting  by  sulphate  of  zinc.  Ether  was  given  subcu- 
taneously  with  immediate  improvement.  It  was  learned 
that  she  had  had  camphor  in  her  hand,  and  had  offered 
it  to  her  roommate  at  bedtime.  She  had  vomited  during 
the  night  and  had  taken  brandy  and  water  about  8  a.m. 
('ouTulsive  movements  now  began  and  extended  from  the 
lower  extremities  to  the  body  and  upper  limbs.  The 
temperature  rose  to  100.3'  F.,  and  the  pupils  were 
dilated.  She  died  at  about  3  a.m.  the  next  day.  At  the 
autops}-  the  only  finding  attributed  to  camphor  poison- 
ing was  a  high  degree  of  congestion  of  the  vessels  of  the 
dura  mater  and  surfaces  of  the  brain.  The  government 
analyst  reported  a  small  quantity  of  camphor  in  the 
stomach,  but  it  is  observed  that  none  of  the  ejecta  or  de- 
jecta had  been  saved  prior  to  the  doctor's  arrival  at  11 
A.M. 

In  regard  to  the  treatment  of  poisoning  by  camphor,  the 
most  important  precept  laid  down  is  the  earliest  possible 
emptying  of  the  stomach  by  tube,  stomach-pump,  or 
emetic.  Hypodermic  injections  of  brandy  or  ether  may 
be  used,  with  perhaps  the  alternate  hot  and  cold  douche. 

J.  Haven  Emerson. 
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CANTHARIDES,  POISONING  BY.— The  poisonous 
action  of  this  drug  is  ascribed  chiclly  to  the  proximate 
principle  canthdi-idiu,  which  is  fiom  twenty-five  to 
thirty  times  as  active  as  the  powder.  As  the  unassa3'ed 
]iowder  or  the  tincture  is  the  form  in  which  it  is  most  apt 
to  have  been  taken,  it  is  difficult  to  determine  the  fatal 
dose  of  cantharidin.  Blyth  states  that  a  young  woman 
died  from  twenty-five  grains  of  the  powder,  probably 
equal  to  one  grain  of  cantharidin,  while  the  smallest  dose 
of  the  tincture  known  to  be  fatal  (Taylor)  is  an  ounce, 
equivalent  togr.  -f^jj  of  the  proximate  principle.  Poison- 
ous effects  may  also  follow  from  external  applications  of 
the  drug,  in  which  they  result  from  absorption,  especially 
in  feeble  pei'sonsand  children.  Blyth  says  that  the  popu- 
lar idea  of  tlie  influence  of  cantharides  as  an  aphrodisiac 
holds  good  only  as  to  the  entire  cantharides,  and  not  as 
to  cantharidin,  and  he  considers  it  probable  that  can- 
tharidin is  not  the  oidy  proximate  principle  in  the  insect. 
It  is  also  stated  that  cantharides  may  be  eaten  witli  im- 


punity b_v  fowls,  while  thellesh  of  the  latter  may  produce 
symptoms  of  poisoning  if  eaten  by  human  beings.  Ogier 
tells  us  that  a  fatal  result  nuiy  follow  poisoning  by  this 
drug  after  as  long  an  interval  as  twenty-four  hour.s";  al.so 
that  proof  of  the  cause  of  death  may  be  found  in  the 
presence  in  the  intestine  of  minute  glistening  particles  of 
the  insect.     Fatal  cases  are  rare. 

The  symptomsdue  to  poisonous  doses  are  given  as  fol- 
lows by  Husemann,  Kunkel.  and  Blyth :  They  are  shown 
in  disturbances  of  respiration  and  in  convulsions  from  in- 
volvement of  the  nervous  system,  often  with  headache, 
dizziness,  stupor,  and  delirium.  In  the  alimentary  canal 
there  appear  at  once  bui'ning  in  the  mouth  and  throat 
followed  by  pain  on  swallowing,  salivation,  vomiting, 
and  dianiicea,  while  there  develop  intense  irritation, 
pain,  and  a  condition  of  inflammation  of  the  kidneys  and 
urinary  pa.ssages,  in  con.seqneuce  of  which  occur  in  the 
urine  albumin,  casts,  pus,  and  blood,  with  catarrh  and 
croupous  deposits  from  the  vesical  mucous  membrane. 
Tliese  are  associated  with  strangury,  dysuria,  painful 
erections,  and  priapism.  Sometimes  pregnant  women 
have  aborted. 

The  following  fatal  case  is  reported  by  Lhote  and 
Vibert.  A  man  of  about  sixty  took  a  quantity  of  can- 
tharidin, estimated  at  about  7.5  cgm.  He  died  twelve  to 
fourteen  hours  afterward,  the  symptoms  presented  not 
being  accurately  known.  Autopsy  four  days  post  mor- 
tem. The  lungs  were  much  congested  ;  there  was  a  little 
froth  in  the  bronchi.  Stomach  empty  ;  mucosa  actively 
congested.  Kidneys  large,  turgescent,  and  extremely 
congested  :,  several  large  sanguineous  eii'usions  under  the 
capstdc;  cortical  and  medullary  substances  gorged  with 
blood  and  the  mucosa  of  the  calices  and  pelvis  si ronglj- 
injected.  Bladder  contained  4-.5  c.c.  of  bloody  urine; 
mucosa  strongly  congested  and  of  an  intense  red;  no 
ulcerations  but  many  ecchymoscs.  Mucosa  of  the  ure- 
thra likewise  congested.  On  microscopical  examination 
of  the  kidneys  the  glomeruli  were  fovuid  detached  frum 
their  capsules,  and  separated  from  them  by  an  exudate, 
in  the  midst  of  which  were  seen  at  certain  points  nu- 
merous round,  nucleated  cells.  In  the  convoluted  tubes 
the  epithelial  cells  appeared  glued  together;  they  filli'd 
and  distended  the  tubes.  A  material  extracted  from  the 
viscera  produced  upon  animals  the  effects  of  cantharidin, 
and  its  chemical  reactions  were  charactei'istic  of  that  sub- 
stance. 

The  trentment  of  poisoning  by  cantharides  must  be 
symptomatic.  The  stomach  should  be  evacuated,  the 
stomach-pump  or  tube  being  used  for  the  purpose  if  the 
mouth  and  throat  are  not  inflamed  ;  if  they  are  inflamed, 
apomorphine  should  be  injected  hypodermically  or  an 
emetic  should  be  given.  Opium  and  hot  sitz  baths  should 
be  used  to  allay  pain  and  strangurj',  and  water  aiul  mu- 
cilaginous drinks  given  freely,  but  fats  and  oils  are  to  be 
avoided.  ^ 

J.  Haven  Emerson. 
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CAROTID  GLAND. — (Synonyms:  Ganglion  intercaro 
ticum;  Glandula  carotica;  Glomeruli  arteriosi  iotercaid- 
tici;  Nodulus  intercaroticus.) 

This  little-known  organ  lies  in  the  bifurcation  of  {he 
common  carotid  arterj',  generally  near  the  posterioi-  side 
of  the  internal  carotid  just  asit  comes  off  the  main  trunk. 
In  size  it  is  about  1-3  mm.  in  diameter,  varying  con.sider- 
ably.  Because  of  its  great  vascularity  the  coloi-  is  pink 
For  some  time  it  was  thought  to  be  an  epithelial  orgaii 
developed  similarly  to  the  thyroid  and  thymus  from  the 
branchial  clefts,  but  further  stud}'  showed  it  to  be  of 
entirely  different  origin  and  nature.  Its  embryonal  ori- 
gin is  later  than  the  thyroid  and  thymus,  and  it  is  in  no 
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way  related  to  them,  for  it  arises  directly  from  the  pn- 
iiiaVv  vascular  anlaye,  and  therefore  is  not  an  epithelial 
but  a  perithelial  structure.  The  tir.st  step  in  its  forma- 
tion consists  of  a  cellular  thickening  of  the  external  pos- 


FiG.  51:21, — Scbeine  of  Circulation  and  Structure 
Character,    (.\fter  Schaper.)    --1.  Principal  artery 
capillary  networks;  Z),  secondary  nodules;   H,  hilus;  v,  v\  smaller  yeins. 


terior  portion  of  the  periphery  of  the  embrj'onal  carotid. 
At  this  time  the  cells,  of  epithelioid  type,  are  not  dis- 
tinguishable from  the  cells  of  the  vessel  wall  itself,  and 
the  gland  anlage  is  recognized  merely  as  a  thickening  of 
the  cell  mass  at  this  point.  This  entire  nodule  is  sur- 
rounded by  the  adveutitia.  and  over  it  run  nerve  bundles 
from  the  vagus  and  cervical  sj'mpathetic.  Very  early  in 
its  development  capillary  vessels  derived  from  the  com- 
mon carotid  at  its  bifurcation  enter  the  cell  mass,  and 
soon  form  gloraerule-like  collections,  which  with 
the  rapidly  increasing  cell  growth  soon  distinguish 
the  gland  from  the  vessel. 

In  the  adult  the  carotid  gland  shows  a  lobular 
structure.       From     the    connective-tissue    capsule 
bands   pass  into  the  organ  carrying  many  vessels 
and   nerves,   and   dividing   it   into   lobules,   which 
vary  in  number  from  three  to  twelve. 
In  turn  the  lobules  are  composed  of 
small   "cell   balls,"  which  really  form 
the  unit  of  its  structure.     These  con- 
sist of  a   glonierule-like  tuft  of  capil- 
laries that  unite  to  form  a  vein.     Sur- 
rounding the  capillaries  are  the  cells  of 
the  organ,  arranged  in  cords  or  trabec- 
ulic,  although  this  arrangement  is  not 
at  all  evident  in  ordinary  preparations. 
The  number  of  cells  about  indivitlual 
vessels  varies  greatly;  sometimes  there 
is  quite  a  wall  of  epithelioid  cells,  with 
finely    granular   cytoplasm,   oval    nu- 
cleus, and  a  luicleolus,  but  often  there 
is  but  a  single  layer  of  cells  about  a 
vessel,  or  the  vessels  may  be  separated 
merely  by  a  loose  reticular  interstitial 
connective   tissue.      In    this    reticular 
tissue  are  frequently  single  cells  of  the 
same  type.    Often  the  parenchyma  cells 
show  a  consideiable  degree  of  vacuoli- 
zation, particularly  in  the  old.     It  is 
said  that  with  age  the  typical  structure  becomes  less  and 
less  evident,  accompaniecl  by  more  or  less  disappearance 
of  these  special  cells.     The  structure  of  the  carotid  gland 
is  quite  similar  to  that  of  the  coccygeal  gland. 
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The  function  of  the  carotid  gland  is  altogether  un- 
known. It  seems  to  have  been  the  sub.iect  of  but  little 
investigation  except  hy  histopathologists.  It  is  un- 
doubtedly closely  related  to  the  sympathetic  nervous 
system,  as  shown  by  the  number  of  ganglion 
cells  and  nerve  fibres  from  the  cervical  gan- 
glia, and  by  the  presence  of  the  same  cells 
with  aflinity  for  chromic  acid  and  its  salts, 
the  so-called  "chromophile "  cells  that  are 
found  also  in  the  sympathetic  glands,  adre- 
nal, and  coccygeal  gland.  In  the  few  re- 
corded cases  of  tumors  of  this  gland  there 
have  been  no  symptoms  that  could  be  con- 
sidered indicative  of  any  func- 
tion, and  the  unilateral  resec- 
tion of  the  gland  in  these  cases 
has  been  followed  by  no  sj'mp- 
toms  whatever.  Extracts  from 
the  gland  are  said  to  raise  the 
blood  pressure  greatly. 

P.\THOLOGy.  —  Except  for 
tumor  growths  thei'e  seem  to 
be  no  records  of  pathological 
alterations  in  this  organ,  prob- 
ably because  it  escapes  obser- 
vation through  its  location  and 
its  minute  size.  There  are  in 
the  literature  eight  cases  of 
tumors  of  the  carotid  gland, 
all  primary.  They  are  charac- 
terized by  their  location  in  the 
crotch  of  the  carotid,  and  by 
their  peritheliomatous  struct- 
ure. They  have  appeared 
mostly  about  the  thirtieth  year, 
in  either  se.x.  In  one  instance  the  onset  seemed  closely 
related  to  fracture  of  the  lower  jaw  in  a  tooth  extrac- 
tion. The  growth  is  usually  slow,  in  one  about  thirty 
years,  and  in  none  have  metastases  or  recurrence  been 
noted.  All  eight  cases  were  observed  ttirough  opera- 
tive procedure,  and  there  seem  to  be  no  records  of  such 
tumors  discovered  at  autopsy.  Subjective  symptoms 
in  these  cases  have  been  vague,  such  as  headache,  local 
pain,   and  tenderness.      The   tumor  is  quite   tixed,   be; 


of  the  Carotid  (iland,  showing  its  Glomerule-like 
ery  with  T',  corresponding  vein  ;  B,  balls  of  cells  ;  C, 


Fig.  5122.— Section  of  a  Lobule  of  the  Carotid  Gland.  >:  52(1.  From  a  man  fifty  years  of 
a^e.  (After  Schaper.)  a,  Smallest  arteriole ;  />,  connective-tissue  reticulum  ;  c,  capil- 
laries ;    ct,  nuclei  of  stroma ;  t;,  protoplasmic  network  ;  t,  nuclei  of  f^laud  cells. 


cause  of  its  relation  to  the  carotids,  and  for  the  same 
reason  it  frequently  transmits  puLsation  which  has  led  to 
a  diagnosis  of  aneurism.  In  the  other  eases  tuberculous 
cervical  glands  and  thyroid  tumor  have  been  suspected. 
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Operation  \isiially  involves  ligation  of  the  carotid,  which 
in  one  case  k-d  to  death  subsequently  through  tjie  liga- 
ture cutting  through  the  artery.  In  another  case  death 
resulted  from  broncho  pneumonia,  which  probably  de- 
veloped because  of  section  of  the  vagus.  The  other  six 
recovered  completely,  aud  seem  to  have  remained  well 
thereafter.  In  the  two  cases  that  were  fatal,  autopsy  re- 
vealed no  metastases  whatever. 

The  malignant  tumors  of  the  carotid  gland  testify  to 
its  origin  in  the  perithelium,  for  they  form  quite  typical 
lieritheliomas.     The  tumor  is  generally  highly  vascular. 
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Fig.  5123.-Perillieluil  I  uuhi)  ..i  mi.  c  ^irniid  (ilaml.  (After  PaltimC.) 
O,  Vessels ;  lU,  lilootl  f.\trava.sation :  fi,  hyaline  degeneration  of 
cells  ,  )i,  hyaline  desieueration ;  c  hyaline  masses. 

and  about  the  capillaries  are  layers  of  epithelioid  cells, 
with  a  strongly  staining  oval  nucleus,  and  considerable 
flnelv  granular  cytoplasm.  The  thickness  of  these  walls 
seenis  "limited  by  distance  from  blood  supidy,  and  the 
peiithelial  cells  tend  to  form  cords  with  central  spaces 
lined  solely  by  the  tumor  cells.  The  lobular  structure  of 
the  gland  is'  retained,  as  well  as  its  richness  in  vessels 
and  nerves. 

Usuallv  the  tumor  lies  in  the  crotch  of  the  carotid, 
"like  a  meal  sack."  The  largest  tumor  reported  is  that 
of  von  Heinleth,  which  measured  3.5  X  5  X  8cm.,  and  was 
21  cm.  in  circumference.*  11.  Gideon  Wells. 

Bibliogkapht. 

Heinleth.  vnn  :  fent.  f.  allg.  Pathol.,  1900,  xi.,  .7J9.  —Ihul. :  Munch. 

med.  WcK-henschr..  I'.hki.  xlvii..  S99. 
Marchand  :  \irch"w's  l-'cslschrift,  1891,  vol.  i.,  537. 
Paltaiif :  Ziesrler's  Beitriise,  1893.  xi.,  280. 
Schaiier  :  Aifh.  f.  mik.  Anat.,  1892,  xl.,  287. 
S.-iidlcr:  Aiiier.  Journ.  of  Med.  Sci..  1903,  cxxvl.,  384. 
Kdiii  :  PraiJtTnied.  Woch.,  1902,  xxvi!,,  325. 

CHYLOTHORAX.— This  is  a  condition  in  which  the 
pleural  cavity  contains  chyle,  due  to  a  break  in  the  con- 
tinuity of  the  wall  of  the  "thoracic  duct  or  its  branches, 
or  to  some  pathological  condition  of  their  walls  whereby 
the  contents  may  be  transuded  into  the  pleural  cavity. 
Other  wrilers  give  the  namechyliform  to  lliose  fluid  exu- 
dates, in  the  pleural  cavity,  which  contain  fat  in  smaller 
amount  than  is  found  in  the  cases  belonging  to  the  class 

*  Since  this  article  was  written  there  has  appeared  still  another 
report  of  a  tumor  of  the  carotid  gland  by  Ileclus  and  Chevassu, 
CRevue  de  Chirurgie,  19o;!,  xxiii.,  Nos.  8  and  9).  This  article  also  in- 
cludes a  full  review  of  the  suli.iect  to  date,  with  particular  reference 
I"  ■iliepitivi- intervention,  whicli  tlie.se  writers  consider.  iMiot  indicated 
unless  the  tnincir  Is  causuiir  iiiucli  dislurliance,  siui'e  it  is  i>n>liably 
nnt  mulicnant  and  ri^ection  involves  injury  to  such  iui|joltalit  struct- 
ures. 


first  mentioned.  Furthermore,  as  these  so-called  chyli- 
form  fluids  accompany  tumors  of  the  pleura  in  many 
cases,  these  writers  believe  that  the  fat  comes  from  a 
fatty  degeneration  of  the  tumor  cells.  In  a  third  class  of 
cases  the  fat  of  the  pleural  fluid  is  .supposed  to  result 
from  lipa'mia.  In  the  latter  cases  the  amount  of  fat  con- 
tained in  the  fluid  in  the  pleural  cavity  is  small.  Never- 
theless, in  many  cases  it  may  be  ditticult  to  differentiate 
these  fluids  from  true  chyle  containing  a  small  amount  of 
fat  and  resulting  from  some  detiuite  lesion  of  the  thoracic 
duet. 

As  stated,  true  chylothora.x  results  from  some  definite 
lesion  of  the  thoracic  duct  or  its  branches ;  but  since  lesions 
of  this  organ  are  not  common,  and  since  all  lesions  of  the 
duct  are  not  followed  by  chylothorax,  the  presence  of 
chyle  iu  the  pleui'al  cavity  is  an  unusual  condition. 

Many  of  the  older  writers  confused  chyloUiorax  with 
empyema  or  with  the  fibrinous  exudates  accomjjauying 
cert^iiu  cases  of  pleuritis,  and  consequently  some  of  the 
ca.ses  reported  by  these  men.  when  studied  carefully  now, 
are  found  to  be  of  a  nature  different  from  true  chylo- 
thorax. It  being  assumed  that  this  statement  is  correct, 
it  appears  that  only  forty-seven  cases  of  genuine  chylo- 
thorax have  been  reported,  besides  about  fifteen  others 
which  are  doubtful  cases. 

Etiology. — In  the  undoubted  cases  the  age  varied  from 
3  to  63.  Two  cases  occui-red  in  patients  under  10  years 
of  age;  8  in  patients  from  11  to  20;  7  from  31  to  40;  S 
fi-om  41  to  50;  3  from  51  to  60,  and  2  jifter  60.  From 
this  it  can  be  seen  that  the  greatest  number  of  cases  oc- 
cur between  the  ages  of  11  and  51.  This  is  explained  by 
the  fact  that  indiv'iduals  between  these  ages  are  more  ex- 
posed to  injtu-ies,  or  are  more  subject  to  new  growths — 
conditions  which  are  frequent  causes  of  chylothorax. 

In  41  of  the  undoubted  ctises  in  which  the  sex  was 
given,  31  were  males  and  10  were  females. 

Chylothorax  may  result  from  obstruction  to  the  flow 
of  chyle  through  the  thoracic  duct,  due  to  pressure  from 
without  by  new  growths  or  by  tuberculous  lymph  nodes 
in  the  meiliastintnn.  The  obstruction  may  also  be  due 
to  occlusion  of  the  lumen  by  secondary  new  growths  or 
to  the  presence  of  thrombi  iii  the  duct  or  in  the  left  sub- 
clavian vein — in  the  latter  case  obstructing  the  month 
of  the  duct.  Finally,  it  may  be  due  to  the  presence  of 
filaria.  In  other  cases  chylothoi-ax  residts  fi'om  path- 
ological changes  in  the  duct  wall  or  from  traumatic  in- 
juries to  its  walls. 

Of  the  undoubted  cases  16  resulted  from  injury  to  the 
chest;  9  from  pressure  exerted  upon  the  duct  by  new 
growths  outside  the  duct  or  by  tuberculous  lymph  nodes ; 
9  from  secondaiy  growths  in  the  duct;  4  from  throm- 
bosis of  the  left"  subclavian  vein ;  3  from  proliferating 
Ij'mphangitis;  2  from  aneurism-like  dilatations  of  the 
duct,  ancT  1  each  fi'om  the  following:  thrombosis  of  the 
duct,  operation  for  i-emoval  of  carcinomatous  lymph 
nodes  of  the  neck,  obstruction  to  the  radicles  of  the  duct 
from  iuflammatoiy  thickenings  in  the  mesentery,  initial 
disease,  and  filaria.  All  of  these  causes  either  produce  a 
break  in  the  continuity  of  the  endothelial  lining  of  the 
duct  or  put  the  endothelial  cells  under  such  abnormal 
conditions  that  their  nutrition  is  inijiaired,  and  conse- 
quentl.y  they  allow  the  transudation  of  the  chyle. 

Symptojiatology.  —  The  symptoms  of  chylothorax 
which  result  directly  from  this  condition  arc  not  charac- 
teristic. For  the  most  part  they  resemble  those  of  hydro- 
thorax  or  a  jileuritic  effusion.  In  most  cases  the  chief,  and 
sometimes  the  only,  symptom  is  a  gradually  increasing 
dyspnoea.  In  fatal  cases  this  may  be  accompanied  by  a 
rapidly  progressing  emaciation,  although  the  patient  may 
have  a  gootfappetrte  and  may  cat  well.  A  few  of  the  pa- 
tients c"bmplain  of  pain  in  the  affected  side  if  the  chylo- 
thorax is  unilateral,  and  of  a  general,  indefinite,  dull  pain 
in  the  chest  if  the  condition  Is  bilateral.  On  inspection 
lagging  of  the  affected  side  will  be  noticed  and  the  in- 
tercostal spaces  will  be  more  or  less  obliterated.  If  the 
quantitv  of  fluid  is  large,  the  heart  maybe  displaced  away 
fi-om  th'e  fluid.  Palpation  reveals  a  lessened  or  enfiiely 
absent  vocal  fremitus,  depending  upon  the  amount  of  fluid 
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piescnt.  Percussion  always  gives  a  dull  note  on  the  af- 
fcftcd  side  of  the  chest,  both  laterally  aiul  l)ehiml,  the 
liiu!  of  dulness  being  higher  in  front  and  lower  in  the 
hnck  when  the  patient  sits  up.  and  reversed  when  the  pa- 
tient lies  down. 

In  .sev<'ntcen  of  the  forty -seven  eases  chylothora.\  was 
aeconiiiaiiieil  l)v  ehvloiis  aseites,  and  in  one  instanee  by 
chyloperieurdiiini.  '  In  one  case  there  was  ehyluria,  and 
ill  another  niilkv  diarrlioa. 

The  syinptoiiis  refi'vable  to  other  organs  are  usually 
due  to  the  siinie  pathological  alterations  as  those  which 
have  brought  aliout  the  eiiylothorax.  In  eases  of  exter- 
nal injury  to  the  duel  veiy  few  symptoms  other  than 
lliose  mentioned  appear. 

Di  \(.Nosis. — The  oiUy  evidence  upon  which  a  positive 
dla;;nosis  of  chvlothora'x  can  be  based  is  that  afforded  by 
an  examination  of  the  lluid.  This  tluid.  as  withdrawn  by 
an  aspirator,  is  usually  semitranslncent,  milky,  and  opal- 
escent. Its  specific  gravity  is  1  020  in  most  cases.  If  al- 
lowed to  stand,  thctiuid  .separates  into  two  layers,  an 
upper,  slightly  more  yellow  in  color,  and  resembling 
cream  in  consistence,  and  a  lower  one.  watery  in  char- 
acter. If  the  whole  is  w<'ll  shaken  and  extracted  with 
etiier  or  treated  with  sodium  or  jiotassium  hydrate,  the 
lluid  beeoincs clear  and  loses  its  inilkiness.  Chemical  ex- 
amination of  the  fluid  shows  that  from  ninety  to  ninety- 
nine  per  cent,  is  water.  Of  tlie  solids,  the  fat  varies  from 
U.02  to  0.92  per  cent.  ;  salts  and  albumins,  and  sometimes 
a  small  amount  of  sugar,  forming  the  rbmainder 

PnoGN'osis. — In  many  cases  the  prognosis  of  chylo- 
thorax  is  good.  In  those  which  ate  due  to  obstruction, 
the  anastomoses  of  the  thoracicductmay  do  compensatory 
work,  and  thus  tlie  condition  may  be  relieved.  In  cases 
due  to  injury  to  the  duct  from  external  causes,  proper 
treatment  frequentlj-  brings  about  a  cure. 

TuE.vrMENT. — For  those  cases  in  which  thechylotliorax 
is  due  to  some  chronic  obstruction,  aspiration  of  the  tluid, 
accompanied  by  rest  and  nourishing  food,  is  about  all  that 
canbedone.  Casesdue  to  injuriesof  thechest  are  treated 
in  a  similar  manner. 

In  eases  due  to  injury  inflicted  during  an  operati(ni 
for  the  removal  of  carcinomatous  or  tuberculous  lymph 
nodes  in  the  neck,  the  duet  may  be  ligated,  resected,  or 
packed,  all  of  which  procedures  have  been  used. 

Frederick  A.  Buliliriii 

Most  of  tlie  literature  ol  rliylotliorax  is  ptven  by  Bargebulir. 
Deutsclies  Arelilv  fiir  klinische  Mediein,  l.S9.'>,  liv.,  410,  and  by  Sliaw, 
Journal  of  I'aWiolopy  and  Bacteriology,  190(),  vi.,  339. 

DISSOCIATION,  DIFFUSION  AND  ACTION  OF 
SALTS. — The  advance  of  llhy^ic:ll  clieniistiy  in  the  last 
fiftei.ii  years  has  thrown  a  new  light  upon  the  behavior 
of  salts  in  the  tissues,  and  promises  to  form  the  basis  of 
the  explanation  of  their  presence  in  all  forms  of  living 
matter,  as  well  as  of  much  of  their  therapeutic  value. 
The  chief  ])hcnomena  bearing  on  biology  and  medicine 
are  the  dissociatinii  of  salts  and  their  iclatiou  to  dilfusion 
and  osmosis,  and  before  the  results  of  the  application  of 
physicalchemical  methods  to  tin'  biological  sciences  can 
be  appreciated  some  knowledge  of  the  recent  advances 
in  the  theory  of  these  phenomena  is  rei)uisite. 

Diuorintinii.  Ions. — It  was  formerly  lield  that  common 
salt  dissolved  in  water  remained  in  the  same  form  as  ihat 
which  is  famili'ir  in  the  dry  state,  the  only  dilferenee 
being  that  ciyslals  divided  into  molecules.  It  is  now 
recognized,  however,  that  not  only  are  the  molecules  iso- 
lated from  each  other,  but  that  a  certain  number  of  mole- 
cules undergo  still  further  division.  Theprodncts  of  this 
molecular  division  are  known  as  imis,  and  in  the  case  of 
common  salt  are  Na  ions  and  CI  ions.  The  amount  of 
dissociation  that  occurs  varies  with  the  strength  of  the 
solution;  the  weaker  the' solution  the  greater  the  percen- 
tage of  .siilt  undergoing  dissociation.  In  a  one-percent, 
solution  of  sodium  chloride  onlj'  about  one  fifth  of  the  salt 
is  present  in  the  form  of  molecules,  the  rest  having  di.s- 
sociated  into  the  two  ions.  Thes(!ions  are  not  to  he  con- 
fused with  atoms,  for  although  sodium  and  chloride  ions 
an;  present,  the  solution  of  course  possesses  none  of  the 


properties  of  metallic  sodium  or  of  free  chlorine  The 
ions  dif{er  from  the  atoms  in  carrying  a  charge  of  elec- 
tricity, thecharge  of  the  sodium  ion  being  positive,  while 
that  (if  llie  chloride  ion  is  negative. 

If  a  battery  be  connected  witii  the  solution  the  sodium 
ions  hurry  to  the  negative  pole  or  cathode,  while  the 
chloride  ions  give  up  their  charge  at  the  positive  or 
anode.  The  sodium  ion  is  therefore  known  as  the  cation, 
the  chloride  as  the  avion.  At  the  moment  at  which  the 
charge  of  an  ion  is  given  up  the  ion  changes  to  an  atom, 
but  it  immediately  forms  fresh  combinations  with  the 
water,  in  the  present  instance  NaOII  and  HCl. 

Other  salts  undergo  a  similar  dissociation  in  solution 
in  water:  KBr  forms  K  and  Br  ions;  XaNOa,  Xa  and 
NO3  ions,  KjiSO,  divides  into  three  ions,  two  potassium 
and  one  SOj;  aniinonium  oxalate  forms  two  NHi  ions 
and  one  oxalate  anion,  and  so  forth.  The  dissociation  of 
acids  and  alkalies  is  of  great  importance,  but  resembles 
exactly  that  of  the  other  salts,  acids  forming  hydrogen 
cations  and  the  rest  of  the  molecule  forming  the  anion, 
while  alkalies  divide  into  a  hydroxy  1  anion  and  a  metallic 
cation:  HCl  thus  becomes  hydrogen  and  chloride  ions; 
NaHO,  sodium  and  hydroxyl  (llO)  ions. 

The  ions  in  a  solution  are  in  constant  motion,  and  the 
anions  and  cations  of  a  substance  in  solution  lose  the  con- 
nection which,  they  possess  in  the  solid  state  Thus,  when 
potassium  bromide  and  sodium  chloride  at'c  dissolved  to- 
gether in  a  sufficient  amount  of  water,  it  is  no  longer  cor- 
rect to  designate  the  result  as  a  solution  of  pota.ssium 
bromide  and  sodium  chloride,  tor  the  ])Otassiuni  ions  are 
in  no  closer  connection  with  the  bromide  than  with  the 
ehlovide  ions  The  bodies  present  are  really  the  potas- 
sium and  sodium  cations  and  the  bromide  aud  chloride 
anions  In  the  blood  serum,  for  example,  the  phosphate 
ions  present  are  not  combined  with  the  potassium  nor  the 
chloride  with  the  sodium,  but  all  four  are  independent, 
and  it  is  incorrect  to  speak  of  the  potassium  phosphate 
of  the  blood  serum.  When  a  dilute  .solution  of  sodium 
hydrate  is  swallowed  it  is  neutralized  by  the  gastric 
juice,  and  the  reaction  is  often  stated  as  the  formation  of 
sodium  chloiide  and  water  In  reality  the  hydrate  solu- 
tion contains  sodium  and  hydroxyl  ions,  the  gastric  juice 
hydrogen  and  chloride  ions,  and  the  resultant  fluid  con- 
tains sodium  and  chloride  ions.  The  change  consists  in 
the  disappearance  of  the  hydrogen  and  hydroxyl  ions 
which  have  formed  water,  the  chloride  anil  sodium  ions 
having  been  jiresent  to  liegin  Avith  and  remaining  un- 
changed 

Dissociation  oc<  urs  in  salts,  including  under  this  term 
acids  and  alkalies,  but  it  is  not  developed  equally  in  all 
salts.  Those  acids  aud  bases  which  are  generally  con- 
sidered to  be  the  "stronger"  dissociate  more  readily  than 
the  weaker  combinations,  and  the  monovalent  salts  more 
readily  than  the  bivalent  The  inorganic  .salts  dissociate 
more  readily  than  the  organic,  and  the  same  holds  true 
for  the  bases.  All  of  tho.se  bodies  in  solution  serve  as 
electrical  conductors;  in  fact,  the  passage  of  eleetrieily 
through  watery  solutions  is  oul.y  possible  through  the 
presence  of  ions,  and  the  conductivit}'  of  solutions  is  thus 
a  measure  of  the  degree  of  dissociation.  Those  substances 
which  are  dissociable  are  therefore  known  as  electrolytes. 
On  the  other  hand,  many  organic  substances  are  inca- 
pable of  conducting  electricity  anil  are  also  incapable  of 
dissociation.  Thus  alcohol  contains  an  hydroxyl  (  —  Oil) 
in  combination  with  ethyl  (C...H;.),  as  sodium  hydrate 
contains  an  hydroxyl  in  combination  with  sodium.  Al- 
cohol is,  however,  incapable  of  forming  ions,  and  there- 
fore is  a  non-electrolyte  in  atiueous  solution,  while  sodium 
hydrate  dissociates  readily  iuto  hydroxyl  and  sodium 
ions,  and  these  are  capable  of  conveying  an  electric  cur- 
rent 

Sodium  hydrate  has  a  characteristic  action  in  the  tis- 
sues, causing  corrosion.  This  might  be  due  to  either 
the  sodium  or  the  hydroxyl  ion.  As  a  matter  of  fact, 
hoAvever,  the  sodium  ion  is  present  in  many  solutions 
which  are  devoid  of  corrosive  effects,  for  example,  in 
solutions  of  sodium  chloride  The  conclusion,  therefore, 
is  that  the  hydroxyl  ion  is  the  corrosive  in  this  case.    Alco- 
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hoi  has  no  such  corrosive  action  as  sodium  hydrate,  and 
this  corresponds  with  the  fact  that  alcohol  is  not  an  elec- 
trolyte, i.e.,  does  not  liberate  tlie  hydroxy  1  ion,  although 
it  contains  hydroxyl.  Many  other  similar  examples 
might  be  cited,  all  goiiii;  to  show  that  in  many  instances 
the  therapeutic  effects  of  a  body  aie  due.  not  to  the  mole- 
cule administered,  but  to  the  ious  into  which  it  dissociates 
in  the  fluids  of  the  body.  In  fact  in  administering  an 
electrolyte,  the  physician  gives  not  one  but  two  or  more 
substances,  which  may  each  effect  clianges  in  the  organ- 
ism. As  a  general  rule  in  therapeutics  one  ion  is  so 
powerful  that  the  other  may  be  neglected;  for  example, 
in  morphine  sulphate  the  alkaloidal  cation  is  so  active 
that  the  sulphate  ion  may  be  ignored,  and  the  stdphate 
has  therefore  the  same  effect  as  the  hydrochlorate  of 
morphine.  When  the  two  ions  are  more  equal  in  phar- 
macological activity,  however,  each  has  to  be  taken  into 
consideration;  for  example,  magnesium  sulphate  disso- 
ciates into  magnesium  and  sulphate  ions,  each  of  which 
has  a  retarding  influence  on  absorption  in  the  bowel, 
while  magnesium  chloride  similarly  forms  magnesium 
and  chloride  ions,  of  which  the  latter  is  indifferent  in  the 
liowel.  The  sulphate  of  magnesium  has  thus  a  more 
powerful  purgative  action  than  the  chloride,  and  is  also 
more  active  than  sodium  sulphate,  which  forms  the  pur- 
gative sulphate  and  the  indifferent  sodium  ions. 

Another  example  of  the  importance  of  ions  to  the  un- 
derstanding of  therapeutic  action  aud  to  its  successful 
pi'acticc  is  offered  by  the  bromides.  Potassium  and  so- 
dium bromides  have  a  depressant  action  on  the  central 
nervous  system,  and  as  this  is  absent  in  the  case  of  the 
chlorides  of  these  metals,  it  is  obviously  due  to  the  bro- 
mide ion.  Bromated  camphor  also  contains  bromine  in 
chemical  combination,  and  attempts  have  been  made  to 
substitute  it  for  the  bromides  as  a  depressjtnl.  But  bro- 
mated camphor  does  not  dissociate  and  no  bromide  ions 
are  formed,  so  that  whatever  properties  it  may  possess,  it 
cannot  be  compared  with  the  bronddes  of  potassium  or 
sodium. 

The  action  of  salts  depending  on  the  ious,  the  intensity 
naturally  varies  with  the  rate  of  dissociation.  This  is 
well  exemplified  in  the  local  effects  of  the  heavy  metals; 
such  salts  as  the  chlorides  and  nitrates,  which  dissociate 
readily,  are  much  more  active  locally  than  the  sulphates 
and  organic  salts  which  divide  i'  to  ious  less  rapidh', 
provided,  of  course,  that  all  are  equally  soluble  and  have 
no  special  characteristics,  such  as  deliquescence.  The 
newer  views  as  to  the  dis.sociationof  salts  and  the  impor- 
tant role  of  the  ions  explain  why  such  bodies  as  the  fer- 
rocyanides  have  the  etfects  neither  of  iron  nor  of  cya- 
nides, for  neither  iron  nor  c^-anide  ions  are  formed  from 
them  in  solution.  Similarly  the  cacodylates  differ  from 
arsenous  salts  because  they  do  not  liberate  the  arsenous 
ion  except  after  decomposition  in  the  bod}'.  Jsow  in  the 
case  of  potassium  arsenite.  the  arsenite  ion  is  the  active 
constituent,  aud  the  cacodylates  can  po.ssess  this  only 
when  they  are  broken  down  in  the  tissues  into  arsenous 
salts.  The  slowly  dissociating  salts  are  thus  often  used 
to  avoid  the  local  action  of  the  more  irritant  metals;  for 
example,  niauj-  of  the  recent  conipoimds  of  iron  have  the 
advantage  over  the  older  salts  of  causing  less  local  irrita- 
tion, while  they  have  iiractically  the  same  effect  on  the 
blood  formation  Similarly  several  new  preparations  of 
mercury  have  been  introduced  with  the  view  of  lessening 
the  local  action  on  the  stomach  and  bowel,  or  of  lessening 
the  irritation  induced  by  the  liy])oderiuic  injection  of 
mercury.  These  compoinids,  when  soluble,  are  more 
slowly  dissociated  than  corrosive  sublimate,  and.  there 
being  fewer  mercurv  ions  present  at  any  one  time,  the 
local  irritant  action  is  accordingly  reduced. 

The  disinfectant  action  of  the  heavy  metals  also  de- 
pends largely  upon  iouizatiou,  for  the  destruction  of  the 
germs  is  due  to  a  chemical  reaction  between  the  metal 
and  the  protoplasm  of  the  microbes ;  and  the  larger  the 
number  of  free  ions  the  greater  the  tendency  to  union. 
The  attempt  has  been  made  to  obtain  germicides  devoid 
of  ihe  local  irritant  action  by  forming  less  readily  disso- 
ciating s;dtsthan  tho.se  in  ordinary  us5.     A  large  number 


of  preparations  have  thus  been  introduced,  jiaitly  com- 
pounds with  organic  acids,  partly  with  iiroteid  bodies. 
But  as  the  irritant  and  the  germicidal  action  of  most 
metallic  compounds  depend  on  the  same  factor,  namely, 
the  free  ion.s,  it  seems  likely  that  the  lesser  decree  of  irri- 
tation induced  l)y  these  is  obtained  only  by  the  sacritice 
of  much  of  the  disinfectant  value. 

The  double  salts  are  much  less  readily  dissociated  than 
the  simple,  aud  not  infrequently  appear  to  liberate  some- 
what complicated  ions,  as  iu  the  case  of  the  ferroevanides 
noted  above.  They  are  therefore  largely  devoid  of  the 
local  action  of  the  parent  substances,  and  this  may  be 
taken  advantage  of  in  therapeutics  occa.sionally. 

When  two  salts  which  have  one  ion  in  common  are 
dissolve<l  together  in  water,  the  dissociation  is  consider- 
ably reduced.  For  example,  if  corrosive  sublimate  be 
dissolved  along  with  sodium  chloride,  the  former  is  less 
dissociated  than  if  it  were  dissolved  alone  in  the  same 
amount  of  water.  In  accordance  with  this  general  rule, 
it  is  found  that  the  addition  of  soditun  chloride  to  a  mer- 
curic percbloride  solution  lessens  both  its  irritant  and  its 
germicidal  power,  and  in  cases  in  which  it  is  desirable  to 
mitigate  the  former,  and  in  which  the  latter  is  of  no  im- 
portance, as  in  the  treatment  of  syphilis  by  the  hypoder- 
mic method,  this  mixture  may  be  used  instead  of  the 
pure  mercuric  salt. 

The  complete  treatment  of  the  dissociation  of  salts 
would  involve  a  large  part  of  pharmacologj'  and  thera- 
peutics, in  which  the  importance  of  the  phenomenon  is 
daily  becoming  more  evident.  The  inorganic  materia 
medica  is  more  dependent  on  the  principle  than  the  or- 
ganic, as  the  dissociation  is  much  more  complete  iu  the 
former.  It  is  pos.sible  to  exaggerate  the  importance  of 
the  new  law,  however,  for  many  of  the  facts  and  prin- 
ciples of  therapeutics  remain  unaltered  by  its  introduc- 
tion. For  example,  it  is  undoubtedly  more  in  accord 
with  modern  theory  to  attribute  the  effects  in  epilepsy  to 
the  bromide  ion  than  to  the  bromides,  as  was  formerlj' 
done,  but  this  is  after  all  a  matter  of  nomenclature,  and 
it  is  perhaps  necessary  at  the  present  time  to  remember 
that  there  was  a  science  and  practice  of  therapeutics 
before  the  ion  theory  was  broached.  On  the  other  hand, 
there  can  be  no  question  that  it  has  thrown  much  light 
on  many  questions,  and  removed  many  misconceptions. 
In  the  case  of  the  bromides,  for  example,  it  is  scarcely 
possible  to  maintain  at  the  present  time  that  the  bromide 
of  ammonium  is  superior  to  that  of  sodium,  except  pos- 
sibly in  regard  to  the  local  action  on  the  alimentary  tract, 
for  in  each  case  the  active  constituent  is  the  bromide  ion, 
and  this  is  equally  readily  furnished  by  either  salt. 

In  i)h3'siology  and  biology  generally  the  theory  of  ions 
Is  of  great  importance,  as  is  at  once  apparent  from  the 
fact  that  the  fluids  and  tissues  of  the  body  can  only  con- 
duct the  electric  current  through  the  presence  of  ions. 
Every  electric  stimulus  causes  a  change  in  their  distribu- 
tion, and  every  electrical  discharge  (and  electrical  changes 
accompany  every  movement  and  every  other  form  of 
activit}')  is  intimately  connected  with  the  presence  of 
free  ions,  aud  iu  fact  is  possible  only  in  their  presence. 
The  whole  of  electro-physiology,  an<l  naturall}'  of  electro- 
therapeutics, has  thus  to  be  based  on  the  ionic  theory,  and 
the  fact  that  every  life  ju'occss  so  far  investigated  has 
proved  to  be  accompanied  by  electric  changes  indicates 
that  the  presence  of  free  ions  is  necessary  to  life  itself. 
This  of  course  agrees  w  itli  the  fact  that  inorganic  salts 
are  present  in  every  living  tissue. 

Not  only  do  living  tissues  require  tJie  presence  of  free 
ions,  but  even  dead  colloid  material  is  altered  very  re- 
markably by  them.  And  certain  facts  have  recently  been 
brought  out  in  regard  to  the  dependence  of  the  proteids 
on  certain  ions  which  promise  to  have  a  far-reaching  in- 
fluence on  biology  and  hence  on  medical  science.  It  has 
long  been  known  that  many  proteids.  notablj'  the  globu- 
lins, are  precipitated  from  solution  when  such  salts  as  the 
sulphatesof  magnesium  or  ammonium  are  added  to  them. 
But  Hardy  has  recently  shown  that  the  precipitation  and 
solution  (if  colloids,  stich  as  the  proteids,  depend  largely 
on  the  valency  of  the  ions  present  iu  the  solution.     Thus 
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bivalcut  cations  precipitate  some  colloids  in  comparative- 
ly small  quaiitilics.  aud  trivalent  callous  are  still  more 
etlicaciijus,  while  monovalent  cations  tend  to  keep  them 
in  sohilion  or  liave  a  very  nuich  smaller  precipitating  ac- 
tion. The  bivalent  and"  still  more  the  trivalent  cations 
thus  tend  to  oppose  the  monovalent  cations  in  regard  to 
colloid  solubility;  aud  as  ions  are  necessary  to  the  life 
phenomena.  I  he  "monovalent  mu.st  be  counterbalanced  by 
the  bivalent  in  the  tissues,  for  either  of  these  alone  would 
teud  to  change  the  colloiils  from  the  normal  condition  to 
one  of  excessive  or  deficient  lluidity. 

A  good  deal  of  interest  has  Ijeen  aroused  in  regard  to 
the  antagonistic  action  of  ions  in  living  tissues,  which  is 
found  to  present  some  similarity  to  that  described  by 
Hardy  in  <leail  colloid  matter.  The  organ  examined  with 
most  "care  in  tliis  relation  is  the  frog's  heart,  a  very  sen- 
sitive reagent  tochangcs  in  its  environment.  It  has  long 
been  known  that  the^  excised  frog's  heart  will  beat  for 
a  long  time  when  supplied  with  oxygenated  blood  or 
serum"  aud  also  in  fluids  containing  no  organic  matter, 
but  merely  the  inorganic  salts  of  serum.  On  the  other 
hand,  solutions  of  nou -electrolytes,  such  as  sugar,  fail  to 
maiulain  the  contractions.  The  presence  of  ions  iu  the 
perfusing  fluid  is  therefore  necessary  to  maintaiu  the 
heart  inactivity.  But  all  ions  are  not  equally  efficient, 
for  a  certain  amount  of  sodium  chloride  is  found  to  main- 
tain the  eoutnictions  louger  than  any  other  single  salt. 
The  contractions  very  soon  become  weaker  in  sodium 
chloride  solution,  however,  and  finally  the  heart  is  ar- 
rested. But  this  arrest  may  be  prevented  if  tlic  solution 
contain  inaddititm  to  sodium  chloride  a  trace  of  a  calcium 
salt;  on  the  other  hand,  a  heart  which  has  ceased  to  beat 
in  sodium  chloride  solution  maybe  induced  to  resume  its 
pulsations  if  calcium  be  added  to  the  perfusing  solution. 
This  phenomenon  was  first  noted  b.v  Ringer,*  and  has 
been  coufirmed  by  all  subsequent  observers;  but  views 
difler  as  to  the  interpretation  to  be  given  it.  Howell  has 
upheld  the  theory  that  sodium  and  calcium  are  both  nec- 
essary to  the  heart,  and  that  when  sodium  chloride  solu- 
tion is  perfused  alone,  the  calcium  in  the  heart  muscle 
diffuses  out  and  is  washed  aw'ay  and  the  heart  ceases 
from  its  losing  one  of  the  necessary  constituents,  calcium. 
In  support  of  this  view  he  has  shown  that  when  the  lime 
ions  are  removed  by  other  means,  e.g.,  by  precipitating 
them  with  oxalates,  the  heart  ceases  to  beat. 

Loeb,  on  the  other  hand,  holds  that  the  heart  can  only 
beat  in  solutions  of  electrolytes,  and  that  the  least  poison- 
ous of  these  is  formed  by  sodium  aud  chloride  ious. 
Even  these  are  not  altogether  harmless,  however,  and 
after  a  time  the  heart  ceases  from  poisoning  with  the  so- 
dium ion  Calcium  ions  are  antagonistic  to  sodium,  and 
the  addition  of  lime  salts  therefore  reinstates  the  contrac- 
tions. To  put  it  shorth'.  the  heart  ceases  iu  sodium 
chloride  solution  because,  according  to  one  view,  a  neces- 
sar}'  constituent,  calcium,  is  all  washed  out,  according  to 
the  other,  because  the  sodium  is  poisonous  and  has  to  be 
antagouized  hy  the  lime.  Loeb's  view  appears,  at  first 
sight,  the  less  plausible  of  the  two,  because  it  has  been 
held  that  sodium  chloride  is  a  perfectly  indifferent  sub- 
stance to  animal  tissues.  It  must,  however,  be  remem- 
bered that  here  there  is  always  sufficieut  calcimn  jiresent 
to  neutralize  any  poisonous  action  of  the  sodium,  aud  this 
argument  has  therefore  little  weight.  On  the  other  hand, 
he  has  brought  forward  some  very  telling  facts  iu  its 
favor  in  his  investigations  of  other  organs  than  the  heart. 
■Without  going  into  all  of  these,  it  may  be  mentioned 
that  he  found  striated  muscle  undergo  irregular  twitch- 
ing contractions  in  sodium  chloride  solutiou.  but  these 
were  arrested  by  calcium  and  other  bivalent  salts,  so  that 
the  phenomenon  is  not  confined  to  the  heart  muscle. 
Loeb  found  a  small  fish,  fuudulus,  which  lives  in  sea 
water  or  in  distilled  water  indifferently,  but  dies  in  a 
solution  of  sodium  chloride  of  the  same  density  as  sea 

*  Itinper's  solution,  n-liicti  lias  bPen  widelv  used  in  physiolotrv  as 
tliut  most  suitalile  for  eoiisirving  the  life  of  tissues,  contaiiis  sodium, 
potassium,  calcium,  chloride,  phosphate  and  carbonate  ions  and  is 
made  up  of  100  c.c.  of  0.7.i-per-cent.  NaCl.  5  c.c.  of  C.2.'>-pei-cent. 
CaClj.  2.5  c.c.  of  O.o-per-cent.  NaHCOs  and  0.75  c.c.  one-per-cent.  KCl. 


water.  This  can  only  be  interpreted  as  indicating  that 
there  is  something  present  iu  sea  water  which  prevents 
the  poisonous  action  of  sodium  chloiide.  On  investigat- 
ing the  subject  further  he  found  that  in  a  solution  of 
sodium  chloriile.  to  wliich  traces  of  calcium  salts  were 
added,  the  fuudulus  and  its  eggs  lived  as  well  as  in  sea 
water.  The  conclusion  is  inevitable  that  the  lime  nor- 
mallj'  present  in  sea  water  antagonizes  the  poisonous  ac 
tion  of  sodium  chloride  in  this  case.  The  ])arallel  be- 
tweeu  the  behavior  of  tills  animal  and  that  of  the  frog's 
heart  aud  other  organs  is  so  close  as  to  form  an  important 
support  for  Loeb's  theory  of  the  interaction  of  the  ions. 
It  may  be  added  that  numerous  examples  of  a  siiuilar 
antagonism  are  alrearly  known  in  more  complicateil  ions 
than  sodium  and  calcium.  Thus  the  antagonism  of  atro- 
pine and  pilocarpine,  of  curarine  aud  physostigmine  in 
striated  muscles,  and  of  the  ceutral  nervous  depressants 
and  strychnine  is  similar,  although  these  differ  in  not 
being  essential  to  the  function  of  the  organs  on  which 
thej-  act. 

It  is  to  be  noted  that  in  theca.se  of  fuudulus,  the  action 
of  sodium  chloride  is  antagonized  by  a  comparatively 
minute  amount  of  calcium,  and  also  by  corresponding 
small  quantities  of  other  bivalent  and  trivalent  ions,  such 
as  those  of  barium,  strontium,  lead,  zinc,  chromium,  and 
alum.  Similarly  calcium  removes  or  lessens  the  poison- 
ous effects  of  potassium  salts  on  the  heart,  and  the  potas- 
sium ion  is  also  necessary  to  the  normal  contraction,  so 
that  the  autagouism  is  believed  b_v  some  observers  to  be 
related  to  the  valency  of  the  luetailic  ion.  The  fact  that 
electrolytes  are  necessary  to  the  heart  and  other  organs 
suggested  to  Loeb  and  Mathews  the  view  that  the  autag- 
ouism is  due,  at  any  rate  in  part,  to  the  electric  charge 
carried  by  the  ious,  but  this  is  very  far  from  being  proved 
or  from  being  generally  accepted.  For  it  has  been  found 
that  striated  muscle,  which  undergoes  abnormal  contrac- 
tions in  solutions  of  several  monovalent  salts,  fails  to  do 
so  in  all ;  and  while  the  contractions  are  arrested  by  some 
bivalent  metals,  others  have  not  this  effect.  The  conclu- 
sion seems  justified  that  the  antagonistic  effects  are  not 
immediately  associated  with  the  valencj"  or  the  electric 
charge,  but  are  the  results  of  some  unknown  special  rela- 
tion between  the  ions  and  the  protoplasm,  the.se  relations 
differing  in  dilferent  organs  and  for  different  metals.  In 
other  words,  the  calcium-sodium  antagonism  appears  to 
be  of  the  same  nature  as  the  atropine-pilocarpine  one,  and 
is  equally  inexplicable  iu  the  present  stage  of  knowledge. 

While  each  of  the  cations  alone  is  poisonous  and  has  to 
be  antagonized  b.v  some  other  cation,  ions  are  necessary 
to  the  life  processes.  Protoplasm  can  exist  then  ouly  in 
the  presence  of  a  number  of  different  salts,  of  which  the 
chief  liberate  sodium,  chloride,  calcium,  and  potassium 
ions.  The  poisonous  efl'ects  of  .sodium  are  counteracted 
by  very  small  quantities  of  calcium,  the  ratio  obtaining 
between  those  in  the  best  media  being  about  1,000  to  1. 

An  electric  current  can  be  conducted  through  a  watery 
solution  only  by  means  of  the  ions  at  liberty  in  it.  The 
extent  of  dissociation  in  the  fluid  may  therefore  be  esti- 
mated by  the  conductivity  of  the  solution  or  iuversel_v  by 
the  resistance  met  by  the  current.  As  long  as  there  is 
only  one  salt  iu  solution  the  calculation  is  simple  and  the 
results  are  unequivocal.  And  however  many  bodies  are 
in  solution,  the  amount  of  dissociation  may  be  estimated, 
although  if  large  amounts  of  undissociable  matter  (non- 
electrolj'tes)  be  present  the  results  are  too  low.  But  such 
estimations  give  no  clew  to  the  nature  or  relative  amounts 
of  the  salts  in  solutiou.  Some  efforts  have  been  made  to 
apply  this  luethod  to  the  examination  of  the  urine  and 
the  blood  in  the  hope  that  light  might  be  thrown  on  the 
condition  of  the  kidney  by  its  meaus.  As  a  matter  of 
fact,  however,  the  urine  is  much  too  complex  in  its  com- 
position to  permit  of  results  of  much  value  being  ob- 
tained. The  chief  electrolytes  liere  are  the  chlorides, 
and  a  small  variation  in  their  percentage  may  induce  a 
large  deviation  in  the  resistance,  while  if  the  chlorides 
vary  in  one  direction  and  the  other  salts  in  the  opposite, 
the  resistance  may  remain  almost  unchanged  iu  spite  of 
great  alterations  in*  the  composition  of  the  urine.     The 
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cbief  nou-electrulyte  is  the  urea,  and  its  presence  in  large 
amount  may  increase  the  resistance  witliout  any  maikecl 
cliange  in  the  amount  of  salts  or  their  dissociation  having 
occurred.  The  method  cannot  therefore  be  regarded  as 
replacing  the  chemical  analysis  of  the  urine,  for  its  re- 
sults ai'e  of  a  totally  ditferent  kind.  And  it  has  not  been 
shown  by  observation  that  the  results  obtained  bj'  meas- 
uring the  electrical  resistance  can  be  utilized  for  diagno- 
sis or  to  indicate  the  value  of  therapeutic  measures. 

Diffusion  and  Osmotic  Prtssurc. — When  distilled  water 
is  carefully  poured  upon  a  solution  of  sugar  so  that  the 
two  liquids  do  not  immediately  mi.\,  the  sugar  molecules 
soon  begin  to  penetrate  into  the  pure  water,  and  after  a 
sufficient  lajise  of  time  the  contents  of  the  vessel  become 
homogeneous,  the  percentage  of  sugar  in  what  was  dis- 
tilled water  being  the  same  as  in  the  part  corresponding 
to  the  original  solution.  The  explanation  is  that  the 
molecules  are  in  constant  movement  and,  diffusing  in  all 
directions,  some  of  them  penetrate  into  the  pure  water, 
and  this  process  goes  on  until  the  latter  contains  as  man)' 
particles  as  tiie  original.  The  movement  still  continues, 
but  now  as  many  molecules  diffuse  back  into  the  lower 
layer  as  into  the  upper  so  that  ecjuilibrium  is  maintained. 
The  process  is  the  same  as  that  seen  when  a  ciystal  of. 
sugar  is  dissolved,  for  here  also  the  constituent  molecules 
leave  each  other  and  wander  throughout  the  fluid. 

When  a  membrane  is  stretched  between  the  two  fluids, 
the  resiUt  varies. with  its  character.  If  the  membrane 
offers  no  resistance  to  the  passage  of  water  and  sugar, 
the  same  phenomenon  is  observed  as  if  they  were  not 
separated  by  a  membrane;  the  fluid  on  each  side  becomes 
homogeneous,  although  this  generally  takes  more  time, 
owing  to  the  fact  that  currents  are  less  liable  to  aid  the 
process  If  the  membrane  be  permeable  to  neither  sugar 
nor  water,  of  course  the  fluids  remain  completelj' isolated 
and  unchanged.  On  the  other  hand,  some  membranes, 
known  as  semipermeable  membranes,  permit  the  passage 
of  water  and  not  of  sugar.  For  the  sake  of  clearness, 
suppose  that  a  solution  of  sugar  be  placed  in  the  upper 
ves.sel  of  a  diffusion  ajiparatus  with  a  semipermeable 
membrane,  and  distilled  water  in  the  lower  In  this  case 
the  molecules  of  water  in  the  lower  vessel  can  penetrate 
into  the  upper,  while  on  the  other  hand  those  in  the 
upper  canuot  escape  into  the  lower.  The  reason  for  this 
is  simple ;  for  if  water  escajied  from  the  sugar  solution 
witliout  an  equivalent  amount  of  the  sugar,  the  solution 
would  be  more  concentrated.  Now  in  order  to  concen- 
trate the  sugar  solution,  work  has  to  be  done;  for  e.\- 
aniple,  it  may  be  concentrated  by  heating  it.  But  in  the 
diffusion  apparatus  tliereis  no  source  of  energy  available 
for  concentration,  and  the  result  is  that  the  water  cannot 
escape  from  the  upper  vessel.  On  the  other  hand,  the 
membrane  being  permeable  for  water,  the  molecules  in 
the  lower  ves.sel  find  no  difficulty  in  entering  the  upper. 
The  result  is  that  the  sugar  solution  becomes  more  dilute, 
while  the  water  in  the  lower  vessel  diminishes  in  volume 
until  it  may  disappear  altogether.  If  sufficient  pressure 
be  applied  to  the  sugar  solution,  the  water  will  cease  to 
enter  it  from  the  lower,  and  the  amount  of  pressure  which 
suffices  to  arrest  the  movement  of  the  water  is  known  as 
the  osmotic press}ire  or  osmotic  tension  of  the  sugar  solution. 
The  phenomenon  is  known  as  osmosis,  but  it  must  be 
recognized  that  osiuosis  is  merely  a  diffusion  under  spe- 
cial circumstances,  for  the  whole  is  due  to  the  movement 
of  molecules,  all  of  which  are  free  in  ordinary  diffusion, 
while  some  of  them  {e.y.,  sugar  in  the  above  e-\ampie)are 
restricted  in  their  movements  in  osmosis. 

The  osmotic  pressure  is  found  to  vary  directly  with  the 
number  of  molecides  in  the  solution,  a  concentrated  solu- 
tion causing  a  more  rapid  flow  and  a  higher  pressure  than 
a  more  dilute  one.  Thusa  one-percent,  solution  of  cane 
sugar  e.xercisesR,  pressure  of  53.5  mm.  of  mercury,  a  two- 
per-oent.  of  1,070  mm.,  and  so  on.  The  pressure  exer- 
cised by  even  dilute  solutions  is  very  considerable,  as  is 
seen  on  transforming  these  figures  into  atmospheres,  for 
a  two-per-cent.  sugar  solution  is  then  found  to  give  a 
pressure  of  nearly  one  and  a  half  atmospheres.  This  is 
even   more   remarkable  when  a  smaller  moleeiile   than 
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sugar  is  chosen.  Thus  a  one-percent,  solution  of  potas- 
sium nitrate  exercises  a  pressure  of  over  three  atmos- 
pheres. As  the  pressure  depends  upon  the  concentration 
of  the  solution,  it  decreases  and  the  luovement  becomes 
slower  as  the  process  goes  on,  for  the  water  diffusing  into 
the  .sugar  solution  dilutes  it. 

As  osmosis  is  raerel_y  a  special  form  of  diffusion,  it 
follows  that  only  diffusible  and  dissolved  substances  can 
exercise  osmotic  pressure.  The  colloids,  such  as  pro- 
teids,  are  therefore  generally  believed  not  to  have  any  in- 
fluence ou  tlie  movement  of  fluids  because  they  are  not 
in  true  solution,  but  rather  in  a  state  of  suspension. 
Others  hold  that  though  in  solution,  tliey  e.xercise  no  ap- 
preciable tension  because  the  molecule  is  so  large.  As 
each  molecule  in  solution  has  the  same  osmotic  etTect,  it 
stands  to  reason  that  a  one-per-cent.  solution  of  sugar 
must  induce  an  imnienselj'  greater  pressure  than  a  one- 
per-cent.  solution  of  albumin,  because  the  number  of 
inoleeules  dissolved  in  the  former  is  so  much  greater. 
The  proteids  always  contain  a  certain  amount  of  soluble 
salts,  and  these  are  sufficient  to  cause  some  osmotic  ten- 
sion; so  that  it  is  not  yet  decided  which  explanation  is 
correct,  but  in  any  case  the  osmotic  pressure  of  the  pro- 
teids is  so  small  as  to  be  negligible. 

Veiy  often  membranes  are  met  which  offer  a  certain 
atnouut  of  resistance  to  the  passage  of  dissolved  diffusible 
bodies  while  allowing  water  to  pass  freely.  If  sneli  a 
membrane  separated  a  sugar  solution  and  water,  the  lat- 
ter w'ould  at  first  pass  through  into  the  solution  rapidly 
under  considerable  osmotic  pressure.  But  some  sugar 
also  passes  downward,  and  there  is  thus  formed  a  strong 
solution  of  sugar  above  rapidly  being  diluted  and  a  weak 
solution  of  sugar  below  rapidly  becoming  stronger  from 
the  continued  permeation  of  sugar  into  it  and  the  escape 
of  water  upward.  Finally  eqinlibrium  is  reached  by  the 
solutions  on  each  side  of  the  membrane  attainin.g  the 
same  concentration. 

The  same  principles  hold  when  solutions  are  present  on 
each  side  of  the  membrane,  the  direction  of  flow  being 
always  toward  that  side  ou  which  the  larger  luiniber  of 
molecules  are  present,  provided  the  membrane  is  semi- 
permeable. The  osmotic  pressure  is  determined  by  the 
difference  of  the  osmotic  pressures  of  the  two  solutions 
toward  distilled  water.  If  the  same  body  is  in  solution 
on  the  two  sides  of  a  permeable  membrane,  the  water 
tends  to  pass  toward  the  stronger  solution,  while  the  solid 
passes  in  the  opposite  direction  until  equilibrium  is 
reached.  "When  two  different  bodies  in  solution,  e.u., 
sugar  and  urea,  are  separated  by  a  membrane  which  is 
permeable  by  each  of  them,  they  diffuse  freely  through 
it  and  the  two  solutions  soon  become  identical,  each  con- 
taining the  same  percentage  of  urea  and  sugar.  If  the 
urea  can  penetrate  the  membrane  while  the  sugar  fails  to 
do  so,  the  osmotic  pressure  is  that  of  the  sugar  solution 
and  the  urea  solution  will  pass  toward  the  sugar  as  long 
as  the  latter  can  exert  appreciable  pressure.  In  other 
words,  no  osmotic  pressure  is  exerted  by  a  fluid  toward  a 
membrane  which  it  can  pass  through. 

When  neither  sugar  nor  urea  can  pass  through  the 
membrane,  the  water  passes  from  the  solution  containing 
the  smaller  number  of  molecules  toward  that  containing 
the  larger  number  until  eciuiiibrium  is  established  by 
each  solution  containing  the  same  number  of  molecules 
per  cent,  of  w-ater.  The  weaker  solution  is  often  known 
as  the  hypotonic  ox  liypoisotonic,  the  stronger  as  the  hyper- 
tonic or  hypensotonic .  while  two  solutions  possessing  the 
same  osmotic  ])ressure  are  known  as  isotonic  solutions. 

In  biology  the  problems  in  diffusion  are  much  more 
complex  tlian  the  examples  given  above,  but  they  all 
depend  on  these  general  rules.  In  the  first  place  the 
solutions  are  much  more  complicated,  containing  a  num- 
ber of  different  substances  in  solution;  in  the  second,  the 
membranes  are  neither  perfectly  penueable  nor  semiper- 
meable. They  permit  the  passage  of  some  of  the  constit- 
uents of  the  fluids,  but  as  a  general  rule  few  of  these  pass 
quite  freely,  and  the  amount  of  resistance  varies  with  each 
kind  of  molecvile.  Further  it  must  be  recognized  that  a 
dissociated  salt  exercises  not  the  osmotic  tension  of  a 
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molecule,  but  that  of  its  ions.  lu  a  dilute  solution  of 
sodium  chloride,  for  cxaniiilc  the  osmotic  pressure  is  not 
measured  bv  the  ninubcr  of  molecules,  for  each  ion  exer- 
cises the  .siiiiie  osmotic  elTect  as  a  molecule  of  sugar,  or  as 
an  undissociated  molecule  of  salt. 

Each  cell  in  tlie  body  may  be  conceived  as  the  inner 
vessel  of  a  dilTusion  apparatus,  separated  from  the  sur- 
rounding fluids  by  a  membrane,  for  though  this  mem- 
brane has  no  anatomical  existence,  the  colloid  nature  of 
protoplasm  lias  the  same  final  effect  as  if  the  cell  were 
surrounded  by  a  niembrane.  All  cells  are  permeable  by 
■water,  but  each  kind  of  cell  appears  to  differ  in  the  facil- 
ity with  which  it  permits  the  permeation  of  salts  and  the 
other  bodies  dissolved  in  the  body  fluids.  Some,  for  ex- 
ample, allow  the  passage  of  ammonium  readily,  while 
others  refuse  it  entrance.  Others  take  up  sodium  sul- 
phate as  readily  as  sodium  chloride,  wlule  others  accept 
the  latter  and  reject  the  former.  Now  if  the  intercellular 
fluid  contains  any  substance  which  is  not  capable  of  pene- 
trating the  cells,  it  must  exert  osmotic  pressure  on  the 
cell;  and  unless  this  pressure  is  counterbalanced  by  other 
bodies  in  the  interior  of  the  cell  which  similarly  cannot 
escape  from  it,  the  fluid  of  the  cell  will  be  drawn  out  and 
shrinkage  will  result.  Every  cell  in  the  body  then  must 
be  conceived  as  existing  in  a  condition  of  equilibrium, 
the  osmotic  tension  of  the  salts,  etc.,  in  its  interior  being 
pitted  against  that  of  the  surrounding  fluid,  and  the 
smallest  change  in  either  of  these  leading  to  an  inflow  or 
outflow  of  water  from  the  cell.  Now  such  changes  are 
continually  in  progress,  for  as  the  proteids  and  carbo- 
hydrates of  the  cells  are  broken  down  into  simpler  bodies, 
soluble  in  water,  each  molecule  so  formed  acquires 
osmotic  properties,  and  either  diffuses  freely  into  the  sur- 
rounding fluid,  or  causes  an  inflow  of  water  into  the  cell. 
In  either  case  the  equilibrium  is  disturbed  until  the  new 
product  is  removed  by  the  excretory  functions.  The  im- 
portance of  diffusion  and  osmosis  in  the  functions  of  the 
body  cannot  therefore  be  overestimated;  in  fact,  it  may 
be  said  that  while  the  more  obvious  movements  of  the 
fluids  of  the  body  are  determined  by  the  circulatory 
mechanism,  the  finer  but  no  less  important  exchange  be- 
tween the  cells  and  the  intercellular  fluid  is  in  large  part 
directed  by  the  laws  of  diffusion.  And  while  a  knowl- 
edge of  the  arteiial  supply  of  an  organ  is  recognized  to 
be  necessary  for  an  understanding  of  its  physiology  and 
pathology,  it  is  probably  no  less  desirable  to  ascertain  the 
permeability  of  its  cells  for  the  constituents  of  the  sur- 
rounding fluids.  The  osmotic  pressure  varying  with  the 
nature  of  the  membrane  or  cell,  and  also  with  the  salt  in 
solution,  the  only  way  to  determine  the  results  of  expos- 
ing the  cell  to  a  solution  of  the  salt  is  the  experimental, 
and  a  considerable  amount  of  work  has  been  done  in  this 
direction,  so  that  the  permeability  of  some  cells  is  known 
for  a  large  number  of  salts  and  other  bodies.  In  this 
metliod  of  procedure  the  cells  under  examination,  e.g., 
the  red  blood  cells,  are  exposed  to  solutions  of  different 
strengths,  and  the  concentration  which  induces  neither 
shrinking  nor  swelling  of  the  cell  is  ascertained.  This 
concentration  is  that  balanced  by  the  intracellular  fluid, 
and  the  solution  is  said  to  be  isotonic  for  that  cell.  The 
salt  in  solution  must  obviously  fail  to  penetrate  the  cell, 
or  do  so  only  extremely  slowly,  for  if  it  permeates 
freely  the  water  in  which  it  is  dissolved  will  also  pass 
into  the  cell  and  expand  it.  In  such  an  isotonic  solution 
the  number  of  molecules  percent  is  exactly  equal  to  that 
in  the  interior  of  the  cell,  and  a  solution  containing  the 
same  number  of  molecules  and  ions  of  any  other  non- 
permeating  salt  will  also  be  isotonic  and  cau.se  no  change 
in  the  size  of  the  cell.  For  example,  if  a  0.75-per-cent. 
solution  of  sodium  chloride  has  been  found  isotonic  for 
the  blood  cells,  an  equivalent  solution  of  sodium  sulphate 
or  of  ammonium  chloride  will  also  preserve  the  size  of 
the  cells  unchanged,  provided  these  salts  are  equally  in- 
capable of  permeating  the  cell.  If  one  of  these,  e.g.,  that 
of  ammonium  chloride  causes  swelling  of  the  cell  and  the 
escape  of  luemoglobin,  then  this  salt  must  permeate  more 
freely  than  .sodium  chloride. 

In  the  case  of  non-dissociating  bodies,  such  as  alcohol, 


sugar,  or  urea,  equimolecular  isotonic  solutions  can  be 
made  by  calculating  the  atomic  weights.  In  the  case  of 
the  salts  this  method  fails,  for  the  dissociation  varies  for 
different  salts  and  for  different  dilutions,  and  each  ion 
exercises  the  osmotic  pressure  of  a  molecule.  Other 
methods  have  therefore  been  adopted,  and  of  these  the 
estimation  of  the  depression  of  the  freezing  point  has 
come  into  general  use  in  the  last  few  years.  This  method, 
it  must  be  emphasized,  does  not  indicate  the  osmotic 
pressure  for  all  membranes,  nor  the  permeating  qualities 
of  the  substance,  but  only  the  total  number  of  molecules 
and  ions  in  the  solution.  It  dejiends  upon  the  fact  that 
solutions  containing  the  same  total  number  of  ions  and 
molecules  per  cent,  freeze  at  the  same  temperature, 
which  is  lower  than  that  at  which  distilled  water  freezes 
to  ice.  If  two  solutions  lower  the  freezing  point  an  equal 
extent  below  0°  C,  therefore,  they  contain  the  same  num- 
ber of  ions  and  molecules,  and  are  isotonic  toward  a  semi- 
permeable membrane.  The  estimations  are  made  by 
means  of  thermometers  reading  to  ^^j"  C,  and  allowing 
of  approximations  to  3-5^5'  C,  and  with  some  care  and 
practice  m  the  method  very  exact  determinations  may  be 
made.  A  very  extensive  use  of  this  freezing  method  has 
been  made  in  experimental  work,  and  some  results  have 
also  been  obtained  in  clinical  medicine,  bvit  the  details  of 
the  method  can  only  be  given  in  works  dealing  specially 
with  this  subject.  The  depression  of  the  freezing  point  of 
any  solution  below  that  of  pure  water  is  generally  ex- 
pressed bj'  the  symbol  A .  If  the  salt  is  not  capable  of 
penetrating  a  cell,  its  osmotic  pressure  varies  with  the  A 
of  the  solution,  i.e.,  with  the  concentration  of  molecules 
and  ions,  andif  two  solutions  of  non-permeating  salts  have 
the  same  a,  their  influence  on  the  movement  of  the  fluid 
of  the  cell  will  be  equal.  On  the  other  hand,  if  the  salt 
permeates  without  difficulty,  the  A  is  of  no  siguiflcance 
in  regard  to  the  effects  of  tlie  solution  on  the  cells. 

The  relations  of  the  salts  to  the  tissues  has  been  worked 
out  in  most  detail  in  the  case  of  the  red  blood  cells.  It  is 
found  that  in  a  0.7.5-per-cent.  solution  of  sodium  chloride, 
the  cells  maintain  their  form  and  size  unchanged,  i.e.,  the 
salt  fails  to  penetrate  the  cells  and  exercises  the  same 
osmotic  pressure  as  the  diffusible  contents  of  the  cells,  or 
is  isotonic  with  the  fluid  in  the  interior  of  the  cell.  If 
the  cells  be  exposed  to  pure  water,  they  swell  up  and  dis- 
charge their  haemoglobin,  and  the  same  occurs  in  weak 
(hypotonic)  solutions  of  sodium  chloride.  The  Siilt  here 
beipg  in  lower  concentration  than  the  contents  of  the 
corpuscles,  a  cunent  of  water  sets  inward  toward  the 
stronger  solution.  In  solutions  of  greater  concentration 
than  0.7.5  per  cent.  (h)"pertonic  solutions)  the  cells  shrink 
from  the  loss  of  water,  which  flows  outward  toward  the 
stronger  solution.  Similar  phenomena  are  seen  when 
other  salts  of  the  fixed  alkalies  are  employed,  so  that 
these  salts  appear  to  be  unable  to  penetrate  the  corpus- 
cles except  to  a  very  slight  extent. 

In  solutions  of  ammonium  chloride,  on  the  other  hand, 
the  cellsswell  upand  lose  their  haemoglobin,  whether  the 
solution  be  isotonic  with  0.75-pcr-cent.  NaCl,  or  much 
stronger.  The  conclusion  is  tliat  the  ammonium  chloride 
can  penetrate  the  cells  and  thus  exercises  no  osmotic 
resistance  to  the  entrance  of  water,  so  that  the  effect  of 
ammonium  chloride  solution  is  practically  identical  with 
that  of  pure  water.  Many  other  ammonium  salts  resem- 
ble the  chloride  in  penetrating  the  red  blood  corpuscles; 
but  others,  such  as  the  sulphate  and  phosphate,  fail  to 
enter  the  cell  entirely,  or  penetrate  with  great  difficulty. 
The  sulphate  and  phosphate  ions,  therefore,  like  the  so- 
dium and  potassium  ions,  are  non-permeating,  and  exer- 
cise osmotic  pressure  on  the  cell  wall.  Unless  both  ions 
of  a  salt  can  enter  the  cell,  neither  does  so.  Many  non- 
electrolytes,  such  as  urea  and  compound  ammonias,  ap- 
pear to  enter  the  blood  cells  freely. 

The  absorption  of  salt  solutions  in  the  intestine  also 
presents  an  interesting  example  of  the  importance  of 
diffusion  in  vital  processes.  A  solution  of  sodium  chlo- 
ride isotonic  with  the  blood  is  absorbed  readily,  whence  it 
is  inferred  that  sodium  chloride  can  penetrate  the  mucous 
membrane.     A  hypotonic  solution  is  similarly  taken  up 
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easily,  and  still  more  readily  pure  water.  A  hypertonic 
solution,  on  the  other  hand,  disappears  from  the  bowel 
more  slowly,  and  very  often  the  fluid  tirst  increases  in  the 
lumen  until  it  has  become  almost  isotonic  with  the  blood. 
and  onl_v  then  disappeare  into  the  tissues.  The  sodium 
chloride  does  not,  therefore,  permeate  the  Ijowel  wall 
without  resistance,  otherwise  a  h3'pertonic  solution 
would  be  taken  up  as  quickly  as  distilled  water.  On  the 
contrarj',  a  iiypertonic  solution  tirst  exercises  osmotic 
pressure  on  the  cells  and  causes  them  to  lose  water.  At 
the  same  time  some  of  the  chloride  has  disappeared  into 
the  cells,  and  the  solution  remaining  is  diluted  with  the 
water  exuding,  until  it  is  so  weak  that  the  osmotic  resis- 
tance is  overcome  bj'  the  absorbing  forces  and  the  whole 
is  absorbed  into  the  blood. 

When  the  sulphate  of  sodium  passes  into  the  bowel  in 
solution,  this  feature  is  still  more  marked.  An  isotonic  so- 
lution has  little  tendency  to  be  absorbed,  and  on  the  other 
hand  is  not  increased  in  volume,  the  solution  in  the  bowel 
counterbalancing  the  osmotic  pressure  of  the  cell  contents. 
A  hypotonic  solution  decreases  slowly  because  its  os- 
motic pressure  is  less  than  that  of  the  cell  contents,  and 
water  therefore  tends  to  pass  from  the  weaker  fluid  in  the 
lumen  to  the  stronger  in  the  blood ;  but  the  fluid  escapes  ' 
from  the  bowel  much  more  slowly  than  in  the  case  of 
an  hypotonic  solution  of  sodium  chloride.  K  hyper- 
tonic solutions  be  used,  the  bulk  is  at  tirst  much  increased 
owing  to  fluid  from  the  blood  escaping  into  the  stronger 
solution.  Finally  the  sulphate  solution  lieconies  isotonic 
with  the  blood  and  is  very  slowly  absorbed  if  the  weight 
of  the  fluid  in  the  bowel  does  not  set  up  reflex  peristalsis 
and  cause  evacuation.  This  slow  absorption  from  the 
bowel  is  still  more  marked  in  the  case  of  magnesium  sul- 
phate, in  which  both  ions  appear  to  be  taken  up  with  re- 
luctance by  the  mucous  membrane.  As  these  salts  fail 
to  leave  the  bowel  and  retain  the  water  in  which  they  are 
dissolved,  they  render  the  contents  more  fluid  than  usual, 
and  the  unusual  weight  and  distention  cause  peristaltic 
movements  and  evacuation.  The  purgative  action  of  the 
saline  cathartics  arises  from  the  difficulty  with  which 
they  enter  the  epithelial  cells.  It  is  to  be  remarked  that 
here,  as  in  the  case  of  the  red  blood  cells,  the  sulphates 
diffuse  with  greater  difliculty  than  the  chlorides;  on  the 
other  hand,  the  chlorides  of  the  fixed  alkalies  are  taken 
up  freely  by  the  bowel  wall,  while  they  fail  to  permeate 
into  the  corjiuscles,  and  the  oxalate  of  ammonium,  which 
penetrates  the  blood  cells,  is  rejected  by  the  epithelium. 

The  presence  of  the  salt  solution  in  the  stomach  and 
intestine  inducing  such  movements  of  fluid  into  the  bowel 
and  back  into  the  blood,  naturally  causes  considerable 
disturbance  in  the  distribution  of  the  fluids  of  the  body. 
When  a  strong  sulphate  solution  is  diluted  by  fluid 
poured  into  the  intestine,  for  example,  this  fluid  comes 
from  the  blood  and  indirectly  from  the  fluids  of  the  tis- 
sues. A  similar  exchange  without  doubt  follows  the  ab- 
sorption of  salt  solutions  into  the  blood,  but  this  is  diffi- 
cult to  follow  experiraentall}'.  When  salt  solutions  are 
injected  into  the  blood-vessels,  however,  it  is  found  that 
there  is  a  marked  disturbance  of  the  equilibrium  of  the 
tissues.  If  the  solution  is  hyjiertonic,  there  is  a  flow 
from  the  lymph  spaces  toward  the  blood  which  continues 
until  the  plasma  recovers  its  normal  density  The  cur- 
rent then  is  found  flowing  in  the  ojiposite  direction  from 
the  blood-vessels  into  the  tissues.  The  lymph  measured 
in  the  thoracic  duct  is  found  to  be  lessened  at  first  owing 
to  the  iuflow  into  the  vessels,  but  later  more  13'niph  passes 
along  the  duct  than  usual,  owing  to  the  current  of  fluid 
passing  toward  the  tissues  from  the  blood. 

The  injection  of  salts  into  the  blood-vessels  or  their  ab- 
sorption from  the  bowel  leads  to  considerable  diuresis. 
The  explanation  of  this  diuresis  is  still  a  matter  of  dis- 
cussion, but  there  can  be  no  question  that  the  difi:usion 
and  osmotic  properties  of  the  .salts  play  an  important 
role  in  this  result.  The  accumulation  of  fluid  in  the 
blood  at  the  expense  of  the  tissues  naturally  leads  to  an 
unusual  bulk  of  the  contents  of  the  blood-vessels,  and 
this  in  turn  to  an  increased  pressure  in  the  cajiillaries. 
This  engorgement  of  the  vessels  cannot  be  relieved  by  an 


outflow  into  the  tissues,  for  this  is  prevented  by  the  cur- 
rent of  lymph  pouring  into  the  vessels.  Only  one  way 
of  escape  remains,  that  through  the  kidne_ys,  and  the  in- 
flow of  lynqih  is  therefore  accompanied  and  followed  by 
diuresis,  which  is  thus  in  large  part  explained  by  the 
physical  forces,  although  there  is  doubtless  much"  still 
obscure  in  the  process.  Different  salts  vary  in  their 
diuretic  properties,  and  this  might  at  first  seem  to  indi- 
cate that  the  diffusion  was  of  secondary  importance. 
As  a  matter  of  fact,  however,  many  of  these  differences 
can  be  explained  by  varying  rates  of  diffusion.  For  ex- 
ample, the  sulphates  are  as  a  general  rule  inferior  diu- 
retics when  given  per  os,  because  they  fail  to  reach  the 
blood  for  the  most  part  from  their  cathartic  action.  On 
the  other  hand,  sulphate  of  sodium,  injected  intrave- 
nously, causes  much  greater  diuresis  than  an  equiniolecu- 
lar  solution  of  sodium  chloride,  even  if  it  causes  the  same 
inflow  into  the  vessels  and  the  same  degree  of  hydra-mia. 
This  has  been  explained,  however,  by  the  renal  tubules 
failing  to  absorb  the  sulphate,  while  "taking  up  the  chlo- 
ride readily.  If  this  is  the  case,  as  ajipears  very  prob- 
able, the  sulphate  failing  to  penetrate  the  renal  "tubules 
and  thus  return  to  the  blood,  must  hold  a  certain  amount 
of  water  in  the  tubules  which  would  otherwise  return 
to  the  blood.  The  chloride,  on  the  other  hand,  returns 
readily  through  the  epithelium  liniug  the  tubules,  and 
thus  retains  less  water  in  the  tubules  and  causes  less 
diuresis  In  this  view  the  epithelium  of  the  tubules 
resembles  that  of  the  intestine  in  repelling  sulphates  and 
phosphates  and  admitting  chlorides  readily,  but  differs 
from  it  in  showing  little  avidity  for  urea  and  sugar. 

The  urine  is  generally  a  much  more  concentrated  fluid 
than  the  blood ;  that  is,  it  contains  a  larger  number  of 
molecules  and  ions.  The  kidney  must  thus  do  a  con- 
siderable amount  of  work  in  concentrating  such  a  fluid 
from  the  more  dilute  blood  plasma,  and  l)y  estimating 
the  A  of  the  blood,  which  is  remarkably  constant  (about 
—  0.56°  C),  and  comparing  it  with  that  of  the  urine,  the 
actual  work  done  may  be  estimated  exaetlj'.  Dreser  cal- 
culated the  work  done  by  the  kidney  in  forming  300  c.c. 
of  average  urine  at  the  large  sum  of  37  metre  kilograms, 
or  over  270  foot-pounds,  but  this  niaj^  be  greatly  exceeded 
in  cases  of  very  concentrated  urine.  Attempts  have  been 
made  to  use  this  method  of  estimating  the  work  of  the- 
kidney  in  clinical  medicine,  and  the  subject  has  been 
treated  of  at  great  length  in  recent  years  under  the  title 
of  cryoscopy.  As  yet  no  results  of  importance  bearing  on 
diagnosis  or  prognosis  in  renal  affections  have  been  ar- 
rived at. 

When  very  concentrated  solutions  of  salts  or  other  dif 
fusible  bodies  are  brought  in  contact  with  living  cells, 
some  fluid  escapes  from  these  into  the  solutions,  and  this 
often  deranges  the  activity  of  the  cell.  This  may  be  ob 
served  in  the  stomach  when  strong  solutions  of  such 
harmless  bodies  as  common  salt  or  sugar  are  swallowed, 
the  disturbance  of  the  equilibrium  manifesting  itself  iu 
irritation,  nausea,  and  vomiting.  In  the  same  way  a 
strong  solution  applied  to  wounds  or  mucous  membranes 
causes  irritation  and  pain  from  Ihe  withdrawal  of  fluid 
and  precipitati<m  of  proteids.  The  same  desiccation  of 
the  tissues  may  arise  to  a  less  degree  from  the  presence 
of  excess  of  salt  or  sugar  in  the  blood.  The  organs 
which  suffer  chiefly  are  the  brain  and  spinal  cord,  as  is 
manifested  in  tremors  and  convulsions,  and  later  by 
paralysis  and  asphyxia,  when  strong  solutions  of  .salts, 
sugar,  urea,  or  other  diffusible  substances  are  injected 
intravenously  in  animals.  Arthur  B.  Cushny. 

DWARFISM. — Nanosomia  or  microsomia  is  a  condition, 
found  in  both  animals  and  plants,  in  which  the  stature 
and  weight  fail  to  reach  the  normal  minimum  for  in- 
dividuals of  the  same  species.  The  word  lumosomia  is 
derived  from  two  Greek  words,  fai'oc,  a  dwarf,  and  cuua, 
a  body,  the  former  being  the  ecjuivalent  of  the  Latin 
imnxs  or  pumiliiy,  the  Anglo-Saxon  chceDrg  or  direrrj  a.uA 
the  German  Zioerg. 

From  stray  references  to  the  subject  in  the  pages  of 
writers  of  antiquity,  we  may  infer  that  a  belief  in  the 
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existence  of  dwarfs  has  been  general  from  the  most  re- 
mote times.  Homer.  Herodotus,  and  Aristotle,  among 
others,  speak  of  a  pismv  race  that  was  to  be  found  near 
tlie  sources  of  Ihe  Nile."  In  India,  too,  there  was  a  cur- 
rent belief  in  dwarfs  descended  from  Hoonuman.  the 
monkey-»-od.  Many  of  the  statements  in  regard  to 
dwarfs'  are,  however,  so  wildly  improbable  tl'-at  they 
were,  no  doubt,  based  on  mere  "sailors'  yarns."  and  are 
enlilled  to  about  the  same  amount  of  credence  as  the 
famous  -Travels'' of  Sir  John  Mandeville.  That  they 
contain  a  modicum  of  truth,  nevertheless,  is  proved  by 
the  discovery  of  diminutive  peoples  by  modern  explorers, 
such  as  Paul'Du  Chaillu.  Schweinfurth,  Battel,  and  Kolle. 
Dr.  Schweinfurth.  for  insiance,  has  found  in  the  c<iuutry 
to  the  south  of  the  Nyam-Nyama  race  called  the  Akkas, 
varyinir  in  heiglit  from  four  feet  to  nearly  live,  who  are 
j-iroljubTy  the  same  as  tliose  referred  to  Yiy  Herodotus. 
An_v  exhaustive  discussion  of  the  subject  of  dwarfism 
from  an  ethnological  point  of  view  would  be  out  of 
place  in  a  work  of  this  nature,  which  is  more  prop- 
erly concerned  with  the  biological  and  pathological 
problems  involved,  but  yet,  apart  from  the  interest 
that  always  invests  the  curious,  it  may  not  be  entirely 
stale,  tlat,"and  unprofitable  to  possess  ourselves  of  the 
main  facts. 

From  the  golden  days  of  Imperial  Rome  it  was  the 
fashionable  thing  to  keep  dwarfs.  The  most  famous  of 
these  were  Conopas  and  Andromeda,  belonging  to  Julia, 
the  niece  of  Augustus,  each  of  wliom  measured  only  two 
feet  four  inches.  Many  of  these  dwarfs  were,  no  doubt, 
the  natural  article,  but  the  number  of  these  was  insuffi- 
cient to  supply  the  demands  of  cruel  display  and  luxury  ; 
consequently  "they  had  to  be  produced  by  artificial 
means.  One  favorite  method  was  the  simple  one  of  de- 
priving children  of  suitable  food.  They  became  ricket_v, 
and  wliile  many  died,  those  who  survived  were  highly 
prized.  Another  plan,  in  some  vogue,  was  to  rub  the 
back  with  the  fat  of  bats,  moles,  or  dormice.  Somewhat 
similar  was  the  practice  of  washing  the  backs  and  feet  of 
pups,  the  drying  and  hardening  of  the  parts  resulting 
from  this  being  supposed  to  sttint  the  growth.  Even  at 
the  present  time,  it  may  be  remarked,  attempts  are  made 
to  limit  the  growth  of  boys  intended  for  jockeys  by 
sweating.  The  practice  of  keeping  dwarfs  persisted 
through  the  Middle  Ages  into  the  eighteenth  century. 
Lady  JIary  Wortley  Montagu,  when  in  Germany,  found 
the  dwarf  a  necessary  appanage  of  every  noble  family. 
She  describes  the  imperial  dwarfs  at  Vienna  "as  ugly 
as  devils,"  and,  "bedaubed  with  diamonds."  In  these 
days  dwarfs  were  not  infrequently  noted  for  their  wit 
anil  wisdom,  and,  like  the  court  jesters,  whom  in  fact 
they  superseded,  were  allowed  unlimited  freedom.  It  is 
said  that  one  of  the  Danish  kings  actually  made  his  dwarf 
prime  minister  in  order  to  get  at  truths  that  other  men 
were  afraid  to  utter,  Peter  the  Great,  among  other  va- 
garies, was  interested  in  dwarfs,  and  in  ITIO  gave  a  feast 
to  celebrate  the  marriage  of  his  favorite  Valakoff  with 
the  dwarf  of  the  Princess  Prescovie  Feodorovna,  at 
which  seventy-two  dwarfs  of  both  se.xes  were  present. 
The  practice  of  keeping  dwarfs  was  widespread,  and  has 
been  immortalized  in  the  canvases  of  some  of  the  most 
celebrated  painters,  notably  Velasquez,  Raphael,  Paul 
Veronese,  Domenichiuo,  and  Mantegna.  Their  deline- 
ations are  in  some  cases  of  much  value  in  enabling  us  to 
determine  the  nature  of  the  dwarfism  known  to  former 
times.  In  fiction,  too,  the  dwarf  has  plaved  a  prominent 
part,  as  readers  of  "  Peveril  of  the  Peak  "  and  "  The  Black 
I)warf  "  will  remeinber. 

Some  personages,  famous  in  history,  liave  been  of  small 
or  even  diminutive  size.  Philetas,  of  Cos,  tutor  of  Ptol- 
emy Philadelphus,  was,  according  to  ^Elian,  so  light  as 
well  as  small  that  he  was  obliged  to  carry  leaden  weights 
in  his  pockets  to  prevent  his  Ijeing  blown  away.  Others 
that  might  be  mentioned  are  Attila  the  Scourge,  ^^Dsop 
the  fabulist,  Procopius,  Gregory  of  Tours,  Pepin  le  Bref, 
Prince  Eugene,  Admiral  Gravina,  Fleury  and  Garry  the 
actors,  Arendl  the  Danish  antiquarian.  In  England  the 
history  of  dwarfs  is  traceable   to  mythological   times. 


Tlie  origin  of  the  almost  generic  title  of  "  Tom  Thumb  " 
is  to  l)e  foiuidin  an  ancient  ballad,  which  informs  us  that 
"In  Arthur's  court  Tom  Thumb  did  live."  The  most 
famous  English  dwarf  was  Sir  JelTery  Hudson,  who  was 
born  at  Oakham  in  1619.  He  made  his  first  appeal  ti 
fame  when  he  was  presented  by  the  Duchess  of  Bucking- 
ham to  tjueen  Henrietta  Maria  as  he  stepped  out  of  a  pie. 
From  the  age  of  eight  till  thirty  he  was  only  eighteen 
inches  high,  but  afterward  suddenly  shot  up  to  three  feet 
nine.  He  became  a  well-known  courtier  an^l  was  en- 
trusted with  several  matters  of  delicacy.  He  did  not 
lack  courage  for  he  fought  two  duels,  one  with  a  turkey- 
cock,  celebrated  in  the  verses  of  Davenant,  and  anuther 
with  Mr,  Crofts,  wlio  came  to  the  meeting  with  a  S(iuirt, 
A  more  serious  encounter,  however,  followed,  fir  little 
Jeffery,  who  was  mounted  on  horseback  to  coniiiensate 
for  his  inferior  height,  shot  his  opponent  dead.  He  was 
twice  made  prisoner,  once  by  the  Dnnkirkers  as  iie  was 
returning  from  Prance,  and  once  by  the  Barbary  pirates. 
On  each  occasion  he  was  soon  ransomed.  He  eventually, 
however,  fell  on  evil  days,  for  he  was  accused  of  partici- 
pating in  the  pojiish  plot  and  was  sent  to  the  Gate  House, 
where  he  die(i  in  1G8'.?. 

About  the  .same  period,  or  somewhat  earlier.  Charles 
I.  had  a  page  at  his  court  called  Richard  Gibson,  who 
was  remarkable  for  liis  small  size,  and  was,  appropriate!}- 
enough,  a  miniature  painter.  He  married  Anne  Shep- 
herd, the  dwarf  of  Henrietta  JIaria,  the  ceremony  being 
performed  by  Edmund  'Waller.  Together  they  only 
measured  two  inches  over  seven  feet.  Evelyn  designated 
Gibson  as  a  "compendium  of  a  man,"  and  the  pair  were 
painted  hand  in  hand  by  Sir  Peter  Lely.  Jlistress  Gibson 
had  nine  children,  five  of  whom  survived  and  were  of 
normal  size.  She  died  at  the  age  of  eighty,  and  her  hus- 
band at  seventy-five. 

One  of  the  most  celebrated  dwarfs  was  a  Polish  gen- 
tleman. Joseph  Borwilaski,  who  became  noted  through- 
out Europe  as  a  handsome  man,  a  wit,  and  something  of 
a  scholar.  His  parents  were  tall,  but  three  of  his  brothers 
were  .small.  He  was  born  in  1739,  and  died  at  the  ad- 
vanced age  of  ninety -eight  in  the  city  of  Durham,  where, 
by  the  irony  of  fate,  he  is  buried  by  the  side  of  the  Fal- 
staftian  Stephen  Kemble.  His  height  was  thirty-nine 
inches.     Diderot  wrote  a  history  of  the  famil}-. 

Another  remarkable  dwarf  was  Richebourg,  a  servant 
and  pensioner  of  the  Orleans  family,  who  died  in  Paris 
at  the  age  of  ninety.  He  was  onl)'  twenty-three  inches 
high,  and  his  diminutive  size  was  taken  advantage  of 
during  the  stirring  times  of  the  Revolution  when,  mas- 
querading as  an  infant  in  his  nurse's  arms,  he  carried  de- 
spatches in  and  out  of  Paris. 

Coming  to  more  recent  times  we  may  mention  Charles 
Stratton.  or  "Gen.  Tom  Thumb,"  one  of  the  greatest  of 
Barnum's  successes.  At  birth  he  was  above  the  normal 
weight  of  the  new-born,  but  ceased  to  grow  when  five 
months  old  His  height  at  that  time  was  less  than 
twenty-one  inches.  He  created  a  sensation  in  Europe 
and  amassed  a  large  fortune. 

Perha]js  the  next  most  striking  sensation  has  been  the 
"  Lilliputians."  a  troupe  of  singers  and  comedians  pos- 
sessing much  talent  as  burlestiuers.  They  were  proljahly 
the  same  individuals  who  were  examined  by  Joachinisthal 
in  Germany. 

Many  of  the  recorded  dwarfs  have  been  very  diminu- 
tive. Bulfon  mentions  dwarfs  only  twenty-four,  twenty- 
one,  and  eighteen  inches  high,  and  describes  one  who, 
when  thirty-seven  years  old,  measured  sixteen  inches, 
whom  lie  considers  to  have  been  the  smallest  person  on 
record.  The  "Princess  Topaze,"  a  French  dwarf  is 
twenty-three  and  a  half  inches  tall  (or  rather  short  '!), 
who  weighs  only  fourteen  pounds.  Her  parents  were  of 
normal  size. 

On  consideration  of  the  facts  recorded  in  the  above 
remarks  we  are  led  to  certain  important  conclusions. 
Most  dwarfs  have  been  well  proportioned,  without  de- 
formity, and  of  average  or  more  than  average  intelli- 
gence. Some  of  them  have  been  persons  of  great  vigor 
and  force  of  character.     In  fact  they  may  be  said  to  dif- 


420 


I 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


fer  but  little  from  ordinary  individuals  save  in  the  one 
point  of  size. 

Dwarfs  fall  naturally  into  two  classes :  Those  that  are 
diminutive  at  birth  and  subsequentlj'  develop  slowl}-,  so 
that  they  always  remain  more  or  less  stunted;  and  those 
that  are  of  normal  or  even  more  than  normal  size  at  birth 
and  later  cease  to  grow.  Authentic  information  as  to  the 
size  of  dwarfs  at  birth  is  hard  to  obtain.  We  may,  how- 
ever, correctly  infer  that  they  are  often  below  the  aver- 
age size,  for"  dwarfed  mothers  have  frequently  borne 
children  in  a  natural  way,  and  ph3'sical  considerations 
would  preclude  us  from  coming  to  any  other  conclusion. 
Conversely,  normally  developed  mothers  have  not  infre- 
quently given  birth  to  dwarf  children.  Instances  are  on 
record  "of  new-born  infants  weighing  a  pound  and  three- 
quarters,  or  even  less,  at  full  term.  The  subsequent  his- 
torv,  however,  of  these  children  is  unfortunately  often 
unknown.  Home  (Philosophical  Transactions  of  the 
Royal  Society  of  London,  1825)  speaks  of  a  child  borne 
by  "a  woman  following  the  Duke  of  Wellington's  bag- 
gage train,  which  weighed  at  birth  only  one  pound,  and 
measured  between  seven  and  eight  inches  long.  At  the 
age  of  nine  it  was  only  twenty-two  inches  high.  This 
is  said  to  be  the  same  child,  called  Caroline  Crachami, 
whose  skeleton  is  in  the  museum  of  the  Royal  College  of, 
Surgeons  near  that  of  O'Byrne,  the  "  Irish  Giant." 

Inasmuch  as  in  the  cases  of  dwarfism  that  we  have  so 
far  been  considering  the  parts  are  perfect  in  form  and  the 
limbs  are  in  the  normal  proportion  to  the  trunk,  although 
the  body  as  a  whole  is  defective  in  size  and  weight,  it 
has  been  suggested  that  here  we  really  have  to  do  with 
a  condition  of  infantilism  which  may  be  defined  as  a  state 
of  imperfect  and  delayed  development,  whereby  the  in- 
dividual preserves  the  characteristics  of  childhood  long 
after  these  should  have  disappeared.  This  view  is  sup- 
ported by  the  fact  that  in  many  cases  of  dwarfism  the 
head  is  proportionately  large,  as  it  is  in  the  infant,  the 
genitalia  are  undeveloped,  and  the  signs  of  puberty  are 
absent  or  delaj-ed.  Joachimsthal  (Deutsche  med.  Woch.. 
189S),  x.xv.,  SS.  269-371,  288-390),  studying  with  the 
Roentgen  rays  a  troupe  of  exhibiting  lilliputians,  found 
tliat  bone  formation  was  imperfect,  the  various  centres 
uf  ossification  being  strictly  comparable  to  those  of  a 
child,  although  the  individuals  in  question  were  about 
thirty  years  of  age.  Undoubtedly,  in  some  at  least  of 
the  deficiencies  complete  development  and  function  maj' 
eventually  be  attained.  For  instance,  many  of  these 
dwarfs  liave  jiroved  themselves  capable  of  propagating 
their  kind.  One  cannot  fail  to  be  struck  also  with  the 
fact  that  dwarfs  frc(iuentl3'  reach  an  advanced  age,  the 
reverse  of  what  is  ffmnd  in  the  case  of  that  other  con- 
trasting anomaly  of  development,  gigantism.  This  sug- 
gests certainly  not  a  defect  in  tlie  vitality  of  the  bod3- 
as  a  whole,  but  rather  an  anomaly  in  the  nature  and  di- 
rection of  the  growth.  The  normal  balance  between 
structure  and  function  is  upset  and  the  individual  may 
po.ssess  the  mind  and  faculties  of  the  adult  in  the  body 
of  the  child. 

With  regard  to  the  etiological  factors  at  work  in  the 
production  of  dwarfism  we  are  compelled  to  admit  that 
our  knowledge  is  far  from  complete.  Our  views  there- 
fore must  partake  largely  of  the  nature  of  hypotheses. 
Up  to  the  present  time  but  few  cases  of  dwarfism  have 
been  studied,  and  it  is  chiefiy  upon  the  facts  gleaned 
from  these  and  the  results  of  experimentation  that  our 
inferences  must  be  drawn. 

The  condition  of  dwarfism  is  clearly  but  one  aspect  of 
the  larger  question  of  dystrophy  or  dysgenesy.  Conse- 
quently it  can  be  apprehended  only  b}'  a  reference  to 
the  elementary  principles  governing  tlie  formation  and 
growth  of  tissues. 

The  developmental  forces  concerned  in  the  elaboration 
of  a  new  individual  may  be  inadequate  to  bring  the  pro- 
cess to  completion.  If  they  are  totally  inadequate,  death 
of  the  embiyo  resiUts.  Short  of  this  extreme  result,  how- 
ever, the  nutritional  processes  ma}'  be  so  modified  that 
we  get  a  deficiency  or  excess  in  growth  of  the  organism, 
either  in  part  or  as  a  whole,  or  they  may  be  so  perverted 


that  we  have  actual  malformation  and  deformity.  There 
is,  therefore,  a  close  relationship  between  dwarfism, 
gigantism,  malformations,  and  monstrous  births.  The 
peculiarities  of  development  that  result  in  such  anom- 
alies may  be  inherent  in  the  sperm  cell  or  ovum  or  both, 
and  in  this  sense  are  inherited,  or  they  may  be  due  to 
causes  operating  on  the  ovum  subsequently  to  fertiliza- 
tion, either  before  (intra-uteriue  acquired  causes)  or  after 
birth  (post-natal  acquired  causes).  We  have,  therefore, 
to  take  into  account  primitive  peculiarities  of  cell  sub- 
staiice  on  the  one  hand,  and  external  causes,  nutritional 
or  mechanical,  acting  on  the  fruit,  on  the  other. 

In  this  particular  certain  general  considerations  are 
worth  noting.  Thoma  ("Untersuchuugen  tlber  die 
GrOsse  und  das  Gewicht  der  anatomischen  Bcstandtheile 
des  meuschlichen  KOrpers  im  gesunden  und  im  kranken 
Zustande,"  Leipzig,  1882)  has  called  attention  to  what 
might  be  called  a  general  "law  of  deviation."  In  adults 
the  normal  length  of  the  Ixidy  is  on  an  average  169  cm. 
in  the  male  and  163  cm.  in  the  female,  while  the  average 
weight  is  60  kgm.  and  56  kgm.  respectively.  Consider- 
able variations  on  cither  side  of  this  norm  may  occur. 
Taking  a  large  number  of  individuals,  in  one-half  the 
amount  of  deviation  will  be  anywhere  between  0.0  and 
3.8  cm.  In  accordance  with  the  law  he  has  foruuilated, 
the  fifth  multiple  of  this  figure  when  added  to  or  sub- 
tracted from  the  normal  average  height  will  give  tlie 
outside  limit  of  giant  or  dwarf  growth,  and  will  be 
reached  only  once  in  eveiy  thousand  cases.  According 
to  this  an  adult  would  be  regarded  as  a  dwarf  if  the 
height  fell  below  163  minus  19  cm.,  or  1-14  cm.  Similar- 
ly 5  kgm.  is  the  approximate  aberration  in  weight  from 
the  normal  in  the  adult.  The  fifth  multiple  of  this.  25 
kgm.,  subtracted  from  56,  gives  31  as  the  upper  limit  in 
weight  for  dwarf  growth.  With  regard  to  weight,  we 
have,  of  cour.se,  to  be  careful  to  exclude  such  conditions 
as  marasmus  and  loss  of  height  from  spinal  disease.  In 
the  case  of  the  new-born  the  normal  average  in  length  is 
50  cm.  and  the  weight  3.3  kgm.  The  amount  of  devi- 
ation is  approximately  1.4for  length  and  0.28  for  weight. 
The  upper  limit  for  dwarf  gniwthin  mature  infants  at 
birth  would  therefore  be  43  cm,  and  1.8  kgm.  respec- 
tively. Some  allowance  for  individual  peculiarities 
must  be  made,  for  many  children  that  are  diminutive  at 
birth  make  up  for  the  deficiency  by  rapid  growth  after- 
ward, while,  again,  some  children  that  are  normal  in  size 
and  weight  at  birth  subsequently  become  retarded  in 
their  growth  and  development.  This  "law,"  while  it 
gives  us  convenient  data  for  classification,  is,  needless  to 
say,  very  far  from  being  an  explanation  of  the  anonuil)'. 

Again,  certain  adventitious  circumstances,  acting  ap- 
parently on  the  germinal  cells,  may  play  a  part.  It  has 
long  been  known  to  stock-raisers  that  continued  in-breed- 
ing will  result  in  the  production  of  diminutive  offspring. 
And  it  is  said  that  after  Napoleon's  campaigns  there  was 
a  diminution  of  from  one  to  two  inches  in  the  stature  of 
the  French  people.  This  has  been  attributed  to  the  fact 
that  the  strongest  and  best  developed  males  were  drawn 
for  military  service,  but,  no  doubt,  poverty,  famine,  and 
disease,  affecting  the  people  as  a  whole,  were  important 
factors.  These  observations  suggest  that  defective 
physical  development  on  the  part  of  one  or  both  pro- 
genitors may  lead  to  insufficient  vitality,  or  what  might 
be  termed  "relative  vegetative  inertia"  on  the  part  of 
the  germinal  cells.  This  leads  us  to  the  consideration  of 
the  importance  of  heredity  in  this  connection. 

The  inheritance  of  a  developmental  anomal}"  is  well 
illustrated  in  the  case  of  polydactylism.  This  peculiar- 
ity has  been  known  to  persist  for  three,  four,  or  even  five 
generations,  although  it  may  in  time  be  eradicated  by 
marriage  with  normal  persons.  The  Foldi  family,  be- 
longing to  the  Arabian  tribe  of  Hyabites,  all  have 
twenty-four  digits.  They  never  marry  outside  the  fam- 
ily, aiid  the  anonuily  is  so  constant  that  any  child  having 
the  normal  nunibei"  of  digits  is  put  to  death  as  the  off- 
spring of  adultery.  Reference  will  be  made  later  to  the 
infiue'nce  of  press'ure  of  the  amniotic  sac  upon  the  grow- 
ing embryo  in  the  production  of  this  and  other  deformi- 
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ties,  but  it  would  be  absurd  to  suppose  that  such  a  cause 
could  be  present  throughout  several  geueratious  aud  in  a 
wliole  race.  We  are  driven  to  conclude  that  there  must 
have  been  some  anomaly  in  the  formation  aud  develop- 
meiu  of  the  "  Anlage  "  arising  in  the  earlier  stages  of  em- 
brvonic  life.  This  being  so.  it  would  not  be  surprising 
to"tind  the  inliuence  of  heredity  somewhat  marked  in  the 
condition  of  dwarlism.  As  a  matter  of  fact,  dwarfism  is 
not  invariably  an  expression  of  a  hereditary  peculiarity, 
although  sp<i"r:idie  cases  may  occur  in  several  generations 
derived  from  tiie  same  stock.  Certain  parents  neverthe- 
less seem  to  liave  a  tendency  to  produce  dwarfs.  To 
cite  oidy  one  example,  the  celebrated  Borwilaski  had  a 
brother  and  sister  who  were  dwarfed.  The  fact,  how- 
ever, that  while  certain  members  of  a  family  may  be 
dwarfs,  others  may  be  normally  developed  indicates  that 
tlic  cause,  whatever  it  be,  is  not  a  constantly  acting  one, 
or  else  that  there  are  a  numljer  of  factors  which  must  be 
correlated  before  the  given  result  will  take  place.  That 
the  issues  involved  may  be  very  complex  is  well  illus- 
trated by  an  extraordinary  instance  related  by  Ekman 
("  DissertiUio  mediea  descriptionem  et  casus  aliquot  osteo- 
malaeise  sistens,"  Upsalis,  1788)  where  dwarfism  and 
osteopsathyrosis  were  associated  through  three  genera- 
tions. The  ancestor  coidd  not  walk  because  of  deform- 
ity. He  had  four  children,  of  w-hom  one  son  was  a  dwarf 
and  one  daughter  was  small  and  deformed.  This  son  be- 
gat by  a  healthy  wife  a  son  who  had  curved  extremities, 
and  was  liable  to  fractures  on  the  slightest  provocation. 
This  son  in  turn  married  a  healthy  woman  who  gave 
birth  to  a  son  who  had  so  many  fractures  that  when  he 
reached  adult  life  he  could  not  move,  and  a  daughter 
who  was  dwarfed  and  also  stiffered  from  multiple  frac- 
tures in  childhood.  Apparentlj-,  then,  heredity  may 
manifest  itself,  not  only  in  the  rate  and  amount  of 
growth,  but  also  in  the  structure  and  composition  of  the 
tissues.  Moreover,  these  two  factors,  simple  growth  and 
organic  formation,  are  not  always  correlated,  and  may 
€ven  be  antagonistic.  Numerous  exceptions  to  heredi- 
tary transmission,  however,  occur,  for  when  both  parents 
have  been  dwarfs,  the  offspring  have  frequently  proved 
to  be  normal  in  size  and  proportion.  What,  however,  is 
an  occasional  anomaly  in  the  case  of  civilized  peoples  is 
a  constant  racial  characteristic  in  certain  of  the  African 
tribes,  such  as  the  Akkas  and  Bushmen.  This  can  hardly 
be  explained  on  any  other  assumption  than  that  an  ac- 
quired peculiarity,  due  to  unfavorable  environment,  has 
become  transmitted  and  in  time  impressed  upon  a  great 
number  of  individuals,  unless  we  are  prepared  to  accept 
the  otlier  alternative  that  all  races  of  mankind  were 
originally  much  smaller  than  they  are  at  present,  and, 
owing  to  natural  selection  and  the  growth  of  civilization, 
graduall}'  developed  into  a  st;perior  organization,  a  view 
that,  at  all  events,  is  not  supported  by  hi.story  or  tradi- 
tion. Heredity  probably  has  the  same  bearing  in  dwarf- 
ism as  it  has  in  the  case  of  other  anomalies;  no  more  and 
no  less. 

The  influence  of  extraneous  circumstances  on  the  veg- 
etative power  of  the  germinal  cells  is  well  illustrated  by 
some  comparatively  recent  and  most  suggestive  experi- 
ments. 

In  experimenting  with  the  fertilized  eggs  of  some  of 
the  humbler  forms  of  life,  Roux  showed  that  if,  in  the 
two-cell  stage,  one  of  the  blastomeres  be  destroyed,  the 
other  will  regenerate  the  missing  half  and  eventually 
give  rise  to  a  complete  embryo.  Endres,  Walter,  and 
Morgan  have  come  to  similar  conclusions  in  the  case  of 
the  frog,  with  the  additional  observation  that  the  iiecul- 
iarity  is  characteristic  of  the  earliest  stages  only  and  may 
be  entirely  suppressed.  In  1891  Driesch  separated,  by 
shaking,  the  blastomeres  of  the  sea  urchin's  egg  when  in 
tlie  two-  and  the  four-cell  stage.  Blastomeres  thus  sep- 
arated produced  in  time  a  complete  blastula,  and  the  re- 
sulting gastrula  was  a  perfectly  formed  dwarf  of  one-half 
or  one-quarter  the  natural  size,  as  the  case  might  be.  Zoja, 
too,  in  some  remarkable  experiments  on  the  medusa  was 
able  to  produce  dwarfs  ftne-sixteenth  of  the  normal  size. 
Morgan  has  further  discovered  the  important  fact  that 


either  a  half  embryo  or  a  complete  half  sized  dwarf  will 
result  according  to  the  position  of  the  blastomere.  If, 
after  one  blastomere  is  destroj'ed,  the  other  be  allowed 
to  retain  its  normal  position  a  half  embryo  is  always  pro- 
duced, as  Roux  liad  already  shown.  If,  however,  the 
blastomere  be  inverted,  it  gives  rise  either  to  a  half  em- 
bryo or  a  whole  dwarf.  In  this  connection  we  might 
recall  certain  early  experiments  of  Saint  Hilaire,  who 
produced  dwarf  chickens  by  shaking  the  egg  in  the 
direction  of  its  long  axis.  Thus  it  would  appear  that  a 
rearrangement  of  the  cell  material  may  restore  that  equi- 
librium of  the  entire  ovum  necessary  for  the  production 
of  a  •whole  embryo.  This  extraordinary  power  is,  how- 
ever, less  marked  in  the  higher  forms  and  is  ultimately 
lost.  In  view  of  the  fact,  however,  that  parthenogenesis, 
which  is  a  constant  occurrence  in  some  of  the  lower  forms 
of  lite,  is  sometimes  to  be  observed  even  in  such  a  highly 
organized  creature  as  the  hen,  and  in  fact  has  been  ad- 
vanced by  some  authorities  to  explain  the  development 
of  certain  tumors  of  the  human  ovary,  it  is  not  impossible 
that  anomalies  in  the  segmentation  of  the  ovum  in  human 
beings,  may,  although  rarely,  give  rise  to  one  type  of 
dwarf  at  least,  namely,  that  dwarfed  from  birth.  Two 
factors  would  appear  to  be  necessary:  some  cause  to 
blight  one-half  of  the  ovum  in  the  very  earliest  stage  of 
its  development,  and  another  producing  a  disturbance  of 
the  cell  equilibrium.  As  to  what  these  factors  may  be, 
whether  developmental,  traumatic,  or  inflammatory,  we 
have  absolutely  no  information.  One  or  two  facts  may 
possibly  point  us  in  the  right  direction.  Malposition  of 
the  fertilized  ovum  as  a  whole  may  be  brought  about  by 
intratubal  and  intra-uterine  inflammation,  instances  of 
this  being  tubal  gestation  and  placenta  prtevia.  It  is  not 
inconceivable,  therefore,  that  endometritis  and  deciduitis 
might  lead  to  blighting  of  a  portion  of  the  embryo  and 
disturbance  of  protoplasmic  equilibrium.  That  a  modi- 
fication of  external  conditions  does  have  a  profound 
elfect  on  the  developing  ovum,  iu  some  animals  at  least, 
we  have  ample  proof.  Dareste,  by  incubating  hen's  eggs 
at  a  temperature  more  elevated  than  that  usually  em- 
ployed, got  early  development  and  dwarf  formation. 
Gerlach  and  Koch  ("  Ueber  die  Produktion  von  Zwerg- 
bildungen  im  Hiihnerei  auf  experim.  Wege,"  Biol.  Cen- 
tralbl.,  xxii.,  188-t)  also  obtained  a  retardation  of  develop- 
ment and  dwarf  growth  by  varnishing  eggs  so  as  to 
exclude  all  but  a  small  amount  of  air. 

The  effect  of  primitive  peculiarities  inherent  in  the 
germinal  cells  in  producing  developmental  anomalies  of 
the  Anlage  has  already  been  noted  in  regard  to  polydae- 
tylism,  and  it  is  now  pertinent  to  inquire  in  how  far 
deficiencies  in  the  formation  of  those  structures  more 
especially  concerned  in  the  general  maintenance  of  nutri- 
tion, namely,  the  cardiovascular  and  nervous  systems, 
and  the  thyroid  gland,  are  of  importance  in  the  produc- 
tion of  dwarlism. 

If  the  circulatory  apparatus  be  deficient  either  in  the 
size  and  extent  of  the  vessels  or  in  the  formation  of  the 
chambers  and  valves  of  the  heart,  it  is  obvious  that  the 
circulation  of  the  blood  must  be  inadequate  for  the  needs 
of  the  organism,  which  consequently  may  be  inhibited  in 
its  growth.  Long  ago  Virchow  pointed  out  the  asso- 
ciation of  cardiovascular  hypoplasia  with  other  develop, 
mental  defects,  such  as  scanty  pioduction  of  the  pidiic 
hair  and  small  size  of  the  genitalia,  conditions  that  may 
be  regarded  as  manifestations  of  partial  infantilism,  if 
we  take  the  view  of  Hertoghe,  that  there  is  such  a  thing 
as  partial  infantilism  ("  Die  Rolle  der  Schilddri'ise  bei 
Stillstand  und  Ilemmung  des  Wachstums  und  der  Ent- 
wieklung,"  Spiegelberg,  Mlinehen,  1900).  Gilbert  and 
Rathery  (Presse  mkl.,  May  7th,  1900)  have,  it  may  be 
mentioned,  found  a  moderate  grade  of  dwarfism  in  some 
cases  of  mitral  stenosis. 

With  regard  to  the  influence  of  the  nervous  system  in 
the  production  of  dwarf  growth  the  available  evidence 
is  not  conclusive.  The  close  relationship  of  the  central 
nervous  system  to  the  nutrition  of  the  tissticsis  of  course 
admitted  by  everybody,  and  we  are  aware  how  often  in- 
juries to  certain  ganglion  cells  or  nerve  trunks  are  fol- 
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lowed  by  atrophy  or  other  degenerative  disturbance.  It 
would  uot  be  surprising,  then,  to  tiud  that  a  defective 
development  of  the  central  nervous  system  might  lead  to 
aplasia  or  hypoplasia  in  the  embryo.  Of  cour.se  the  more 
extensive  defects  of  the  central  nervous  S3-stem,  as  anen- 
cephal.Y  and  arayeliuia,  are  incompatible  with  life,  and 
consequent  ly  canuot  be  adduced  as  conclusive  evidence  on 
the  subject  of  dwarfism.  As  a  matter  of  fact,  however, 
whatever  information  we  possess  seems  to  negative  the 
position  that  dwarfism  is  a  neurotrophic  disorder.  For 
instance,  as  Cruveilhier  has  .shown,  the  most  extensive 
hydranencephal}'  may  exist  without  a  trace  of  defective 
development  in  the  rest  of  the  bod_y,  and  Vogt,  Klebs, 
and  Aeby  have  pointed  out  tliat  in  microcephaly  the  in- 
dividual as  a  whole  may  in  other  respects  be  well  de- 
veloped. The  most  we  can  say  is  that  certain  forms  of 
local  hypoplasia  may  with  some  probability  be  referred 
to  central  nervous  disturbances.  The  probability  is  in- 
creased when  in  a  cliild  with  such  a  defect  the  process 
extends  subscquentlv,  as  in  a  ease  recorded  by  Emming- 
haus  (Doitsches  Archh-f.  klin.  Med.,  Bd.  ii.,  S.  96,  u.  Bd. 
xii.,  S.  49),  where  there  was  congenital  microplasia  of 
one  arm  followed  in  the  tenth  year  b_y  a  trophoneurosis 
of  the  eye  and  corresponding  side  of  the  face. 

That  "the  thyroid  gland  exerts  an  important  and  often 
controlling  influence  in  the  processes  of  nutrition  cannot 
now  be  denied.  In  how  far  atliyroidea  has  to  do  with 
dwarfism  is  still  a  moot  point.  The  whole  question  as 
to  the  relationship  of  the  thyroid  gland  to  myxo'deraa, 
cretinism,  and  deficient  development  generally  will  be 
dealt  with  more  at  length  shortly.  Suffice  it  to  say  here 
that  there  is  considerable  evidence  to  supjiort  the  view 
that  there  are  many  minor  forms  of  cretinism  in  which 
the  most  striking  and  characteristic  features  are  absent, 
and  where  the  analogies  to  dwarfism  are  close.  Ktlster 
extirpated  the  thj-roid  gland  in  a  boy  of  fourteen,  whose 
growth  was  thereby  arrested  so  that  he  always  retained 
the  characteristics  of  a  boy  of  that  age.  Eiselsberg 
(Langenlieck's  Archir.  Bd.  xlix.,  1895)  removed  the 
thyroid  in  two  lambs  a  week  old.  At  the  end  of  six 
months  they  weighed  10  and  14  kgm.  respectively,  while 
the  controls  weighed  3.5  k.gm.  The  disturbance  was  gen- 
eral and  involved  the  brain  as  well  as  the  .skeleton. 
Kappeler  also  found  in  a  boy  of  twelve  and  a  half  years, 
who  had  been  deprived  of  the  gland,  that  he  did  not 
grow  and  developed  sopie  of  the  symiitoms  of  myxfede- 
ma  It  may  well  be,  therefore,  that  infantilism,  as  Bris- 
sand  holds  ("  Le^'ons  sur  les  maladies  nerveuses,"  Paris, 
1895),  is  simply  an  attenuated  form  of  cretinism. 
Additional  suppojt  is  given  to  this  view  by  the  fact  that 
some  of  tlie  cases  have  been  improved  by  thyroid  feed- 
ing. Cases  of  this  kind  have  been  recorded  by  Wunder- 
\kh  (Britisft.  Med.  Journ.,  \\..  t^.  1420,  1H97)  and  Dukes 
(British  Med.  Joiirn.,  i..  p.  618,  1898).  In  Wunderlich's 
case  palpation  proved  the  thyroid  to  be  extremely  small. 
In  this  connection  also  should  be  cited  an  interesting  case 
of  Sulzer's  (Deutsche  Zeitschrifl  f.  Cliirurgie,  1893)  in 
which  a  goitrous  thyroid  was  removed  from  a  boy  twelve 
and  a  half  j'ears  of  age.  In  five  j-ears  he  was  a  typical 
cretin.  He  then  began  to  improve  and  in  four  years  had 
regained  the  normal  condition.  It  was  found  that  a  por- 
tion of  the  gland  bad  been  left  behind  at  the  operation, 
and  that  this  jiortion  began  to  grow  some  eight  years  af- 
terward. In  the  same  way  the  compensatory  develop- 
ment of  an  accessory  thyroid  lias  an  important  bearing  on 
the  question  of  cretinism.  These  facts  afford  a  probable 
explanation  for  such  curious  cases  as  that  of  Sir  Jeffery 
Huilson,  who,  as  we  have  seen,  after  remaining  eighteen 
inches  high  for  twenty-two  years,  suddenly  shot  up  to 
three  feet  nine  inches.  Even  if  we  are  prepared  to  admit 
that  infantilism  is  due  to  athyroidea,  the  identity  of  in- 
fantilism with  dwarfism  is  not  beyond  cavil.  At  most 
can  we  say  that  the  exphmation  may  hold  good  for  some 
of  the  cases.  For,  as  Lorain  was  the  first  to  point  out, 
instances  are  met  with  in  which  there  is  no  disturbance 
of  the  thyroid  gland,  and  the  defect  in  size  is  not  true 
infantilism,  but  rather  to  be  attributed  to  premature  epi- 
physeal ossification. 


So  far  we  have  been  discussing  the  relationship  of  de- 
fective organization  of  the  "  Anlage  "  of  the  various  sys- 
tems to  the  question  of  general  hypoplasia. 

We  pass  on  now  to  the  question  of  intra-uterine  mal- 
nutrition. In  this  connection  ill  health  or  improper  diet 
affecting  the  mother  or  a  local  anomaly  of  placenta- 
tion  is  the  chief  factor  concerned.  The  "former  act  by 
bringing  a  poor  qualitj'  of  blood  to  the  support  of  the 
foetus,  and  the  latter  presents  a  hindrance  to  the  free  in- 
terchange that  should  go  on  between  the  maternal  and 
fa'tal  bloods.  The  existence  of  syphilis,  tuberculosis,  or 
chronic  alcoholism  in  the  mother  might  be  expected  to 
produce  its  effect  upon  the  offspring,  largely  in  the  form 
of  lowered  vitality  and  increased  susceptibility  to  disease. 
It  is  suggestive  in  this  connection  that  the  Japanese  are 
in  the  habit  of  producing  dwarf  pups  by  feeding  the 
mothers  with  alcohol.  Charrin,  furthermore,  coidd  pro- 
duce a  similar  result  by  the  injection  of  ptomai'ns.  Yet  the 
children  of  mothers  the  subjects  of  long-standing  disease 
or  cachexias  are  by  no  means  always  diminutive  or  poor- 
ly nourished.  The  vitium  shows  itself,  not  so  much  in 
immediate  anomalies  of  physical  development,  as  in  dis- 
ordered function  and  defective  reserve  power.  ]Mueh 
discussion  has  centred  round  the  question  as  to  whether 
there  is  such  a  thing  as  fuetal  rickets.  Rickets  generally 
makes  its  appearance  during  the  first  or  second  j'ear  of 
life,  after  the  sixth  month,  and  is  commonly  attributed 
to  insutbcient  and  improper  alimentation,  although  un- 
hygienic surroundings  may  also  play  a  part.  It  is  not 
impossible  that  analogous  causes,  operating  during  in- 
tra-uterine  life,  might  produce  the  same  effects.  Rickets 
is  not  hereditary,  although  congenital  influences  may  play 
a  part.  In  former  times,  and  indeed  to  a  large  extent  even 
in  these  days,  the  term  "fcctal  rickets"  has  been  used  iu 
a  very  loose  way  to  include  several  affections  character- 
ized by  imperfect  bone  formation,  such  as  syphilis,  osteo- 
genesis imperfecta,  and  chondrodystrophia  foetalis,  which 
are  now,  thanks  to  recent  studies,  .separated  fairly  well 
one  from  the  other.  It  is  now  the  general  consensus  of 
opinion  that  congenital  rickets,  in  the  sense  of  a  rickets 
that  has  rim  its  course  previous  to  birth,  does  not  exist. 
To  this,  however,  we  shall  return. 

In  one  or  two  cases  the  study  of  dwarf  foetuses  has  re- 
vealed the  fact  that  there  is  an  abnormal  relationship 
between  the  fcctal  placenta  and  the  maternal  structures. 
The  chorionic  villi  were  scanty  and  were  composed  of 
thin  strands  of  connective  tissue  covered  by  an  abnor- 
mally thick  layer  of  epithelium,  while  at  the  same  time 
the  projections  of  the  maternal  decidua  did  not  extend 
through  the  thickness  of  the  fa'tal  placenta,  as  is  usually 
the  case.  The  explanation  of  this  that  has  been  offered 
is  that  there  was  a  defective  development  of  the  decidua, 
but  this  is  almost  certainly  incorrect,  Chipman  ("Ob- 
servations on  the  Placenta  of  the  Rabbit,"  "'  Studies  from 
the  Royal  Victoria  Hospital,"  Jlontreal,  vol.  iv.,  Decem- 
ber, 1902)  has  shown  that  the  more  intimate  connectioa 
between  the  fa'tal  and  maternal  parts  is  brought  about 
by  a  process  of  absorption,  the  ectodermal  cells  of  the 
chorionic  villi  proliferating  and  invading  the  openings  of 
the  uterine  glands  and  extending  along  the  sheaths  of  the 
blood-vessels.  The  maternal  tissues  are  thus  eroded  as  it 
were,  and  are  quite  passive  in  the  matter.  It  may  well 
be,  then,  that  such  an  anomalous  development  of  the 
placenta  is  due,  not  to  malnutrition  and  imperfect  cell 
growth  on  the  part  of  the  mother,  but  to  a  primary  fault 
in  the  growing  embrj-o  that  evidences  itself  in  an  imper- 
fect development  of  the  placenta.  Apparently,  however, 
before  such  an  abnormality  can  result  in  dwarfing  of  the 
fruit  it  must  be  quite  extensive,  for  the  given  result  does 
not  always  follow.  As  Langhans  has  pointed  out,  a  simi- 
lar peculiarity  of  placentation  occurs  in  cases  of  tubal 
gestation,  where  the  fn?tus  is  usually  well  developed. 

Further,  the  proper  interchange  of  blood  and  nutriment 
through  the  placenta  may  be  gravely  interfered  with 
owing  to  inflammatory  "disturbances.  Here  syphilis 
plays  a  leading  role.  As  is  well  known,  in  syphilis  hered- 
itaria tarda  there  is  a  delayed  development  of  the  bony 
and  muscular  systems,  so  that  a  young  man  of  twenty 
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may  look  like  a  boy  of  ten  or  twelve.  With  this  there  is 
often  an  infuntik!  condition  of  the  genitalia  and  the  hair 
on  Ihe  |uibcs  and  other  jiarts  is  .slow  in  appearing.  The 
eharaeteristie  lesion  of  .sypliilis  in  tlie  placenta  is  endar- 
teritis, which  leads  to  extensive  destruction  of  the  vascu- 
lar area,  with  deijeneration,  sitrophy,  and  fibrosis  of  the 
region  involved.  "The  jjlacental  circulation  inu.st  in  such 
cases  be  greatly  interfered  with.  In  .sypliilis,  however, 
other  factors  enter.  We  have  to  admit  that  the  pres- 
ence of  so  serious  a  disease  in  the  parent,  usually  the 
father,  must  have  a  tendency  to  lessen  the  vitality  of 
the  germ  cell,  to  say  nothing  of  the  presence  of  the 
germ  of  the  disease  ("the  existence  of  which  on  analogy 
we  can  hardly  deny)  in  the  fertilized  ovum,  with  all 
that  this  implies. 

Hitherto  we  have  been  discussing  what  might  be  called 
■priiixtn/  or  isxintial  dwarfism  (microsomia)  in  wliich  the 
predominating  element  is  a  deficiency  in  the  vegetative 
eneigy  of  the  cells.  The  affected  persons  are  in  fact  nor- 
mal individuals  save  in  the  one  particular  of  size  and 
weight.  Besides  this,  however,  we  have  to  recognize 
another  class  of  cases  that  clearly  belong  to  a  different 
category.  I  refer  to  instances  of  secondary  or  sympto- 
mntic  dwarfism.  Here,  while  the  height  of  the  body  is 
below  the  normal,  the  weight  is  not  so  strikingly  dimin- 
ished as  in  the  true  dwarfs.  The  main  feature  is,  how- 
ever, that  in  addition  to  general  hypoplasia,  there  are 
evidences  of  pathological  changes  in  the  tissues,  particu- 
larly in  tlie  bones,  leading  to  asymmetry,  deformities, 
fraetin-es,  or  malformations.  The  defects  are  structural 
as  well  as  nutritional.  Just  at  this  point  it  may  be  re- 
markeii  that  the  e.\aet  nature  of  these  cases  presents  one 
of  the  most  difficult  problems  in  etiology.  In  formei; 
times  man_y  cases  of  congenital  dwarfism  of  this  type  were 
put  down  to  syphilis,  rickets,  or  cretinism.  It  was  soon 
found,  however,  that  there  were  some  important  points 
of  distinction  between  certain  of  the  cases.  The  typical 
features  of  cretinism  were  not  always  present,  nor  did 
the  disease,  if  rickets,  conform  to  the  picture  of  the  ordi- 
nary post-natal  affection.  These  considerations  have 
led  investigators  to  recognize  several  distinct  types, 
which  are  by  some  I'egarded  as  separate  entities.  We 
have,  therefore,  to  consider  in  this  connection  rachitis, 
cretinism,  osteopsathyrosis,  chondrodystrophia  firtalis, 
and  osteogenesis  imperfecta,  affections  that  agree  in  this 
that  with  more  or  less  stunting  of  the  body  there  are 
structural  modificatious  of  the  bones  of  an  obviously 
pathological  nature.  The  amount  of  confusion  that  has 
involved  tlie  subject  is  sutlicientl_y  indicated  by  the  num- 
ber of  names  that  have  been  pi-oposed  for  the  condition- 
foetal  rachitis,  pseudorachitism,  cretinoid  dysplasia, 
chondritis  fa^talis,  micromeiia  cliondromalacica,  achon- 
droplasia, chondrodystro])hia  fietalis.  A  decided  step  in 
advance  has  been  made  tluough  the  researches  of  Kauf- 
mann  ("  Untersuchungen  liber  die  sogen.  foetale  Rachi 
tis."  Berlin,  1892,  u.  Ziegler's  "BeitrSge,"  1893,  xiii.,  S. 
32-64)  who  introd\iced  the  name  chondrodystrophia  fie- 
talis. Here  the  tyjie  of  dwarfism  is  micromelic  and  the 
lesions  are  usually  symmetrical.  The  body  is  plump,  the 
niicronu-lia  rhizomelic,  the  head  large,  and  the  hands 
often  show  the  so-called  "  trident "  "deformity.  There 
are.  however,  notable  differences  in  the  length,  curva- 
ture, and  consistence  of  the  bones  of  the  extremities,  and 
in  tlie  configuration  of  the  .skull.  Kaufmann,  conse- 
quently, recognizes  two  groups:  one,  in  which  tliere  is  a 
distinct  cretinoid  appearance  of  the  skull  and  face,  name- 
ly, a  deeply  sunken  iiose,  prominent  eyelids  and  lips, 
thieli  cheeks,  and  large  mouth ;  and  another,  in  which 
the  nose  is  flattened  and  retracted  as  a  whole.  In  the 
former  type  the  bone  is  of  good  consistence  although 
somewhat  more  vascular  than  normal,  while  in  the  latter 
the  bone  is  soft.  No  liard-and-fast  line  can  be  drawn 
between  the  two  forms,  and  Kaufmann  regards  them  as 
manifestations  of  the  same  process,  the  differences  being 
due  to  the  chronicity  and  intensity  of  the  process.  The 
retracti(ni  of  t  lie  root  of  the  nose  is  usually  said  to  be 
brouglit  about  by  premature  ossification  and  synostosis 
of  the  OS  tribasilare.     The  ethmoid  is  also  somewhat 


shortened,  and  in  some  cases  may  be  the  only  part  af- 
fected. Klein  has  observed  well-marked  craniotabes  in 
some  cases.  In  some,  too,  there  may  be  beading  at  the 
costochondal  articulations,  and  defective  development  of 
the  pelvis,  glenoid,  and  cotyloid  cavities.  Lordosis  may 
also  be  a  marked  feature,  and  Regnault  (Bull,  et  mem. 
de  la  Sue.  d'Anat.,  19IJ1,  Ixxvi.,  pp.  .'j.59-.5eO)  has  found 
the  vertebnc  involved.  The  disease  begins  in  fa-tal  life, 
running  its  course  usually,  as  it  is  believed,  from  the 
third  to  the  sixth  week.  As  a  consequence  the  bones 
affected  are  the  base  of  the  skull,  the  long  bones,  the 
ribs,  and  the  pelvis.  The  bones  formed  in  membrane, 
those  that  in  late  fa'tal  life  are  mainly  cartilaginous,  usu- 
ally escape.  Kaufmann  has  described  three  sub-classes 
in  chondrodystrophia:  Chondrodystrophia  malacica,  in 
which  the  bone  is  soft;  C.  hypoplastica,  in  which  there 
are  evidences  of  retarded  growth  ;  and  the  C.  hyperplas- 
tica  in  which  the  epiph}'seal  ends  of  the  long  bones  are 
greatly  enlarged.  The  periosteal  ossification  is  normal,  so 
that  the  bones  become  plump  and  thick,  although  some- 
what irregular,  bul  the  growth  in  length  is  disturbed 
owing  to  faulty  ossification  at  the  epiphyseal  junctures. 
IngrowiU  of  the  periosteum  at  the  epiphyseal  lines  may 
occur.  Microscopically  the  cartilage  cells  are  deficient 
in  growth,  lieing  spindle-shaped  and  irregularly  arranged, 
while  the  hyaline  matrix  is  more  or  less  soft  and  homo- 
geneous. It  is  not  improbalile,  however,  although  the 
majority  of  children  thus  affected  are  stillborn,  that 
when  the  affection  is  of  mild  type  or  arises  late  on  in  tVe- 
tal  life,  existence  niaj'be  prolonged  for  some  time.  Par- 
rot has  met  with  an  example  in  a  child  seven  and  a  half 
years  old,  who  measiued  94  cm.  in  length.  Certain 
changes  in  the  bones  of  the  hands,  notably  in  the  fingers, 
seem  to  prove  that  the  disturbances  of  ossification  may 
go  on  at  a  later  period  than  that  above  indicated.  (See 
Thompson,  J^din.  Med.  Joiirn.,  1892-93,  vol.  xxxviii., 
pp.  1109-1113,  and  Turner,  PraeHtioncr,  1899,  vol. 
Ixiii  ,  pp.  263-377.)  Thompson  (loe.  cit.)  has  met  with 
two  instances  at  the  ages  of  thirty -six  and  thirty -nine, 
and  otiiers  have  been  described  by  Osier  (Trans.  Amer. 
Cong.  Phy.  and  Surg.,  1897,  vol.  'iv,,  pp.  190-192),  Abt 
(Archires  of  Pediatrics),  Cestan,  "Nouvelle  Iconographie 
de  la  Salpetrif're,"  1901,  xiv.,  277-389),  Apert(/Wf/.,  pp. 
290-298),  and  Baldwin  {Medical  News,  1890,  vol.  Ivii., 
pp.  138-141). 

The  exact  rclationshij)  of  the  disease,  called  bv  Vrolik 
and  Stilling  (  F«;'c/<.  Arcliir,  1899,  cxv.,  SS.  357-370)  osteo- 
genesis imperfecta,  to  chondrodystrophia,  is  still  sub  jit- 
dice.  The  studiesof  Stilling,  Hil"debrandt(  Virch.  Archie, 
1899,  clviii.,  SS.  426-444),  and  Harbitz  (Ziegler's  "  Bei- 
triige,"  1901,  XXX.,  SS.  605-638)  go  to  show  "that  it  is  a 
definite  intra-uterine  process.  There  is  clearly  some  de- 
fect in  the  process  of  o-ssification,  for  the  bones  are  soft 
and  brittle,  with  the  result  that  fractures  and  deformities 
are  common.  Microscopical  study  has  shown  that  the 
trabeculse  are  few  in  number,  irregular,  antl  imperfectly 
formed.  There  is  no  continuous  .system  of  trabecuhB 
with  Haversian  canals  and  lamellfe  as  in  normal  bone. 
A  point  of  great  interest  is  the  extraordinary  manner  of 
ossification  of  the  skull.  Thecalvarium  is  formed  not  of 
continuous  bony  plates,  but  of  a  multitude  of  small  mo- 
saics, sometimes  touching  one  another,  but  also  attached 
by  bridges  of  periosteum  and  dura.  In  a  remarkable  case 
described  by  Stilling,  the  cranial  covering  consisted  of  a 
membranous  sac  which  contained  scattered  bonj-  spic- 
ules. So  far  as  is  known  there  is  no  synostosis  of  the 
basal  synchondrosis  in  this  disease.  While  the  affection 
has  hitherto  licen  found  only  in  the  new-born  or  in  very 
young  infants,  it  is  not  necessarily  fatal,  and  Harbitz  is 
inclined  to  think  that  some  cases  of  dwarfism  that  have 
been  regarded  as  examples  of  foetal  rickets  or  chondro- 
dystrophia may  have  been  osteogenesis  imperfecta. 
As  in  chondrodj'Strophia  porosity  of  the  bones  occasion- 
ally apiiears  to  depend  on  hereditary  conditions,  and 
Bireher  (Lubar.sch  u.  Ostertag,  "  Allg.  Aetiologie,"  Wies- 
baden, 1896,  S.  .53)  has  found  osteoporosis  in  the  case  of 
a  cliondrodystrophic  dwarf  (cf.  also  the  case  of  Ekmann. 
referred  to  above).     We  are,  therefore,  not  prepared  ti) 
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believe  ■with  Paltauf  ("Ueber  den  Zwergwuchs,"  Wien, 
1891)  that  the  two  affectious  are  not  related. 

To  rickets  chondrod3-strophia  liears  much  resemblance, 
although  there  are  several  differences.  In  both  there  is 
enlargement  of  the  epiph_vseal  ends  of  the  long  bones 
(choudrodystrophia  hy  perjilastica),  the  long  bones  may  be 
curved,  the  ribs  beaded,  and  there  maybe  spinal  aud  pel- 
vic deformities.  In  rickets,  however,  the  arms  are  usu- 
ally long.  Periosteal  bone  formation  is  also  interfered 
with.  The  periosteum  is  readily  stripped  off  and  the 
underlying  bone  is  softer  and  more  spongy  than  normal. 
As  the  condition  heals  the  bone  becomes  unusually  plump 
and  dense.  Basilar  sj-nostosis  does  not  occur  in  rickets. 
Jlicriiscdiiic  study  has  shown  that  the  epipiiyscal  zone  of 
proliferation  in  rickets  is  thicker  than  normal,  irregular 
in  outline,  soft,  and  very  hypera;mic,  so  much  so  that  Kas- 
sowitz  believed  the  lesions  to  be  of  inflammatory  origin. 

The  microscopical  appearances  of  the  growing  ends  of 
the  bones  in  chondrodystrophia  are,  however,  quite  dif- 
ferent from  those  in  post-natal  rickets.  No  clear  evi- 
dence of  the  existence  of  rickets  originating  during  intra- 
uterine life  is  forthcoming,  yet  there  is  a  parallel  between 
chondrodystrophia  and  rickets,  for.  as  is  well  known, 
post-natal  rickets,  if  severe,  results  in  the  stunting  of  the 
growth  of  the  affected  individual,  and  cases  of  e.vtreme  ' 
dwarfism  have  been  met  with.  The  lesions  are  charac- 
teristic. The  skull  is  large,  although  the  face  is  relative- 
ly small.  The  fontanels  remain  open  for  a  prolonged 
period,  and  bone  in  certain  regions,  especially  the  occi- 
pito-parietal,  may  be  so  thin  as  to  give  way  under  the 
pressure  of  the  finger  (craniotabes)  Tlie  torehead  is 
usually  large  and  square,  owing  to  the  formation  of  flat 
hyperostoses  over  the  frontal  eminences.  The  sternum 
projects  and  the  sides  of  the  chest  are  drawn  in  (pectus 
carinatum).  The  spine  is  often  curved  and  the  extremi- 
ties become  greatly  deformed  owing  to  the  weight  of  the 
body  and  muscular  action.  The  pelvis  is  contracted; 
dentition  is  delayed  and  the  teeth  are  small  and  b.adly 
formed.  The  condition  is  by  many  believed  to  be  due  to 
infection  or  possibly  autointoxication.  This  view  is 
supported  bv  the  experiments  of  Morpurgo  (Ceiitnilbl. 
f.  Piith.,  1902,  xiii.,  S.  113),  who  showed  that  rickety 
changes  in  tlie  skeletons  of  young  white  rats  could  be 
produced  by  the  injection  of  culliu'es  of  a  diplococcus. 
The  lesions  in  rickets,  however,  are  so  mdike  those  of 
chondrodystrophia  in  imjiortaut  jiarticulars  that  it  is 
unliki-ly  that  an  infective  cause  is  at  work  in  the  latter 
disease.  Differentiation  between  chondrodystro|)hia 
and  rickets  niaj'  be  made  by  attention  to  the  following 
points:  The  dwarfism  in  the  former  is  micromelic;  in  the 
latter  not.  Periosteal  bone  formation  is  not  interfered 
W'ith  in  chondrodystro])hia,  while  it  is  in  rickets.  In 
healed  rickets  the  bone  is  abnormally  dense;  not  so  in 
chondrodystroijhia.  Basilar  synostosis  does  not  occur  in 
rickets.  In  rickets  you  do  not  get  "  trident  deformity  " 
of  the  hands.  Developmental  anomalies,  like  cleft  pal- 
ate and  polydactylism,  are  not  found  in  rickets.  Osteo- 
genesis imperfecta  is  recognized  by  the  fragility  of  the 
bones,  the  peculiar  ossification  of  the  cranium,  and  the 
lack  of  basilar  synostosis. 

It  is  a  suggestive  and  a  striking  fact  that  while  we  are 
able  to  draw  these  distinctions  between  the  type  cases  of 
chondrodystrophia,  osteogenesis  imperfecta,  and  rickets, 
there  exist  borderland  cases  in  which  some  of  tlie  feat 
ures  of  these  diseases  may  be  combined.  Such  a  one  is 
that  reported  by  Ilektoen  {"  Anatomical  Study  of  a  Short- 
limbed  Dwarf,"  Avier.  Jovr.  Med.  Scien..  "jMay,  1903), 
iu  which  in  a  micromelic  dwarf,  forty -live  years  of  age, 
there  were  one  himdred  and  seventj'-two  Wormian  bones 
in  the  skull,  without  premature  synostosis  of  the  os 
tribasilare,  with  shortness  and  curvatures  of  the  long 
bones,  enlargement  of  the  articular  ends,  curvatures  of 
the  spine,  deformity  of  the  pelvis,  osteoporosis  and  mul- 
tiple fractures,  and  a  fibroid  thyroid.  A  case  presenting 
features  both  of  chondrodystrophia  and  osteogenesis  im- 
perfecta has  been  described  also  by  the  Countess  von 
Geldcrn  Egmond  (J'Beitr.  zur  Casuistik  der  sogenn. 
fiJIaleu  Rachitis,"  luaug.-Diss.,  Zurich,  1S97) 


The  etiology  of  these  interesting  conditions  is  still 
largely  unknown.  Heredity  ajipears  to  be  a  factor  in 
some  cases.  In  one  case,  recorded  by  Porak  ("Beitrag 
zur  Histologic  und  Funktion  der  Sciiilddri'ise."  Iiiaug.- 
Diss.,  Konigsberg,  1892)  a  dwarf  gave  birth  to  o'ue 
healthy  child  and  a  second  with  all  the  signs  of  the  so- 
called  •'fffital  rickets."  Gueuiot  (Dull,  et  iiiem.  ilc  hi  .Soc. 
Obstet.  et  i/yndcol.  de  Paris,  January,  1893)  recounts  the 
operation  of  Ca?sarean  section  on  an  achondroplastic 
dwarf,  the  child  being  similarly  affected.  The  parents 
of  chondrodystrophic  dwarfs  as  well  as  their  children  are 
nevertheless  often  healthy.  Heredity  seems  then  to  play 
a  minor  role.  The  iufiuenee  of  heredity  in  the  case  of 
Polydactyly  has  already  been  dwelt  upon,  and  it  is  a 
curious  fact  that  Polydactyly  may  sometimes  be  asso- 
ciated with  dwarfism.  An  instance  of  this  will  be  found 
in  Ilutchin>ain's  Arehhes  of  Surgery  for  April.  isii:j,  where 
there  is  given  an  illustration  of  a  micromelic  polydaclyl- 
ous  dwarf,  cojjied  from  Theodore  Kerckring's  "Spicile- 
gium  Anatomicum,"  jiulilished  in  IGTO.  The  drawing  is 
not  entire!}'  to  be  relied  ujion,  but  it  is  clear  that  the  limbs 
were  too  sliort  for  the  trunk.  Both  the  hands  have  seven 
digits;  the  right  foot  has  eight  and  the  left  nine.  The 
condition  is  not  perfectly  symnietrieal,  for  iu  some  cases 
two  of  the  metacarpal  or  metatarsjd  bones  are  welded 
together.  The  long  bones  are  plump,  and,  so  far  as  it  is 
safe  to  judge  from  the  imperfect  sketch,  the  ends  appear 
to  have  been  enlarged.  The  orbits  are  deformed,  the  two 
lialves  of  the  lower  jaw  are  already  imiteil,  and  the  ribs 
are  short  and  badly  formed.  It  is  clear  tliat  here  we 
have  an  abnormality  of  development  in  few  respects 
comparable  to  rickets.  It  may  be  tliat  here,  as  in  simple 
polydactylism,  we  are  dealing  with  a  primary  vitium  of 
development  inherent  in  the  germinal  cell.  This  view  is 
supported  also  by  the  observation  of  Kircliberg  and 
Marchand  (Ziegler's  "Beitr.  zur  path.  Anatomie,"  Bd. 
v.,  1889),  who  found  cleft  palate  in  a  chondrodystrophic 
infant  One  of  Bowlby's  cases,  also,  rejiorted  as  con- 
genital cretinism  but  really  an  instance  of  cliondrodys- 
trophia.  ha<l  a  cleft  palate  and  a  deformed  nose.  The 
right  foot  had  six  metatarsal  bones  but  seven  toes;  the 
left  foot  had  seven  toes. 

There  is,  however,  another  possible  explanation  Re- 
cent observations  have  shown  that  many  forms  of  hypo- 
plasia, non  closure  of  sutures,  and,  in  fact,  the  most 
extreme  deformities  maj'  result  from  intr'a-uterine  press- 
ure. The  simple  weight  of  a  limb  resting  on  a  band  has 
been  sufficient  to  erode  the  soft  tissues  to  the  bone. 
Twisting  of  the  cord  about  a  limb  may  lead  to  dwarfing 
or  amputation.  The  pressure  of  bands  traversin.g  the 
amniotic  sac  is  also  a  well-recoginzed  cause  of  even  more 
extreme  deformities,  such  as  anencephaly  and  cranio- 
rachischisis.  Dareste  believed  tljat  a  contracted  anmion 
was  an  important  cause  of  hypoplasia. 

In  Klebs'  text-book  of  "Gienerul  Pathology"  (vol.  ii., 
1889,  Jena)  is  an  interesting  illustration  reiuesenting  a 
microscopical  section  through  the  proliferating  end  of 
one  of  the  long  bones  in  a  micromelic  dwarf.  The  grow- 
ing cartilage  cells  are  closely  packed  together,  flattened, 
with  their  long  axes  at  right  angles  to  the  long  axis  of 
the  bone.  The  appearances  coukl  not  be  due  to  altera- 
tions in  the  ground  substance  which  seemed  to  be  nor- 
mal, but  could  be  attributed  only  to  the  effects  of  exter- 
nal pressure.  This  would,  of  course,  lead  to  inhibited 
and  imperfect  ossification.  The  effects  of  intrauterine 
compres.sion  are  well  illustrated  by  the  experiments  of 
Fol  and  Warynski  (These  de  Geneve),  w-ho  brought  ex- 
ternal ]iressure  to  bear  upon  a  growing  embryo.  They 
found  that  tljo  head  was  the  part  most  amenable  to  press- 
ure, and  could  to  some  extent  be  restrained  in  its  growth. 
Warynski,  also,  by  exerting  pressui'e  at  the  site  of  fusion 
of  the  two  primitive  cardiac  rudiments,  was  able  to  jjro- 
duce  a  double-hearted  monster.  Klebs  (/oc.  cii..  p.  i506) 
refers  to  a  most  remarkable  case  in  which  a  contracted 
sac  led  to  a  singidar  malformation.  In  an  ectopic  gesta- 
tion the  fcetus  was  found  in  a  tight  sac  within  tlie  trans- 
verse mesocolon.  There  was  syndactj'lism  in  the  upper 
extremities  and  polydactylism  iu  the  lower.     From  the 
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recordi'd  cases  it  would  aijpL-ar  that  cdutractiou  of  the 
amnion  docs  not  lead  todwarliugof  the  fatusas  a  whole, 
but  that  certain  parts  are  more  liable  to  be  affected,  as 
the  extremities  and  head.  In  this  connection  also  may 
be  remembered  the  fact  that  h.ydramnios  is  apt  to  be  asso- 
cialiHl  with  jjrave  del'orniitii's,  such  as  e.\enceplialy  and 
spina  liilidii.' and  has  been  found  in  a  case  of  osteogene- 
sis imperfecta.  The  ell'cet  of  intrauterine  pressure  has 
also  been  emjihasized  by  von  Franque  ("  Ueber  sogenan. 
fa-tale  Hachilis,"  Sitzungsbcrichte  der  physicalisch- 
niediz.  Gesellseh.,  Wurzburg,  .lahrg.  1893,  S.  80). 

It  is  on  the  groimd  of  the  obvious  errors  i!i  develop- 
ment which  are  sometimes  associated  with  chondrodys- 
trophia.  and  which  can  only  be  referred  to  peculiarities  of 
the  Aniage,  that  Virchow  objects  to  the  term  choudrodys- 
tropbia  introduced  I)y  Kaufmann.  Virchow  points  out 
that  thcconilitioM  inii)crcc|itibly  shades  into  a  pronounced 
developmental  iniomaly  (.UixM/diiny),  which  is  linally 
represented  by  the  phokomelia  of  Saint  Hilaire. 

The  small  s"tature,  the  peculiar  facial  conl:guration,  and 
the  enfeeblement  of  mental  power,  with  other  minor  ab- 
normalities found  in  some  cases  of  choudrodystrophia, 
have  induced  the  suspicion  that  some  of  these  cases  of 
dwarfism  are  reall_y  cases  of  cretinism.  The  difliculties  in 
the  way  of  ditferential  diagnosis  are  great.  Thus  Dolega, 
Bernard,  and  Bircher  have  pronounced  certain  cases  to 
be  instances  of  cretinism,  and  yet  a  subsequent  examina- 
tion proved  them  to  be  Kaufmann's  cbondrodystrophia, 
and  converselj',  Neumann,  Scholz,  and  others  have  de- 
scribed instances  of  cretinism  as  foetal  rickets.  The  diffi- 
culties in  the  way  will  be  readily  comprehended  if  one 
considers  for  a  moment  the  lesions  in  a  typical  case  of 
cretinism.  In  the  cretin  the  stature  is  almost  always 
stunted.  Maffei  in  twenty-two  cases  out  of  twenty-five 
finding  the  height  to  be  less  than  140  cm.,  while  several 
were  under  95  cm.  The  limbs  and  trunk  are  dispropor- 
tionate. The  head  is  usually  relatively  large,  the  top 
flat,  and  the  occiput  prominent,  although  microcephaly 
has  been  foimd.  The  fontanels  and  sutures  remain  open 
for  a  long  time.  The  root  of  the  nose  is  retracted,  and 
the  organ  is  short  and  thick  with  large  wide  nostrils. 
The  lips  and  tongue  are  enlarged.  The  teeth  appear 
late  and  are  large.  The  tirst  dentition  usually  persists 
throughout  life.  There  is  as  a  rule  no  hair  on  the  pubes 
and  in  the  axilUe.  The  sexual  organs  are  poorly  devel- 
oped, and  pubei'ty .  if  it  occur  at  all,  is  late.  With  regard 
to  the  finer  structure  of  the  bones  in  cretins,  Langhans 
(Viirfi.  Ardiir.  1892,  cxxviii.)  found  that  the  cartilage 
cells  were  small,  spindle-shaped,  and  anomalously  ar- 
ranged, being  longitudinal  to  the  axis  of  the  columns. 
The  rows  were  also  often  interrupted.  The  bony  tra- 
beculsE  were  shortened  and  the  marrow  sjjaces  in  the 


youngest  portions  of  the  bone  were  large  and  widely 
separated.  The  resemblance  to  Class  I.  of  Kaufinann's 
chontirodystrophia  is  close.  Typical  cretinism  is  en- 
demic and  associated  with  goitre.  Chondrodystrophic 
dwarfism  is  sporadic.  Can,  then,  cbondrodystrophia  be 
sporadic  cretinism  ?  The  recorded  cases  of  chondrodys- 
tro])liia  go  to  show  that  the  disease  is  of  intra-uterine 
origin,  and  so  far  no  evidence  is  forthcoming  to  prove 
that  the  affection  ever  arises  subsequently  to  birth.  Cre- 
tinism is  said  to  be  congenital  in  some  cases,  but  the 
symptoms  usually  appear  some  five  to  eight  months  after 
birth,  or  even  later.  It  is  now  believed  that  the  changes 
in  the  skeleton  of  cretins  are  due  to  delayed  ossification 
of  the  cartilages.  Hofmeister  (FoHsc'hritte  mif  clem 
Oebiete  der  Roenigen-Stnihlen,  Bd.  i.,  Hft.  i.,  "1897), 
studying  a  case  of  cretinism  with  the  a'-rays,  found  that 
the  epiphyseal  ends  of  the  bones  grew  slowly,  and  that 
the  epiphyseal  plates  persisted  for  a  long  time.  The 
bones  were  small.  Ossification  may  in  time  be  com- 
pleted, but  the  process  may  take  years;  in  fact,  cretins 
may  continue  to  grow  until  they  are  thirty  or  forty  years 
of  age.  Periosteal  osteogenesis  is  normal,  or  may  be  in 
excess.  The  peculiar  appearance  of  the  nose  is  due  to 
premature  synostosis  of  the  bones  at  the  base  of  the  skull, 
although,  as  Niepce,  Stahl,  and  Klebs  have  shown,  this 
anomaly  of  bone  formation  does  not  always  occur. 

The  stunted  growth  is  believed  by  Bircher  (loc.  Ht.)  to 
be  due  to  defective  development  of  the  cartilage  cells,  as 
was  found  occasionally  by  Virchow  and  Klebs  at  the 
base  of  the  skull.  We  find,  therefore,  that  cretinism  and 
the  so-called  cbondrodystrophia  have  much  in  common. 
The  resemblance  can,  however,  be  made  out  clearly  only 
in  the  case  of  cbondrodystrophia  of  Kaufmann's  first 
group.  Cretinoid  cbondrodystrophia  might  be  explained 
as  cretinism  that  had  become  marked  at  a  very  early 
period  of  intrauterine  lite. 

Further  information  might  be  obtained  by  an  inquiry 
into  the  condition  of  the  thyroid  gland  in  chondrod_ystro- 
phia.  Hofmeister  ("Experimentelle  Untersuchungen 
ilber  die  Folgeu  des  Schilddrilsenverlustes,"  Beiirage 
sur  klin.  Chinirgie,  1894)  holds  that  the  changes  in  the 
bones  produced  by  thyroidectomizing  rabbits  are  iden- 
tical with  those  found  in  cbondrodystrophia  as  described 
by  Kaufmann,  H.  Mailer,  Kirchberg,  and  Marcband. 
Although  we  must  admit  the  great  similarity  of  the  le- 
sions in  the  two  cases,  this,  of  course,  does  not  prove  iden- 
tity. Leblanc (Coniptes  rend,  de  Soc.  de  Biol.,  1902,  liv., 
88-89)  states  that  chondrodj'sirophia  is  often  associated 
with  myxoedema  and  that  disturbance  of  the  thyroid  is 
the  causa  morbi.  Nasan  (Rep.  de  Neurologie,  1901,  p. 
.549)  is  of  the  same  opinion.  There  is  no  need  of  entering 
liere  into  the  question  of  the  identity  of  myxoedema  and 


Case. 

Observer. 

Type  of  Disease. 

Thyroid. 

Reference. 

I.. 

Bowlby 

Kircbberg  and 

Marcband. 
Dolega 

Paltauf 

Cretinoid     with     some     signs     of 

myxoedema. 
Not  cretinoid 

Trans.  Path.  Soc.,  1884,  p.  4.W. 

Ziegler's  "  Beitrilge  zur  path,  Anat.,"  Bd. 

f>.  1889. 
Ziegler's  "  Beitr.  zur  path.  Anat.,"  Bd.  9, 

1891. 
■'  Ueber  den  Zwergwuchs,"  Wlen,  1.S91. 

11.. 

Not  enlarged 

III.. 

Cretinoid 

A  few  atrophied  remains  without 
colloid  found. 

IV.. 

v.. 

His  tquoted  by 

PaltauO. 
Bernard 

Kaufmann  ..^.. 

Kaufmann 

Scholz  

Johannessen  . . 

Salvettl 

Grotthoff 

Bircher  

Apparently  normal. 

Thyroid  absent,  but  a  very  small 

accessory  found. 
Small  in  two ;  without  change  or 

at  least  not  enlarged  In  five. 

VI.. 

Cretinoid 

"Die    Cretlne    Pohl,"    Inaiig.-Diss.   WUrz- 

llUIC.   I89L'. 

"liiiiMsurhungen    fiber    die    sogenannte 

fii.tal.-  Kiicliitls,"  Berlin,  1892. 
Ziegler's  ■•  Beitr.,"  1893.  xiil.,  8.  .33. 
"Ueber    fStale    Rachitis,"      Inaug.-DlS3. 

(iottingen.  1892. 
Ziegler's  "  Beitr.."  Bd.  23,  1895. 

Ziegler's  "Beitr.,"  Bd.  16, 1894.  S.  29. 

"Ueber    einen    Fall    von    sogen.    ffltaler 

VII.- 
XIX. 

XX.. 

Eight  cretinoid 

Not  cretinoid  ;  C.  hyperplastlca 

C.  hvpoplastica 

XXI.. 

Vascular  struma 

XXII.. 
XXIII.. 

C.  hyperplastlca,  not  cretinoid 

C.  hypoplastica ;  cretinoid  with  some 

signs  of  myxoedema. 
C.  malacica 

Normal  fmlcroscopieal  examina- 
tion). 

XXIV.. 

Normal  size 

XXV.. 

Rachitis."  Inaug.-Di.ss..  Berlin.  189.i. 
Lubapich  u.  Ostertag's  "  Allg.  Aetlologie." 

\m\.  s.  .51. 
Ciiniptes  rend,  de  Soc.  de  Biol.,  l'.*e..  liv., 

.567. 

XXVI.- 

Lej?nyandReg- 

nault. 
Hektoen 

XXVIII. 

XXIX.. 

Atrophy  and  fibrosis :  liTpophysis 
enlarged :  iodine  not  determin- 
able in  thyroid. 
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cretiuism.  further  than  to  say  that  it  is  proved  practically 
beyond  doubt  that  the  two  are  one  and  the  same  thing, 
and  due  to  defect  in  the  function  of  the  thyroid.  Any 
differences  are  to  be  explained  in  re.^pect  to  the  time  at 
which  the  athyroidea  first  makes  itself  manifest.  Myx- 
oedema  is  cretinism  manifesting  itself  in  the  adult;  cre- 
tinism is  myxoedema  of  childhood.  In  opposition  to  the 
views  of  Leblanc  and  Nasan  may  be  cited  the  experience  of 
Cestan  ("Nouvelle  Iconographie  de  la  Salpetriere,"  lUOl. 
xiv.  277),  who  found  a  condition  of  chondrodystrophy  in 
a  girl  nine  and  a  half  years  old,  unimproved  by  thj'roid 
feeding  for  nine  months,  and  of  Marie  (Presse  mklicuh, 
Juillel,  1900,  vol.  iv.),  who  in  two  cases  found  no  benefit 
from  the  u.se  of  thyroid  extract.  We  should  observe,  too, 
that  the  lesions  of  chondrodystrophia  are  said  to  develop 
in  the  earliest  period  of  fcetal  life  before  the  thyroid  is 
properly  formed. 

With  regard  to  the  anatomical  peculiarities  of  the  thy- 
roid in  chondrodystrophia  it  is  not  always  possible  to 
obtain  accurate  information.  So  far  as  I  have  been 
able  to  trace  them  they  will  be  found  in  the  preceding 
table. 

Unfortunatel}".  not  having  access  to  the  original  papers 
in  all  instances,  I  am  not  able  to  give  complete  informa- 
tion in  the  above  table,  and  the  number  of  cases  might 
be  added  to.  We  see,  however,  that  out  of  twcnty-mne 
ca.ses  the  thyroid  is  abnormal  in  eight,  either  absent, 
atrophied,  or  li3-pertrophied.  And  it  is  furtlicr  striking 
that  in  all  the  cases  in  which  the  thyroid  is  obviously  dis- 
eased, with  one  exception,  the  clinical  type  has  been  cre- 
tinoid; with,  in  two  cases,  some  atlditional  features  re- 
sembling myxccderaa.  The  one  exception,  Hekloen's 
case,  is  probablj-  to  be  explained  on  the  ground  of  a 
<?ompensatory  action  of  the  hypophysis,  which  was  con- 
siderably enlarged,  but  otherwise  of  normal  structure. 
In  Bowlby's  ease,  which  is  recorded  as  a  case  of  cre- 
tinism, being  observed  before  the  distinctions  between 
the  different  forms  of  abnormal  osteogenesis  were  so 
closely  drawn  as  they  are  at  present,  the  skin  was 
oedematous  and  semitranslucent,  the  nose  was  broad 
and  flat,  and  there  were  no  eyelashes  or  eyebrows.  In 
Salvetti's  case  the  skin  was  also  oedematous.  In  tlie 
one  case  in  which  vascular  struma  is  stated  to  have 
been  present  (Scholz),  there  were  apparently  no  signs  of 
cretinism ;  but  this  anatomical  condition  of  the  thyroid 
does  not  of  course  impl_v  deficiency  of  the  secretion; 
rather  is  it  akin  to  what  is  foimd  in  exophthalmic  goitre 
or  hyperthyroidism.  This  association  of  defective  thy- 
roid secretion,  whicli  must  be  admitted  where  the  thyroid 
structure  is  so  extremely  altered,  with  the  cretinoid  type 
of  Kaufmann's  choudrod3-strophia  can  hardly  be  fortui- 
tous, especially  when  we  note  that  in  the  cases  that  are 
■distinctly  without  cretinoid  features,  the  thyroid  has  been, 
so  far  as  we  can  judge  from  the  imperfect  information 
that  we  are  given,  practically  normal.  In  settling  this  lat- 
ter point  we  can  admit  as  conclusive  evidence  only  cases 
that  have  been  controlled  by  post-mortem  examination. 
Still,  the  position  is  supported  to  some  extent  b_v  clinical 
■cases.  It  is,  it  must  be  remarked,  difficult  to  dVaw  con- 
clusions as  to  the  functional  efficacy  of  the  thj-roid  from 
an  estimate  of  its  size  alone  derived  from  palpation.  Os- 
ier (Trans.  Congr.  Amer.  Phys.  and  Surg.,  1897,  vol.  iv., 
pp.  190-192)  describes  two  cases  of  chondrodystrophia  in 
French-Canadian  children,  who  did  not  present  the  creti- 
noid facies,  in  whom  the  th\roid  was  not  enlarged  on 
palpation.  Joachimsthal  (Dtut.  med.  Woch..  1899,  S. 
288)  also  reports  a  case  of  chondrodj'strophia  hyperplas- 
tica,  without  the  cretinoid  appearance,  in  which  also  the 
thyroid  was  n(jrmal  on  palpation.  As  corroborative  evi- 
dence, also,  it  maj-  be  noted  that  Virchow  (  Vircli.  Arcliiv. 
1883,  xciv.,  S.  183),  in  the  canton  of  Glarus,  Switzerland, 
where  goitrous  cretinism  is  endemic,  found  not  a  few 
cases  of  chondrodystrophic  dwarfism  without  the  gross 
signs  of  cretinism.  It  would  seem,  so  far  as  we  can 
judge  from  so  limited  a  number  of  observations,  that 
the  cretinoid  type  of  chondrodystrophia,  as  described, 
is  simply  a  form  of  cretinism,  or  at  least  due  to  thyroid 
madequacy.     If  this  hv.  the  case,  it  then  follows"  that 


Kaufmann's  chondrodystrophia  foetalis  is  probably  not 
a  distinct  disease  entity,  but  that  several  differing  con- 
ditions are  included  under  the  one  name.  Some  stress 
has  been  laid  on  the  pecidiar  retraction  of  the  root  of 
the  nose,  which  is  so  evident  a  feature  in  typical  cre- 
tinism, as  an  aid  in  the  diagnosis  of  these  conditions.  It 
should  be  said  that  this  feature  is  not  always  present 
in  undoubted  cretinism  and.  moreover,  the  explanation 
given  of  it,  namely,  that  it  is  due  to  premature  synosto- 
sis of  the  OS  tribasilare,  does  not  invariably  hold  good. 
Some  of  Kaufmann's  cases  show  that  retraction  of  the 
root  of  the  nose  may  be  present  without  premature  ossi- 
fication of  the  OS  tribasilare.  In  these  exceptions  he 
attributes  the  appearance  to  shortening  of  the  bony  parts 
in  front  of  the  os.  Conversely,  the  synostosis  may  take 
place  without  producing  any  effect  on  the  condition  of 
the  nose.  Consequently  too  "much  weight  should  not  be 
laid  on  this  point. 

It  would,  perhaps,  be  also  premature  to  conclude  that 
the  other  forms  of  chondrodystrophia  may  not  be  deijend- 
ent  on  thyroid  dystrophy,  "it  is  true  tliat  Cestan,  Jlarie, 
and  Christopher  have  failed  to  get  benefit  from  thyroid 
feeding  in  cliondrodystrophia.  As  the  disease,  bow"ever, 
originates  during  in'tra-uterine  life,  by  the  time  the  cases 
come  to  observation  the  main  damage  has  been  done,  and 
it  is  not  to  be  expected  that  any  form  of  medication  wovdd 
have  a  marked  effect  on  bony  structures  once  they  were 
formed.  The  only  possible  chance  would  be  if  the  cases 
could  be  treated  from  birth ;  but,  so  far  as  I  am  aware, 
this  has  not  been  done.  This  fact  weakens  the  thcraiieutic 
argimieut  very  much.  Further,  it  does  not  follow  that 
because  the  thyroid  is  of  normal  size  and  appearance  that 
it  is  competent  to  perform  its  function.  While  an  abso- 
lute deficiency  in  the  amount  of  secrttion  furnished  by 
the  thyroid  will  undoubtedly  produce  the  symptoms  that 
constitute  cretinism  or  myxedema,  it  is  quite  passible 
that  a  relative  inadequacy  will  produce  the  same  symp- 
toms. This  aspect  of  the  case,  which  has  been  empha- 
sized by  Prof.  3.  G.  Adami  ("  Internal  Secretions  Con- 
sidered in  their  Physiological,  Pathological,  and  Clinical 
Aspects, "Trans.  Congr.  Amer.  Pliys.  and  Surg.,  vol.  iv., 
1897)  has  been  constantly  overlooked  by  writers  on  the 
subject.  The  doctrine  of  internal  secretions  supposes 
the  existence  of  some  substance,  the  product  of  metabol- 
ism, for  the  secretion  to  act  upon.  The  thyroid,  there- 
fore, may  be  normal,  but  if  the  substance  upon  which  it 
acts  is  produced  in  excess,  then  the  gland  will  be  insuf- 
ficient for  its  work,  and  the  various  symptoms  of  athj- 
roidea  may  make  their  appearance.  In  some  few  in- 
stances in  which  the  hypophysis  has  been  invaded  by  a 
tumor,  symptoms  of  myxedema  have  occurred  with  an 
intact  thyroid,  the  thyroid  and  the  hypophysis  being,  as 
is  now  well  recognized,  more  or  less  com  piemen  tarj-  or- 
gans. Relative  inadequacy  of  the  thyroid — and,  nvitutis 
mutandis,  the  same  remark  applies  to  the  hyjiophysis 
and  other  glands  furnishing  an  internal  secretion — is  a 
factor  that  can  by  no  means  be  neglected  in  these  obscure 
disorders  of  development.  Until,  however,  we  know 
much  more  about  the  nature,  chemical  and  otherwise,  of 
metabolic  processes,  we  must  leave  such  questions  to  the 
realm  of  speculation. 

In  concluding,  we  should  not  forget  to  say  a  word  or 
two  in  regard_to  the  relationship  between  anomalies  in 
structure  and  function  of  the  genital  tract  and  the  gen- 
eral question  of  somatic  development.  It  is  a  matter  of 
common  knowledge  that  the  clianges  in  the  genital  or- 
gans whicli  occur  at  puberty  are  coincident  with  an  in- 
creased nutritional  and  functional  activity  of  the  body 
as  a  whole,  as  is  evidenced  by  the  rapid  growth,  the  con- 
solidation of  the  figure,  the  production  of  hair,  the 
deposit  of  fat.  the  changes  in  tiie  voice,  and  the  altered 
mental  characteristics,  all  of  which  together  constitute 
the  adult  type.  Certain  isolated  facts  bring  this  relation- 
ship into  still  greater  prominence.  Genital  hypoplasia, 
with  its  associated  sexual  torpidity,  amenorrha^a,  and 
even  sterility,  has  been  found  in  certain  dwarfs,  in  myx- 
oedema and  cretinism,  in  acromegaly,  and  in  some  forms 
of  gigantism.     This  would  suggest  that  there  is  some 
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functional  rclationsbip  between  the  thyroid  glaud,  the  mality  of  the  pituitary  body  would  occasionally  have 
pituitary  body,  and  the  genital  organs.  "The almost  con-  been  noted.  This  is,  however,  not  the  case.  It  would 
stant  genital"  insiillieiency  found  in  conditions  of  athy-  seem  more  probable  that  genital  hypoplasia,  it  not  indeed 
roidea  is  so  well  recognized  that  I  need  not  do  more  than  always  an  effect,  is  an  associated  condition  merely.  In 
mention  it.  That  a  similar  peculiarity  may  be  associated  regard  to  the  factors  at  work  in  this  very  interestiiig  but 
with  lesions  of  the  |iituitary  body  is  perhaps  not  so  wide-  obscure  condition  of  anomalous  developiueut,  the  sum 
Iv  known.  Some  years  agii  I  performeil  an  autopsj'on  a  and  substance  of  the  whole  matter  is  that  our  views  can- 
female  about  tliirtv  years  Of  age.  who  dieil  with  symp-  not  attain  tinalitj^until  we  know  much  more  of  thechem- 
tonis  of  a  ba.sal  tumor  of  the  brain.  The  genitalia  were  istry  of  the  internal  secretions  and  of  metabolic  processes 
markedly  infantile  in  size  and  appearance.  A  tumor  of  generally.  Hitherto  the  anatomical  peculiarities  and  the 
the  hypophysis  was  foimd,  although  there  were  no  signs  pathological  chemistry  of  the  thyroid  and  pituitary 
of  acromegaly.  A  similar  case  is  one  reported  by  Babin-  glands  in  cases  of  dwarfism  and  giantism  have  not  been 
ski  (Society  "of  Neurology,  June  7th,  1900).  who  sufficiently  studied.  Nevertheless.  I  think  that 
found  signs  of  infantili.sm,  viz..  lack  of  body  hair,  ^^^  ^^s^  after  due  consideration  of  the  facts  brought  out 
amenorrlKea.  an  excess  of  fat,  in  a  girl  of  sev-  ^  \.  in  our  study  of  dwarlism,  we  may  be  able  to 
enteen.  but  without  acromegaly,  who  post  mor-  /  \  draw  certain  conclusions  with  a  fair  degree  of 
tem  e.\hiUited  a  tumor  of  the  pituitary.     An-     /  \     probability. 

alogous  peculiarities  have  been  found  in  the      |            thtroid.  |           1-  That  there  are  two  main  types  of  dwar- 

male  in  such  cases.     "Wliile  it  is  true  that        I  I         lism,  enseiitial    (hcarfism    and    symptomatic 

children   the  subjects  of  atrophy  of  the           V  /           dirarfium ,   which   etiologically    belong   to 

genitals  are  often  small,  instances  of  the              \  /               two  distinct  categories, 

reverse  are  not  unknown.    Eunuchs  are                    >w  ^/                        2.  The  former  are  to  be  attributed 

often   of  more   than   normal    height.                        y^-  .,  — ^y                        to  peculiarities  inherent  in  the  germ 

The  increase  in  length  is  most  mani-                          /  \        .                  cells  or  acquired   shortly  after   seg- 

fest  in  the  lowerlimbs,  a  peculiarity                        /  \                         mentation  of  the  fertilized  ovum, 

that  is  to  be  observed  also  in  the                        /  \                         the  e.xact  nature  of  which  at  pres- 

capon,  or  castrated  chicken,  and                       /  \                        ent  remains  obscure,   or  to   ac- 

iu   the   ox.      The    relationships                        /  \                          quired    intra  -  uterine    disturb- 

suggested  by  the  above  obser-                         /  \                          ances.     The    latter    are    due, 

vations    might    be    depicted                         /  \                          not  only  to   tlie   causes  just 

graphically  in  the  diagram                         /  \                          mentioned,  but  also  to  ac- 

(Fig.  5124).                                                    /                  ^^  -ivw                   \                         quired   di.scase.      In    true 

It  is  in  view  of  these                         /                ^^  ^\^                \                          dwarfism    the    defect   of 

facts  that  Freund.Klebs,                         /                 /^  y.                \                          development  is  in  time 

and   Verstraeteu,  have                         /                 /      osteogenesis      \  \                         ^""^  extent;    in  sj-mp- 

advanced   tlie   theory                         /                   [                ^^p  1                  \                          tomatic  dwarfism  the 

that  anomalous  evo-                         /                     I     Ge.xeral  Somatic      I                     \                          manner  of  growth  is 

lution  of  the  geni-                         /                       \       Develop.me.nt.       /  \                          perverted  as  well. 


tal  function  is  at 
the  bottom  of  de- 
V  e  1  o  p  m  c  n  t  a  1 
dystrophy.    If 
genital    evo- 
lution be  in 
excess,    gi- 
gantism  or 
acromegaly' 
will  occur; 
if  def ec - 
tive,  infan- 
tilism   or 
dwarfism 

results.  It  seems  to  me,  however,  that  this  is  much 
too  strong  an  assertion,  and  one  that  is  not  supported 
by  the  facts,  as  we  know  them.  Such  a  the<iry  sup- 
poses the  existence  of  an  internal  secretion  in  the  case 
of  the  genital  organs,  to  wit,  the  testes  and  ovaries. 
the  evidence  for  which  is  not  beyond  question.  Fur- 
ther, the  association  between  genital  anomalies  and  de- 
velopmental peculiarities  is  not  necessarily  direct,  as 
cause  and  effect,  but  may  be  indirect  through  some 
third  factor.  We  have  experimental  evidence  to  show 
that  defect  of  the  thyroid  will  produce  hypoplasia  of  the 
genitalia,  but  not  the  converse,  and  in  this  case  as  a  mat- 
ter of  fact  genital  hypoplasia  is  simply  part  and  parcel  of 
a  systemic  developmental  defect.  In  the  case  of  the 
pituitary  evidence  is  scant}',  inasmuch  as  experimenta- 
tion, except  in  the  single  particular  of  pituitary  feed- 
ing, is  extremely  difllcult.  The  evidence,  so  far  as  I  can 
gather  it  from  autopsies,  seems  to  favor  the  view  that 
certain  lesions  of  the  pituitary,  provided  tiiey  arise  early 
enough,  may  prevent  the  proper  development  of  the 
genital  organs.  There  is  absolutely  no  evidence  to  prove 
that  hyijoplasiaor  any  other  pathological  condition  of  the 
genitalia  has  produced  disease  of  the  pituitary.  Could  it 
do  so,  one  would  suppose  that,  considering  the  very  re- 
spectable number  of  cases  of  aplasia  and  liypoplasia  of 
the  genital  organs  that  have  been  described,  some  abnor- 


3.  There    is    a 
close  association 
between     such 
conditions   as 
fcetal  rick- 
ets," cretin- 
ism,   osteo- 
psathyrosis, 
osteoporo- 
sis, osteo- 
genesis im- 
perfecta. 

4.    Ftetal 
rickets    so 
I   called  has  nothing  to  do  with  rickets  as  it  is  ordinarily 
understood. 

5.  The  term  cliondrodystrophia  fatalis  is  a  misnomer, 
inasmuch  as  it  implies  a  local  lesion,  and,  moreover,  at- 
tributes it  to  a  nutritive  cause,  whereas  not  only  the  car- 
tilage but  the  bone  and  soft  tissues  arc  involved.  Vir- 
chow  is  probably  correct  in  regarding  it  rather  as  a 
developmental  anomaly. 

6.  The  three  types,  chondrodystrophia  hyperplastica, 
chondrodystrophia  hypoplastica,  and  chondrodystrophia 
malacica,  are  probably  not  varieties  of  the  same  disease. 

7.  Chondrodystropliia  of  Kaufmann's  first  or  cretinoid 
type  is  probably  a  modified  cretinism. 

Albert  George  Hicholls. 

EMBALMING. — This  article  is  intended  to  furnish  use- 
ful information  to  the  medical  iiractitioner  who  may  be 
called  upon  to  preserve  a  dead  body  for  a  limited  period 
of  time.  This  duty  can  occur  only  when  it  is  not  pos- 
sible to  secure  the  services  of  the  professional  cmbalmer. 

When  the  object  in  view  is  simply  to  keep  the  dead 
human  body  from  unilergoing  decomposition  for  a  few 
days,  there  are  a  number  of  methods  from  which  the 
physician  may  make  a  choice.  Thus,  for  example,  when 
it  is  possible  to  obtain  ice  in  plenty  and  the  services  of  a 
person  who  can  be  trusted  to  renew  the  supply  as  fre- 
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quentl_v  as  may  seem  desirable,  this  metliod  of  prevent- 
iug  or  at  least  postponing  decomposition  is  probably  as 
good  as  auj-  other  that  can  be  suggested.  But  it  is  often 
unpossible  to  obtain  ice  in  the  desired  quantity,  or  the 
period  of  time  during  which  the  dead  bod_v  must  be  pre- 
served is  longer  than  is  compatible  with  the  employment 
of  this  method.  Under  these  circumstances  it  becomes 
necessary  to  fall  back  u|)on  some  other  procedure,  one, 
for  example,  which  depends  for  its  efficacy  upon  the 
employment  of  chemical  reagents.  Among  the  large 
uumlier  of  such  procedures  the  physician  may  be  cfim- 
pelled,  by  reason  of  the  circumstances  iu  which  he  hap- 
pens to  be  placed,  to  select  one  of  the  simpler  ami  less 
efficacious  methods.  I  will  therefore  mention  a  few  of 
these  first,  reserving  to  the  last  an  account  of  the  steps 
which  one  must  take  if  it  be  desired  to  preserve  the  dead 
body  in  good  condition  for  a  reasonabl)'  long  period  of 
time — for  months  or  even  years.  It  is  only  to  such  a 
procedure  that  the  term  embalming  may  with  propriety 
be  applied. 

Methods  Suited  to  the  Preservation  of  a  Dead  Body  for  a 
Short  Period  of  Time. — (a)  Place  the  body,  without  ojien- 
ing  it,  and  as  soon  as  possible  after  death,  in  sawdust 
mixed  with  powdered  zinc  sulphate.  The  skin,  it  must 
be  remembered,  has  a  tendency,  under  continued  expos- 
ure to  this  reagent,  to  assume  a  yellow  color. 

(A)  Open  and  clean  the  body  and  viscera,  and  keep  all 
the  paits  that  can  be  I'eached  saturated  with  a  corrosive 
sublimate  solution  (1  in  1,000)  or  a  formalin  mixture  (of  a 
strength  of  from  five  to  ten  per  cent,).  Cloths  saturated 
with  the  same  fluid  sliould  be  wrapped  aroimd  the  body, 
and  enough  of  the  preservative  should  be  added  from 
time  to  time  to  keep  the  cloths  constantlj-  moist, 

(e)  Open  a  femoral  artery  at  the  apex  of  Scarpa's  tri- 
angle and  inject  a  solution  of  arsenous  acid  (eight  drachms 
in  9  kgm,  of  alcohol;  cinnabar,  q.  s. ).  Then  open  the 
al)domiual  cavity,  wash  out  the  cavities  of  the  stomach, 
bladder,  and  intestines,  and  inject  the  preservative  solu- 
tion into  them  freely. 

(rf)  Camjjlior  dissolved  in  alcohol,  in  the  proportion  of 
1  part  of  the  former  to  6  of  the  latter,  can  lie  used  eflec- 
tively  as  a  preservative  liuid.  Another  mixture  is  the 
following:  Oil  of  turpentine,  5  pints;  Venice  turpentine, 
1  pint;  oil  of  lavender,  2  ounces;  oil  of  rosemary,  2 
ounces;  vermilion,  q.  s. 

Another  mixture,  which  has  been  used  with  some 
measure  of  success  in  England,  is  the  following; — To 
one  pint  and  a  half  of  glycerin  add  three  quarters  of  a 
pound  of  white  ar.senic  (arsenous  acid)  and  boil :  after- 
ward add  one  gallon  of  pure  glycerin.  Still  another  use- 
ful mixtuVeisone  composed  of  alcohol  and  glycerin  in 
equal  parts  (each  representing  forty-seven  and  a  half  per 
cent,  of  the  entire  bulk),  and  carbolic  acid  to  the  extent 
of  live  per  cent.  A  small  quantity  of  arsenic  (about  one 
per  cent.)  may,  if  desired,  be  added  to  the  mixture. 

All  of  the  ingredients  mentioned  in  the  preceding  para- 
graphs are,  as  a  rule,  ea.sily  obtainable,  and  the  manipu- 
lations required  call  for  no  special  skill.  At  the  same 
time  it  must  be  remembered  that  these  procedures  can  at 
best  retard  decomposition  for  only  a  relatively  short  time. 
Thoroughly  satisfactory  results  can  be  obtained  only 
through  the  more  elaborate  and  painstaking  methods 
adopted  by  the  professional  embalmer. 

An  Effeclite  Method  of  Einhalining. — Mr.  Frank  E, 
Campbell,  of  241  West  Twenty-third  Street,  New  York 
City,  a  recognized  authority  in  embalming,  has  very 
kindly  allowed  the  use  of  the  following  description  of 
the  method  of  embalming  which  he  prefers: 

"I.  Bathe  and  dress  (in  underclothing)  the  body  to  be 
embalmed,  and  place  it  upon  a  board  supported  in  an  in- 
clined position.  Close  the  mouth  and  eyes,  and  securely 
plug  all  oriticcs. 

"II.  Place  within  easy  reach  all  the  in.struments  and 
various  objects  that  will  be  needed,  viz,,  scalpel,  aneu- 
rism needle,  blunt  hook,  scissors,  arterial  ttibe,  five  six 
inch  lengths  of  linen  thread  for  tying  about  the  vein  and 
artery  when  raised,  a  threadeil  needle  suitable  for  sewing 
up  incisions,  a  bulb  syringe,  a  large  bottle  filled  with  the 


embalming  fluid,  a  sponge,  a  supph"  of  cotton,  etc. 
Sink  the  suction  end  of  the  tubing  of  the  bulb  syringe 
into  the  embalming  fluid  contained  iu  the  bottle  and 
scjueeze  the  bulb  several  times  in  order  both  to  till  it  with 
the  fluid  and  to  force  out  the  air  which  it  contains. 
When  these  objects  have  been  accomplished  the  dis- 
charge end  of  the  syringe  should  also  be  introduced  into 
the  Ijottle,  in  order  that  no  leaking  may  take  place. 

"III.  Connect  tlie  aspirating  pump,  bj-  means  of  tub- 
ing and  a  gooseneck,  with  an  empty  aspirating  bottle 
suitable  for  holding  the  blood  to  be  withdrawn  from  the 
bod}-.  Then  attach  to  the  free  end  of  the  tubing  a  long 
silk-covered  vein  tube,  or,  better  still,  a  flexible  wire 
catheter. 

"  IV.  Expose  the  femoral  vessels  in  Scarpa's  triangle 
over  an  area  two  or  three  inches  in  length  and  dissect 
them  clean.  Then,  with  one  of  the  lengths  of  thread  al- 
ready prepared,  tie  the  artery  at  the  lowest  possible  point 
with  a  Arm  knot,  for  the  injection  is  to  be  made  only  in 
an  upward  direction. 

"V.  Next,  pick  up  the  vein  and  treat  it  in  the  same 
manner  as  the  artery,  remembering,  however,  that  the 
structure  of  the  vein  is  fragile  and  that  it  may  easil_y  be 
punctured  or  torn.  JIake  a  slit,  about  a  quarter  of  an 
inch  long,  lengthwise  in  the  vein.  As  blood  will  escape 
from  the  vessel  when  it  is  thus  opened,  it  is  well  to  pre- 
vent this  by  making  pressure  upon  the  vein  with  the 
finger  or  wdth  a  blunt  hook.  Insert  the  vein  tube  into 
the  opening  in  the  vein  and  push  it  upward  to  or  near 
the  right  auricle  of  the  heart.  Pass  a  piece  of  the  thread 
suugly,  but  not  too  tightly,  arovuid  both  vein  and  tube, 
and  tie  it  with  a  simple  knot.  Attach  the  tubing  of  the 
as])irating  pump  and  begin  to  pump  the  air  from  the 
bottle.  When  the  air  has  been  withdrawn  from  the  bot- 
tle, the  vacuum  will  draw  the  blood  from  the  budy  by 
way  of  the  vein  tube.  It  no  blood  flows  into  the  bottle 
after  the  air  is  pmnped  out,  it  may  be  a.ssumed  that  a 
clot  of  blood  has  probably  entered  the  free  end  of  the 
tube  in  the  vein,  or  else  that  there  was  no  blood  at  the 
point  where  the  end  of  the  tube  rested.  Draw  the  tube 
slowly  downward,  and,  if  there  is  still  no  flow  of  blood, 
pusli  the  tube  as  far  back  into  the  vein  as  it  will  go, 
detach  the  rubber  tubing  from  it,  and,  by  means  of  the 
bidb  syringe,  inject  a  bulbful  of  aqua  ammonia;,  for  the 
purpose  of  dissolving  the  clotted  blood.  After  this  has 
been  done,  resume  the  operation  of  aspirating.  When 
all  the  blood  that  can  possibly  be  removed  in  this  man- 
ner has  been  aspirated,  withdraw  the  tube  for  about  one- 
third  its  length,  and  let  it  remain  in  the  vein,  (Always 
keep  a  vacuum  in  the  bottle.) 

"VI.  Next,  pick  up  the  artery,  slit  it,  and  insert  the 
arterial  tube  with  care.  Then  pass  the  remaining  piece 
of  thread  around  it  as  far  up  as  you  can,  and  tie  it  with 
a  simple  knot.  Attach  the  bulb  syringe  (previously 
made  ready)  to  the  tube  and  begin  the  injection  slowly. 
AVben  about  one-third  of  a  quart  of  the  preservative 
fluid  has  been  injected,  stop  and  begin  once  more  to 
aspirate  the  vein,  for  by  this  time  the  fluid  injected  into 
the  artery  is  forcing  the  blood  ahead  of  it,  and  the  blood 
will  flow  again  more  freely. 

"  VII.  Adnunister  the  injections  and  the  aspirations  in 
alternation  until  a  quantity  of  the  preservative  fluid 
varying  from  three  pints  to  five  or  six  pints,  according 
to  the  size  of  the  body,  shall  have  been  injected,  and  also 
until  a  clear  fluid,  and  not  a  bloody  one,  escapes  from 
the  vein  tube  as  a  result  of  the  aspiration.  Any  discol- 
oratious  of  the  face,  ears,  or  neck,  will  probably  by  this 
time  have  disappeared.  If  it  should  be  found,  however, 
that  a  slight  discoloration  still  remains  in  the  lower  part 
of  the  ears,  or  in  the  neck,  a  slight  rubbing  will  in  most 
cases  remove  it. 

"  VIII.  After  it  is  ijeen  that  only  clear  fluid  flows  into 
the  blood  bottle,  draw  out  the  vein  tube  and  tie  the  vein 
tightly. 

""  IX.  Continue  the  injection  of  fluid  into  the  artery 
until  the  veins  of  the  temple,  the  large  vein  on  the  fore- 
head, and  the  jugular  vein,  as  well  as  the  veins  in  the 
arms  and  hands,  indicate  that  they  are  flUed.     Then  re- 
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move  the  arteriiil  tube  and  tie  the  artery  tightly  with 
the  same  tliroail  that  held  ihc  tube  in  place.  Pack  the 
wound  well  with  moist  '  liiitino,' and  sew  up  the  incis- 
ion with  the  •  baseball '  stitdi,  drawing  the  edges  snugly 
togetlier. 

"  The  arterial  work  is  now  completed. 

"  X.  For  successful  work  on  the  cavities  of  the  body 
there  will  be  needed  a  twelve-inch  trocar,  an  instrument 
tliat  will  reach  every  point  wliere  it  is  desirable  to  apply 
the  jireservative  fluid.  At  the  same  time  it  must  be  re- 
membered that  much  damage  can  be  done  with  a  trocar 
of  tliese  proportions  if  it  be  not  used  with  care.  It  is 
therefore  important  to  avoid  injuring  the  trunks  of  arte- 
ries and  veins,  and  the  various  organs. 

"Insert  the  trocar  just  far  enough  to  penetrate  the  ab- 
dominal wall,  and  connect  it  with  the  aspirating  pump. 
Draw  the  gases  and  liquids  through  it  into  the  empty 
bottles.  Througli  his  knowledge  of  the  anatomical  rela- 
fions  of  thediffc-rent  organs  tlie  physician  should  be  able, 
witliout  removing  the  trocar  from  the  opening  in  the 
abdominal  wall,  to  carry  out  successfully  the  following 
proeedures:  He  should  puncture  the  stomach  and  draw 
from  it  all  the  gases  and  liquid  conteuts,  and  then,  after 
he  has  accomplished  this,  and  without  removing  the 
trocar,  he  should  inject  two  bulbfuls  of  the  embalming 
fluid  into  the  cavity  of  this  organ.  The  aspirator  should 
then  be  re-attached  to  the  trocar  and  the  latter  should  be 
made  to  pierce  tlie  intestines,  both  the  large  and  the 
small.  In  this  waj-  it  will  be  possible  to  remove  any 
gases  or  fluids  whicli  these  organs  may  contain.  The 
bladder  should  be  treated  in  the  same  manner.  Never 
puncture  the  liver,  as  it  cannot  be  aspirated  or  injected, 
and  the  original  arterial  injection  may  be  trusted  to  pre- 
serve it  from  decomposition.  As  a  final  step  connect  the 
trocar  with  tlie  syringe  and  copiously  flood  the  intestines 
with  the  preservative  fluid. 

'■  Where  death  occurs  from  pulmonary  tuberculosis  or 
from  pneumonia,  tin'n  the  point  of  the  trocar  upward 
toward  the  haigs  and  cause  it  to  penetrate  into  the  tho- 
racic cavity  as  far  as  it  will  reach.  Aspirate  first  from 
one  pleural  cavity — for  example,  the  right — and  then 
from  the  other;  care  being  taken,  after  the  aspiration  of 
the  first  pleural  cavit)',  to  withdraw  the  trocar  well  into 
the  abdominal  cavity  before  the  attempt  is  made  to  push 
it  on  into  the  second.  When  both  pleural  cavities  have 
been  thoroughly  aspirated,  flood  each  of  them  with  em- 
balming fluid  in  a  cautious  manner  and  then  withdraw 
the  trocar  altogether. 

"  With  needle  and  thread  close  the  ojiening  in  the  ab- 
domen by  means  of  a  drawstring  suture.  Pack  the  nose 
with  liutine  thoroughly  moistened  with  embalming  fluid, 
and  pack  the  rectum  and  vagina  in  the  same  manner. 
The  embalming  will  then  be  completed." 

While  Jlr.  Campbell  does  not  state  which  particular 
preservative  mi.xture  he  considers  the  best,  it  is  fair  to 
assume  that  sufficiently  good  results  ma^'  be  obtained  b}- 
the  employment  of  anj'  one  of  the  half-dozen  or  more 
standard  embalming  fluids  which  are  offered  for  sale  in 
the  shops.  William  Sohier  Bi-yant. 

EMPHYSEMA,  SUBCUTANEOUS.— By  this  term,  or 
pneumatosis,  is  meant  the  presence  of  air  or  other  gaseous 
compounds  beneath  the  skin. 

The  resultant  symptoms  are  these:  a  swelling  covered 
with  skin  of  either  normal  appearance  or,  if  the  pressure 
upon  it  be  great,  rather  pale;  this  tumor  pits  upon  press- 
ure, as  in  the  case  of  anasarca,  but  the  pitting  more 
quickly  disappears  when  the  swelling  is  due  to  the  pres- 
ence of  air.  Palpation  causes  a  peculiar  crackling  or 
crepitation  in  the  subcutaneous  tissues.  If  the  air  have 
entered  from  without,  a  wound  or  puncture  can  generally 
be  discovered ;  if  from  within,  expiratory  efforts  with 
do.sed  lips  and  nostrils  will  generally  produce  immediate 
increase  in  size.  It  is  possible  for  the  whole  subcutane- 
ous tissue  to  become  inflated  from  any  superficial  part  of 
the  body  as  a  starting-point. 

In  case  the  emphysema  is  that  of  decomposition,  there 
may  be  an  altered  hue  of  the  integument ;  but  the  dis- 


coloration, of  course,  is  entirely  independent  of  the  em- 
physema. 

Subcutaneous  emphysema  may  result  from  causes 
either  traumatic  or  pathological.  Among  instances  of 
the  latter  may  be  mentioned  ulcers  or  abscesses  com- 
municating with  the  air  passages,  and,  as  alreadj'  sug- 
gested, gangrene. 

We  may  include  in  the  discussion  of  this  subject  em- 
physema of  other  parts  external  to  the  lungs,  such  as 
mediastinal  and  submucous  collections  of  air. 

In  the  head,  orbital  emphj'sema  sometimes  follows  a 
blow  of  sufficient  violence  to  break  one  of  the  thin  and 
fragile  bones  of  the  inner  wall  of  the  orbit — the  lachry- 
mal or  the  orbital  plate  of  the  ethmoid.  If,  soon  there- 
after, the  patient  blows  his  aose,  the  compressed  air  finds 
a  ready  exit  from  the  nose  into  the  orbit,  and  distends  the 
lids. 

Eustachian  emphyxema :  here  an  xdcer  of  the  tube,  or 
a  rupture  following  awkward  Eustachian  catheterization, 
has  led  to  distention  and  approximation  of  the  pharyn- 
geal walls  by  the  dissecting  air.  Blowing  the  nose  and 
the  Valsidvian  experiment  increase  the  emphysema  in 
these  cases.  Von  Troltsch  '  mentions  a  case,  within  his 
own  experience,  in  which  dysphagia  consequent  upon 
such  emphysema  persisted  for  five  days. 

In  the  neck  we  may  have  escape  of  air  as  a  result  of 
foreign  bodies,  ulcers,  or  abscesses  perforating  the  oesoph- 
ageal, laryngeal,  or  tracheal  wall;  but  emphysema  will 
not  be  produced  if,  as  a  result  of  the  perforation,  a 
broucho-eesophageal  fistula  be  established. 

Ulcers  of  the  larynx  or  trachea  may  lead  to  submucous 
dissection  by  air.  Wounds  of  the  neck  penetrating  these 
pai'ts  may  be  followed  by  subcutaneous  emphysema  if 
there  is  not  free  escape  for  the  expired  air.  Under  these 
circumstances  inflation  of  the  skin  has  been  known  to 
occur  over  an  area  extending  from  the  head  to  the  scro- 
tum.'^ 

As  a  rule,  the  consequences  are  not  serious;  but 
Holmes  '  quotes  Hilton  as  stating  that  emphysema  about 
the  phrenic  nerves  may  so  interfere  with  their  functional 
integrity  as  to  cause  death. 

During  tracheotomy,  and  afterward  if  much  inspiratory 
dirticulty  be  present,  Champneys''  finds  that  anterior 
mediastinal  emphysema,  and  even  pneumothorax,  are 
liable  to  occur ;  and  this  is  especiallj'  so  if  artificial  respi- 
ration by  Schultze's  method  be  employed. 

In  the  chest  we  may  have  the  surgical  symptom  iu 
question  produced  in  several  wa3's.  Pathologicallj',  as 
by  the  opening  of  a  vomica  or  abscess  of  the  lung  into 
the  parietcs  of  the  chest,  the  two  pleural  surfaces  being 
adherent  at  the  point  where  the  abscess  perforates.  (If 
the  parts  were  not  adherent  at  this  point,  there  would, 
of  course,  simply  be  a  peumo-  or  a  iiyopneumothc)rax.) 
Emphysema  sometimes  complicates  wounds  of  the  chest- 
wall,  both  the  penetrating  and  the  non-penetrating  va- 
rieties. In  the  latter  instance,  the  air  which  enters  the 
woimd  from  witiiout  during  one  movement  of  respiration 
is  prevented  in  a  valvular  way  from  escaping  during  the 
opposed  movement,  and  is  disseminated  by  the  muscular 
and  tegumentary  pressure  upon  it  during  this  movement. 
In  the  case  of  wounds  penetrating  the  parietal  pleura  only, 
we  may,  besides  the  consequent  pneumothorax,  have  a 
subcutaneous  emphysema  from  the  same  reason. 

Wounds  that  penetrate  tiie  lung,  and  a  puncture  of 
the  lung  by  a  fractured  rib,  are  alike  liable  to  produce 
emphysema,  air  escajiing  from  the  lung  with  the  same 
residt  as  in  the  case  last  given. 

An  additional  and  rare  variety  of  traumatic  em]ihysema 
of  thoracic  origin  is  that  consequent  upon  rupture  of  air 
cells  bj'  violent  expiratory  efl'orts,  with  a  closed  or  par- 
tially closed  glottis,  as  while  coughing,  straining,  or 
blowing  a  wind  instrument.  Here  the  air  makes  its  way 
between  the  lobules,  and.  unless  it  ruptures  the  pleura, 
producing  jineumothorax,  it  escapes  at  the  root  of  the 
hmg  into  the  mediastina,  and  thence  into  the  cellular  tis- 
sue of  the  neck,  becoming  subcutaneous. 

Guttman^  says:  "Most  of  the  cases  of  this  variety  of 
emphysema  are  observed  in  connection  with  croup,  diph- 
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tlieritis  of  the  larynx,  whooping-cough,  and  bronchitis 
in  children,  and  with  advanced  pulmonary  emphysema  in 
the  aged." 

In  1884  I  met  with  the  only  case  which,  as  yet,  I 
have  found  complicating  whooping-cough.  The  patient, 
a  child  of  two  years,  had  been  suffering  for  about  three 
weeks,  the  parents  said,  from  violent  tits  of  coughing.  I 
was  called  to  treat  the  sudden  appearance  of  "  dropsy  "  in 
the  case.  I  found  the  skin  of  the  head,  neck,  and  chest 
distended,  crepitation  everywhere  well  marked,  and  no 
dropsy.  Whenever  the  child  coughed  the  swelling  in- 
creased in  size  suddenly,  apparently  causing  distention 
first  in  the  left  supraclavicular  region.  The  respiration 
was  rapid,  but  seemingly  free:  the  pulse  rapid  and 
feeble.  The  child  died  w-ithin  a  few  hours.  Unfortu- 
nately, no  autopsy  was  allowed. 

In  the  abdvineiiwc  may  have  subcutaneous  emphysema 
from  ulcerative  perforation  of  the  stomach  or  intestine 
at  a  point  previously  adherent  to  the  abdominal  wall. 
Unless  such  adhesions  prevent  it,  gas  will  escape  from 
the  viscera  into  the  peritoneal  cavity. 

Tre.^^tment. — As  a  rule,  air  beneath  the  skin  is  of 
slight  consequence  and  requires  no  treatment,  becoming 
absorbed  after  a  time.  If,  however,  important  parts — as 
the  phrenic  nerves,  or  the  larynx,  trachea,  etc. — are  sub- 
jected to  a  degree  of  pressure  injurious  to  respiration,  or 
if  the  subcutaneous  air  is  spreading  further  and  further, 
we  may  employ  pressure  at  the  point  of  escape,  or  may 
make  incisions  through  the  skin  to  give  relief  to  tension, 
or  both. 

Subcutaneous  emphysema  possesses  an  interest  for  us 
outside  of  its  pathological  or  accidental  causation.  It 
has  often  been  induced  intentionally  by  the  malingerer; 
and,  moreover,  its  production  has  been  seriously  advo- 
cated b}'  Dr.  H.  R.  Sylvester'  in  an  article  entitled  "On 
Life-saving  from  Drowning,  by  Self-inflation."  Here  it 
is  recommended  that  those  in  peril  of  the  deep  shall  make 
a  small  puncture  or  cut  in  tlie  cheek,  leading  from  the 
mucous  membrane  about  opposite  the  first  molar  to — but 
not  through — the  superficial  fascia  and  skin;  and  then, 
closing  the  lips  tightly,  they  shall  proceed  to  blow  them- 
selves up,  until  the  skin  of  the  head,  neck,  and  chest  is 
distended.  Dr.  Sylvester  alleges  that  a  moderate  and 
quite  painless  and  harmless  inflation  is  ample  to  keep  one 
afloat  without  effort. 

It  seems  probable  that  Vidocq  refers  to  such  a  practice 
when,  in  his  memoirs — as  mentioned  by  Gavin,' — he  as- 
serts that  he  could  make  his  head  swell  like  a  bushel, 
without  giving  pain,  and  that  he  could  remove  all  traces 
of  it  by  the  day  following. 

In  order  to  test  the  degree  of  pain,  and  the  subjective 
effects  of  such  distention  upon  the  skin,  I  some  time  ago 
performed  the  following  experiment,  assisted  by  my 
friend  Dr.  F.  A.  Manning :  Having  connected,  by  a  piece 
of  rubber  tubing,  a  hypodermic  needle  with  my  com- 
pressed-air receiver,  I  forced  air  beneath  the  skin  of  my 
left  forearm  until  the  limb  was  much  increased  in  size, 
the  skin  tense,  and  emphysematous  crepitation  could  be 
felt  from  wrist  to  armpit.  The  pain  was  very  trifling  in 
amount.  The  distended  skin  was  somewhat  ana?sthetic; 
whereas  before  the  injection  I  could  distinguish  sepa- 
rate points  on  the  anterior  surface  at  an  average  dis- 
tance of  4  mm.,  immediatel)'  thereafter  I  could  name 
them  only  when  they  were  10-15  mm.  apart.  Still, 
pinching  and  pricking  were  distinctly  painful.  The 
emphysema  thus  induced  was  slow  in  disappearing.  It 
was  still  somewhat  noticeable  on  the  third  day  after  the 
experiment. 

As  regards  the  production  of  emphysema  upon  the  hu- 
man subject  with  intent  to  deceive,  it  has  been  employed 
to  simulate  hernia,  indrocele,  hydrocephalus,  ascites, 
etc.  Gavin  (op.  cit..  p.  389)  says;  "It  is  a  tilck  used 
every  day  by  butchers,  and  lias  been  known  from  time 
immemorial  by  the  Ethiopians  and  mendicants  of  Abys- 
sinia." Beck*  quotes  Sauvage's  "Nosology  "  regarding 
a  mendicant  who  "gave  his  child  all  the  appearances  of 
liydrocephalus  by  blowing  air  under  the  tegument  of  the 
head  near  the  vertex."    He  also  cites  a  case  of  emphy- 


sema of  the  abdominal  parietes,  induced  by  a  woman  who 
wished  to  feign  dropsy. 

Sir  George  Ballingall '  declares  that  the  artificial  pro- 
duction of  this  for  the  simulation  of  other  diseases  is  regu- 
lated by  a  recipe  current  in  the  Biitish  army. 

The  differential  diagnosis  of  the  tumors  so  caused  pre- 
sents no  difficidty.  Mobert  H.  M.  Dawbarii. 

'  Treatise  on  the  Diseases  of  the  Ear. 

2  Plales  du  larynx,  de  la  trachee,  etc.,  par  le  Dr.  Paul  Heurteloup, 
Paris,  pp.  Si-TT.  '  Surgery,  vol.  ii. 

i-Med.  Chir.  Transactions,  1882,  p.  75  et  scq. 
^  Handbook  of  Physical  DiaRnosis,  p.  27. 
'  liondon  Laurel.  .lammi  y  :m,  1885,  and  August  29th,  18a5. 
'  Ciavin  on  Feigiini  Dist  a.-^es. 
^  Medical  Junspi inlcmc,  vol.  i.,  p.  74.       ^  Military  Surgery,  p.  584. 

ENTEROPTOSIS.— (Synonyms:  Glenard's  Disease, 
Splanchnoptosis  [Stiller].) 

Intp.odi  CTORY  .^XD  IIisTORic.\L. — Anomalous  down- 
ward displacements  of  the  abdominal  viscera  were  de- 
scribed by  Virchow,  Leube,  and  others,  several  j'cars  be- 
fore Glenard's  monograph  appeared.  In  this  article, 
which  was  published  in  1885,  Glenard  set  forth  his  views 
upon  enteroptosis  and  connected  therewith  certain  ner- 
vous phenomena  which  have  since  borne  the  name  of 
"Glenard's  disease."  Prominent  among  the  features  of 
this  syiuptom  complex,  which  Treves  is  pleased  to  call 
"that  medley  of  symptoms,"  are  downward  displace- 
ment of  the  stoiuach,  a  movable  right  kidney,  various 
digestive  disturbances,  and  often  very  typical  neuras- 
thenic symptoms. 

The  interest  thus  awakened  in  postural  anomalies  of 
abdominal  oi'gans  by  Glenard's  article  is  as  keen  to-day 
as  it  was  eighteen  years  ago,  and  many  physicians  have 
verified  the  statement  of  that  author  which  he  made  with 
such  enthusiastic  earnestness  at  the  close  of  his  early 
monograph.  "I  can  affirm,"  wrote  Glenaid,  "that  the 
physician  who  will  follow  my  directions  and  strive  to 
verify  my  statements  in  such  cases  will  Bud  in  his  prac- 
tice the  satisfaction  which  a  positive  diagnosis  gives  to 
both  physician  and  patient,  from  which  alone  a  pioper 
prognosis  can  be  made,  and  that  satisfaction,  the  greatest 
of  all,  which  directs  the  treatment  and  avoids  for  the 
patient  the  trial  ujion  him  of  .so  many  remedies,  while  at 
the  .same  time  it  secures  him  relief  and  prevents  the  phy- 
sician himself  from  falling  into  therapeutic  scepticism." 

The  investigations  made  by  the  French  were  rapidly 
followed  by  similar  work  among  the  German  clinicians, 
with  the  result  that  another  view  of  the  cause  of  the  dis- 
placements was  advanced.  Then  the  English  and  Amer- 
ican writers  contributed  articles  and  case  reports  upon 
the  subject,  dealing  with  the  nature  and  anatomy  as  well 
as  with  the  etiology  and  treatment  of  the  disease.  One 
cannot  close  this  introductoiy  historic  note  without  men- 
tioning the  fact  that  the  lectures  of  Arthur  Keith  on  the 
nature  and  anatomy  of  Glenard's  disease  comprise  one 
of  the  best  studies  upon  this  phase  of  the  question  yet 
published  and  will  be  duly  recognized  later  in  this  article. 

T/w  application  of  the  term  Enteroptosis. — It  would  ap- 
pear that  Glenard's  original  article  included  a  description 
of  a  displacement  of  the  intestines  alone.  The  Germans 
broadened  the  application  of  the  term  and  made  it  to  in- 
clude, in  most  instances  at  least,  ptosis  of  all  the  abdom- 
inal viscera.  Schwerdt,  however,  pleaded  that  the  term 
was  applicable  when  at  least  two  of  these  organs  suffered 
downward  dislocation.  If.  on  the  other  hand,  one  would 
wish  to  be  specific,  the  organs  so  displaced  might  be 
specified  by  gastroptosis,  for  instance,  or  nephroptosis, 
and  so  on. 

Etiology. — The  study  of  visceral  ptosis,  from  the 
etiologic  standpoint,  has  provoked  a  variety  of  theories 
differing  so  widely  that  it  is  manifestly  impossible  to  find 
one  theory  broad  enough  to  ex])lain  all  cases.  It  has 
been  urged  that  enteroptosis  is  a  congenital  anomaly 
(Stiller);  that  it  is  a  constitutional  ailment  (Schwei'dt), 
a  general  atony  of  nervous  system  and  muscles;  that  it 
is^he  result  of  wearing  corsets,  or  tight  waistbands  with 
heavy  skirts  (Meinert) ;  that  it  is  a  result  of  a  neurasthenia 
basis" (Charcot) ;  that  rapid  emaciation  or  a  severe  illness 
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may  account  for  it :  tliat  to  overliftiiig  or  frequent  preg- 
nancies many  rases  may  lie  traced :  tliat  adhesions,  the 
result  of  pcrilnneal  inlianuuation,  may  pull  down  one 
organ  after  unoiher  (Treves);  that  it  is  a  reversion  tea 
ftetal  or  an  embryonic  type  (Kosengart);  and  the  latest, 
and  l)v  no  i\ieans"the  least  ably  supported  theory,  is  that 
wliieli  would  regard  enteroptosis  as  "a  result  of  a  viti- 
ated method  of  respiration,"  and  assign  it  to  a  place 
among  respiratory  diseases  (Arthur  Keith). 

It  is  admitted,"  we  believe,  that  there  are  several  fac- 
tors wliieh  maintain  the  various  alidominal  organs  in 
position,  and  (if  these  the  most  important  are:  (1)  The 
intra  alidominal  pressure,  and  (2)  the  ligamentous  at- 
tachments of  the  viscera  to  the  body  walls.  These  two 
are  so  iniporlant  that  when  either  fails  ptosis  may  result. 
Hence  it  may  be  said  that  these  factors  are  those  by 
which  the  normal  postural  relations  of  the  viscera  are 
maintained.  It  is  not  dilhcult  then  to  believe  that  any 
cause,  or  niunber  of  causes,  which  lowers  the  intra- 
abdominal pressure  by  exhausting  the  muscular  tone,  or 
which  weakens  or  stretches  the  supporting  ligaments, 
would  readily  alter  the  relation  of  the  organs — especially 
of  the  heaviest  organs  or  of  those  with  weakest  supports 
— and  result  in  ptosis. 

Thus,  as  one  reviews  the  various  etiologic  factors  sug- 
gested above,  one  tinds  most  of  them — perchance  all  of 
them — applicable  to  a  large  number  of  cases.  The  last 
theory  suggested,  however,  •'enteroptosis  as  a  result  of 
a  vitiated  method  of  respiration," certaiulj' requires  some 
explanation.  When  Dr.  A.  Keith  remarks  that  enterop- 
tosis is  a  result  of  a  vitiated  method  of  respiration,  he 
means,  doubtless,  that  fatilty  movements  of  the  dia- 
phragm, resulting  from  a  variety  of  causes,  determine 
visceral  ptosis,  and  that  whereas  luider  normal  relations 
of  the  muscles  of  inspiratiou — the  diaphragm,  the  exter- 
nal intercostals,  and  the  interchondrals — to  the  muscles 
of  expiration,  and  chiefly  tho.se  of  the  abdominal  walls, 
there  is  but  slight  downward  displacement  of  the  viscera. 
The  organs  swing  and  move  upon  each  other,  often  as 
much  forward  as  downward,  maintaining  their  normal 
positions  and  postural  relations.  As  a  result  of  various 
conditions  the  inspiration  nuLscles  may  "  gain  the  upper 
hand  and  the  muscles  of  expiration  yield."  and  ptosis  is 
induced.  This  writer  strongly  emphasizes  the  impor- 
tance of  tbe  diaphragm  in  bringing  about  the  changes 
incident  to  enteroptosis.  He  remarks  that  the  inspiratory 
downward  displacement,  if  once  the  diaphragmatic  sup- 
ports commence  to  yield,  is  one  of  the  factors  in  the  causa- 
tion of  visceral  ptosis;  and  while  minimizing  the  func- 
tion of  visceral  bonds  in  the  causation  or  prevention  of 
enteroptosis,  he  maintains  that  the  active  contraction  of 
the  crura  is  the  most  important  factor  in  the  production 
of  visceral  ptosis,  acknowledging  in  the  same  article  that 
■while  the  supports  of  the  diaphragm  are  threefold — 
abdominal,  costal,  and  thoracic — doubtless  that  derived 
from  the  abdominal  muscles,  the  muscles  of  expiration, 
is  of  the  most  importance. 

At  all  events,  one  is  justified  in  ascribing  highest  im- 
portance to  the  action  of  these  muscles,  since  it  appears 
that  the  normal  res])iratory  swing  of  the  organs,  the 
stomach,  liver,  and  spleen,  gives  place  to  downward  dis- 
placement in  the  presence  of  rela.xation  of  the  abdominal 
support,  or  what  is  even  worse,  perhaps,  when  the  body 
cavity  is  constricted  by  corsets  or  distorted  by  disease, 
the  action  of  the  diaphragm  pushes  the  organs  down. 
Corsets  when  applied  prevent  an  inspiratory  downward 
displacement  of  the  liver,  but  when  removed  the  rela.xed 
condition  of  the  muscles — being  too  weak  to  oppose  tbe 
dr(i|,|iing — favors  ptosis. 

"The  condition  essential  to  the  displacement  of  either 
kidney  is  a  diminution  of  the  subdiaphragmatic  space 
which  may  be  accounted  for,  (1)  by  compression  of  the 
thorax  with  clothing,  (3)  by  a  partial  collapse  of  the 
thoracic  walls,  following  chest  or  spinal  disease,  and  (3) 
by  the  permanent  contraction  of  the  diaphragm,  which 
follows  a  relaxed  or  paretic  condition  of  Ibe  abdominal 
walls."  The  left  kidney  is  not  displaced  so  frequently 
as  the  right,  from  the  fact  that  "the  left  hypochondrium 
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is  provided  with  a  safety  valve  in  the  shape  of  the  splenic 
flexure  of  the  colon."  So  that  when  the  subdiaphrag- 
matic space  is  lessened,  the  "colon  is  extruded  and  liie 
other  organs  are  left  imdisturbed."  Again,  the  close  at- 
tachments of  kidney  to  spleen,  and  of  spleen  to  dia- 
phragm, prevent  dislocation.  From  the  domain  of  com- 
parative anatomy  one  may  gather  some  clew  also  to  this 
condition.  It  is  affirmed  that  with  the  evolution  of  the 
orthograde  posture  and  the  orthograde  type  of  respira- 
tion, mesenteric  adhesions,  which  appeared  one  after  the 
other  in  five  different  areas,  spread  out  and  bound  the 
alimentary  tract  more  and  more  to  the  abdominal  wall  as 
the  animal  became  more  and  more  orthograde  in  iiosture. 
Hence,  various  degrees  of  extent  and  strength  of  mesen- 
teric adhesions  due  to  arrest  of  development  or  otherwise, 
may  help  to  account  for  visceral  ptosis,  in  some  in- 
stances at  least. 

Whatever  the  active  causes  may  be  which  bring  about 
enteroptosis,  it  may  be  said  that  the  intra-abdominal  press- 
ure is  lowered,  the  organs  may  be  pulled  down,  and 
there  is  more  than  a  mere  probability  that  a  congenital 
predisposition  exists  in  the  character  of  the  supporting 
tissues  of  the  organs,  whether  these  be  ligaments  or  mus- 
cles, or  both. 

Clinical  Features. 

Symptoms. — Enteroptosis  does  not  invariably  give  rise 
to  symptoms,  or,  in  other  words,  a  considerable  degree 
of  downward  displacement  of  one  or  more  of  the  abdom- 
inal organs  may  exist  without  calling  forth  any  com- 
plaints. On  the  other  hand,  however,  whether  as  a  re- 
sult or  not  cannot  always  be  established,  one  finds  a 
variety  of  symptoms  referable  to  the  digestive  tract,  the 
nervous  system,  the  condition  of  the  blood,  and  so  on; 
in  a  word,  all  manner  of  subjective  symptoms  may  exist, 
from  the  severest  abdominal  pain,  usually  spasmodic,  to 
the  mildest  paresthesia. 

It  must  be  admitted,  however,  that,  prominent  and 
more  frequent  among  the  complaints  urged  by  the  sub- 
jects of  enteroptosis,  are  those  of  digestive  disturbances — 
distressful  weight  after  food,  referred  to  the  right  upper 
quadrant;   sometimes  spasmodic  pain;  sometimes  vom- 
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Fig.  5125.— Partial  Ptosis  of  the  Viscera  in  a  Woman  Afjetl  Forty-flre 
Years.  The  duorlenuiu  descended  as  far  as  tbe  brim  of  tbe  pelvis. 
(Keith.) 

itiug,  llatulence,  constipation,  and  throbbing  in  the  ab 
domen.  The  distress,  which  in  pronounced  cases  is  for 
the  most  part  constant  and  referred  to  the  upper  quad- 
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rants,  is  promptly  relieved  on  assuming  the  horizontal 
position,  only  to  return  again  on  getting  up  and  walking 
about.     Hence  some  persons  make  tliis  complaint  prom- 


FiG.  5136.— Lateral  View  of  the  Same  Subject.    (Keith.) 

inent  while  speaking  of  their  symi)toms.  It  is  interest- 
ing, in  this  connection,  to  note  that  constipation,  which 
in  one  case  tinder  the  writer's  observation  was  very  ob- 
stinate, at  different  peiiods  always  disappeared  when  the 
patient  lay  in  bed  for  a  few  da}'S. 

It  has  been  seen  that  the  subjects  of  enteroptosis  are 
jnostly  women.     Those  in  whom  the  condition  is  marked 


Fig.  5127.— Stomach  Veitically  Situated  and  Prolapsed.    Located  liy 
iliumiuatiou. 

are  usually  tall  and  thin,  with  no  compactness  of  form, 
I  while  the  facial  expression  in  many  instances  bespeaks 
a  '"neui-astlienia  basis,"  and,  according  to  Keith  antl  Wil- 
liams, in  eases  of  visceral  ptosis,  there  is  commonly  a 
I  marked  forward  curvature  of  the  cervical  region  of  the 
j  spine— "ewe-neck." 

The  examination  of    the   abdomen   should   be   made 
in  both  the  upright  and  dorsal  positions.     In  the  former 
attitude   one    tinds,   in    typical    cases,   the  lower  part 
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of  the  abdomen  flaccid  and  prominent,  overhanging 
the  .symphysis  pubis — the  "  Hiingebauch  "  of  the  Ger- 
mans (Fig.  5126),  contrasting  strongly  with  the  upper 
quadrants  which  are  usually  Hat  or  liollowed  out. 
Meinert  holds  that  such  a  pendulous  abdomen  holds  a 
dilateil  stomach  and  not  a  dislocated  one.  It  is  in  the 
dorsal  position,  however,  that  one  gets  positive  evidence 
of  the  postural  anomalies  of  enteroptosis.     The  epigas-, 


Fig,  5128.— Stomach  Vertical  or  Nearly  So.  Located  by  illuinlnatioD. 
The  "corde  colique  transverse"  is  weU  shown.  Right  kldney(K) 
is  prolapsed. 

trium  is  usually  flat  and  soinewhat  scaphoid,  with  wide- 
spread pidsations,  while  the  peri-umbilical  region  is 
prominent.     Peristaltic  waves  may  be  seen  crossing  the 


Fig.  5129.— Showing  Tendency  to  V-shape  of  Stomach  on  Inflation. 

abdomen  from  side  to  side ;  the  recti  abdoininales  are  fre- 
quentlj-  widely  separated,  as  may  be  shown  either  by 
palpation  or  by  directing  the  patient  to  lift  the  head  and 
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shoulders  unaided  by  the  hands  or  elbows,  when  a  prom- 
inent central  ridge  appears  running  from  the  ensiform 
cartilaee  downward.     The  usual  methods  for  determin- 


FiG.  5130.— Slio-n-ing  Gastroptosis  and  Nephroptosis.    P,  Tlie  "  corde 
colique  transverse."     (Pancreas  is  well  shown.) 

ing  the  positions  of  the  different  organs  should  be  re- 
sorted to:  palpation  and  percussion  for  the  solid  organs, 
while  inflation  and  illumination,  as  well  as  auscultatory 
percu.s.siou,  may  determine  the  situation  of  the  stomach, 


Fig.  5131.— Showing  Ptosis   and   Dilatation  of  Stomach.    Ptosis  of 
the  liver  and  of  the  left  kidney. 

etc.  Of  these  methods  there  seems  but  little  doubt  that 
inflation  is  the  most  accurate.  It  is  important  of  course 
to  distinguish  between  a  displaced  stomach  and  a  dilated 
stomach.  Indeed,  when  that  organ  is  displaced  it  is  usu- 
ally dilated  to  some  extent. 

'I'he  organs  usually  found  prolapsed,  in  cases  of  enter- 
o))tosis,  are  the  stomach,  the  right  kidney  (movable  or 
floating),  and  the  colon  (Fig.  512.5).     There  is,  however, 


increasing  evidence  to  show  that  the  liver  is  much  more 
frequently  dislocated  than  was  at  one  time  supposed. 
The  left  kidney  and  the  spleen  are  implicated  in  this  con- 
dition rarely  as  compared  with  the  riglit  kidnej'.  The 
pancreas  may  be  displaced  also,  chiefly  at  its  head.  Not 
infrequently  the  pelvic  organs  suffer  the  same  displace- 
ment. The  diaphragm  and  heart  may  participate  in  a 
general  ptosis. 

With  reference  to  the  determination  of  the  position  of 
the  stomach,  it  is  important  to  remember  tliat  normally 
the  lesser  curvatui'e  does  not  come  into  view  when  the 
organ  is  inflated,  and  that  the  whole  of  the  organ  lies 
above  the  unibilicus.  Hence,  when  the  lesser  curvature 
is  seen,  and  its  normal  relation  to  the  greater  curvature 
(four  to  four  and  one-half  inches)  is  not  greatly  altered, 
gastroptosis  is  present,  and  in  proportion  as  the  lesser 
curvature  approaches  the  umbilicus,  or'  goes  even  below 
it,  an  increasing  degree  of  gastric  dislocation  obtains. 
The  stomach  is  sometimes  seen  in  the  oblique  or  almost 
vertical  position  (Figs.  5127  and  5128),  and  not  infre- 
quently the  pyloric  end  is  dilated,  forming  a  three-quar- 


FiG.  5133.— From  a  Man  with  Kidney  Freely  Movable  and  Character" 
istic  Symptoms. 

ter  circle  with  the  umbilicus  as  centre  when  outlined 
upon  the  abdomen.  Again,  the  stomach  may  be  some- 
what V-shaped  (Figs.  5129  and  5130). 

What  is  the  small  band  which  is  palpable  running 
across  the  abdomen  about  two  inches  or  so  above 
the  umbilicus?  (Figs.  5128,  1  and  5130,  P.)  Glenard 
termed  it  "la  corde  colique  transverse,"  and  regarded 
it  as  the  "colon  trans versum."  There  is  good  reason  to 
doubt  the  correctness  of  this  view.  If  the  stomach  is 
low  the  colon  is  generallv  lower,  and  in  a  case  in  which  the 
band  was  most  typically  found  by  the  writer,  operation 
proved  it  to  be  tlie  pancreas.  In  palpation  of  the  abdo- 
men Glenard  laid  special  stress  upon  a  test  of  consider- 
able diagnostic  value.  The  examiner,  standing  behind 
the  patient,  who  is  also  in  the  erect  position,  places  both 
hands  flatly  over  the  lower  zone  of  the  abdomen  and 
ajiplies  firm  and  gentle  pressure  upward  and  backward. 
In  the  great  majoiity  of  cases  of  enteroptosis  this  act 
affords  considerable  relief  to  the  distressing  dragging 
sensation  felt  in  the  epigastrium  and  abdomen.  At  the 
same  time  the  result  when  "I'epreuve  de  sangle  "  is  ap- 
plietl.  is  an  index  to  the  treatment.  (I  am  greatly  in- 
debted to  my  house  physician.  Dr.  J.  R.  Byers,  for  the 
accompanying  illustrations.) 

Stillcr's  Sign.     (Costa  fluctuans  decima.) — Stiller  re- 
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gai'ds  enteroptosis  as  of  a  neurasthenic  origin,  and  looks 
upon  tlie  presence  of  a  floating  tentli  rib  as  indicative  of 
tlie  presence  of  a  neurastlienic  tendency.  Ol)servations 
upon  this  point  reported  by  Meinert,  Zweig,  Arneill,  and 
otliers,  go  to  show  tliat  this  sign  in  tlie  diagnosis  of  en- 
teroptosis, or  neurasthenia,  is  scarcely  so  important  as 
Stiller  would  have  it. 

With  respect  to  the  relation  of  enteroptosis,  more  espe- 
cially gastroptosis,  to  chlorosis,  it  must  be  said  that  it  is 
not  that  of  cause  and  effect — no  characteristic  blood  con- 
dition is  found  in  cases  of  enteroptosis,  and  many  cases 
of  chlorosis  occur  in  which  there  is  no  evidence  of  vis 
ccral  displacements. 

Jaundice,  which  has  been  seen  in  several  cases,  may 
result  from  a  variety  of  causes.  "Gall  stones  are  com- 
monly, if  not  always  present,  in  cases  of  enteroptosis." 
This  statement,  made  by  Dr.  A.  Keith,  seems  ratlier  too 
broad,  although  it  must  be  admitted  "that  the  condition 
of  visceral  ptosis  favors  their  formation."  However, 
there  can  be  no  doubt  that  the  altered  relation  of  the  bile 
ducts  and  organs,  especially  the  right  kidney,  the  liver, 
and  the  duodenum,  might  in  a  variety  of  ways  cause 
obstruction  to  the  outflow  of  bile  and  thus  induce  jaun- 
dice. 

P.\THOLOGy .  —It  may  be  well  before  taking  up  the  diag- 
nosis of  this  condition  to  consider  more  iiarticularly  the 
pathology  of  enteroptosis.  The  .symptoms  of  enteropto- 
sis may  be  accounted  for  by  various  theories,  which  for 
convenience  fall  under  three  headings: 

1.  The  mechanical  theory  of  Glenard. 

3.  The  neuro-mechanicai  theory  of  Meinert. 

3.  The  neuro-intoxication  theory  of  Schwerdt. 

The  tirst  theory,  though  not  a  purel}'  mechanical  one, 
does  not  ask  for  any  antecedent  nervous  cause,  but  im- 
plies a  weakness  of  the  suspensory  ligaments  of  the 
transverse  colon,  especially  the  colo-hepatic  ligament. 
The  descent,  Glenard  claims,  begins  at  the  hepatic  flexure 
an<i  the  other  events  incident  to  the  disease  follow — 
entero-stenosis,  due  to  a  kinking  of  the  colon  at  the 
point  of  prolapse,  the  gastroptosis,  the  constipation, 
auto-intoxication,  the  neurotic  manifestations,  etc. 

Under  the  second  theory  Jleinert  attributes  the  symp- 
toms associated  with  dropping  of  the  viscera  to  the  con- 
stant stimulation  and  irritation  of  the  sj'mpathetic  nerves, 
as  a  result  of  pulling  and  stretching  of  these  nerve  fibres. 
The  blood-forming  organs  and  the  general  nervous  sys- 
tem participate  in  this  abnormal  irritation  and  stimula- 
tion, and  chlorosis,  neuroses,  and  a  variety  of  vaso-motor 
disturbances  are  thus  induced. 

Schwerdt  believes  that  the  nervous  system  is  primarily 
at  fault;  the  fibre  of  the  individual  is  toneless,  the  func- 
tions of  the  abdominal  mu.scles,  both  parietal  and  vis- 
ceral, are  not  normal;  intra-abdominal  pressure  is  les- 
sened, ptosis  follows.  There  is  a  stasis  in  the  blood  and 
lymph  vessels,  the  bowel  contents  stagnate  and  decom- 
pose, excretions  accumulate;  absorption  of  poisonous 
products  goes  on,  and  intoxication  is  the  result — dyspep- 
sia, headache,  anaemia,  palpitation,  neurasthenia,  etc. 

DiA(i>(jsis. — In  the  great  majority  of  cases  one  may 
suspect  tlie  condition  from  the  complaints  made  by  the 
patient — digestive  disturbances,  distress,  not  necessarily 
pain,  in  the  stomach  on  getting  up  in  the  morning,  or 
after  being  in  the  recumbent  posture  for  some  time, 
dragging  under  the  right  costal  margin,  a  feeling  as  if 
something  falls  over  to  the  left  side  when  the  patient 
turns  on  that  .side,  constiijation,  lack  of  energy,  and  other 
neiuasthenic  symptoms.  The  patient  is  generally  slender 
and  of  lean  habit. 

An  examination  of  the  abdomen,  however,  is  necessary 
to  correct  or  justify  the  suspicion  derived  from  the  com- 
plaints. The  contour  of  the  abdomen  may  further  sug- 
gest a  condition  of  splanchnoptosis  and  inflation  of  the 
stomach  by  means  of  tartaric  acid  and  bicarbonate  of 
soda,  or  air  cautiously  pumped  in,  readilj-  and  accurately 
serves  to  locate  that  organ.  The  solid  organs  :nay  be 
palpated,  and  it  is  recommended  to  examine  the  liver 
while  the  patient  is  in  the  upright  position.  Displace- 
ments of  this  organ  are  doubtless  much  more  frequent 


than  might  be  supposed,  judging  from  the  results  of  ex- 
amination in  the  dorsal  position.  The  right  lobe  of  the 
liver  in  some  cases  projects  in  a  tongue-like  process  be'- 
low  the  costal  margin.  It  has  been  described  as  Riedel's 
lobe,  and  may  occasionally  be  somewhat  misleading. 
The  test  known  as  "I'epreuve  de  sangle,"  already  de- 
scribed, should  be  applied  in  all  suspected  cases.  It  is 
scarcely  possible,  after  a  careful  examination,  to  mistake 
enteroptosis  for  any  other  condition.     Doubtless  many 


Fig.  5133.— From  a  Case  of  Pulmonary  Tuberculosis.  Gastroptosis 
with  dilatation  ot  tbe  pyloric  end,  sboivlng  as  a  tliree-quarter  circle ; 
tlie  umbilicus  as  centre. 

cases  of  gastric  neurasthenia  and  of  nervous  dyspepsia 
would  be  cleared  up  by  a  careful  search  for  visceral 
ptosis. 

Among  others  at  least  two  instances  of  mistaken  diag- 
nosis coming  under  the  writer's  notice  may  be  recorded. 
In  one,  a  diagnosis  of  malignant  disease  of  the  stomach 
led  to  a  laparotomy  revealing  the  pancreas  as  the  pal- 
pable misleading  mass,  while  in  the  other,  recurrent  jaun- 
dice was  thought  to  be  due  to  gall  stones  or  a  "  sluggi.sh 
liver,"  and  the  horseback  riding,  rowing,  walking,  canoe- 
ing, recommended  for  its  relief,  aggravated  all  the  symp- 
toms. On  the  other  hand,  there  is  danger  of  attempting 
to  explain  too  many  symptoms  bj'  visceral  ptosis. 

PuoGNOSis. — Jlany  patients  recover  entirely,  losing  all 
symptoms  and  signs  of  the  disease.  The  majority  may 
recover  from  the  evil  train  of  symptoms,  the  ptosis  exist- 
ing in  part  at  least.  It  may  be  fatal  as  the  result  of  the 
exhaustion  and  intoxication  in  extreme  cases. 

Tke.\tment. — The  indications  for  the  treatment  of 
enteroptosis  as  originally  recommended  by  Glenard  can 
scarcely  be  improved  upon.     Tliey  are  as  follows: 

1.  The  intestines  must  be  elevated  and  kept  in  their 
new  position. 

3.  The  abdominal  pressure  must  be  increased. 

3.  The  bowels  must  be  regulated. 

4.  The  secretions  of  the  intestinal  glands  must  be  in- 
creased. 

5.  The  digestion  and  nutrition  must  be  regulated  and 
stimulated. 

6.  The  whole  organism  must  be  strengthened. 

If  a  cause  can  be  fixed  upon  as  inducing  or  aggravat- 
ing the  displacement,  let  it  be  removed.  Those  measures 
will  best  meet  all  these  requirements  which  increase  the 
strength  and  raise  the  tone  of  the  whole  musculature. 
It  seems  in  most  cases  to  be  a  question  of  nutrition,  rest, 
good  food,  mild  yet  efficient  purgatives,  or  better  still 
enemata,  occasionally  gastric  lavage,  with  drugs  directed 
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against  feriiioiitative  processes  in  the  early  stages  of  the 
trcatinent.  as  indicated.  It  is  of  tlic  hi.srlx'st  imiiortance 
to  increase  the  strength  of  tlie  abdominal  muscles  by 
rey-idated  exercise.  IJelts.  or  abdominal  supporters,  so 
hiirhlv  recommended  and  in  such  variety,  are  of  doubt- 
ful utility.  Only  those  belts  which  increase  the  intra- 
abdiiniiniil  jiressure  shovdd  be  used.  They  encircle  the 
alnlomen  and  exercise  the  same  degree  of  pressure  over 
the  whole  abdondual  surface.  It  is  not  only  futile,  but 
often  harmfid.  to  attempt  to  hold  a  kidney  or  a  stomach 
in  place  by  any  special  device  externally  applied. 

With  respect  to  surgical  treatment  of  this  condition, 
it  must  he  said  that  il  should  be  undertaken  only  after 
other  methods  have  failed,  and  then  oidy  with  the  great- 
est care,  especially  in  lljose  cases  in  which  the  neuras- 
thenic element  is  .strongly  manifest,  for  such  patients  are 
often  worse  rather  than  better  aftersurgical  interference. 
Duret  first  operated  in  1S94,  lifting  the  stomach  and  fix- 
ing the  serosa  of  the  lesser  curvature  of  the  stomach  to 
the  parietal  peritoneum  and  muscle  of  the  anterior  wall 
of  the  abdomen.  Byron  D.  Davis  (1897),  Beyea  (1898). 
Ilartmanu  (1899).  Treves,  Bier,  and  Webster,  have  oper- 
ated with  varied  success  on  similar  cases.  Beyea  and 
Stengel  shortened  the  gastric  hepatic  omentum  and  gas- 
trophrenic ligament  by  plicating  with  multiple  sutures, 
thus  bringing  the  stomach  up  to  its  normal  position. 
Webster,  selecting  those  cases  in  which  there  was  sepa- 
ration of  the  recti  muscles,  sought  to  increase  intra- 
abdominal pressure  by  resecting  the  fascia  of  these  mus- 
cles and  then  suturing  the  muscles  together. 

William  Kaweett  Hamilton. 
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ERYTHROL  TETRANITRATE,  CiH,  (ONOj)^,  is  ob- 
tained by  llie  action  <if  nitric  acid  on  the  tetratomic  alco- 
hol, erythrite,  a  substance  found  in  several  dilferent 
lichens,  especially  Rocella.  It  occurs  in  colorless  lamel- 
la, melts  at  GT  "C.  (143'  F.),  is  insoluble  in  water,  and 
dissolves  readily  in  alcohol  and  ether.  On  percussion  or 
xvlien  rapidly  heated  it  explodes  with  great  violence,  and 
one  fatality  has  occurred  from  its  trituration  with  sugar 
of  milk.  In  direct  sunlight  it  turns  j-ellow  and  gives  ofE 
nitrous  fumes. 

The  drvig  is  a  vaso-dilator,  and  its  action  differs  from 
that  of  amyl  nitnte  and  nitroglycerin  in  no  essential  ex- 
cept that  it  is  slower  in  its  onset  and  more  lasting.  It  is 
saiil  to  take  half  an  hour  for  the  production  of  vasodila- 


tation,  and  several  hours  for  the  effect  to  wear  off.  The 
dose  is  gr.  {-\.  (0.01.")-0.06  gm.),  most  convenientl}'  ad- 
ministered in  tablet  triturates.  Bradbury  recommends 
3  i.  (4  c.c.)  of  a  1  in  60  alcoholic  solution  repeated  every 
four  to  six  hours.  W.  A.  Bastedo. 

ERYTHROMELALGIA.— This  affection  was  originally 
described  by  Weir  Jlitcliell  in  1873  as  follows:  "A 
chronic  disease,  in  which  a  i-iart  or  parts — usually  one  or 
more  exti'emities^suffer  from  pain,  Hushing,  and  local 
fevei-,  made  tar  w-orse  if  the  part  hangs  down,"  and 
writers  since  then  have  not  been  al)le  to  agree  upon  a 
detinition  moi'e  satisfactory  than  this  descriptive  one. 
Up  to  the  present  time  about  one  hundred  cases  have 
been  reported  and  discussed  by  neurologists  and  path- 
ologists, the  ciuestionsof  its  pathogenesis,  and  of  whether 
the  affection  is  properly  a  distinct  disease  or  entitled  only 
to  be  called  a  group  of  symptoms,  having  excited  much 
interest.  To  these  topics  we  shall  return  in  their  proper 
place. 

The  subjects  of  erythromelalgia  are  usually  middle- 
aged  poople,  sometimes  young  adults,  but  seldom  chil- 
dren. ]Many  more  males  are  attacked  than  females,  ami 
the  predisposing  causes  are  such  as  men  are  more  liable 
to  than  women,  viz. :  occasionally  traumatism,  as  from  a 
stone  falling  upcm  the  foot,  exposure  to  wet  and  cold, 
especiall}'  when  repealed,  long  standing  at  fatiguing 
work,  sometimes  exceptionally  exposure  to  heat,  as  in 
working  at  a  furnace.  Also  malaria,  syphilis,  ana>mia, 
alcoholism,  hysteria,  and  dyspeptic  states  are  all  believed 
to  stand  in  a  causative  relation  to  it.  It  is  also  found 
associated  with  various  otlier  general  diseases,  and 
particularl}'  those  of  the  nervous  system.  Reynolds 
mentions  one  case  as  coming  on  suddenly  soon  after 
confinement. 

Symptoms. — The  most  distinctive  and  fundamental 
symptoms  are  those  originall.v  emphasized  by  Weir 
Mitchell.  He  also  in  his  most  recent  paper  on  the  sub- 
ject reminds  us  that  the  pure  type  of  symptoms  should 
be  looked  for  in  the  youngest  class  of  patients,  for  in 
those  who  are  more  advanced  in  life  diseased  conditions 
of  the  arterial  or  nervovis  system  may  exist  independent- 
ly of  erythromelalgia  and  lead  to  confusion.  The  local 
symptoms  involve  almost  exclusively  the  peripheral 
parts  of  the  extremities.  The  three  cliaracteristic  symp- 
toms ai'e  localized  ;)((('«,  7'edness,  and  turelliiif/.  suggestive 
of  inflammation  and  yet  to  be  carefully  discriminated 
from  it.  The  pain  is  apt  to  be  the  first  abnormality  to 
attract  attention,  involving  most  frequently  the  great 
toe,  the  heel,  the  ball  of  the  foot  on  its  inner  or  outer 
side,  or  the  metacarpophalangeal  articulation,  less  fie- 
quently  the  upper  extremities,  or  exceptionally  otlier 
parts.  These  pains  are  described  as  burning,  ii-i-itating, 
piercing,  and  as  sometimes  of  intolerable  severity,  "as  if 
the  part  were  being  destroyed  by  lire  "  (Kahane).  They 
are  at  lirst  occasional,  coming  on  at  varying  intervals  or 
after  special  exciting  causes;  then  they  become  intermit- 
tent and  then  constant,  although  there  are  reports  of 
cases  in  which  they  finally  ceased.  The  latter  part  of  the 
day.  especially  after  exhausting  labor,  hot  weather,  a 
hanging  ])osition,  also  motion,  all  intensify  the  suft'ei'ing: 
while  on  the  other  hand  cold,  cither  of  the  weather  or  of 
ajiplications,  rest,  and  an  elevated  position  of  the  affected 
part  give  relief.  Tlius  it  is  quite  characteristic  for  pa- 
tients when  the  hands  are  the  seat  of  the  local  trouble  to 
carry  them  crossed  upon  the  chest  or  raised  above  the 
head  (Barlow). 

T/ie  rediiei<K.  which  is  the  second  pnmiinent  local  mani- 
festation, accompanies  the  pain,  and  its  tint  is  variously 
described  as  tire-red,  violet,  livid,  the  latter  verging 
sometimes  into  a  cyanosis.  Weir  ^Mitchell  calls  it  nisy 
red  and  congestive,  and  the  disease  Itself  has  been  called 
red  nei/ni!f/in. 

The  xircUiNr/  comes  on  gradually,  is  localized  like  the 
pain  :ind  redness,  especially  about  the  joints,  but  is  not 
marked  by  pitting.  It  is  increased  by  motion.  Nor  is 
it  strange  that  this  association  of  symptoms  has  in  some 
cases  led  to  a  diagnosis  of  deep-seated  iutlammatiou,  for 
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the  relief  of  which  incisious  have  been  made,  which, 
however,  revealed  nolhiiig. 

The  seizures  thus  characterized  were  called  by  Mitchell 
"vascular  storms."  They  may  last  for  several  hours  or 
may  e.xteud  to  daj'sor  weeks,  the  local  feature  sometimes 
extending  to  parts  not  originally  involved.  The  seats  of 
attack  are  sometimes  symmetrical,  sometimes  not.  But 
in  addition  to  the  symptoms  already  mentioned  others 
show  themselves,  which  have  been  considered  not  cliar- 
acteristic  of  erythromelalgia,  and  which  are  not  con- 
stant, but  still  ma\'  be  of  importance  as  bearing  u]ioii  its 
pathogenesis.  Thus  Eisner  and  Barlow  speak  of  hyper- 
idrosis  accompanjnng  the  paroxysm,  of  "innumerable 
droplets  of  perspiration  standing  upon  the  skin  at  the 
time  of  the  most  acute  pain."  There  may  be  a  condition 
described  as  local  asphyxia,  wliich  may  merge  into  cya- 
nosis. The  pulse  is  often  quickened,  which,  taken  in 
connection  with  the  changes  in  the  circulation,  ma}'  be 
an  index  of  more  than  local  vaso-motor  disturbances. 
Lesions  of  sensibility  are  frequently  present,  liyjieraes- 
thesia  and  para;sthesia  most  commoidj-,  but  are  by  no 
means  constant  enough  to  be  regarded  as  characteristic 
of  the  disease;  nor  is  the  motor  function  often  interfered 
with,  the  lesions  when  occasionally  encountered  in  the 
more  advanced  cases  being  present  as  weakness  and  pare> 
sis.  There  is  sometimes  muscular  atroph}'.  Retlcx  irri- 
tability is  infrequent.  The  trophic  lesions  associated  with 
the  local  manifestations  are  frequent  and  multiform.  The 
skin  may  be  either  thickened  or  show  changes  analogous 
to  thc"ditfuse  idiopathic  atrophy  of  the  skin,"  of  derma- 
tologists, as  in  a  case  reported  by  Schlitz.  There  are 
sometimes  pigmentation  and  a'dema,  and  lumpy  alter- 
ations of  the  joints  and  nails;  also  rhagades  and  ulcers 
may  develop.  It  is  also  quite  common  to  find  nodules  or 
papules  on  the  reddened  and  painful  areas  (Kahane). 
One  other  symptnm  which  sometimes  presents  itself  is 
gangrene,  consiticred  by  some  to  be  a  feature  of  indu- 
bitable cases  of  erythromelalgia,  its  occurrence  depend- 
ing upon  the  greater  or  less  severity  of  the  disease 
(Sachs),  and  by  others  as  indicating  its  alliance  with 
Raynaud's  disease. 

Such,  then,  are  the  local  changes,  which,  says  Rey- 
nolds, are  the  only  symptoms  iu  twenty  per  cent,  of  the 
cases.  Tlie  disease  is  essentially  chronic  and  of  very 
gradual  development.  Barlow  refers  to  one  case  which 
lasted  for  twenty-seven  years,  the  affection  limited  to  the 
sole  of  one  foot;  Eisner  to  one  involving  the  left  index 
finger  onlj-,  for  sixteen  years,  amputation  of  the  linger 
finally  relieving  all  the  symptoms. 

Interesting  as  erythromelalgia  has  proved  to  neurolo- 
gists, it  is  its  pathological  position  wliich  has  given  rise 
to  the  most  discussion,  for  its  symptomatology  is  well  rec- 
ognized and  its  diagnosis  not  ordinarily  attended  with 
difficulty.  Stiff  tfiere  fiave  fjeen  but  few  autopsies  re- 
ported. "  The  opiKirtuuity  of  examining  amputated  parts 
has  indeed  been  availed  of,  but  the  findings  have  not  led 
to  general  agreement  as  to  its  pathological  anatomy,  and 
Cassirer,  writing  in  19111,  says:  "We  are  still  to-day  far 
removed  from  any  certain  knowledge  of  the  pathological 
anatomy  of  ervthromelalgia."  Consequently  its  patho- 
genesis has  not  fjeen  satisfactorily  determined.  Nor  have 
the  questions  whether  it  is  ever  an  idiopathic  disease,  or 
whether  it  is  merely  a  "symptom  complex,"  associated 
with  various  other  diseases,  been  answered  conclusivelj'. 
It  would  be  impossible  here  to  go  into  the  details  of  this 
inquiry,  and  it  has  seemed  best  to  give  as  nearly  as  pos- 
sible in  chronological  order  the  views  of  the  principal 
authorities,  which  will  at  all  events  show  the  trend  of 
professional  opinion  and  develop  the  mooted  points. 

AVeir  Mitchell  in  his  earlier  publications  refrained  from 
any  positive  expression  of  opinion  as  to  the  origin  of  the 
malady,  but  later  (1878)  regarded  it  as  "a  Taso-motor  neu- 
rosis, which  might  occur  either  independently  or  in  asso- 
ciation with  spinal  or  cerebral  disease,  where  some  dis- 
tinct lesiims  of  definite  regions  might  ultimately  be 
discovered."  Sufjsequently  he  expressed  the  view  that 
in  erythromelalgia  a  neuritis  of  the  finest  nerve  twigs 
may  be   present.     Lewin  and   Benda,  writing  in  1894, 


most  thoroughly  discussed  all  the  cases  that  had  been 
reported  tip  to  that  time..  They  classify  these  cases  un- 
der three  headings :  1st.  Erythromelalgia  in  organic  dis- 
eases of  the  central  nervous  system.  "2d.  In  functional 
diseases  of  the  central  nervous  system  (neuroses).  3d. 
As  a  peripheral  affection  (neuritis  and  neurafgia),  tfie 
latter  group  embracing  half  of  all  the  cases.  The  vaso- 
motor symptoms  are  alwaj'S  secondary  to  the  neuralgic 
pains.  In  answer  to  the  question  whether  it  is  an  inde- 
pendent disease,  their  conclusion  is  that  it  is  not  a  dis- 
ease si/i  {/eneri.i.  but  may  be  associated  with  various  pe- 
ripheral an<l  central  diseases  of  the  nervous  system. 

In  1895  Eulenburg  wrote  that  he  had  "reasons  for 
"  thinking  that  the  starting  point  of  the  disease  ma}'  lie 
found  iu  certain  sections  of  the  gra}'  axis  of  the  cord, 
especially  in  the  posterior  and  lateral  gray  substance,  and 
the  associated  fasciculi,"  an  opinion  which  has  had  great 
weight. 

Auerbach  in  1897  published  a  report  of  the  first  com- 
plete autopsy  made  on  a  case  of  this  disease.  There  was 
a  normal  condition  of  the  peripheral  nerves  and  spinal 
ganglion  cells,  marked  degeneration  of  numerous  radical 
fasciculi  (Wurzelhilndel)  iu  the  cauda  equina,  on  one 
side  more  than  the  other,  belonging  to  the  first  or  second 
sacral  nerve  and  the  last  lumbar  nerve.  Pronounced  as- 
cending degeneration  in  the  cord." 

In  1899  Weir  Slitchell  aud  Spiller  report  that  in  ex- 
amining an  amputated  toe  from  a  patient  with  erythro- 
melalgia there  were  found  a  higli  degree  of  degeneration 
of  the  nerves,  wliicli  were  almost  completel.y  converted 
into  connective  ti.ssue,  also  extreme  changes  in  the  ves- 
sels, thickening  of  the  media,  liypertrophy  of  the  intima, 
aud  iu  places  complete  closure  of  the  lumen  of  the  artery; 
and  on  this  finding  peripheral  neuritis  was  assumed  "as 
the  fiasis  of  tfie  disease.  In  tfiis  article  the  opinion  is 
still  held  that  certain  cases  mav  be  due  to  some  form  of 
spinal  disease,  but  the  idea  of  a  nerve-end  neuritis  is 
urged.  These  examinations  aud  others  give  greater 
definiteness  to  tlie  discussion  of  tfie  pathological  relations 
of  the  central  and  peripheral  organs  in  the  development 
of  the  disease.  In  Dehio's  case  4  cm.  of  the  ulnar  nerve 
and  an  ecjual  length  of  the  ulnar  artery  were  removed 
just  above  the  wrist  for  erythromelalgia  involving  the 
hand.  The  little  finger  improved,  but  the  rest  of  the 
hand  remained  unchanged.  Examined  under  the  micro- 
scope the  piece  of  the  nerve  was  found  normal,  but  the 
artery  showed  marked  arteritis  of  the  middle  and  inner 
coats  and  some  diminution  of  the  lumen.  Barlow  indi- 
cates three  directions  in  whicfi  inquiry  as  to  tiie  patfi- 
ology  should  extend:  1st,  to  the  peripheral  nerves;  2d, 
to  the  brain  and  cord,  especially  in  regard  to  the 
vaso-motor  centres;  and  3d,  to  the  blood-vessels.  He 
declares  that  the  disease  has  been  generally  regarded  as  a 
vaso-motor  neurosis  or  paralj'sis,  and  concludes  that  "in 
the  absence  of  obvious  nerve  disease  to  explain  the  arte- 
rio-sclerosis  we  are  led  back  to  the  h3'pothesis  that  the 
chief  fault  lies  with  the  vaso-motor  centres  and  their  ab- 
normal efferent  vaso-motor  impulses  leading  to  dilatation 
of  the  vessels  and  consecutive  disease  induced  thereby. 
Some  ]ieriplieral  strain  or  irritation  may  have  beeu  trans- 
mitted to  the  vaso-motor  centre  as  the  original  cause  of 
the  disturbance. "  He  further  exjiresses  the  fselief  that 
probably  the  change  in  the  vaso-motors  starts  centrally, 
especially  in  the  generalized  cases  of  the  disease,  although 
it  is  more  reasonable  to  suppose  that  in  uncomplicated 
cases  the  jn-imary  change  starts  at  the  ])eripliery.  The 
question  whctlier  erythromelalgia  is  an  idiopathic  alfec- 
tion  or  should  be  considered  merely  a  group  of  symptoms 
appearing  in  association  with  various  primary  diseases 
has  brought  out  a  diversity  of  opinion.  Collier  iu  1898 
says  it  is  not  now  regarded  so  much  as  an  idiopathic  dis- 
ease as  a  group  of  S3'mptoms  occurring  in  other  affec- 
tions, and  Kahane,  writing  in  1900,  quotes  Lewin  and 
Benda.  Eulenburg  and  Levi  as  holding  the  same  view, 
and  says  the  conclusion  reached  in  all  tlie  larger  compre- 
hensiv'c  statements  about  erythromelalgia  is  that  it  is  no 
indiviilual  disease,  but  a  symptom-complex  accompany- 
ing   various    other    diseases    of    the    nervous    system. 
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Kalmne  liimsclf,  howevpr,  finally  gives  as  his  own 
oiiiiiidii  tliiit  it  shoukl  be  ranked  among  the  acropathies, 
■nhieh  he  defines  as  those  alleetions  which  are  localized 
in  the  peripheral  parts  of  the  limbs  and  as  the  ultimate 
basis  of  whieli  are  assumed  lesions  of  a  vasomotor  nature. 
There  is  great  difficulty  in  determining  whether  the 
nerves  or  the  vessels  forni  the  starting  point,  whether  we 
have  to  ilo  with  an  irritation  of  the.  vaso-dilators  or  a 
paralysis  of  the  vaso-eonstrietors.  He  says,  in  conclusion 
of  a  long  and  careful  consideration  of  the  question,  that 
there  are  two  points  that  one  can  be  sure  of:  1st,  that 
erythromelalgia  belongs  clinically  to  the  group  of  acro- 
pathies;  2d,  that  it  is^to  be  referred  to  a  disturbance  in 
the  relation  between  the  systems  of  the  nerves  and  blood- 
vessels quite  without  regard  to  the  question  whether  it  is 
of  functional  or  anatomical,  central  or  peripheral  nature. 
In  his  conception  it  is  a  phase  of  disease  that  occurs  in 
one  series  of  cases  independently  and  in  another  as  an 
attendant  phenomenon  of  other  diseases. 

Sachs  had  found  the  blood-vessels  diseased  in  most 
cases,  but  the  nerves  not  in  many  ;  the  changes  in  the  lat- 
ter be  believed  to  be  secondary.  He  says  erythromelalgia 
occurs  as  an  independent  group  of  symptoms,  even  if  not 
an  individual  disease.  luimcomplicated  cases  it  is  prob- 
ably to  be  referred  to  disease  of  tlie  peripheral  arteries. 
The  obliterating  arteritis  may  be  indirectly  connected 
with  central  disease,  but  may  be  wliolly  independent  of 
such  influences.  In  1901,  Eisner,  on  examination  of  the 
arteries  incases  that  he  saw,  found  them  the  seat  of  occa- 
sional slight  thickening  of  the  intima,  but  the  nerves 
normal.  He  calls  attention  to  several  cases  in  which 
gangrene  of  the  extremities  occurred.  He  believes  that 
erythromelalgia  cannot  at  present  be  defined  as  a  disease 
per  se.  Cassirer,  on  the  contrar_v,  is  constrained  to  place 
himself  among  those  who  believe  the  disease  to  have  a 
certain  idiopathic  character,  while  recognizing  like  others 
one  class  of  cases  of  a  periplieral  and  a  second  of  a  cen- 
tral origin.  Allcbin  and  Saville  regard  the  disease  as  of 
vasomotor  origin,  probably  allied  to  Raynaud's  disease, 
the  former  speaking  of  it  as  an  expres.sion  of  vaso-motor 
ataxia.  Shaw  in  190ti  analyzes  nine  cases  and  reports 
the  results  of  the  examination  of  amputated  toes  in  three 
cases,  stating  that  "vascular  change  was  present  in  all, 
mostly  an  increase  in  the  intima  of  the  arteries  and  occa- 
sionally thrombosis  and  changes  in  the  inner  coat  of  the 
veins.  The  nerves  were  investigated  even  to  their  ter- 
minations, and  no  degeneration  was  found,  nor  was  there 
any  suggestion  of  increase  of  fibrous  tissue  in  the  trunk 
of  the  nerves."  (Compare  Mitchell.)  He  says:  "In  no 
case  has  recent  degeneration  of  nerve  fibres  been  demon- 
strated, and  in  not  one  of  the  nine  cases  analyzed  was 
ana'Stliesia  ever  present."  He  concludes  that  erythro- 
melalgia when  occurring  independently  of  central  ner- 
vous change  is  associated  with  but  one  morbid  picture, 
that  of  local  vascular  change.  Taubert  finds  erythro- 
melalgia traceable  to  disease  in  the  lateral  and  posterior 
columns  of  the  cervical  cord  (see  Eulenburg  and  others). 
Reynolds  calls  the  disease  a  vasomotor  neurosis,  and 
argues  in  favor  of  the  theory  of  primary  vaso-motor  dila- 
tation of  the  arteries  followed  in  the  way  of  compensation 
for  this  vaso-motor  paralysis  by  thickening  of  the  coats 
of  the  arteries  so  as  to  narrow  the  lumen  and  stream  of 
blood  (quoting  Delafield,  Thoma,  and  Barlow  in  support 
of  his  views).  Starr,  sketching  the  phenomena  of  tlie 
"  vascular  storm,"  says :  "  The  dilatation  of  the  arteries  in 
the  extremities  results  in  an  extreme  condition  of  redness 
and  sensation  of  heat  and  pain.  After  hours  of  this  the 
extremities  may  suddenly  become  cold,  jiale,  or  blue  and 
shrivelled  up,  presenting  the  appearance  of  the  hands 
after  long  soaking  in  hot  water;  and  this  alternation  of 
distention  and  contraction  of  the  blood-vessels  constitutes 
tlie  symptomatology  of  the  disease.  It  appears  to  be  a 
pure  vaso-motor  neurosis,  but  it  is  rarely  if  ever  attended 
by  any  trophic  disturbances  of  the  skin  or  nails,  such  as 
occur  in  neuritis,  and  no  patliological  observations  are  at 
hand  to  establish  the  hypothesis  that  there  is  a  true  neu- 
ritis of  the  vaso-motor  nerves." 

If,  thereore,  wc  should  venture  upon  a  rough  summing 


up  of  the  principal  pathological  features  of  erythromelal- 
gia as  indicated  in  the  preceding  brief  synopsis  of  recent 
authorities  we  should  say  that  opinion  was  settling  upon 
the  following  beliefs:  (1)  The  disease  is  considered  a 
vaso-motor  neurosis  (angioneurosis,  Oppeuheim) ;  (2)  the 
attribution  of  the  group  of  symptoms  to  disease  of  the 
jiosterior  and  lateral  spinal  gray  matter,  when  it  would 
be  called  secondary,  and  to  as  j-et  undetermined  causes 
of  periplieral  origin,  where  some  would  call  it  clinically 
idiopathic  or  .mi  generis ;  (3)  its  association  with  the  ac- 
ropathies  and  sometimes  with  Raynaud's  disease;  (4) 
there  is  much  more  evidence  connecting  the  di.sease 
locally  with  alterations  of  the  blood-vessels  than  of  the 
nerves,  but  good  authorities  deny  that  we  are  yet  in  posi- 
tion to  pass  finally  upon  its  pathology. 

The  TREATMENT  of  erythromelalgia  can  hardly  be  said 
to  aim  with  hopefulness  at  more  than  the  alleviation  of 
some  of  its  most  distressing  symptoms,  proof  of  which 
is  found  in  the  long  list  of  the  various  means  employed. 
Weir  Mitchell's  recommendation  of  rest,  cold,  and  eleva- 
ticin  of  the  limb  affected  has  been  found  of  value,  based 
as  it  is  upon  well-known  observations  of  patients  that  the 
opposites  of  these  increase  their  sufferings.  Other  meas- 
ures to  be  noted  are  hydrotherapy,  electricity  (Eulenburg 
and  Schlitz  found  benefit  from  the  use  of  the  constanl; 
current),  massage  (although  Barlow  says  it  is  of  doubtful 
value  and  unbearable  during  the  paroxysms).  Of  course 
autis^'philitic  remedies  are  indicated  in  cases  in  which 
that  disease  is  believed  to  underlie  or  complicate  erj'thro- 
melalgia,  and  among  drugs  which  are  more  or  less  ap- 
proved are  arsenic,  anti pyrin,  the  bromide  of  potassium, 
morphine  (Morgan  reporting  a  case  of  recovery  after 
hypodermic  injections  of  morphine  and  atropine  twice  a 
day  for  three  weeks),  the  salicylates,  atropine,  and  ergot 
internally  as  well  as  ichthyol  externally.  It  should  also 
be  remembered  that  spontaneous  recovery  lias  taken  place 
in  some  cases.  Further  than  this,  the  several  cases  re- 
ferred to  above  are  evidence  that  surgical  measures,  such 
as  the  stretching  of  nerves,  their  resection,  and  the  am- 
putation of  toes  and  fingers,  have  brought  relief  in  certjtin 
instances.  It  should  be  noted,  however,  that  gangrene 
followed  operative  procedures  upon  nerve  and  vein  in 
one  case  of  Weir  Mitchell's  and  upon  amputation  of  a 
toe  in  another. 

The  references  given  below  are  mainl}'  to  the  chief 
articles  of  the  last  three  years,  the  reader  being  referred 
to  the  essays  of  Lewin  and  Benda  and  of  Kahane  for  full 
bibliographies.  J.  Haven  Emerson. 

References. 

Allotiin,  W.  H. :  A  Manual  of  Medicine,  vol.  lil.,  p.  382,  London,  liXtl. 
Auerbaoh,  S. :  retier  Erythromelal^ie,  eine  kliniscli.  u.  anatnni.  Un- 

tersucliung.    Deiit.^rlic  Zritsiiir.  f.  Nervenliellk.,  Leipzig,  1S9T,  xi. 
Barlow  T.  ;  .Ulhmfs  svsii-m  ..f  Micli.in.'.  vol.  vii.,  p.  t»7,  isntl. 
Cassirer,  R. :  Iiih  vasnrii..ti.risrii-tii.|.]iisrlu'n  .Nciirosen,  Berlin.  1901. 
Collier,  J.:  Tlie  Orcurnnii'  of  ErytUronielaltria   in    Di.«eases  of  the 

Spinal  Cord,  au  arcoiiiit  of  ten  oases.    Lanivt,  isiis,  ji.,  401, 
Eisner.  H.  L. :   neccnt  E.xinTiences  with  Ervllironiehilgia.    Medical 

News,  New  York,  Mil,  l.\.\viii.,  p.  405. 
Eulenliurg,  A.,  in  Bealencvclopa?die  der  eesammt.  Heilk.,  ;?te  A  nil., 

189.5.  vol.  vii. 
Kaliane,  M. :  Erythromelalgie.    Centralbl.  f.  d.  Grenzgeliiete  d.  Med. 

u.  Cbir.,  Jena,  1900,  vol.  iii.,  witti  extensive  bibliography. 
Li5vij  L. :   De  I'Erythromelalgie,  Syndrome  de  Weir  Mitchell.    Prcsse 

ined.,  Paris,  1897,  ii.,  1.57. 
Lewin  11.   Benda:    ErythromelalRle.    Berlin,  klin.  Woch.,   1894,  full 

bibliography  to  date. 
MitcLell,  Weir:  Phila.  Med.  Times,  vol.  ii!.,  1872-73.    Amer.  Journ. 

Med.  Sci..  July,  1878. 
Mitchell,  Weir,  and  Spiller,  W.  G. :   A  Case  of  Erythromelalgia  wilh 

Microscopical  E.\ainination  of  an  Amputated  Toe.    Amer.  Journ. 

Med.  Sci.,  1899,  i. 
Reynolds,  H.  B. :  Erythromelalgia  with  Report  of  a  Case.    Occident. 

Medical  Times,  San  Fran.,  1903,  xvii. 
Sachs,   B. :    Ervthromelalgia.     Journ.  Nerv.  and  Ment.  Dls„    New 

York,  1S99,  xxvi.,  373. 
Sachs,  B.,  and  Wiener,  A. :  Die  Ervthromelalgie,  eine  klinlsch-ana- 

tcmiisch.  Besprechung.    Deutsche  Zeitschr.  f.  Nervenheilk..  Leiiizig, 

18951,  XV. 
Saville,  T.  D. :    On  Various  Angioneurotic  Disturbances,  including 

Erythromelalgia.    Lancet,  1901.  i. 
Scliutz,   R. :    Erythronielalgie  u.  Hautatrophie.     Dermat.  Zeltsclir., 

Berlin,  1899,  vi. 
Shaw,  H.  B. :  The  Morbid  Anatomy  of  Erythromelalgia.  Based  uimn 

the  Amputated  Extremities  ol  Three  Cases.    Brit.  Med.  Journ., 

1903,  i. 


•4:38 


REFERENCE   HANDBOOK   OF  THE  MEDICAL   SCIENCES. 


Erytliromelalgla. 
Exopkttaalnilc  Golire. 


Starr,  M.  Allen  :  Organic  Nervous  Diseases,  New  York  and  Philadel- 
phia, 1903. 

Taubert :  Uelier  Erytbromelalgie  bei  Syringomyelie.  Deutsch.  med. 
Woih.,  Berlin,  liKB,  xxLt. 

EUCAINE  is  a  name  applied  to  two  different  but  closely 
allied  local  aua'sthetics  distinguished  as  Alphn-euaune 
or  Eucaine  "A  "  and  Beta-eucaine  or  Eucaine  "i>." 

The  anaesthetic  effect  of  cocaine,  which  is  methyl-ben- 
zoyl-ecgonine,  Ci:HoiNO.i,  was  found  to  depend  on  the 
presence  of  both  the  methyl  and  the  benzoyl  groups  and 
not  on  the  ecgouine  radical.  So  with  the  desire  of  ob- 
taining the  anjBsthetic  effect  of  cocaine  without  its  to.\- 
icity,  other  methyl-benzoyl  compounds  were  designed. 
Of  these  Eucaine  "  A  "  was  submitted  to  the  profession, 
and  was  for  a  time  extensively  employed:  but  its  ver}' 
irritating  effects  have  so  militated  against  its  desirability 
that  it  has  been  largely  replaced  by  its  congener,  Eucaine 
"B,"  a  compound  of  less  toxicity  and  less  irritating  prop- 

Alpha-eucaine,  CHa.N.C2.(CH3),.(CH3),.(CHj),.CC6- 
HiCOO.COOCHa,  is  methyl-benzoyl-tetra-methyl-hy- 
droxy-piperidine-carbonicacid-methyl-ester,  a  derivative 
of  tri-acetone-amine.  Its  h)-drochloride  occurs  as  a  bitter 
white  crystalline  powder  soluble  in  10  parts  of  cold- 
water,  7  of  boiling  water,  less  than  3  of  alcohol,  and  13 
of  glycerin,  and  is  very  slightly  soluble  in  ether  and  the 
fixed  oils. 

Beta-eucaine,  H.N.Co.  HCHo.  (CHa)^.  (CH2)..C.CeH6- 
COO.H,  benzoyl- vinyldiacetone-alkamine,  is  also  a  bitter 
white  crystalline  powder,  and  its  hydrochloride  dissolves 
in  23  parts  of  water,  13  of  boiling  water,  30  of  alcohol, 
and  3.3  of  glycerin.  It  is  insoluble  in  ether  and  almost 
insoluble  in  the  fixed  oils. 

Both  eucaiues  have  the  nature  of  alkaloids,  and  their 
hydrochlorides  have  been  the  salts  in  common  use;  but 
the  acetate  of  beta-eucaine  is  now  recommended  as  it  is 
readily  soluble  in  water.  The  solutions  of  eucaine  salts 
are  not  depomposed  by  boiling,  so  may  be  sterilized. 

The  pharmacological  action  of  the  eucaines  has  been 
studied  by  Cushny,  V^inci,  Ver  Eecke,  and  others.  The 
salts  are  not  ab.sorbed  by  the  unbroken  skin,  but,  applied 
to  mucous  membranes  or  injected  into  the  tissues,  they 
paralyze  the  sensory  nerves  and  their  terminal  endings  at 
the  site  of  application  and  are  powerful  local  anaesthetics. 
They  are  said  to  produce  local  congestion  in  mucous 
membranes. 

In  large  dose  they  weaken  the  heart  by  direct  dejjres- 
sion  of  the  cardiac  muscle  and  its  contained  ganglia,  and 
in  addition  lower  blood  pressure  by  dilatation  of  the  arte- 
rioles. The  respirator}'  centre  is  at  first  stimulated,  later 
paralyzed,  so  that  death  takes  place  from  asphyxia  (par- 
alysis of  respii'ation).  The  cerebral  centi'es  are  stimu- 
lated with  the  production  of  tonic  and  clonic  convul- 
sions; later  they  are  paralj'zed.  There  is  no  dilatation  of 
the  pupil  or  disturbance  of  the  accommodation  of  the 
eye,  but  the  conjunctiva  is  congested.  The  superficial 
epithelium  of  the  cornea  is  not  affected.  The  kidney  cells 
are  stimulated  and  the  quantity  of  urine  is  increased, 
with  increased  elimination  of  nitrogen,  phosphorus,  and 
chlorides.  The  drug  is  not  found  in  the  urine,  and  ap- 
parently undergoes  decomposition  in  the  body. 

To  produce  general  poisoning  in  rabbits  and  guinea- 
pigs  it  requires  0.15-0.2  gm.  of  eucaine  "A"  per  kilo, 
and  0.4-0.5  gm.  of  eucaine  "B."  Cocaine  is  four  times 
as  poisonous  as  eucaine  "B,"  and  only  slightly  more 
toxic  than  eucaine  '"A." 

The  uses  of  beta-eucaine  as  a  local  ana;sthetic  are  prac- 
ticall)'  those  of  cocaine,  so  we  need  not  here  enumei'ate  its 
therapeutic  applications.  The  consensus  of  opinion 
among  surgeons  (Bier,  Bainbridge,  Moyer)  would  seem  to 
indicate  that  it  is  weaker  as  an  anaesthetic  than  cocaine, 
whether  employed  subcutaneously  or  in  spinal  analgesia. 
WaUis  found  that  the  amount  i-equired  for  a  small 
operation  averaged  Z  i.-iss.  (4-6  c.c.)  of  a  four-per-ceut. 
solution,  but  G.  W.  Ciile  performed  a  painless  duodeno.s- 
tomy  with  8  c.c.  (  3  ij.)  of  a  two-per-cent.  solution. 

Nearly  all  writers  agree  that  eucaine  tends  to  increase 
a  hypera?mia  of  the  conjunctiva  or  nasal  mucous  mem- 


brane, and  Dawbarn  and  others  prefer  it  for  the  removal 
of  tonsils,  adenoids,  and  other  hypertrophied  tissues,  as 
it  does  not  cause  a  shriukage  like  cocaine.  Poole  prefeVs 
cocaine  in  iritis,  as  eucaine  increases,  or  at  least  does  not 
decrease,  the  anterior  congestion. 

In  our  experience  eucaine  applied  to  mucous  mem- 
branes is  slower  in  its  action  and  much  weaker  than  co- 
caine ;  used  subcutaneously  it  is  somewhat  weaker.  We 
had  several  cases  of  local  gangrene  following  its  hjpo- 
derraic  use  in  abdominal  and  pleural  tapping,  though  in 
each  of  these  instances  the  injection  had  been  preceded 
by  the  ethyl-chloride  spray.  Cocaine  under  similar  con- 
ditions never  produced  aslough.  Da  Costa  noted  a  slow, 
persistent  sloughing,  especially  in  fatty  tissue,  bursoe,  or 
tendon  sheaths.  He  also  noticed  inflammation  following 
its  use  in  the  bladder.  Shastid  reports  the  occurrence  of 
amblyopia,  rapid  pulse,  and  deliiium  following  the  ap- 
plication of  a  five-per-cent.  solution  to  the  inferior  tur- 
binate. 

Beta-eucaine  is,  then,  a  drug  of  anesthetic  action  re- 
sembling that  of  cocaine,  but  somewhat  weaker.  It  pro- 
duces liyperwmia  rather  than  the  ischaemia  of  cocaine, 
and  has  no  effect  on  the  pupil,  accommodation,  or  the 
corneal  epithelium.  In  the  orilinary  dosage  it  is  non- 
toxic, and  is  reported  to  be  well  borne  where  there  is  an 
idiosyncrasy  against  cocaine.  Lilienthal  has  fiequently 
used  four  to  ten  grains  without  unpleasant  consequences. 
No  eucaine  habit  is  known.  The  drug  keeps  indefinitely 
and  can  be  sterilized  by  boiling. 

Solutions  of  one-  to  four-per-ccnt.  strength  in  normal 
salt  are  commonly  employed,  but  stronger  solutions,  ob- 
tained by  heating  the  liquid  and  using  warm,  are  some- 
times preferred.  Von  Mikulicz  uses  the  following:  IJ 
C'ocainaj  hj-drochloridi,  0.5  gm.  (gr.  viiss.);  beta-euca- 
inae  hydrochloridi,  0.5  gm.  (gr.  viiss.):  sodii  chloridi,  2 
gm.  (gr.  XXX.);  aquse,  q.s.  ad  1,000  c.c.  (1  xxxii.). 

W.  A.  Bastcdo. 

EXOPHTHALMIC  GOITRE.-(Synonyms:  Graves' 
disease;  Basedow's  disease.)  These  names  have  been 
indifferently  used  during  the  last  sixty  or  more  years  to 
express  a  fairly  well-defined  disease  in  which  more  or  less 
enlargement  of  the  thyroid,  protrusion  of  the  eyes,  and 
certain  nervous  disturbances  (including  tachycardia)  form 
the  prominent  symptoms.  The  Irish  physician.  Graves, 
who  described  the  coexistence  of  jialpitatiou  of  the  heart 
with  enlargement  of  the  thyroid  as  an  affection  more  or 
less  related  to  hysteria,  was  antedated  in  his  observations 
by  Parry,  who  mentioned  the  same  combination  together 
with  exophthalmos  in  1825.  Some  years  later  Basedow 
also  observed  the  existence  of  exophthalmos  in  similar 
cases,  and  gave  the  description  which  has  conuected  his 
name  with  the  disease.  Charcot,  too,  in  1844  and  1845 
described  such  cases  at  the  SalpStriJre.  Since  their  time 
an  enormous  literature  has  appeared  in  which,  while  the 
objective  descriptions  remain  verj'  constant,  the  most  di- 
vergent theories  have  been  advanced  to  account  for  the 
symptoms  These  we  may  detail  in  discussing  the  eti- 
ology of  the  disease. 

Exophthalmic  goitre  is  an  affection  which  occurs  most 
frequently  in  women,  although  cases  are  bj'  no  means 
rare  in  which  the  same  phenomena  are  seen  in  men.  No 
very  precise  age  limits  can  be  set,  but  the  majoritj-  of  the 
cases  appear  to  begin  after  the  ago  of  pubert}',  and  to  in- 
crease in  number  as  the  climacterium  is  approached,  the 
onset  being  most  frequent,  according  to  Osier,  between 
the  ages  of  twenty  and  thirty.  No  particular  station  in 
life  seems  to  predispose  to  the  disease,  but  it  is  u.sually 
observed  that  the  individuals  belong  to  neuropathic  fami- 
lies in  which  cases  of  epilepsy,  hysteria,  chorea,  or  even 
some  form  of  insanity  have  occurred.  Combinations  of 
epilepsy  and  exophthalmic  goitre  in  the  same  person 
have  been  described,'  in  which  cases  the  epileptic  seizures 
usually  give  place  to  the  symptoms  of  the  other  disease. 
Exophthalmic  goitre  is  a  very  widespread  disease,  not 
at  all  localized  in  certain  areas,  as  is  the  case  with  other 
forms  of  goitre  and  with  endemic  myxoedema  or  cretin- 
ism.    Indeed,   although   cases  in   which  exophthalmic 
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symptoms  supervene  after  the  long  existence  of  the  ordi- 
nary type  of  goitre  are  not  unknown,  the  disease  seems 
to  be  iio  more  frequent  in  those  regions  where  goitre  is 
endemic  thiUi  elsewhere,  and  tlif  coincidence  of  the  two 
conditions  must  l)e  considcicd  accidental.  Instances  of 
the  coexistence  of  exophthalmic  goitre  with  my.xcEdema 
have  also  been  observed,-  which,  althougli  probably 
accidental  and  not  indicating  any  close  relationship  be- 
tween the  two  conditions,  have  a  significance  which  will 
apiicar  later. 

Sy.mi'toms.— The  onset  is  sometimes  very  slow  and 
gradual,  in  other  cases  it  is  extremely  sudden,  and  the 
symptoms  reach  their  maximum  of  intensity  in  a  very 
short  time.  Usually,  but  not  always,  such  an  onset  is 
ascribed  to  sudden  violent  emotional  disturbances,  such  as 
a  fright  or  great  sorrow,  etc. ,  after  which  the  patient  feels 
demoralized  and  incapable  of  effort,  and  the  palpitation  of 
the  heart  and  tremors  begin.  Prominence  of  the  eyeballs 
may  be  the  tjrst  thing  observed,  and  is  noticed  by  the 
friends  before  the  inati'eut  herself  appreciates  it. 

Of  all  the  symptoms  perhaps  the  most  constant  are 
those  referable  to  the  heart  and  circulatory  system  in 
general,  and  these  may  be  considered  under  several  heads. 
First  of  all  and  most  noticeable  is  the  violence  of  the 
heart's  action— a  pounding  heart  beat  that  ma}'  some- 
times be  violent  enough  to  keep  the  patient  awake  can 
be  felt  over  a  wide  area.  Loud  systolic  bruits  can  often 
be  heard  over  the  apex  and  base  of  the  heart  and  along 
the  vessels.  The  pulsation  of  the  arteries  is  extraor- 
dinarily violent  in  many  cases  and  is  readilj'  visible  in 
the  extremities.  There  is  usually  a  widespread  dilatation 
of  the  capillaries  also,  and  sometimes  a  venous  pulsation 
can  be  made  out.  The  dilatation  and  violent  pulsation 
of  the  vessels  are  especially  noticeable  over  the  enlarged 
thyroid  and  in  the  eye  grounds. 

Then  next  in  prominence  is  the  tachycardia,  which 
may  reach  the  highest  degree.  Usuallj'  this  develops 
gradually  and  the  ]3ulse  rate  increases  from  normal  up  to 
130  to  1.50  or  more  in  the  minute.  In  a  case  recently  ob- 
served in  the  Johns  Hopkins  Hospital,  a  rate  of  200  per 
minute  was  maintained  tor  days.  The  tension  in  such 
cases  usually  remains  high,  and  the  volume  full.  F.  Miil- 
ler*  gives  a  spli3'gmographic  tracing  in  a  case  whose 
pulse  rate  at  the  time  was  176,  in  which  this  is  illustrated, 
there  being  a  sharp  initial  elevation  with  frequent 
bigeminal  inilsation.  Recent  researches  seem  to  show 
(Donath,''  Spiethoff  ^)  that  the  blood  pressure  is  in  some 
cases  increased,  in  some  diminished,  but  by  no  means 
always  increased. 

Variations  in  the  pulse  rate  are  very  marked,  and  ex- 
citement or  exertion  has  a  much  greater  influence  than  in 
a  normal  individual.  In  some  instances  it  is  impossible 
to  escape  from  the  idea  that  exhaustion  of  the  heart  mus- 
cle must  play  a  part  in  the  final  dissolution  of  the  patient. 

Referable  to  the  central  nervous  system  more  directly 
we  find  a  variety  of  symptoms,  of  which  ])erhaps  the 
most  prominent  is  the  tremor.  This  is  involuntary  and 
fine  for  the  most  part,  leading  to  a  fine  trembling  of  tlie 
hands,  muscles  of  the  face,  and  indeed  of  any  and  all  of 
the  muscles  indifferently.  It  is  most  noticeable  to  the 
patient  in  the  attempt  to  perform  flue  co-ordinated  move- 
ments. Writing  becomes  dilficult  or  impossible,  and  the 
characters  show  a  tremulous  irregularity.  Fibrillary 
twitchings  of  the  tongue  are  usually  present,  and  may 
be  so  extensive  as  to  produce  a  wave-like  undulation 
over  the  surface  of  that  organ.  Definite  spasms  and 
twitchings  of  various  muscles  may  occur  too,  even  pro- 
ducing in  some  cases  the  condition  of  tetany,  such  as  has 
been  described  in  thyroidectomized  animals.  Epilepti- 
form seizures  are  not  unknown,  and  may  suggest  an 
extreine  manifestation  of  the  tetanic  conditiem.  "The  ex- 
planation of  these  phenomena  will  be  further  discussed 
in  treating  of  the  etiology, 

Tlie  other  symptoms  referable  to  the  nervous  system 
are  chiefly  psychical.  Early  in  the  disease  the  patients 
feel  themselves  to  be  irritable  and  excitable.  The  friends 
observe  a  change  of  disposition,  very  different  from  that 
observed  in  the  development  of  myxeedema.     Instead  of 


becoming  sluggish  and  apathetic,  with  all  the  mental 
faculties  dulled,  these  patients  are  keenly  susceptible  to 
every  outward  stimulus,  and  the  mental  reaction  is  a 
relatively  intense  one.  In  some  respects  this  receptive 
and  reactive  state  may  resemble  in  a  mild  way  that  seen 
in  the  maniacal  stage  of  the  maniacal-depressive  insanity. 
A  feeling  of  anxiety  often  dominates  the  mental  state  and 
the  excited  patient  becomes  a  prey  to  groundless  fears. 
Insomnia  may  be  persistent,  much"  to  the  exhaustion  of 
the  patient.  lu  other  cases  fantastic  dreams  occur  with 
great  frequency,  and  may  pass  over  into  the  waking 
state,  so  that  the  patient  has  but  to  shut  her  eyes  to  see 
all  sorts  of  forms  move  about  hei',  or  even  in  broad  day- 
light the  hallucinations  may  occur.  Delirium  and  the 
wildest  maniacal  excitement,  orstujior  and  even  uncon- 
sciousness may  come  on  late  in  the  disease. 

The  exophthalmos  is  not  an  invariable  feature,  although 
it  is  very  frequently  present  (Fig.  5134,  A  and  B);  it 
may  be  unilateral,  but  is  usually  bilateral.  In  its  onset 
it  becomes,  as  a  rule,  gradually'  more  and  more  noticeable, 
but  sometimes,  as  it  is  alleged,  after  a  sudden  emotional 
shock  }t  may  appear  and  reach  a  high  grade  within  a  very 
short  time.  The  actual  extent  of  the  protrusion  of  the 
eyeball  it  is  diflicult  to  measure,  although  methods  have 
recently  been  devised  which  will  render  such  measure- 
ments more  exact.  It  is  most  noticeable  in  the  widening 
of  the  aperture  of  the  lids  which  it  produces,  and  by  the 
staring  expression  which  it  gives  to  the  face ;  but  it  must 
not  be  forgotten  that  the  individual  variations  in  normal 
people  in  this  respect  are  very  great.  In  extreme  cases, 
however,  such  as  one  of  Basedow's,  the  ej'e  may  be  act- 
ually dislocated  from  the  orbit.  Many  consequences  of 
this  protrusion  have  been  noted  in  the  literature,  and  as 
signs  of  the  exophthalmos  they  bear  the  name  of  their 
observers.  Qraefe,  for  example,  noticed  that  in  lowering 
the  eyes  the  upper  lid  did  not  follow  and  keep  the  sclera 
covered  as  in  the  normal  eye — the  so-called  Graefe's  sign. 
Stelwag's  sign  consists  in  the  widening  of  the  palpebral 
aperture;  Mobius'  sign,  in  the  lack  of  normal  converg- 
ence of  the  eyes. 

Pupillary  changes  are  rarely  if  ever  seen,  and  no  defi- 
nite retinal  alterations  have  been  found,  nor  is  there  any 
disturbance  of  sight  from  the  exophthalmos  proper. 
Winking  is  much  less  frequentlj'  carried  out,  however, 
than  in  the  normal  eye,  and  in  cases  in  which  the  eye 
projects  far  from  its  socket  the  eyelids  never  quite  cover 
the  eyeball.  The  consequence  may  be  that  the  proper 
moistening  of  the  surface  is  interfered  with,  and  a  band- 
like  area  across  each  eye,  passing  over  the  cornea,  be- 
comes dried  and  opaque.  Ulceration  and  infection  of 
this  dried  area,  which  becomes  wider  with  the  increased 
protrusion,  leads  to  complete  opacity  of  the  cornea  and 
loiss  of  vision  in  that  eye.  The  infection  may  even  go  on 
to  involve  the  whole  eye  and  result  in  its  entire  destruc- 
tion. 

The  absence  of  pupillary  disturbances  is  particularly 
significant  in  connection  with  one  of  the  theories  as  to  the 
etiology  of  the  disease,  as  will  appear  later. 

No  special  disturbance  of  the  urinary  secretion  seems 
to  occur  with  this  disease,  although  glj-cosuria  has  been 
observed  in  some  cases  and  polyuria  in  others. 

Digestive  disorder  and  disturbances  of  the  general  me- 
tabolism, however,  are  almost  constant,  and  have  an  ex- 
tremely important  bearing  upon  the  prognosis. 

Loss  of  appetite  is  very  common,  and  the  patients 
waste  away  perhai)s  as  a  result  of  this.  On  the  other 
hand,  a  ravenous,  insatiable  appetite  is  sometimes  ob- 
served, but  strangely  enough  with  the  same  progressive 
emaciation.  F.  Mi'iller "  describes  most  graphically  this 
curious  phenomenon.  "  The  food  prepared  for  this  pa- 
tient, quite  enough  for  the  nourishment  of  a  robust  per- 
son, was  not  enough  for  her,  and  she  gathered  up  every 
scrap  of  food  that  was  left  by  the  other  patients  in  the 
ward.  One  found  her  almost  always  eating,  and  it  was 
curious  to  see  her,  as  with  wide  open,  eager  eyes  she 
stared  into  her  plate  and  ceaselessly  chewed  and  swal- 
lowed." 

There  are,  however,  variations  in  this  emaciation,  such 


440 


REFERENCE  HANDBOOK   OF  THE   JIEDICAL  SCIENCES. 


Exoplitlialmic 
Goitre. 


that  while  at  times  the  patient  loses  rapidly  in  weight, 
there  come  periods  during  which  she  recovers  almost  all 
that  was  lost,  and  Huchard  speaks  accordingly  of  "crises 
d'amaigrissemcnt. "     Tlie  loss  of  weight  may  be  enormous 


sou's  disease.  An  instance  of  this  is  the  above-mentiojicd 
case  of  von  Schrotter,  So,  too,  urticaria,  erythema, 
localized  oedema,  scleroderma,  loss  of  hair,  swelling  of 
joints,  atrophy  and  hypertrophy  of  breasts,  etc.,  occur. 


-1.  B. 

Fig.  5134.— Case  of  Exoplithalmic  Goitre  showiug  Exophthalmos  and  Goitre.    .4 ,  Front  view ;  B,  side  view. 


and  astoundingly  rapid.  One  of  Muller's  patients  lost 
fifty  pounds  in  nine  months,  reaching  then  a  weight  of 
fifty-four  pounds.  Curiously  enough  the  emaciation 
may  not  be  genei'al  but  limited  to  one  portion  of  the 
body,  either  to  one  side  or  to  the  upper  part,  while  the 
lower  extremities  remain  unaltered,  von  Schrotter''  de- 
scribes such  a  case  iu  which  the  very  fat  legs  coiiti-asted 
sharply  with  the  wasted  chest  and  shoulders, 

Diairhcca,  of  a  most  persistent  character,  is  often  ob- 
served, and  may  aid  greatly  in  producing  the  emaciation. 
It  seems  possible  that  it  may  be  due  to  an  increased 
activity  of  peristalsis  dependent  upon  some  such  nervous 
influence  as  produces  the  general  tremor.  Incidentally, 
too,  it  may  be  remarked  that  it  seems  possible  that  in 
those  cases  of  persistent  diarrhiea  which  are  associated 
with  tetany  there  may  be  an  underlying  cause  for  both, 
similar  to  that  at  work  in  the  production  of  the  disease 
under  discu.ssion. 

Symptoms  from  the  genital  apparatus  are  very  incon- 
stant and  difficult  to  explain.  There  is  sometimes  a  ces- 
sation of  the  menses,  and  there  have  been  instances  in 
which  pregnancy  has  had  a  favorable  influence  upon  the 
course  of  the  disease. 

Changes  in  the  skin  are  frequent  and  of  many  sorts. 
Very  characteristic  is  the  profuse  and  continued  sweat- 
ing, which  is  no  doubt  due  to  the  central  irritation  of  the 
secretory  nerves.  It  is  frequentlj-  such  as  to  bathe  the 
patient  constantly  and  to  keep  the  skin  in  a  sodden 
condition,  from  which  results  the  increased  electrical 
conductivity  noted  by  Charcot  and  others.  Annoying 
sensations  of  heat,  accompanied  by  flushing  of  the  skin, 
frequently  occur,  while  the  general  temperature  is  nor- 
mal. Other  changes,  diflicult  to  explain,  also  appear, 
such  for  example  as  the  extensive  pigmentation  of  tlie 
skin,  which  may  be  almost  like  that  observed  in  Addi- 


and  arc  usually  explained  as  dependent  upou  disturbances 
of  the  ti'ophic  nerves. 

Dyspnaa  and  labored  breathing  may  come  on,  espe- 
cially after  exertion,  and  occasionally  there  is  a  dry 
cough  which  is  very  wearing,  but  which  seems  not  to 
depend  upon  any  actual  pulmonary  lesion. 

Finall}'  the  thyroid  sliows  fairl_v  constant  changes, 
which  are  recognizable  clinically  (Fig.  5134,  A  and  B). 
The  enlargement  is  usually  diffuse  and  bilatei-al,  but  may 
not  be  extreme.  Frequently  it  is  so  slight  as  to  be  hardly 
noticeable. 

In  all  cases,  however,  the  thyroid  is  somewhat  increased 
in  consistence  and  may  sometimes  become  very  hiird. 
The  vessels  which  course  fiver  it  are  generally  widely 
dilated  and  pulsate  violeutlj',  and  to  this  great  vascu- 
larity and  hyperteraia  is  due  in  large  i)art  the  enlarge- 
ment of  the  gland. 

Pathologv.— Numerous  autopsies  have  been  per- 
formed on  these  cases,  and  the  most  painstaking  exami- 
nation of  the  viscera  made  without  as  j-et  any  constant 
lesion  having  been  discovered  which  can  be  considered 
explanatory  of  all  these  symptoms.  Especial  attention 
has  been  directed  to  the  nervous  system  and  to  the  thy- 
roid, and  the  description  of  the  changes  in  these  can 
therefore  be  made  moi'e  minute. 

In  the  central  nervous  system  no  definite  constant 
changes  have  been  discerned  in  the  cerebral  cortex  nor 
in  the  lower  portion  of  the  brain  or  cord.  Only  Jlendel' 
and  his  students  have  found  atrophy  of  the  corpus  resfi- 
forme  on  one  side  with  a  similar  atrophy  of  the  solitary 
bundle  on  the  other  side,  and  this  he  brings  into  causal 
connection  with  the  disease.  It  is,  however,  far  fmni 
constant,  and  it  is  hard  to  explain  a  general  condition  by 
a  one-sided  lesion. 

The  sympathetic  ganglia  in  the  neck  have  also  been 
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examined  with  great  care,  but  Elirich,' wlio  from  his 
cases  was  able  to  find  degenerative  cliangcs,  tliinlvs  them 
entirely  secondary.  Others  lind  no  alterations  \vhatever 
in  these  canjrMu  and  nerves. 

mailer  found  degenerative  changes  in  the  trunk  of  the 
vagus  nerve,  but  decided  that  these  were  secondary. 

The  ulleraticins  in  the  heart  are  by  no  means  constant 
nor  eharaeleristic.  Dilatation  is  sometimes  found  at 
autopsy,  liypertrophy  occasionally,  while  degenerative 
changes  are  frequent. 

It  is  in  the  thyroid  that  the  most  characteristic  and 
constant  changes"  arc  met  with.  The  gland  is  usually 
but  not  always  enlarged,  and  its  consistence  much  in- 
creased. No  adequate  idea  of  the  vascularity  is  gained 
from  the  inspection  of  tlie  specimen  after  death,  but  at 
operation  it  is  found  to  be  extraordinarily  I'ich  in  widely 
distended  vessels,  which  pulsate  violently,  and  which 
from  the  friability  of  their  walls  (Kocher,"'  Ehrich  ") 
render  the  operation  for  the  extirpation  of  the  gland  a 
diOicult  one.  The  surface  is  often  somewhat  nodular  and 
the  capsule  thickened.  Section  of  the  gland  shows  that 
it  has  not  the  tran.slucency  and  brownish-red  color  of  the 
normal  gland,  nor  its  gelatinous  elastic  consistence.  In- 
stead it  is  hard  and  resistant,  and  of  an  opaque  pinkish- 
gray  color,  the  cut  surface  having  a  rather  lobular, 
roughened  appearance.     (Figs.  513.5  ami  5136.) 

Microscopically  there  is  usually  made  out  a  great  in- 
crease in  the  connective  tissue  throughout  the  gland. 
Strands  of  fibrous  tissue  run  through  it  from  the  capsule 
and  produce  a  sort  of  indefinite  lobulation.  Jlore  strik- 
ing, liowever,  is  the  alteration  in  the  alveoli.  Instead  of 
preserving  a  more  or  less  uniform  roundness,  they  are 
distorted  into  tlie  most  complicated   forms,  and  their 
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K.XMplitlialmic  (ioitre.    Thyniiil  lobe  in  seution  fiimi  case 
illustnUfd  iQ  Fig.  5134. 


walls  plicated  and  corrugated  until  the  outline  is  an  ex- 
tremely irregular  one.  By  many  authors  papillary  out- 
growths from  the  walls  have  been  described,  but  Ehrich 
claims  that  these  appearances  are  merely  due  to  the 
irregular  line  of  section  of  folds  in  the  wall. 

The  cells  are  irregular  in  height  and  outline,  and  are 
often  vacuolated  and  ragged,  and  contain  more  abundant 


fat  globules  than  normal.  There  is  much  variation  in 
the  size  of  the  alveoli,  the  distended  irregular  ones  being 
frequently  long  drawn  out  and  sometimes  even  com 


Fig.  .5136.— Adenoma  of  Thyroid,  or  Colloid  Goitre. 

municating  with  one  another,  while  others  are  small 
and  so  packed  with  cells  that  there  is  no  real  lumen. 
Mitotic  figures  are  rare.  Indeed  Ehrich  states  that  pro- 
liferation occurs  only  by  amitotic  division,  and  is  not  a 
prominent  feature,  but  that  the  enlargement  of  the  gland 
is  largely  due  to  the  distention  of  the  alveoli.  The  gen- 
eral trend  of  opinion,  however,  is  toward  the  idea  that 
there  is  a  hypertrophy  by  cell  proliferation. 

We  may  pass  over  the  histological  details  of  the  proc- 
ess of  secretion  as  observed  in  these  cases  by  Farner, 
Ehrich,  Haemig,  and  others.  Suffice  it  to  say  that  while 
in  some  cases  the  process  of  secretion  seems  active  enough, 
and  the  alveoli  are  filled  with  a  stainable  colloid  material, 
in  the  majority  the  secretion  of  this  stainable  colloid  is 
not  evident,  the  cells  have  become  high  and  vaculated, 
and  whatever  secretion  there  is,  is  of  the  non-staining  or 
chromophobe  type  of  Andersson.  The  alveoli  in  these 
cases  are  empty" of  colloid,  and  contain  only  the  debris  of 
cells  and  fine  ragged  strands  of  granular  material. 

As  to  the  removal  of  the  colloid  material  from  the  gland 
there  is  still  some  doubt.  Many  authors  have  described 
the  presence  of  a  material  staining  like  colloid  in  the 
lymphatics  and  interstitial  spaces,  while  others  have  even 
declared  its  presence  in  the  veins  and  arteries.  Thus 
Farner'-  explains  the  lack  of  colloid  in  the  follicles  by 
the  rapidity  of  its  export.  Ehrich,  however,  with  right, 
suspects  that  the  colloid-like  substance  in  arteries  and 
veins  is  merel.y  tlie  coagulated  serum.  Indeed  he  denies 
that  any  secretion  escapes  from  the  gland,  and  thinks  the 
whole  process  a  retrogressive  one.  Support  is  lent  to 
Ehrich's  views  by  the  work  of  Oswald  {Vircliow's  Ar- 
(7(»),  who  finds  a  decreased  percentage  of  iodin  in  the 
thyroid  in  exophthalmic  goitre,  and  considers  the  change 
a  decrease  in  functional  activity. 

There  is  no  statement  in  the  literature  as  to  anj'  changes 
in  the  pai-athyroids  in  this  affection,  but  an  enlargement 
of  the  thymus  is  fairly  constant,  and  in  most  of  the  cases 
a  swelliug  of  the  cervical  lymph  glands  has  been  observed. 
In  a  case  recently  dissected  at  the  Johns  Hopkins  Hos- 
pital the  lueraolymph  glands  in  the  neck  were  especially 
prominent. 
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The  other  organs  show,  as  far  as  is  known,  no  con- 
stant lesions.  Askanazy  has  described  certain  degenera- 
tive changes  in  the  voluntary  muscle,  but  investigations 
confirmatory  of  his  results  seem  not  to  have  appeared. 

Etiology. — Several  distinct  theories  as  to  the  etiology 
of  the  disease  have  been  proposed,  but  they  all  fail  to 
account  satisfactorily  for  all  the  symptoms. 

According  to  one,  which  has  been  defended  by  Bu- 
schan,  exophthalmic  goitre  is  o  general  neurosis  in  which 
the  psychic  and  va.so-motor  functions  are  predominantly 
affected;  but  constant  changes  in  the  thyroid  cannot  be 
explained  on  this  idea. 

MObius  is  the  chief  defender  of  the  theory  of  hyper- 
thyroidization,  in  which  the  thyroid  forms  the  starting- 
point  for  all  the  symptoms.  Certain  authors  have  shown 
that  unpleasant  sj'raptoms — flushing,  tachycardia,  etc. — 
may  follow  the  excessive  administration  of  thj-roid  ex- 
tract in  normal  animals,  and  it  has  been  conceived  that 
in  this  disease  the  enlarged  thyroid  is  in  a  state  of  great 
secretory  activity,  pouring  into  the  lymphatics  far  more 
of  its  secretion  than  normal,  and  thus  bringing  about  the 
characteristic  S3-mptonis.  This  view  seems  further  sup- 
ported by  the  results  of  surgical  extirpation  of  part  of 
the  gland — the  relief  of  the  symptoms  being  frequent.' 
Not  all  the  symptoms  can  be  produced  b}- injection  of 
thyroid  extract  into  normal  animals,  however,  nor  can 
all  of  the  symptoms  of  exophthalmic  g<iitre  be  relieved 
by  extirpation  of  the  active  gland.  For  example,  the 
exophthalmos  can  neither  be  produced  by  thyroid  ex- 
tract nor  always  relieved  by  thj'roidectomy.  There  is 
much  in  favor  of  this  theory,  but  also  several  arguments 
opposed  to  it  are  difficult  to  answer.  Thedi.sease  is  con- 
sidered to  be  a  sort  of  general  antithesis  to  the  condition  of 
myxa>dema,  which  we  know  to  be  due  to  loss  of  the  thy- 
roid, and  hence  again  the  idea  that  such  a  reversal  of  the 
symptoms  of  myxadema  must  be  due  to  hyperthyroidi- 
zation.  But  histologically  we  cannot  say  with  certainty 
that  the  gland  is  secreting  actively.  Indeed,  of  the  usual 
colloid  wc  see  little  or  nothing  at  all.  The  theory  fails 
to  explain  several  important  symptoms.  The  results  of 
the  operation  for  extirpation  of  part  of  the  gland  are  not 
uniformly  good,  and  indeed  not  especiall.v  better  than  the 
rest  in  bed  and  regular  regime  alone ;  and  finall}'  cases  of 
exophthalmic  goitre  in  combination  with  myxtrdema 
have  been  described — a  condition  which  must  directly 
contradict  and  disprove  the  theory  of  hyperthyroidiza- 
tion. 

Ehrich  thinks  that  the  enlargement  of  the  thyroid,  and 
indeed  most  of  the  other  symptoms,  are  due  to  the  arte- 
rial hyperemia,  but  he  fails  to  explain  this  itself. 

Mendel's  theory  of  a  lesion  in  the  corjiora  restiformia 
falls  on  account  of  the  inconstancy  of  such  a  lesion. 

Finally,  a  theory  has  been  based  upon  the  effect  upon 
the  eyes  of  stimulation  of  the  cervical  sympathetic,  as- 
cribing the  exophthalmic  goitre,  or  at  least  many  of  its 
symptoms,  to  a  lesion  of  the  sympathetic.  Now  it  was 
stated  above  that  lesions  of  the  sympathetic  are  by  no 
means  constant  or  even  common,  but  the  theory  is  not 
plausible  upon  the  face  of  it  for  the  following  reasons: 
Section  of  the  sympathetic  causes  pallor  of  that  side  of 
the  face,  retraction  of  the  eye,  and  narrowing  of  the 
pupil,  while  stimulation  causes  a  flushing  of  the  face, 
sweating  on  that  side,  protrusion  of  the  e.yeliall,  widen- 
ing of  the  palpebral  fissure,  and  dilatation  of  the 
pupil.  Those  symptoms  of  exophthalmic  goitre  might 
therefore  correspond  with  the  results  of  a  constant  stimu- 
lation of  the  sympathetic,  but  even  then  the  pupillary 
disturbances  are  absent  in  exophthalmic  goitre,  while 
they  form  the  most  striking  consequence  of  stimulation 
of  the  nerve. 

The  nature  of  the  exophthalmos  has  given  rise  to  much 
discussion  in  this  connection.  It  is  by  no  means  proven 
that  it  is  due  to  distention  of  retrobulbar  vessels ;  nor  can 
it  be  shown  that  it  is  due  to  stimulation  of  the  sympa- 
thetic, perhaps  bj-  pressure  of  the  enlarged  thyroid,  for 
removal  of  the  goitre  influences  it  very  little.  Protru- 
sion of  the  eyeball  is.  however,  not  impossible  to  tlie  nor- 
mal individual,  and  experiments  of  Filehne'"and  Dnr- 


dufl  "  have  shown  that  irritation  of  the  corpus  restiforme 
will  produce  exophthalmos  even  after  the  sympathetic  is 
cut  through.  So  also  Kotschanowski '=  claims  that  it 
may  be  produced  by  stimulation  of  certain  anteriorly 
placed  cortical  centres. 

The  theory  of  sympathetic  irritation,  being  as  it  is 
without  anatomical  basis,  explains  only  haltingly  a  few 
of  the  symptoms.  It  is  impossible  to  make  the  "lack  of 
pupillary  change  agree  with  this  conception,  and  the 
general  tremors,  general  sweating,  and  vaso-motor  dis- 
turbances, as  well  as  the  metabolic  disorders  and  psychi- 
cal sj-mptoms,  are  not  explained  at  all  by  such  a  theory. 

Recent  experimental  work  upon  the  thyroids  and  jiara- 
thjToids  seems  to  promi.se  some  light  upon  the  subject. 
Briefij'  stated  it  has  been  found  (Moussu,"  Vassale  and 
Generali,"  Schiff,'*  and  Gley  ")  that  extirpation  of  the 
thyroids  produces  certain  disturbances  of  nutrition  which 
lead  to  the  condition  of  m3-xcEdema  or  cachexia  strumi- 
priva.  while  extirpation  of  the  paratliyroids  leads,  and 
in  a  far  shorter  time,  to  the  death  of  the  animal  from 
symptoms  of  violent  poisoning  of  the  central  nervous 
system — tetanic  convulsions,  dyspna^a,  etc. — and  that  the 
tetany,  which  was  previously  ascribed  to  the  removal  of 
the  thyroids,  is  really  due  to  the  simultaneous  removal 
of  the  parathyroids,  which  are  closely  associated  with 
them.  Certain  changes  in  the  thyroid  are  said  to  occur 
after  parathyroidectomy,  and  the  tetany  so  jiroduced  is 
ameliorated  by  the  removal  or  partial  removal  of  the 
th3Toi(ls. 

Slight  exophthalmos  sometimes  occurs  in  the  animals 
from  which  the  parathyroids  have  been  removed,  and 
altogether  the  sj-mptoms  are  rather  suggestive  of  those 
of  exophthalmic  goitre.  The  suggestion  has  therefore 
been  maile  (Gle_y,  British  Med.  Jour.,  1901,  September 
21st),  and  is  now  being  put  to  the  proof,  that  pos.sibly 
the  developmeut  of  this  disease  depends  upon  some  lesion 
which  destroys  the  parathyroids,  and  that  it  is  nothing 
more  tlian  a  long-continued  parathyroid  insufficiencj-. 
Indeed,  one  promising  but  incomplete  attempt  at  the 
relief  of  the  symptoms  by  parathyroid  therapy  has  been 
made  by  Moussu.'-"  x\s  stated  above,  there  appears  to 
be  but  a  very  meagre  description  of  the  parath_yroids  in 
exophthalmic  goitre  in  the  literature  (Benjamin's,  "Zieg- 
ler's  Beitrage,"  Bd.  xxxi.),  but  in  several  cases  which 
have  recently  occurred  in  the  Johns  Hopkins  Hospital 
it  was  found  possible  to  isolate  parath\-roids  in  four, 
although  the  glands  were  small,  degenerated,  and  scle- 
rotic. In  a  fifth  and  fatal  case  no  parathyroid  tissue 
was  found  at  autopsy.  It  can  readily  be  understood  on 
this  theory  that  the  cases  of  combined  myxa'dema  and 
exophthalmic  goitre  offer  no  difficulties.  The.y  are  read- 
ilj'  explained  as  cases  in  which  the  destruction  of  the 
tliyroid  produces  the  myxcedema,  while  destruction  of 
the  parathyroid  independently  produces  the  exophthal- 
mic symptoms. 

The  theories  as  to  the  etiology  are  thus  as  3'et  not  en- 
tirely satisfactor3',  although  the  last  mentioned  seems  at 
least  to  offer  some  promise. 

Course  op  the  Disease;  Prognosis;  Treatment. 
— The  disease  runs  sometimes  a  very  rapid  course,  termi- 
nating fatally  after  an  illness  of  a  few  days  only.  In 
most  "instances  it  drags  on  for  years  and  may  end  in  re- 
covery. The  prognosis  indeed  is  b3'  no  means  ver\'  un- 
favorable, and  a  considerable  propoi'tion  of  the  cases  get 
quite  well.  There  have  been  cases  reported  in  which 
some  sudden  emotional  shock  is  followed  by  intense 
svmptoms,  such  as  have  been  described,  which  after  a 
short  time  disappear  completely.  In  the  cases  in  which 
the- most  intense  symptoms  are  developed,  however,  and 
in  which  the  clinical  picture  is  complete,  recovery  with- 
out surgical  interference  is  rare.  The  greatest  variet3'  of 
procedures  has  been  employed  in  the  attempt  to  cure 
these  cases.  From  the  medical  point  of  view  none  are 
ver3'  satisfactory.  Rest  in  bed,  freedom  from  emotional 
disturbances,  and  the  regular  regime  of  the  hospital  seem 
to  afford  great  relief  in  many  cases,  and  are  extremely 
important'in  the  cure.  The  tachycardia  is  apparently 
not  influenced  by  digitalis,  although  strophanthus  is  said 
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to  have  some  effect.  Ergot  and  belladonna  have  been 
warmly  recommended  by  some  authois,  and  may  do  some 
good.  "  Electricity,  too, "applied  to  tlie  spine  and  periph- 
eral nerves  has  been  advocated  by  Erb  and  others 

Based  on  the  remarUabh'  results  <ibtaincd  by  the  ad 
ministration  of  the  thyroid  gland  in  niy.\o'dema  numer 
Otis  cases  of  exophlhalinic  goitre  have  also  been  treated 
in  this  wav  retcardless  of  the  theory  of  hyperthyroidiza- 
tion,  but  the  eirects  have  been  either  actually  harmful  or 
entirelv  negatfve.  The  cases  in  which  thyroid  therapy 
has  produced  untoward  results  have  therefore  been 
brought  forward  as  a  strong  support  of  the  idea  that  the 
thyroiil  rs  already  seei-eting  too  profusely,  and  thereby 
causing  the  symptoms. 

From  the  i'act  that  the  thymus  is  usually  found  en- 
larged in  exophllialraic  goitre  extracts  of  thymus  have 
been  given  in  these  cases,  sometimes  with  remarkable 
temporary  results,  but  without  any  permanent  advantage 
to  the  patient.  In  the  ease  referred  to  above^  which  oc- 
curred in  the  .lohns  Hopkins  Hospital,  administration  of 
the  thymus  extract  reduced  the  pulse  rate  at  once  from 
200  per  minute  Ut  normal.  When  it  was  discontinued 
the  pidse  rose  again  to  200,  and  was  again  brought  to 
normal  hy  the  thymus  extract.  After  a  time,  howevei^ 
its  effect  "disappeared,  and  the  pulse  rate  remained  high 
until  the  death  of  the  patient.  In  another  case  there  oc- 
curred a  remarkable  reduction  in  the  size  of  the  goitre 
during  its  nse.  Since  tlie  parathyroid  lies  embedded  in 
the  thymus  in  tlie  ox  and  certain  other  animals,  it  ,seems 
possible  that  it  may  be  included  in  the  extract  manufac- 
tured from  the  thymus  of  these  animals  and  may  be  re- 
sijonsible  for  the  above  results. 

It  was  stated  above  that  one  attempt  has  been  made  to 
intluence  the  symptoms  by  parathyroid  feeding,  and  in- 
deed thegreaf  nmelioration  following  its  use  seemed  very 
promising,  'f  he  patient,  however,  died  of  tuberculosis 
before  any  definite  result  was  attained.  It  is  quite  diffi- 
cult to  procure  the  glands  in  sufficient  quantity  for  such 
treatment,  but  as  soon  as  a  ijarathyroid  extract  is  on  the 
market,  it  will  be  possible  to  give  this  remedy  a  thorough 
trial. 

Quite  recently  Lanz,"  Mobius,"  Goebel,"  Schultes," 
and  others  have  proposed  and  carried  out  a  treatment 
which  is  based  on  otiier  principles,  and  which  they  claim 
to  be  very  successful.  On  the  idea  that  the  thyroid  is 
concerned  in  the  neutralization  of  poisons  produced  else- 
where in  the  body,  and  that  in  exophthalmic  goitre  it  is 
so  active  that  not  only  does  it  neutralize  these  poisons 
but  further  poisons  the  organism  by  the  excess  of  this 
antitoxin  (!),  these  authors  attempt  to  supply  this  over- 
active thyroid  with  poison  for  neutralization  by  inject- 
ing the  serum  of  tbyroidectomized  sheep,  in  which  sup- 
posedly much  of  the  poison  nmst  have  accumulated,  or 
by  feeding  them  on  the  milk  of  such  tbyroidectomized 
animals-  The  chances  for  fundamental  error  in  the  con- 
ception of  tills  treatment  seem  very  great,  for  it  is  by  no 
means  proven  that  in  exophthalmic  goitre  tlie  thyroid  is 
overactive;  nor,  on  tho  other  hand,  is  it  proven  that  the 
function  of  the  thyroid  lies  in  the  neutralization  of  poi- 
sons elaborated  elsewhere. 

In  recent  years  the  surgical  treatment  of  exophthalmic 
goitre  has  become  very  prominent.  It  also  is  based  upon 
the  idea  that  the  enlarged  thyroid  is  overactive  in  pouring- 
its  secretion  into  the  lymphatics,  and  the  cases  are  there- 
fore subjected  to  the  partial  extirpation  of  the  thyroid. 

The  operation  is  a  serious  one,  hemorrhage  being  very 
difficult  to  control.  The  patients  do  not  take  thean^^s- 
thetic  well  and  many  have  died  on  the  table. 

Of  late  years,  however,  many  of  these  operations  have 
been  performed  under  a  local  ana;sthetic.  Kocher  '■'•'  has 
reported  fifty-nine  cases,  in  whieli  the  results  have  been 
on  the  whole  very  satisfactory,  often  with  almost  com- 
plete or  complete  relief  of  all  the  symptoms.  Usually 
the  exophthalmos  persists  or  disappears  gradually,  an"d 
often  the  improvement  in  tho  symptoms  does  not  imme- 
diately follow  the  operation,  but  aiipears  later.  Much 
anxiety  has  been  expressed  fiom  time  to  time  as  to  the 
dangers  of  allowing  the  escape  of  thyroid  secretion  into 


the  wound  during  such  an  operation,  and  the  fever  which 
sometimes  follows  the  operations  has  been  ascribed  to 
this.  Lanz,"  however,  has  shown  experimentallj'  that 
the  most  violent  crushing  and  laceration  of  the  thyroid 
which  is  then  left  in  situ  is  not  usually  followed  by  any 
rise  in  temperature  nor  by  any  special  untoward  symp- 
toms, 

Ebrich  has  rejiorted  eight  cases  of  operative  extirpation 
of  part  of  the  thyroid  in  exophthalmic  goitre,  but  is  far 
less  enthusiastic  about  the  results.  jNIatiy  of  these  were 
not  relieved,  or  sulTered  a  recurreuee  of  all  the  old  symp- 
toms after  a  tenii>orary  relief.  He  thinks  that  oil  the 
whole  the  good  results  are  due  mainly  to  the  regular  re- 
gime of  the  hospital  for  a  time  after  the  operation  and  to 
the  suggestive  effect  of  the  operation. 

In  some  instances  merely  ligation  of  the  vessels  of  the 
thyroid  has  been  performed,  often  with  favorable  results. 

In  none  of  these  operations  has  anj'  attention  been  paid 
to  the  condition  of  the  parathjToids. 

Operations  for  the  section  or  removal  of  the  cervical 
sympathetic  trunks  have  been  performed  (Jaboulay,-* 
Balacescu  -'),  with  results  which  they  claim  to  be  quite  as 
good  as  those  obtained  by  the  extirpation  of  the  tliyroid. 

A  definite  opinion  as  to  the  value  of  these  different 
methods  of  treatment  must,  however,  be  reserved  until 
our  knowledge  of  the  results  is  more  extended. 
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EYEBALL.    ENUCLEATION    AND    EVISCERATION 

OF. — I.  ENtci.EATio.N. — By  enucleation  is  meant  a  .sliell 
ing  of  the  eyeball  out  of  Tenon's  capsule  with  preserva- 
tion of  the  relation  between  the  conjunctiva,  ocular  ten- 
dons, and  the  other  contents  of  the  orbit. 

Ilisti/rii. — In  l,s4t  Bonnet,  of  Lyons,  first  described 
and  recommended  true  enucleation.  The  operation  had 
been  performed  in  a  very  crude  manner  by  Bartiseh,  of 
Saxony,  in  l.i83,  by  ]iassing  a  sharp  spoon  behind  the 
eyeball  and  thus  gouging  it  out  of  Tenon's  capsule. 
Bonnet's  o]ieration  bad  the  great  merit  of  preserving  the 
capsule  ot  Tenon  and  disturbing  as  little  as  possible  tho 
soft  parts  of  the  orbit.  It  became  justly  popular.  Like 
most  surgical  ]irocedures  it  has  been  variousl}'  modified 
by  different  operators.  During  the  past  few  years  it  has 
been  greatly  im]iroved  and  its  cosmetic  effect  enhanced 
by  suturing  the  tendons  of  the  four  straight  muscles  to 
the  conjunctiva. 
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Operation. — The  following  mstrumeuts  are  required: 
A  stop  speculum,  fixation  forceps,  toothed  forceps,  stra- 
bismus scissors,  strabismus  hook,  a  strong  pair  of  scissors 
•curved  ou  the  flat  for  cutting  the  optic  nerve,  a  needle- 
holder,  fine  curved  needles,  and  black  silk  for  sutures. 
A  general  anesthetic  is  advisable,  although  the  operation 
mav  be  jierformed  under  local  aua'Sthesia. 

Tlie  lids  being  held  apart  ivitli  a  stop  speculum,  the 
surgeon  incises,  with  strabismus  .scissors,  the  conjunctiva 
and"  adjacent  fascia  all  around  as  close  as  possible  to  the 
corneal  margin,  and  dissects  the  .same  from  the  sclerotic 
as  far  as  the  insertions  of  the  tendons  of  the  straight 
muscles.  The  tendon  of  each  straight  muscle,  beginning 
with  the  internal  rectus,  is  then,  in  succession,  raised 
upon  a  strabismus  hook  and  secured  with  a  sutiu'e  of 
black  silk,  after  which  the  tendon  is  severed  with  stra- 
bismus scissors  as  close  to  the  eyeball  as  possible.  The 
.anterior  portion  of  the  eyeball  being  now  free  from  all 
attachments,  may  be  dislocated  forward  b}'  pressing  the 
stop  speculum  back.  The  curved  enucleation  scissors 
.are  next  introduced  with  the  points  clo.sed  and  are  pushed 
backward  between  the  eyeball  and  the  detached  conjunc- 
tiva until  the  optic  nerve  is  felt.  After  the  exact  posi- 
tion of  the  optic  nerve  is  found,  it  is  included  between- 
the  blades  and  cut  close  to  the  sclerotic  by  one  strong- 
cut.  The  eyeball  now  readily  protrudes  and  is  held  by 
the  fingers  of  the  left  liand,  while  the  tendons  of  the  two 
oblique  muscles  and  all  adherent  tissue  are  severed  close 
to  the  globe.  A  small  ball  of  sterilized  gauze  is  inserted 
in  the  capsule  of  Tenon  for  thepiirpose  of  checking  hem- 
orrhage and  of  aiding  the  next  step,  the  .suturing  of  the 
tendons  of  the  straight  muscles  to  prevent  their  retrac- 
tion. Each  rectus  tendon  is  now  drawn  forwai'd  and  fast- 
ened to  the  margin  of  the  conjunctiva  by  the  .same 
suture  which  was  inserted  just  before  the  division  of  the 
tendon.  The  sterile  gauze  should  now  be  removed,  the 
margins  of  the  conjunctiva  and  capsule  of  Tenon  united 
with  several  interrupted  sutures,  and  a  dry  antiseptic 
dressing  applied.  Both  eyes  should  be  bandaged  for 
twenty-four  hours  and  the  patient  kept  in  bed  for  a 
■  couple  of  days.  The  socket  should  be  washed  out  once 
daily  with  physiologic  salt  solution  until  after  four  or  five 
•days,  when  all  dressings  may  be  di-scontinued. 

The  technique  of  the  operation,  as  above  described, 
has  been  varied  b}' different  operators.  The  most  impor- 
tant variations  relate  to  methods  of  preparing  the  stump 
after  enucleation,  which  will  best  secure  motility  of  the 
prothe.sis  and  furnish  cosmetic  results.  The  following 
method  has  been  brought  forward  by  G.  F.  Suker: 
After  removing  the  eye,  the  severed  tendons  of  the  recti 
muscles  are  brought  together  by  means  of  the  silk  guides 
and  sutured  one  to  the  other  with  either  catgut  or  silk. 
The  conjunctiva  from  above  and  below  is  then  brought 
over  the  muscle  stump  and  sutured  with  a  continuous  or 
interrupted  suture.  H.  V.  Wurdemann,  who  was  one  of 
the  first  ophthalmologists  to  point  out  the  advantages  of  a 
properl}'  prepared  stump,  makes  a  pouch  suture  by 
weaving  the  needle  along  the  cut  edges  of  the  divided 
•  conjunctiva  and  Tenon's  capsule.  In  passing  the  recti 
tendons,  each  one  is  picked  up  on  the  needle. 

H.  Schmidt  has  suggested  the  following  method:  Each 
tendon  of  the  recti  muscles  is  secured  by  a  catgut  suture, 
and,  after  division,  is  fastened  to  a  slit  made  in  the  con- 
junctiva over  the  site  of  the  tendon's  insertion.  The 
opposite  edges  of  the  conjunctiva  are  then  brought  to- 
gether with  a  continuous  suture. 

Priestley  Smith  has  described  the  following  method  of 
:suturing  the  tendons  to  the  conjunctiva:  A  narrow  hori- 
zontal fold  of  the  conjunctiva  over  the  internal  lectus  is 
pinched  up  so  as  to  include  the  subjacent  connective  tis- 
sue and  muscle,  and  a  black  silk  thread  is  carried  through 
these  structures  by  means  or  a  curved  needle.  The  sut- 
ure Is  then  tied  firmly  but  not  too  tightl)'.  A  second 
suture  is  applied  in  like  manner  to  the  external  rectus. 
The  upper  and  lower  recti  may  ba  treated  in  the  same 
way.  but  this  is  of  less  importance.  The  enucleation  is 
then  carried  out  and  the  conjunctival  aperture  may  or 
.may  not  be  closed  by  one  or  more  vertical  sutures. 


Compliciitidiis  1111(1  Aaidcntn. — Hemorrhage,  occasion- 
ally severe  and  persistent,  may  occur  during  the  opei'a- 
tion  or  later.  In  enucleating  an  inflamed  eye,  there'  is 
always  a  good  deal  of  hemorrhage,  particulai-ly  where 
there  has  been  extension  of  inflammation  into  "the  sur- 
rounding tissue.  The  hemorrhage  in  this  case  is  bene- 
ficial. Hemorrhages  following  an  enucleation  may  re- 
quire repeated  packing  of  the  orbit  with  antiseiilic 
gauze.  Occasionally  a  secomlary  hemorrhage  occurs, 
when  the  dressings  must  be  removed  and  the  orbit 
packed  with  gauze.  In  these  cases  the  tissues  of  the 
orbit  ma}-  become  greatly  swollen  from  infiltration  with 
blood.  In  chronically  inflamed  eyes,  dense  adhesions, 
binding  the  conjunctiva  and  its  underlying  fascia  to  the 
sclerotic  and  the  tendons  of  the  straight  muscles,  may  be 
encountered.  These  cases  often  require  a  most  careful 
dissection  in  order  to  expose  the  tendons,  but  by  taking 
time  and  keeping  the  sclerotic  always  before  "hiiu.  the 
surgeon  may  perform  the  operation  without  accident.  In 
enucleating  an  eyeball  that  has  been  perforated,  or  one 
soft  from  any  cause,  great  care  must  be  taken  to  remove 
it  without  leaving  portions  of  the  sclera  and  choroid  be- 
hind. When  an  eyeball  is  enucleated  because  it  contains 
a  malignant  growth,  the  posterior  orbit  should  be  care- 
fully explored  with  the  finger  and  probe  before  severing 
the  optic  nerve;  and  if  a  tumor  is  found,  it  should  be  re- 
moved along  with  the  eyeball.  As  much  of  the  optic 
nerve  as  possible  should  be  removed  Viilh  the  globe.  In 
very  rare  cases,  enucleation  has  been  followed  by  fatal 
meningitis,  especially  when  ]ierformed  on  an  eye  within 
ivhich  suppuration  was  taking  place.  Up  to  1900  G.  E. 
de  Schweiuitz  had  collected  fifty-two  cases  of  fatal  men- 
ingitis following  enucleation,  "thirty-three  of  which 
certainly — and  a  larger  number  probably — had  followed 
enucleation  for  one  stage  or  another  of  suppurative  dis- 
ease within  t'he  globe."  The  risk  of  a  fatal  termination 
from  any  cause  after  enucleation  is  about  one  in  sixteen 
hundred.  Meningitis  after  enucleation  of  a  non-suppu- 
rating e_yeball  is  exceedingly  rare.  In  1898  the  Commit- 
tee of  the  Ophthalmological  Society  of  the  United  King- 
dom cotdd  not  find  a  single  instance  among  10,734  cases 
gathered  from  various  sources. 

Indications  f<if  Enndeation. — There  are  certain  affec- 
tions of  the  eye  for  the  relief  of  which  enucleation  is  de- 
manded and  cannot  be  replaced  by  any  other  operation. 
Enucleation  is  demanded  in  all  cases  of  malignant  tumor 
of  the  globe  except  in  those  rare  cases  of  tumors  which 
grow  at  the  limbus  and  on  the  conjunctiva  or  iris.  It  is 
also  required  in  cases  of  malignant  tumors  of  the  orbit 
which  cannot  be  removed  without  sacrificing  the  eye. 
Enucleation  is  to  be  performed  in  those  cases  of  sympa- 
thetic ophthalmitis  in  which  the  sight  of  the  exciting  eye 
has  been  lost.  It  is  also  demanded  in  the  cases  of  eyes  so 
injured  that  they  are  likely  to  excite  sympathetic  oph- 
thalmitis, if  two  weeks  or  more  have  elapsed  since  the 
injury ;  for  while  enucleation  cannot  prevent  all  cases 
of  sympathetic  ophthalmitis,  it  is  the  operation  which 
holds  out  the  best  chance  for  the  prevention  of  the 
disease. 

On  thisaccount  enucleation  should  be  performed  in  the 
case  of  an  eye  with  a  -wound  so  situated  as  to  involve  the 
ciliary  region,  and  so  extensive  as  to  have  destroyeil  the 
sight  or  to  make  its  ultimate  destruction  by  iridocyclitis 
reasonably  certain.  It  is  also  indicated  in  the  case  of  an 
eye  with  a  wound  in  the  ciliary  region,  complicated  by 
severe  inflammation  of  the  iris  or  ciliary  body,  even  if 
sight  is  not  destroyed  ;  or  of  an  eye  contidning  a  foreign 
body,  which  judicious  eft'orts  have  failed  to  extract,  and 
in  which  severe  iritis  is  present,  even  if  sight  is  not  de- 
stroyed. Enucleation  is  also  to  be  performed  in  the  case 
of  an  eye  in  which  the  wound  has  involved  the  cornea, 
iris,  or  ciliary  region,  and  in  w-hich  persistent  sympa- 
thetic iri-itation  in  the  fellow-eye  has  occurred,  or  in 
which  there  have  been  repeated  relapses  of  sympathetic 
irritation;  in  the  case  of  an  eye  long  blind  from  injury 
which  lias  become  red  and  painful;  in  ca.ses  of  painfid 
phthisis  buibi,  and  in  tliose  in  which  the  choroid  has  un- 
dergone calcareous  changes.    Enucleation  isalso  indicated 
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in  cases  of  grave  traumatisms  in  -nliicli  the  sclerotic  coat 
is  extpnsivi'ly  lacerated. 

Other  alTeetions,  believed  by  many  surgeons  to  require 
enucleation,  but  for  which  one  of  its  substitutes  may  be 
perrormed,  are:  Eyes  so  injured  that  tiiey  are  likely  to 
excite  inllammation.  which  iiave  come  under  observation 
within  two  weeks  from  the  time  of  injury;  painful  glau- 
coniatouseves,  unrelieved  by  sclerotomy  ;  chrouic  painful 
iridiicvclilis;  panophthalmitis  without  involvement  of 
the  orbital  tissues.  In  extreme  old  age  enucleation  is  to 
be  preferred  on  account  of  the  recovery  being  smoother 
and  shorter  than  is  usually  the  case  in  evisceration.  The 
same  consideration  may  decide  both  the  surgeon  and  the 
patient  in  favor  of  enucleation  in  the  case  of  a  working- 
man,  especially  whore  the  cosmetic  results  are  not  im- 
portant. 

The  Jiflittion  of  Simple  Enucleation  to  the  Wearing  of 
an  Artificial  Ei/e. — The  artificial  eye  may  be  fitted  as 
soon  as  the  woiuid  is  entirely  healed,  in  the  second  or 
third  week.  The  following  rules  have  been  adopted  b}' 
the  Sloortield  Ophthalmic  Hospital,  London,  for  the  guid- 
ance of  patients  wearing  artificial  eyes; 

To  put  the  eye  in;  Place  the  left  hand  flat  upon  the 
forehead,  and  w'ith  the  two  middle  fingers  raise  the  up- 
per lid  toward  the  eyebrow;  then,  with  the  right  hand, 
I)ush  the  upper  edge  of  the  artificial  eye  beneath  the 
upper  lid.  which  may  be  allowed  to  drop  upon  the  eye. 
The  eye  must  then  be  supported  with  tlie  middle  fingers 
of  the  left  hand  while  the  lower  eyelid  is  raised  over  its 
lower  edge  with  the  right  hand. 

To  take  the  eye  out;  The  low"er  lid  must  be  drawn 
downward  with  the  middle  finger  of  tlie  left  hand;  and 
then,  with  the  right  hand,  the  end  of  a  small  pin  must  be 
put  beneath  the  lower  edge  of  the  artificial  eye,  which 
must  be  raised  gently  forward  over  the  lower  lid  when  it 
will  readily  drop  out. 

Patients  very  soon  become  expert  in  introducing  or 
taking  out  artifiical  eyes  and  do  not  require  the  aid  of  a 
pin  in  removing  them.  The  artificial  eye  must  be  re- 
moved every  night  and  carefully  cleansed.  In  selecting 
an  artificial  eye  for  use  after  enucleation  the  various 
forms  of  glass  eye,  proposed  by  Snellen,  are  decidedly 
superior  to  the  older  form  of  a  simple  shell.  The  cos- 
metic effect  of  the  Snellen  reformed  eye  after  a  well-per- 
formed enucleation  is  so  good  that  many  surgeons  believe 
that  it  renders  unnecessarj-  the  operations  which  have 
been  brought  forward  as  substitutes  for  enucleation. 

lMPLAJJT.\TroN   OP   AN   ARTIFICIAL  GLOBE  IN   TeNON's 

Capsule  aftek  Enucleatiox  (Fkost-Laxg  Opera- 
tion).— The  eyeball  is  enucleated  in  the  ordinary  manner, 
and  after  all  hemorrhage  has  been  arrested  an  artificial 
sphere  is  inserted  within  Tenon's  capsule  for  the  purpose 
of  forming  a  more  prominent  stump  and  giving  it  greater 
activity  and  mobility.  Glass  and  gold  spheres  are  com- 
monly employed,  more  rarely  celluloid  or  silver  balls. 
Sterilized  paraffin  injected  into  Tenon's  capsule  has  been 
advocated  by  Ramsay  and  Oatman.  The  capsule  and 
conjimctiva  are  sutured  over  the  artificial  ball  with  silk 
sutures,  the  tendons  of  the  straight  muscles  having  first 
been  secured  in  the  manner  described  under  enucleation. 
The  following  method  of  performing  the  ojieration  lias 
been  introduced  by  C.  A.  Oliver;  "The  conjunctiva 
around  the  entire  corneal  limbus  is  freed  from  the  globe 
and  dissected  sufficiently  far  back  so  as  to  expose  the 
tendons  of  the  fouj  recti  muscles.  The  tendinous  ex- 
tremities of  the  muscles  are  made  ready  for  separation 
from  the  globt.  A  half-curved  needle"  with  its  point 
directed  toward  the  corneal  border  and  holdinir  a  long 
piece  of  catgut  thread  is  carried  directly  through  the 
belly  of  the  internal  or  the  external  rectus  muscle  and 
brought  out  of  the  tendon  of  the  muscle  just  behind  the 
remaining  attiichraent  to  the  globe.  The  muscle  thus 
secured  is  cut  loose  from  the  globe  just  as  in  ordinary 
tenotomy.  The  catgut  thread  is  drawn  through  as  far 
as  practicable,  and  a  sullicient  length  of  the  strand  of  gut 
is  left  untouched  to  allow  a  loop  broad  enough  for  free 
manipulation  between  it  and  the  eyeball.  The  needle  is 
carried  over  to  the  opposite  side  of  the  cornea,  and  with 


its  point  directed  away  from  the  cornea  is  made  to  trans- 
fix the  tendinous  belly  of  the  other  lateral  muscle,  which 
is  secured  and  freed  from  its  attachment  to  the  eyeball. 
The  vertically  placed  muscles  are  dealt  with  in  a  similar 
matuier.  The  four  recti  muscles  are  thus  freed  from 
their  attachments  to  the  globe,  and  each  pair  of  muscles 
secured  by  a  loose  sliug,  that  can  be  tied  the  moment 
this  becomes  necessary.  AYorking  in  between  the  broad 
loops  of  catgut,  attached  to  the  ends  of  the  muscles  that 
are  held  apart  by  an  assistant,  the  eyeball  is  enucleated 
The  cavit}'  previously  occupied  by  the  globe  is  thorough- 
ly cleansed  and  a  water-tight  glass  ball,  about  three 
fourths  the  size  of  the  normal  eye,  is  dropped  into 
place.  The  ends  of  the  lateral  recti  muscles,  which  are 
held  by  the  lower  and  first-placed  thread,  are  neatly 
trimmed  and  sutured  together.  The  same  is  done  with 
the  two  ends  of  the  vertical  straight  muscles.  The  cir- 
cular opening  made  by  the  cut  edges  of  the  conjunctiva 
is  made  into  a  lozenge  by  a  couple  of  horizontal  snips, 
and  is  carefully  brought  into  linear  apposition  by  a  series 
of  silk  threads.  The  operative  field  is  covered  by  a 
gauze  protective  bandage  upon  which  ice  compressesare 
placed." 

Indications  and  Contraindications. — An  articifial  globe 
may  be  implanted  in  Tenon's  capsule  whenever  it  is  nec- 
essary to  remove  the  ejeball  completely,  except  in  cases 
of  malignant  disease,  sympathetic  ophthalmitis,  suppu- 
ration within  the  globe,  and  in  extreme  old  age. 

Complications. — These  are;  Hemorrhage,  orbital  cellu- 
litis, sympathetic  irritation,  tearing  out  of  the  stitches 
from  sloughing  with  escape  of  the  artificial  ball,  and  late 
cicatricial  contraction  of  the  orbital  tissues,  causing  ex- 
trusion of  the  ball.  Adolph  Bronncr  has  lately  advocated 
the  insertion  of  a  glass  ball  with  a  hole  through  the  mid- 
dle, which  is  covered  in  with  glass  so  as  to  keep  the  ball 
air-  and  water-tight.  B.v  a  somewhat  elaborate  method 
of  stitches,  this  is  held  in.  and  he  claims  Is  less  liable  to 
be  thrown  off  than  a  simple  globe. 

After-Trtdtmcnt. — -The  eye  should  be  dressed  with  a 
dry  antiseptic  dressing  and  both  eyes  bandaged.  Care 
should  be  taken  to  avoid  using  pressure  bandages.  If 
much  reaction  follows,  it  is  advisable  to  employ  an  ice 
bag  for  the  first  twenty-four  hours.  The  patient  should 
be  confinfd  to  bed  for  four  or  five  days. 

An  artificial  shell — the  ordinary  or  Snellen's — can  be 
inserted  at  the  expiration  of  a  month  or  six  weeks.  The 
cosmetic  result  is  apparently  no  better  than  that  which 
is  obtained  by  a  properly  performed  enucleation  and  the 
wearing  of  a  Snellen  reformed  eye. 

Implantation  of  a  Piece  of  Sponge  in  the  Orbit  after 
Enucleation. — This  procedure  has  been  suggested  by 
Claiborne,  of  New  York,  and  Belt,  of  Washington,  for 
the  purpose  of  gaining  a  more  prominent  stump  and  an 
improvement  in  adapting  prothesis.  The  method  has 
never  come  into  general  use  on  account  of  the  prolonged 
convalescence  and  the  late  results  being  no  better  than 
those  of  a  well-performed  enucleation. 

II.  EviscER.\TiON. — In  this  operation  the  cornea  and 
entire  contents  of  the  eyeball  are  removed,  the  sclera 
alone  remaiuing.  This  procedure  was  first  proposed  by 
Alfred  Graefe,  in  1884,  to  prevent  meningitis  after  the 
removal  of  eyes  aflfected  with  panophthalmitis. 

The  instruments  required  are  eye  speculum,  fixation 
forceps,  a  Graefe  or  Beer  knife,  strabismus  scissors,  sharp 
spoon,  needle-holder,  small-  curved  needles,  catgut  aud 
silk  sutures. 

Operation. — After  general  ana.sfhesia  the  speculum  is 
introduced  and  the  eyeball  steadied  bj-  grasping  with 
fixation  forceps  a  fold  of  conjunctiva  near  the  corneal 
margin.  The  eye  is  then  transfixed  just  back  of  the  cor- 
neal limbus  with  a  Beer  or  Graefe  cataract  knife,  which 
is  made  to  cut  its  way  out  at  the  upper  or  lower  sclero- 
corneal  border,  so  as  to  include  the  corneal  and  about  1 
mm.  of  the  scleral  margin  in  the  flap.  The  flap  is  now 
grasped  with  forceps  and  the  remainder  of  the  incision 
completed  with  scissors.  The  next  step  is  to  remove  the 
entire  contents  of  the  sclera,  great  care  being  taken  that 
nothing  is  left  behind,  especially  none  of  the  choroidal 
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tissue  The  wound  being  liept  open  by  two  pairs  of  for- 
ceps, a  sharp  spoou-shaped  instrument,  grasping  its  edges 
about  10  mm,  apart,  is  pushed  between  the  choroid  and 
selerotic  and  carried  sideways  and  deeper  in  order  to  de- 
tacli  the  whole  contents  of  the  sclerotic,  if  possible  un- 
broUen. 

It  is  usually  impossible  to  eviscerate  the  contents  of 
the  globe  as  a  whole.  They  must  be  removed  with 
gauze  sponges  grasped  bj'  forceps,  which  are  given  a  ro- 
tary movement,  until,  by  scraping  and  wiping,  the  inner 
surface  of  the  sclera  is  made  perfectly  clean.  After  hemor- 
rhage has  been  controlled,  the  cavity  should  be  irrigated 
with  phj'siologic  salt  solution  and  the  edges  of  the  sclera 
and  conjunctiva  brought  together  bj-  interrupted  silk  sut- 
ures. If  preferred,  the  edges  may  be  united  by  means  of 
a  suture  similar  to  the  gathering  string  which  draws  shut 
a  tobacco  pouch — a  suture  sometimes  called  the  tobacco- 
pouch  suture,  or  the  purse-string  suture. 

Gifford,  of  Omaha,  whose  experience  in  evisceration 
has  been  unusually  large,  covering  over  one  hundred 
cases,  has  devised  the  following  method  of  operating:  A 
large  conjunctival  fla]i  is  first  turned  back  and  a  long 
meridional  incision  made  through  the  sclera  Eviscera- 
tion is  performed  through  this  opening,  leaving  the  cor- 
nea intact.  Gilford  claims  that  the  reaction  is  less  and 
the  stump  better  than  when  tlie  cornea  is  excised.  The 
latter  shrinks  to  a  mere  patch  on  the  anterior  surface  of 
the  stump. 

The  dressing  after  evisceration  should  be  a  light,  dry, 
antiseptic  one.  The  patient  should  remain  in  bed  at  least 
four  or  five  days  with  both  eyes  bandaged.  Cold  appli- 
cations should  be  used  for  a  day  or  two  to  keep  down  the 
reaction.  The  sutures  may  be  ix-moved  in  from  three  to 
four  days.  The  recovery  is  commonly  less  smooth  than 
that  from  .simple  enucleation,  and  considerable  pain  with 
oedema  and  swelling  of  the  surrounding  tissues  may  fol- 
low the  operation.  The  operation  is  often  performed 
when  the  infiammatory  process  is  already  high,  and  when 
the  orbital  tissues  are  secondarily  involved.  No  cases  of 
meningitis  have  occurred.  Sloughing  of  the  sclera  has 
been  noted,  and  a  painful  stump  may  be  one  of  the  com- 
plications. 

Indications  for  Eviscenition.— The  operation  having 
been  introduced  by  Alfred  Graefe  as  a  substitute  for 
enucleation  in  cases  of  panophthalmitis,  it  very  naturally 
followed  that  this  affection  at  once  took  front  rank  as  an 
indication  for  evisceration.  Graefe  had  lost  two  patients 
in  1863  from  meningitis  following  enucleation,  and  al- 
most all  surgeons  in  Germany,  where  his  influence  was 
supreme,  feared  to  enucleate  an  eye  during  the  height  of 
panophthalmitis.  Mauthner  tells  us  that  this  feeling 
went  so  far  that  a  German  operator  even  e.vcused  himself 
for  having  enucleated  two  panophthalmitic  e3'eswith  the 
best  results,  because  he  did  not  know  at  the  time  what 
Graefe  had  said  on  this  point.  Writing  in  1878,  Mauth- 
ner graphically  describes  his  own  feelings  on  the  subject. 
"  Personally, "  he  says,  •'  I  stand  in  awe  of  Graefe's  advice 
never  to  operate  if  the  panophthalmitis  is  distinctly  pro- 
nounced. I  have  never  enucleated  an  eye  under  such 
circumstances,  and  I  doubt  if  I  shall  ever  make  up  my 
mind  to  do  so.  The  terrible  apparition  in  von  Graefe's 
cases  impresses  me  so  deeply  that  at  the  very  sight  of  an 
eye  in  a  state  of  panophthalmitis,  and  the  thought  of 
enucleating  it,  the  dread  of  a  fatal  result  is  conjured  up 
before  me." 

Notwithstanding  his  fears,  Mauthner  apparently  had 
very  grave  doubts  regarding  the  justifiability  of  abstain- 
ing from  operation,  and  allowing  suppuration  within  the 
eyeball  to  continue  without  interference.  Meantime,  the 
English  oculists,  under  the  leadership  of  Critchett,  con- 
tinued to  enucleate  during  panophthalmitis  as  compla- 
cently as  though  Graefe  had  never  warned  against  it,  and 
Gunn,  discussing  a  fatal  case  reported  by  Nettleship  in 
1886,  said  that  this  was  the  first  fatal  occurrence  among 
over  a  tho\isand  enucleations  done  at  Moorfield  Oph- 
thalmic Hospital.  American  ophthalmologists  have 
never  paid  much  attention  to  panophthalmitis  as  a  con- 
traindication for  enucleation,  and  Noyes,  in  a  paper  read 


before  the  American  Ophthalmological  Society  in  1889, 
on  "Enucleation  during  Panophthalmitis,"  says:  "We 
are  certainly  justified  in  performing  the  operation  not- 
withstanding the  wai'niugs  and  alarming  declarations  of 
Prof.  Alfred  Graefe." 

Although  the  risk  of  a  fatal  termination  after  enucle- 
ation during  panophthalmitis  is  so  small  that  the  opera- 
tion may  be  performed  almost  with  impunitj-,  there  can 
be  no  doubt  that  when  the  purulent  inflammation  has 
extended  to  the  orbital  tissues  evisceration  is  the  safer 
plan.  Sta]ihylomas  of  the  cornea,  especially  when  they 
occur  in  children,  are  well  suited  to  eviscerutiou.  Pain- 
ful, blind,  glaucomatous  eyes,  or  eyes  blind  from  chronic, 
non-traumatic  iridocyclitis,  may  also  be  safely  evisce- 
rated. This  operation  will  also  be  indicated  in  the  cases 
of  eyes  injured  in  the  anterior  portion  of  the  globe, 
when  all  thought  of  recover3-  under  conservative  treat- 
ment has  been  abandoned  within  two  weeks  of  the  time 
of  injury. 

Contraindications. — These  are  malignant  disease,  sym- 
pathetic inflammation,  sympathetic  irritation,  jjhthisis 
bulbi,  ossified  choroid,  and  foreign  bodies  penetrating 
the  orbit. 

The  Eelation  of  Simple  Erisceration  to  the  Wearing  of 
an  Artificial  Eye. — A  Snellen  artificial  eye  may  be  in- 
serted cluring  the  third  or  fourth  week.  The  ultimate 
cosmetic  effect  is  no  better  than,  and  in  some  cases  not 
so  good  as,  that  obtained  after  enucleation  performed 
according  to  modern  technique. 

BVISCEKATION  OF    THE  EyEB.\LL,  WITH   IKSEHTION    OF 

.\s  Aktifici.^l  Vitreous;  Mules'  Operatiok. — Mr. 
Mules,  of  Manchester,  England,  in  1886,  modified  the 
operation  of  simple  evisceration  by  the  introduction  of  a 
glass  ball  into  the  cavity  of  the  sclera.  The  operation  is 
performed  as  follows:  After  general  anaesthesia  a  stop 
speculum  is  introduced  and  the  conjunctiva  freed  all 
around  from  the  corneal  margin  and  dissected  back  as 
far  as  the  equator  of  the  eyeball,  without  disturbing  the 
relations  of  the  muscles.  The  cornea  and  1  nmi.  of  the 
scleral  margin  are  then  remo\-ed  in  the  manner  described 
under  evisceration.  A  triangular  portion  of  the  sclera, 
above  and  below,  should  also  be  removed  to  facilitate 
the  introduction  of  the  artificial  vitreous,  and  in  order 
that  the  coaptation  of  scleral  edges  over  the  same  may 
be  perfect.  Next,  the  contents  of  the  globe  should  be 
removed  in  the  manner  described  under  simple  eviscera- 
tion, and  all  hemorrhage  arrested  by  packing  the  scleral 
cavity  with  dry  sterile  gauze,  or  gauze  soaked  in  hot 
sterile  water.  The  next  step  is  the  introduction  of  a 
thoroughly  sterilized  artificial  vitreous,  usually  of  glass 
or  gold.  A  sphere  of  such  size  that  it  can  be  easily  in- 
serted within  the  scleral  cavity  is  selected.  The  intro- 
duction of  the  sphere  is  best  effected  by  means  of  a 
special  instrument  designed  for  the  pui-pose  by  Mr. 
Mules.  The  margins  of  the  scleral  opening  are  then 
imited  vertically  by  means  of  interrupted  siik  sutures, 
and  the  conjunctival  opening  is  closed  b}'  another  line  of 
sutures  placed  at  right  angles  to  the  sclerotic  line  of  clos- 
ure. The  greatest  care  must  be  observed  to  secure  abso- 
lute asepsis  during  the  operation  and  at  all  subsequent 
dressings.  A  bandage  which  does  not  make  much  press- 
ure should  be  adjusted  over  a  dry  antiseptic  dressing. 
The  fellow-eye  should  also  be  bandaged  and,  unless  for 
special  indications,  the  dressing  should  not  be  removed 
for  forty -eight  hours.  Should  there  be  decided  reaction, 
iced  compresses  should  be  applied.  The  patient  should 
be  kept  in  bed  for  three  or  four  days  and  both  e3'es  ban- 
daged imtil  there  is  firm  union  of  the  wound.  The  super- 
ficial sutures  should  be  removed  on  the  third  day,  the 
scleral  suture  remaining  permanently. 

Some  surgeons  perform  the  operation  according  to  a 
different  techniciue  from  that  described  above.  Gifl'ord 
eviscerates  through  a  horizontal  incision  in  the  sclerotic 
according  to  his  special  method  previously  described,  and 
implantsthe  artificial  globe  through  this  opening  with- 
out removing  the  cornea.  Some  operators  close  the 
sclerotic  and  conjunctival  wounds  with  the  same  sut- 
ures. 
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The  purse-string  suture  is  used  by  some  of  the  best 
operators  for  closing  the  scleral  opeuinii.  after  which  the 
tonjunctival  wound  is  closed  with  aiiotlicr  purse-stri'ig 
suture.  Some  operators;  advise  tlie  removal  of  the  con- 
junctival suture  at  the  end  of  fortv-eij;ht  liours.  Mr. 
Collins,  of  .Moorticld  Hospital,  believes  tliat  many  failures 
of  thisojieration  aredue  toallowing  the  sujierticial  suture 
to  remain  too  long. 

Jmlinitiini.1.— The  chief  indications  for  tliis  operation, 
as  given  by  de  Sdnveinitz.  are:  Staphyloma  of  the  cor- 
nea and  sclera,  ruptured  or  injured  eyeballs  wlien  the 
sclera  is  not  too  much  lacerated  and  when  the  accident  is 
of  recent  date,  absolute  glaucoma,  buphthalmosand  non- 
traumatic iridocvclitis. 

O'ldniui'iiciitioii.'i.— The  following  contraindications 
are  einuneratcil  bv  the  same  authority:  Suppuration  of 
theeveball;  morbid  growtiis:  mucli  shrunken  eyeballs, 
the  contents  of  which  have  undergone  bony  or  calcareous 
chanse;  svmpathetic  ojihtliallnitis;  sympathetic  irrita- 
tion and  lialhologic  conditions  of  the  eyeball  which  are 
likelv  to  produce'either  of  the  last-named  affections;  ex- 
tonsiVe  injurii'Sof  the  eyeball,  with  much  bruising  and 
laceration  of  the  sclera ;"  dacryocystitis  and  ocular  con- 
ditions demanding  enucleation  or  its  equivalent  in  very 
old  persons. 

Accidents  and  Complications.— The  operation  may  be 
followed  by  excessive  reaction  manifested  by  marked 
swelling  of  the  lids  and  cheraosis  of  the  conjunctiva, 
headache,  nausea  and  vomiting,  and  elevation  of  tem- 
perature. It  is  probably  always  caused  by  faulty  tech- 
nique, as  imperfect  asepsis,  failure  to  arrest  hemorrhage, 
the  use  of  strong  antiseptics  and  undue  dragging  upon 
the  optic  nerve.  Sloughing  of  the  sclera  and  consequent 
cutting  out  of  the  stitches  occur  in  about  eight  per  cent. 
of  all  cases.  Extrusion  of  the  artificial  vitreous  within 
the  first  week  or  at  a  much  later  period  took  place  in 
seventeen  per  cent,  of  the  three  hundred  and  sixteen 
cases  in  the  hands  of  thirty  three  ditfereut  operators, 
tabulated  by  de  Schweinitz.  The  chief  cause  of  escape 
of  the  artilicial  globe  is  failure  of  the  edges  of  the  scleral 
■wound  to  unite.  Another  important  cause  of  the  throw- 
ing-out  of  the  glass  ball  is  that  it  may  have  been  too  large 
or  too  small  for  the  scleral  cup.  An  irritable  and  painful 
stump  requiring  removal  has  been  met  with  as  a  compli- 
cation following  the  operation.  Sympathetic  inflamma- 
tion has  been  met  with  as  an  imfortunate  complication  in 
a  number  of  instances.  While  in  most  cases  it  was  due  to 
the  seeds  of  the  disease  having  been  planted  before  this 
operation  was  performed,  it  seems  in  several  instances,  as 
in  the  case  reported  by  Carrow,  to  have  been  directly  due 
to  the  operation  itself.  The  report  of  the  committee  of 
the  Ophthalmological  Society  of  the  United  Kingdom  in 
1898  contains  the  following  statements:  "  \ye  have  not 
found  a  record  of  any  case  of  sympathetic  ophthalmitis 
following  evisceration  without  the  implantation  of  an 
artificial  globe,  and  we  have  collected  records  of  five 
cases  of  sympathetic  ophthalmitis  after  the  operation  of 
evisceration  and  the  introduction  of  an  artificial  globe 
into  the  emptied  sclerotic."  Sympathetic  irritation  has 
been  met  with  on  rare  occasions  and  required  the  re- 
moval of  the  stump. 

Special  Adraiitar/es  with  Relation  to  tlie  Wearinq  of  an 
Artitirial  Eye. — After  a  successful  Mules'  operation  the 
motility  of  the  stump  and  artificial  eye  is  usually  better 
tlian  that  after  enucleation,  the  implantation  of  a  ball  in 
Tenon's  capsule,  or  simple  evisceration.  The  cosmetic 
result  is  extremely  satisfactory,  for  the  natural  contour 
of  the  lids  being  preserved,  there  is  none  of  the  shrunken 
appearance  so  often  presented  by  artificial  eyes.  The 
absence  of  accumulations  of  mucus  and  tears  adds  to 
the  patient's  comfort  and  satisfaction.  The  high 
percentage  of  failures,  due  to  extrusion  of  the  arti- 
ficial vitreous,  must  be  greatly  reduced  before  the  oper- 
ation can  take  a  permanent  place  in  ophthalmic  sur- 
gery. At  the  present  time  the  prevalent  feeling  among 
ophtlialmologists  regarding  the  operation  of  Mules  is 
one  of  disappointment. 

Edmund  W.  Stevens. 


FACIAL  HEMIATROPHY.— (Synonyms:  Unilateral 
atrophy  of  the  face;  Progressive  facial  lieiuiatrophy ; 
Progressive  hmiinar  aplasia;  Facial  trophoneurosis ;  Fa- 
cial circumscribed  atrophy.) 

The  first  known  description  of  facial  hemiatrophy  is 
that  by  Parry,  written  in  182.5.  In  the  year  1846  Rom- 
berg described  the  condition  more  definitely  and  called  it 
a  trophoneurosis. 

Tlie  disease  consists  of  an  acqidrcd  circumscribed  atro- 
phy of  the  face.  The  atrophy,  involving  soft  tissues  and 
bone,  follows  a  chronic  course,  and  finally  becomes  spon- 
t.aneousl_y  stationary. 

Something  over  one  hundred  authentic  cases  have  been 
reported. 

Etioi^ogy. — The  disease  belongs  to  the  period  of  youth. 
Practically  all  of  the  reported  cases  began  before  the 
thirtieth  year.  Women  are  more  frequently  affected 
than  men,  in  the  proportion  of  about  two  to  one.  It  docs 
not  appear  that  nationality,  station  in  life,  or  heredity 
has  any  influence  on  the  development  of  the  sj'udrome. 
In  the  reported  cases  it  has  followed  typhoid  fever,  mea- 
sles, scarlet  fever,  syphilis,  and  other  infectious  diseases. 
It  has  been  observed  in  the  course  of  multiple  sclerosis, 
syringomyelia,  multiple  exostoses  of  the  face  and  head, 
scleroderma,  insanity,  epilepsy,  and  hysteria.  It  is  not 
unusual  for  the  patient  to  ascribe  it  to  blows  or  other 
injuries  to  the  face.  In  a  number  of  cases  the  early 
symptoms  have  been  those  of  a  severe  trigeminal  neural- 
gia. In  one  case  which  I  saw  there  had  been  a  severe 
malarial  infection  one  year  before. 

Pathological  Anatomy. — Various  theories  have 
been  advanced  in  regard  to  the  lesions  which  may  pro- 
duce facial  hemiatrophy.  Disease  of  the  S3'mpathetic 
nerves,  of  the  peripheral  distribution  of  the  fifth  cranial 
nerve,  of  the  Gasserian  ganglion,  of  the  nuclei  of  the 
fifth  nerve,  and  of  the  cortex  of  the  cerebrum  have  in 
turn  had  their  theoretical  advocates.  The  principal 
anatomical  evidence  rests  on  the  findings  in  Mendel's 
case ;  this  was  a  woman  who  for  fifteen  years  had  suffered 
from  left  facial  hemiatrophy.  The  autopsy  showed  the 
epidermis  normal  except  for  a  moderate  degree  of  thin- 
ning, the  connective  tissue  was  diminished,  the  blood- 


Fio.  5137.— Facial   Hemiatrophy   Beginning  In  a  Woman   Twenty- 
lour  Tears  Old.    (After  Fromliold-Treu.) 

vessels  were  few  and  small,  the  fibres  of  the  lunscles 
were  somewhat  thinned  witliout  degeneration  or  nuclear 
changes,  and  the  facial  nerve  was  normal.  In  the  trigemi- 
nus the  connective  tissue  around  and  penetrating  the  nerve 
was  much  thickened.    In  many  places  the  number  of  nerve 
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fibres  was  dimiuished.  Most  of  the  changes  were  in  the 
second  division  of  the  nerve.  There  was  also  atrophy  of 
the  descending  root  of  the  trigeminus  and  of  the  substan- 
tia ferrugiuea.  Mendel  believed  that  the  facial  atrophy 
was  due  to  the  proliferative  interstitial  neuritis  of  the  tri- 
geminus. In  this  ease  there  was  also  an  atrophy  affecting 
tlie  left  upper  extremity  and  some  of  the  muscles  of  the 
shoulder  and  back.  To  account  for  this  Mendel  found 
an  interstitial  neuritis  of  the  musculo-spiral  nerve  and  a 
diminution  in  size  and  number  of  the  cells  of  the  anterior 
horn  of  the  cord  at  the  level  of  the  tifth  cervical  nerve. 

The  antecedent  neuralgias  of  the  fifth  nerve  point  to 
this  as  the  site  of  the  lesion.  But  how  many  severe  neu- 
ralgias of  this  nerve  have  we  not  seen  with  no  subsequent 
atrophy?  Section  of  the  posterior  root  of  the  trigeminus 
may  be  attended  by  unilateral  atrophy  of  the  muscles  of 
the  face,  tongue,  and  bones  of  the  face,  and  changes  in 
the  amount  and  color  of  the  hair.  Operations  on  the 
Gasserian  ganglion  have  been  said  to  be  unattended  by 
trophic  changes  in  the  skin. 

Other  autopsies  in  patients  showing  facial  atrophy 
have  shown  other  lesions  which  take  tlieni  out  of  the 
group  of  cases  now  under  discussion.  Such  was  Graff's 
case,  which  showed  on  autopsy  a  progressive  muscular 
atrophy,  and  that  of  Jolly  and  Recklinghausen,  in  which 
was  found  a  disseminated  sclerosis  of  the  brain. 

Symptoms. — Patients  who  develop  facial  hemiatrophy 
usually  present  themselves  to  the  physician  complaining 
!.  of  a  neuralgia  in  the  distribution  of  the  trigeminal  nerve. 
I  After  this  has  lasted  for  several  weeks  or  mouths  the 
cardinal  symptom  of  the  syndrome  appears.  This  con- 
sists in  an  atrophy  commencing  in  the  skin  of  the  face. 
There  appears  on  the  face  a  whitish  spot  which  ma}'  soon 
be  followed  by  other  similar  spots.  These  may  extend 
until  they  cover  half  of  the  face,  or  may  be  liraitud  to  a 
small  area.  Gradually  these  areas  change  in  color  to  a 
yellowish-brown,  while  the  skin  becomes  thin  and 
tightly  stretched  over  the  subcutaneous  tissues.  The  ex- 
tent of  the  atrophy  maj'  vary  to  a  considerable  degree. 
Fromhold-Treu  indicates  the  varieties  in  his  attempt  to 
classify  them.  ((/)  Typical  cases  involving  one-half  of 
the  face,  (b)  Incomplete  cases  involving  a  portion  of 
one  side  of  the  face,  (c)  Double  cases  involving  both 
sides  of  the  face,  (d)  Cases  in  which  other  parts  of  the 
same  side  of  the  body  are  involved.  Following  the  atro- 
phy of  the  skin  there  is  a  falling  away  of  the  underlying 
tissues.  The  fat  may  totally  disappear,  but  at  times  is 
said  to  be  replaced  after  the  atrophic  process  has  come  to 
a  standstill.  The  frontal,  malar,  upper  and  lower  jaw 
bones  may  atrophy.  The  muscles  supplied  by  the  fifth 
nerve  become  very  thin,  Imt  their  electrical  reactions  re- 
main normal  and  their  function  is  not  wholly  destroyed, 
though  much  weakened.  The  nasal  cartilages  usually 
waste;  less  frequently  the  auricle  is  involved.  The  hair 
of  the  head,  eyebrow,  and  beard  may  change  color,  be- 
come thin,  or  fall  out  altogether  on  the  affected  side. 
The  glands  of  the  skin  are  usually  unaffected,  but  anidro- 
sis  has  been  noted  as  well  as  diminished  lachrymal 
secretion.  The  blood-vessels  may  show  through  the 
attenuated  skin,  marking  it  with  an  underlying  network. 
The  tongue  and  gums  are  frequently  atrophied  on  the 
affected  side.  The  tightening  of  the  skin  may  interfere 
with  the  movements  of  the  jaw.  In  the  one  case  which 
I  have  observed  the  mouth  was  drawn  to  the  normal  side 
by  the  overaction  of  the  healthy  muscles.  Taste,  touch, 
and  the  electrical  reaction  are  usually  normal,  even  in  the 
wasted  half  of  the  tongue.  The  trigeminal  pain  is  occa- 
sionally associated  with  spasmodic  contractions  of  the 
muscles,  or  with  fibrillary  twitchings.  As  the  atrophy 
advances  the  pain  usually  subsides.  There  may  be  par- 
aisthesias  or  spots  of  hyperesthesia  (probably  due  to 
tliinning  of  the  skin).  Anaesthesia  and  changes  in  the 
temperature  sense  are  exceedingly  rare.  The  muscles 
supplied  by  the  seventh  nerve  are  usually  unaffected. 
Mills  reports  a  case  in  which  the  hearing  was  affected, 
probably  on  account  of  an  atrophy  of  the  t^-mpanum. 
The  pupil  may  be  contracted;  or,  as  in  Mailhouse's 
case,  may  be  dilated  and  fail  to  react  to  light  or  accom- 
VoL.  VIII.— 39 


modation.  The  eyeball  on  the  affected  side  apjiears 
prominent  on  accoimt  of  the  atrophy  of  the  surrounding 
tissues. 

CouiiSE  .\ND  Prognosis. — The  disease  is  insidious  in 
its  origin  and  slow  in  its  development.  It  may  continue 
to  advance  for  two  or  three  years,  but  all  the  cases  ter- 


FiG.  5138,— Facial  Hemiatrophy  Following  Pneumonia  in  a  ^yoman 
Nineteen  Years  Old.    (Alter  Mobius.) 

minate  spontaneously,  the  majority  at  the  end  of  one 
year,  leaving  an  area  of  atrophy  from  which  recovery  is 
unknown.  At  the  beginning  one  cannot  predict  the  ex- 
tent or  duration  of  the  atrophic  process;  it  may  involve 
a  narrow  furrow  only,  or  half  of  the  face,  or  even  both 
sides  of  the  face.  As  a  rule  along  and  severe  antecedent 
neuralgia  suggests  a  less  favorable  prognosis.  A  cure  or 
even  an  improvement  in  the  atrophied  parts  is  almost 
unknown,  though  .some  competent  observers  have  claimed 
that  in  a  few  cases  the  face  has  filled  out  to  a  moderate 
degree;  this  was  probably  due  to  an  increase  in  the  fat. 
To  the  patient,  however,  cessation  of  the  pain  and  mus- 
cular cramps  is  an  improvement. 

Di.\GNOSis  as  a  rule  is  not  difficult.  The  points  par- 
ticularly to  be  borne  in  mind  are  that  the  disease  is  an 
acquired  one,  developing  before  the  thirtieth  year. 
There  is  a  change  in  the  color  of  the  skin  followed  by 
atrophy;  the  muscles  usually  affected  are  those  supplied 
by  the  fifth  nerve.  Congenital  asymmetry  and  forms  of 
degeneracy  should  be  easily  differentiated.  Confusion 
in  cases  of  hemiplegia  and  the  malnutrition  o*^  sympa- 
thetic paralysis  is  hardlj'  possible.  In  Bell's  palsj'  the 
muscles  supplied  by  the  seventh  nerve  only  are  alTecled. 
In  these  muscles  there  is  a  react  ion  of  degeneration  to  the 
electric  current,  and  tissues  other  than  muscular  are 
not  involved.  In  the  type  of  progressive  muscular  atro- 
phy which  first  involves  the  face,  the  muscles  alone 
atrophy;  the  skin,  connective  tissue,  and  bone  are  not 
affected.  This  disease,  moreover,  is  progressive,  and 
later  other  parts  of  the  body  are  involved.  Atypical 
cases  of  scleroderma  may  be  confounded  with  facial 
hemiatrophy.  The  skin  of  scleroderma  is  usually  harsh 
and  infiltrated,  while  that  of  facial  hemiatrophy  is 
thinned. 

Treatment. — At  the  present  time  we  know  of  no 
measure  that  will  limit  the  course  of  the  disease.  Neu- 
ralgias following  abscesses  of  the  teeth,  tonsillitis  and 
the  infectious  diseases  should  receive  careful  attention. 
Electricity  and  massage  appear  to  have  no  influence  on 
the  course  of  the  disease  or  in  restoring  the  atrophied  tis- 
sues. No  drugs  which  have  been  tried  have  been  proved 
of  benefit  excepting  in  so  far  that  they  control  the  neu- 
ralgic pains  and  muscular  spasm.  Sachs  suggests  thy- 
roid extract.     The  value  of  this,  as  far  as  I  know,  has 
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not  been  demonstrated.  Section  of  the  trigoniinus,  on 
the  theory  that  tlie  nerve  stinuihis  is  perverted,  should 
be  considered.  Viirious  contrivances  liave  been  devised 
for  correcting  t lie  resulling  deformity.  Sachs  has  used 
a  pad  or  rubber  jdate  in  the  nioiitli.  Eelistein  lias  im- 
proved the  appearance  with  subcutaneous  injections  of 
parallin.  T.  Stuart  Bail. 

ItKFEltKXCKS. 

Fromholil-Trou  :  Die  Hemiatrophia  facialis  progressiva.    Inaug.-Diss., 

Dorpiit,  i.'^ga. 
MSljiiis:     I)er  iimiichrieliene  Gesichtssoliwund.      Nothnagel's   Spec. 

Patli.  u.  'I'li.T.,  -xl.,  2,  lSil5. 
Eckstein  :  Itcil.  kiln.  Woi-h.,  xl.,  p.  530,  1903. 

FACIAL  HEMIHYPERTROPHY  is  a  rare  affection  con- 
sisting of  circiniiscrilied  eiilurgeincnt  of  one  side  of  the 
face.  The  process  usually  involves  the  skin,  connective 
tissue,  blood-vessels,  muscles,  and  bone.     In  some  cases 


Fig. 


5139.— Facial    HemDo'pt^rtrupby  in  a  CliiUl. 
and  Cabannes.J 


Utter  Sabrazfes 


the  skin  is  harsh  and  i-ougli,  while  the  .sebaceous  glands 
are  much  h.ypertrophicd  and  clogged  with  an  abnormally 
thickened  secretion  of  gummy  consistence.  The  hair  is 
often  thick  and  coarse.  In  the  case  reported  by  Dana 
the  bones  were  alone  involved  in  the  process;  the  soft 
tissues  were  not  hypertrophied.  The  external  ear  may 
take  part  in  the  enlargement.  Here  either  the  cartilage 
alone  or  all  the  tissues  may  be  involved.  The  hypertro- 
phy may  extend  into  the  mouth  implicating  the  gums, 
soft  palate,  and  jaw.  The  hypertrophy  may  be  limited 
to  a  part  of  the  face  on  one  side,  or  may  extend  some- 
what across  the  median  line. 

But  little  is  known  of  causes  underlying  the  condition. 
Of  the  twenty -three  cases  collected  by  Sabraz^s  and  Ca- 
bannes  eighteen  were  congenital.  In  Schick's  case  the 
hypertrophy  commenced  in  the  second  year  with  no 
known  cause.  In  Berger's  case  there  was  an  obstinate 
antecedent  neuralgia  of  the  fifth  nerve.  SFontgomery's 
patient  had  brain  fever  when  two  years  old.  There  was 
no  neuralgia.  "When  nine  years  of  age  the  patient  had  an 
osteomyelitis  of  the  left  maxilla.  About  one  j'ear  later 
hypertrophy  first  appeared  in  the  gums  of  the  left  side. 
In  Dana's  case  the  patient  was  also  affected  with  gigant- 
ism. It  is  probable  that  several  distinct  conditions  have 
been  described  under  the  term  of  hemifacial  hypertrophy. 
Among  the  theories  advanced  as  to  the  etiolog}'  of  the 
acquired  cases  may  be  mentioned  irritation  of  the  fifth 
nerve  through  its  roots  or  the  Gas.serian  ganglion,  and 
chronic  hvpenemia  of  vascular  origin. 

The  enlargement  may  be  first  noticed  in  the  bones, 
particularly  about  the  orbit,  giving  the  eyeball  the  ap- 
pearance of  being  depressed  in  its  socket.  The  bony 
liypertrophy  gradually  extends  until  the  entire  side  of 
the  head  is  included.  In  other  cases  (<"..'/.,  Montgomery's) 
the  jjrocess  may  begin  in  the  soft  parts,  and  the  gums, 


skin,  sebaceous  glands,  hair,  connective  tissue,  muscle, 
and  the  bones  become  later  involved.  The  enlargement 
of  the  blood-vessels  may  cause  a  reddening  of  the  skin. 
The  flow  of  saliva  may  be  ctmsiderably  increased. 

There  are  few  conditions  which  could  l)e  confoimded 
with  hemifacial  liypertrophy.  It  lias  been  suggested 
that  it  might  be  mistaken  for  hemifacial  atrophy  of  the 
other  side  of  the  face;  but  anytliing  more  than  a  cursory 
examination  could  not  fail  to  disclose  the  differences. 

We  know  of  no  cases  in  which  tlie  hypertniphied  tis- 
sues have  been  replaced  by  normal  ones;  but  after  a  pro- 
gression covering  a  period  of  several  years  it  is  probable 
that  the  condition  maj-  become  stationary. 

Treatment  thus  far  has  proved  unavailing,  either  in 
limiting  the  course  of  the  disease  or  in  reducing  the 
hj'pertrophy.  T.  Stuart  Hurt. 

Rkferexces. 

Montgomery  :  Medical  News.  July  15th.  1893. 
Dana  :  Journal  Nervous  and  Mental  Disease.  Novembei\  1893. 
Sabrazes  and  Cabannes ;  Nouvelle  Iconographie  de  la  Salpetriere, 
1S9S,  p.  .•J43. 

FCETUS,  DEVELOPMENT  OF.— Our  Ivuowlcdge  of 
the  development  of  the  fietus  was  in  an  exceedingly 
fragmentary  condition  until  Wilhelm  Ilis,  the  distin- 
guished German  anatomist,  published  twenty  years  ago 
his  noteworthy  "Anatomic  menschlicher  Embryonen." 
This  was  tlie  first,  and  is  to-day  the  most  important 
work  on  human  embryology.  Previously  there  were  iso- 
lated descriptions  here  ancl  there  of  embryos  of  the  first 
two  months  of  pregnancy.  Uncertainty  as  to  the  nor- 
mal appearance  often  leads  to  the  description  of  abnormal 
for  normal  ones,  and  the  great  dilliculty  in  obtaining  em- 
bryos of  the  first  two  months  of  pregnancy  renders  prog- 
ress comparatively  slow.  The  main  sources  of  sucli  ma- 
terial are  from  post-mortem  examinations,  operations,  and 
abortions;  so  the  human  embryologist  is  thus  dependent 
upon  the  courtesy  of  physicians  and  surgef)ns  for  his 
material. 

Ac/e. — In  regard  to  the  ages  of  embryos  of  the  first  two 
weeks  much  uncertainty  exists.  Length  is  not  entirely 
reliable,  owiag  to  distortions  and  variability  in  size.  In 
attempting  to  determine  age  from  the  last  day  of  the  last 
menstrual  period  as  the  date  of  conception,  there  is  often 
the  difficulty  of  inexact  history.  'The  following  table 
indicates  in  a  fairly  accurate  way  the  length  and  agies  of 
embryos: 


Age.  Length. 

Two  weeks 2mm. 

Three  weeks 5    " 

Four  weeks 8    " 

Five  weeks- 11-13    " 

Si.x  weeks 16    *' 

Seven  weeks 20    " 

Eight  weeks 25    " 


Age.  Length. 

Three  months 50  mm. 

Four  months 100    " 

Five  months 20O    " 

Six  months 300    " 

Seven  months 370    " 

Eighth  months 42i    " 

Nine  months .500    "' 


According  to  Mall  their  ages  in  days  corresponds  to 
the  formula  .y/lOO  X  (length  in  millimetres)  for  all  em- 
bryos from  1  to  100  mm.  long.  Multiply  the  lengtli  of 
the  embryo  from  vertex  to  the  breech  in  millimetres  by 
one'  liundred,  and  extract  the  square  root,  and  the  result 
will  be  its  age  in  days.  In  embryos  from  100  to  220  mm. 
long  from  vertex  to  breech  their  length  in  millmetres 
equals  their  age  in  days.  Fig.  5140  indicates  the  relative 
sizes  during  tlie  first  eight  weeks. 

There  are  but  few  good  collections  of  embryos  in  the 
world;  the  one  at  Leipsic  and  the  one  at  Baltimore  are 
the  most  important. 

In  development  it  is  convenient  to  distinguish  the  three 
stages  suggested  by  His.  The  stage  of  the  ovum  em- 
braces the  first  two  weeks:  the  embryonal  stage  from  the 
third  to  the  fifth  week,  during  which  time  the  charac- 
teristic embryonal  features  and  the  principal  organs  are 
established  :  lastly  the  ftrtal  stage,  during  which  time  the 
embryonal  feat  ores  change  to  those  of  the  foetus  and  full- 
term  child. 

Till'  Ovum  Star/c.  —There  are  no  observations  on 
normal  ova  of  the  first  nine  or  ten  days.     It  is  evident 
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from  the  material  of  tbe  latter  part  of  the  stage  of  the 
ovum  tliat  there  is  an  early  and  precocious  development 

of  the  chorion  and 
villi. 

The  yoiingest 
known  normal 
ovum  was  described 
by  Peters  in  1899. 
It  is  ten  to  eleven 
days  old  and  con- 
sists of  a  vesicle 
3  X  1.5  X  1.5  mm. 
in  size.  A  section 
through  the  entire 
ovum  is  seen  in 
Pig.  5141.  The 
vesicle  is  formed 
by  the  chorionic 
niemljrane,  consist- 
ing of  an  outer  lay- 
er of  epithelial  cells 
covered  by  numer- 
ous villi  which  are 


present.  From  these  at  a  later  period  various  struct- 
ures arise.  From  the  epithelial  laj'er  develop  the 
epidermis  of  the  skin  and  its  appendages,  such  as  hairs, 
nails,  sweat  glauds,  etc.,  the  central  nervous  system, 
and  portions  of  the  eye  and  ear,  mouth  and  nose. 
From  the  middle  or  mesenchymal  layer  develop  the 
skeletal,  muscular,  circulatory,  and  urogenital  systems; 
and  lastlj'  from  the  inner  or  eutodermal  Uiyer,  which 
is  here  represented  by  the  lining  of  the  yolk  sac,  de- 
velop the  alimentary  tract  (pharynx,  a^sophagus,  stom- 
ach, and  intestines),  the  trachea  and  lungs,  liver  and 
pancreas,  and  bladder. 

The  next  important  human  ovum  was  described  by 
Spee  in  1896.  It  measures  7  X  5.5  mm.  and  the  embryo 
within  is  0.37  mm.  in  length.  Its  age  is  about  eleven 
days.  The  chorion  is  covered  with  villi  and  lined  with 
mesenchyme  (see  Fig.  5143).  The  embryo  is  attached 
at  one  side  l)y  a  broad  pedicle,  the  so-called  belly  stalk. 
The  amniotic  sac  is  small  and  is  continuous  with  tlie  epi- 
thelial plate  of  the  embryo,  as  in  the  preceding  ovum. 
The  primitive  streak  is  represented  in  this  embryo  by  a 
slight  groove  along  the  centre  of  the  epithelial  plate. 
Mesenchyme  separates  the  epithelial  jilate  from  the  large 


Fig.  5140.  —  Six  Human  Embryos 
taken  Irom  His'  Standard  Cliart. 
Enlarged  tliree  times.  Ttie  flgures 
in  tile  cut  indicate  tlie  ages  of  tlie 
embryo  in  weelfs.  2  is  His'  embryo 
S  R. :  3,  embryo  I,r. :  4,  embryo  A. ; 
5.  embryo  C  ;  6)4.  embryo  XC'I. ;  8. 
embryo  Wt.     (After  Mall.) 


in  contact  with  the  uterine 
wall  of  the  mother,  and  an 
inner  layer  of  mesenchyme. 
Attached  to  this  inner  layer  at 
one  side  is  the  small  embryo, 
but  .19  mm.  in  length.  It  is 
apparently  simple  in  struct- 
ure, consisting  of  an  epithelial 
plate  facing  the  small  amniotic 
cavity  lined  by  flat  epithelial 
cells,  which  are  continuous 
with  the  epithelial  cells  of  the 
plate.  On  the  other  side  of 
the  plate  is  a  layer  of  mesen- 
chyme, and  projecting  from 
this  is  the  yolk  sac  lined  by 
entodermal  cells.  The  epithe- 
lial jilate  of  the  embryo,  as 
well  as  the  epithelivim  of  the 
amnion,  was  probably  at  an 
earlier  stage  continuous  with 
the  epithelium  of  tlie  chorion 
and  the  embryo,  subsequently 
cut  otf  after  its  sinking  down 
or  projecting  into  the  vesicular 
cavity.  One  stage  of  such  a 
process  has  been  found  in  the 
monkey  by  Selenka.  The  pro- 
jecting embryo  is  surrounded 
bjf  mesenchyme  continuous 
with  that  lining  the  chorion, 
as  well  as  with  that  between 
tbe  yolk  sac  and  epithelial 
plate. 

Already,  then,  in  the  young- 
est known  ovum  the  so-called 
three  primary  germ  layers  are 


■■-■?M. 
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Fig.  5141.— Peters'  Early  Ovum.  (Enlarged  about  35  diameters.)  U.E.,  merine  epitbelium;  Bl.L.. 
lakes  of  blood;  rojw.,  decidua  reflexa;  Q.P.  " Gewebspilz " ;  r>r.,  uterine  glands:  U.Z.,  de- 
cidua  vera;  Tr..  trophoblasts :  C  capillaries;  K.A.,  beginning  embryo;  BI.Q.,  large  blood-ves- 
sels ;  a-b,  point  of  entrance  of  ovum. 
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Fig.  .'>I42.  —  Ovum  Mciisuring 
6  X  4..")  mm.  (EnlaiKwt  iibont 
10  diametei-s.)  The  left  balf 
of  the  cliorion  has  heen  re- 
moved to  show  the  embryo. 
«,  Amniotic  cavit.v  ;  b,  telly 
stjilk ;  c,  chorion  ;  f ,  embry- 
onic disc ;  t',  chorionic  villus ; 
I/,  yolk-sac.     (von  Spee.) 


volk  sjic,  and  a  sniall  diverticuhim  of  tlic  sac  projects 
into  the  moseucliymal  poUiclc.  constituting  tlie  first  trace 
of  the  allantois.  AVe  thu.s  sec  tliat  tlio  embryo  iu  tliis 
ovum,  altliough  about  twice 
as  long  as  the  Peters  em- 
bryo, sliows  very  little  ad- 
vance in  structural  differen- 
tiation. Both  are  in  the 
Iirimilive  streak  stage. 

Spee  also  described  an 
ovum  10  X  8.5  X  6.5  mm. 
containing  an  embryo  1.54 
mm.  in  length  and  about 
eleven  and  one-half  days  old. 
The  chorion  is  covered  by 
large  branching  villi,  lined 
by  mesenchyme,  and  attached 
at  one  side  by  a  short  pedicle 
is  the  embi'yo  (see  Fig.  5143). 
The  primitive  streak  still 
persists,  and  near  its  anterior 
end  the  neurenteric  canal  has 
formed,  thus  connecting  the 
amniotic  cavity  with  the  yolk 
sac.  All  traces  of  it  arc  soon 
lost.  .Alore  auterioi'ly  .still 
are  traces  of  two  longitudinal 
ridges,  short  distances  on 
either  side  of  the  median  line.  These  are  the  .so-called 
medullar)'  folds  and  are  the  first  traces  of  a  differentia- 
tion for  the  central  nervous  system.  The  allantois  as 
in  the  preceding  embryo  projects  from  the  yolk  sac 
into  the  pedicle  or  belly  stalk. 

Between  this  stage  and  the  next  one  we  shall  consider, 
the  embryonic  plate  changes  from  a  fiat  discoidal  struct- 
ure to  a  somewhat  cylindrical  body  by  a  bending  ven- 
trally  of  its  lateral  edges,  to  which  the  amnion  is 
attached,  thus  gradually  constricting  tlie  broad  attach- 
ment of  the  yolk  sac.  At  the  same  time  the  head  and 
tail  ends  begin  to  project  more  and  more,  and  the  yolk 
sac  is  thus  also  constricted  in  an  anterior  posterior  direc- 
tion. Connecting  pockets  of  the  yolk  sac  remain  at  both 
the  head  and  tail  ends  of  the  embryo  to  form  the  begin- 
nings of  the  digestive  tract.  During  this  time  the  med- 
ullary folds  have  lengthened  and  grown  toward  each 
other,  so  as  to  meet  iu  the  mid -dorsal  line,  thereby  en- 
closing a  central  canal,  the  beginning  of  the  central  canal 
of  the  spinal  cord  and  the  ventricles  of  the  brain.  In  the 
ne.xt  oldest  ovum  we  are  to  consider,  which  was  de- 
scribed by  Eternod,  there  was  an  embryo  2.11  mm.  in 
length.  The  medullary  folds 
have  not  only  met,  but  are 
fused  for  a  considerable  por- 
tion of  their  length  to  form 
tlie  neural  tube  (see  Fig. 
5144).  The  head  of  the  em- 
bryo now  projects  some  dis- 
tance beyond  the  constricted 
_yfrfk  sac,  and  on  the  ventral 
side  of  this  head  fold  is  a 
slight  invagination  of  the 
ectoderm  for  the  mouth.  Be- 
tween the  mouth  invagina- 
tion and  the  attachment  of 
the  yolk  sac  the  heart  is  in 
the  process  of  development 
from  two  lateral  tubes,  which 
Fig.  3143.-Embryo  1.54  mm.  in    soon    fuse   together   to    form 


Length,  from  the  Dorsal  Sur 
face.  I  Enlarged  about  20  di- 
ameters.) a.  Amnion ;  »i, 
medullary  groove  ;  7ie,  neu- 
rent4?ric  canal ;  p.s.  primitive 
streak ;  y,  yolk  sac.  (von 
Spee.) 


the  simple  tubular  heart. 
The  blood-vessels  which  have 
developed  in  the  extra  em- 
brj-onic  area  and  those  that 
have  developed  iu  the  body 
of  the  embryo  have  now  be- 
come connected  with  the  heart,  and  at  its  head  end  arises 
the  ventral  aorta  dividing  immediately  into  three  pairs  of 
branchial  arches,  W'hich  pass  around  tlie  primitive  foregut 
to  unite  beneath  the  medullary  plate  into  the  dorsal  aorta. 


From  the  dorsal  aorta  arc  given  oif  the  omphalo-mesen- 
teric  and  the  umbilical  arteries.  The  first  veins  to 
develop  are  those  which  accompany  the  first  formed 
arteries,  n  a  m  e  1  y , 
the  omphalo-mesen- 
t  e  r  i  c  s ,  connected 
with  the  yolk  sac, 
and  the  urabilicals, 
connected  with  the 
allantois.  Soon  af- 
ter these  are  formed 
the  veins  within  the 
body  of  the  embryo 
develop,  the  first 
ones  being  the  an- 
terior cardinals,  or 
internal  jugulars 
and  the  inferior 
cardinals,  the  lat- 
ter draining  the 
blood  from  the  cau- 
dal ])ortion  of  the 
body.  An  anterior 
and  a  posterior  car- 
dinal of  each  side 
unite  to  form  the 
ductus  Cuvieri. 
The  two  ducts,  one 
on  either  side,  pass 
transversely  toward 
the  median  line  and 
open  into  the  sides 
of  the  sinus  veno- 
sus.  The  omphalomesenteric  veins  coming  from  the 
yolk  sac  and  the  utiibilicals  from  the  allantois  join  the 
sinus  venosus  at  a  slightly  earlier  date  than  do  the  Cuvi- 
erian  ducts.  At  a  later  stage  we  shall  see  how  tliis 
primitive  arrangement  is  modified  to  form  the  adult 
condition.  The  yolk  sac  in  this  embryo  is  somewhat 
constricted  along  its  attachment,  leaving  pockets  of  en- 
toderm connected  with  it  tliat  lie  iu  the  head  and  tail 


Fig.  •'>U4.— Reconstruction  of  Embryo  2.11 
mm.  Long.  ( Enlarged  about  25  diameters.) 
al,  Allantois;  am,  amnion;  B,  belly 
stalk  ;  ch,  chorion  ;  )i,  heart. ;  nis.  nieso- 
dermic  somite ;  ot^,  oral  fossa ;  ph.  pha- 
rynx ;  r,  chorionic  villi ;  1',  yolk-sac. 
(After  Eternod.) 


Fig.  5143. —Profile  Reconstruction  of  the  Embr.vo,  2.1  mm.  Long.  No. 
XII.  X  37  times,  ^m,  Amnion;  OT,  optic  vesicle  ;  -il',  auditory 
vesicle;  L'F.  umbilical  vesicle;  H,  heart ;  TO-Vf,  omphalo-mesen- 
teric  vein ;  MR.  septum  transversum  ;  Os,  third  occipital  myotome ; 
Cs,  eighth  cervical  myotome.     (After  Mall.) 


ends  of  the  embryo.  They  form  the  primitive  foregut 
and  hindgut.  At  either  side  of  the  neural  tube  the 
mesenchyme  has  become  dilTerentiated  into  eight  prim- 
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itlve  segments  or  m_yotomes,  from  ■\vbich  later  much  of 
the  muscular  system  becomes  dittereutiated. 

A  slightly  older  embryo,  of  about  the  same  length, 
described  by  Mall,  consists  of  an  ovum  measuring 
18  X  8  X  8  mm,,  and  containing  an  embryo  2.1  mm.  in 
length.     The  age  is  about  two  weeks  (see  Fig.  5145). 

Many  important  changes  have  taken  place.  The  em- 
bryo is  connected  to  the  chorion  by  a  thinner  stalk  of 
mesenchyme  containing  the  blood-vessels  that  carry  on 

the  circulation  be- 
tween the  embryo 
and  chorion,  the 
latter  being  in 
close  contact  with 
the  uterine  wall, 
thus  afford- 
opportuuity 
nourLsbment 
o.\3'geu  to 
from  the 
mother  through 
the  thin  walls  of 
the  villi,  to  supply 
the  rapidly  grow- 
ing embiyo  with 
the  essentials  for 
growth  and  life. 
The  embryo  itself, 
has  greatly  in- 
creased in  length, 
and  is  curved  into 
a  semicircular 
form.  The  me- 
dullary plate  is 
converted  into  a 
tube  a  n  d  t  h  e 
groove  into  its 
canal.  At  the  an- 
terior end  of  this 
tube  are  enlarge- 
m e n  t  s  maiking 
the  beginnings  of 
the  brain.  The 
remainder  of  the 
tube  forms  the 
s]3ina!  cord.  The 
yolk  sac,  which  is 
covered  by  blood- 
vessels that  communicate  with  those  of  the  embrvo,  is 
more  constricted  and  the  fore-  and  hindguts  are  longer 
than  in  the  preceding  stage.  From  the  foregut  arises  the 
pharyn.x  with  two  gill  pockets  and  a  thyroid  pocket. 
The  neurenteric  canal  connects  the  hindgut  with  the 
central  canal  of  the  central  nervous  system.  So  while 
from  the  yolk  sac  are  differentiating  the  two  ends  of  the 
alimentary  tract,  the  main  portion  is  still  embodied  in 
the  large  sac.  Near  the  origin  of  the  foregut  is  a  slight 
projection  of  the  yolk  sac  for  the  beginning  of  the 
liver.  In  the  anterior  wall  of  the  yolk  sac,  posteriorly 
to  the  mouth  and  beneath  the  pharynx,  is  the  tubular 
heart.  There  are  now  fourteen  pairs  of  mesenchymal 
segments  or  myotomes — three  in  the  head,  eight  in  the 
neck,  and  three  in  the  thoracic  region.  The  amnion  at 
this  period  forms  a  small  sac  about  the  dorsal  surface 
of  the  embryo. 

In  an  embryo  described  by  Kollmann  (Fig.  5146),  and 
measuring  2.5  mm.  in  length,  the  edges  of  themedullarj' 
folds  have  come  in  contact  throughout  their  entire  length 
except  for  a  short  distance  anteriorly,  and  thirteen  pairs  of 
mesodermic  somites  or  myotomes  are  visible.  The  con- 
striction of  the  yolk  sac  is  even  more  pronounced  than  in 
the  preceding  embryo,  and  the  hind  end  of  the  bodj'  has 
become  detiued.  the  belly  stalk  no  longer  seeming  to  be 
a  posterior  continuation  of  the  body,  but  arises  from  the 
ventral  surface.     The  oral  fossa  is  more  marked. 

The  general  shape  of  this  embryo  is  quite  different 
from  that  of  the  jireeeding  one,  the  embryo  being  nearly 
strais'lit:  and  it  has  probably  been  distorted,  as  has  also 
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Fig.  5146.  —  Emlirvci  2..5  mm.  Lonp.  (En- 
larged about  33  diameters.)  Am,  Amnion : 
B.  belly  stalk;  /(.  heart:  ?h.  closed  and 
m\  still  open  portions  of  the  medullary 
groove :  Oni,  omphalo-mesenteric  vein  ;  OS, 
oral  fossa;  1',  yolk  sac.     (Kollmann.) 


the  His  embiyo  (Fig.  5147).  as  the  normal  curve  of  the 
medullary  tube  at  this  period  is  jirobabh'  somewhat  semi- 
circular, as  seen  in  Figs.  5145  and  5149.  This  so-called 
dorsal  flexui-e,  which  is  often  pictured  in  text-books  as  a 
normal  condition  at  this  stage,  1  have  been  able  to  pro- 
duce in  pig  embrj'os  of  a  corresponding  stage  by  rough 
handling  while  removing  them  from  the  uterus.  Others 
from  the  same  uterus,  whicli  were  more  carefully  handled, 
do  not  show  such  a  dorsal  tlexure,  and  we  naturall}-  con- 
clude that  similar  treatment  has  produced  a  similar  effect 
in  the  human  embryo. 

The  Mis  embryo  Lg,  2.15  mm.  long,  contained  in  an 
ovum  15  X  12.5  mm.,  is  the  next  important  one  to  con- 
sider. Its  age  is  about  fourteen  days.  (Fig.  5147.) 
The  forebrain  has  a  marked  vential  bend  IJetwcen  the 
forebrain  and  the  heart  is  now  a  well-marked  invagina- 
tion of  the  skin  to  form  the  mouth  cavit}'.  It  is  not  as 
yet  connected  with  the  pharynx.  Projecting  from  the 
forebrain  are  the  optic  vesicles,  and  farther  back  are 
invaginations  of  the  ectoderui  for  the  internal  eai-.  Two 
gill  clefts  and  three  branchial  arches  are  ]«-eseut.  and 
branches  of  the  aorta  pass  through  the  latter.  The 
heart  consists  of  a  much  bent  tube. 

The  branchial  arches  and  clefts  are  of  great  morpho- 
logical importance,  since  they  determine  to  a  large  extent 
the  arrangement  of  the  various  organs  of  the  head  region. 
In  the  human  embryo  four  clefisand  five  branchial  arches 
appear  on  each  side.     The  last  arch  is  very  indistinct. 

We  thus  see  that  during  the  tirst  two  weeks,  which 
constitute  the  ovum  stage,  there  has  developed  from  the 
simple  one  celled  ovum  or  egg  an  embryo  with  its  mem- 
branes, the  amnion  and  chorion,  the  latter  having  over 
its  entire  surface  numerous  long  branching  villi,  and  in 
the  embryo  are  already  present  the  beginnings  of  the 
central  nervous  system,  the  alimentary  tract,  the  circula- 
tory system,  the  muscular  and  skeletal  systems,  the  lat- 
ter being  represented  by  the  chorda  dorsalis,  which  has 
differentiated  from  the  dorsal  wall  of  the  entodermal  sac 
and  canal.  The  primitive  urogenital  system  has  also 
begun  to  appear.  The  }'olk  sac  remains  throughout  this 
stage  the  dominant  feature  of  the  embryo. 

7'he  Embri/oixil  Starje. — During  the  third  week  the  em- 
bryo grows  rapidly  in  size  and  attains  a  length  of  about 


Fig.  5U".-Kmbryo  Lg.,  2.1.5  mm.  Long.  (Enlarged  about  30  di- 
ameters.) am.  Amnion  :  B,  belly  stalk  ;  C,  cborion;  /(.heart;  I'', 
yolk  sac.     (His.) 

4  mm.  The  brain  increases  in  size  and  shows  the  three 
primary  divisions.  The  optic  and  otic  vesicles  become 
inoi-e  prominent.  Two  more  gill  clefts  and  three  more 
gill  arches  appear  caudal  to  the  ones  alrcad}'  formed. 
The  altached  area  of  the  volk  sac  has  diminished.     The 
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mouth  cavity  communicates  witli  tlie  pliarynx.  By  the 
fwenly-lirst  "day  the  liml)  buds  appear  (see  Fig.  5148). 
Internally  the  lieait  is  eularijctl  and  takes  the  form  of  an 
S-shaped  tube.     From  the  aorta  now  arise  live  pairs  of 
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Fig.  .5148.— Embryo  Lr..  4.2  ram.  Long.  ( Enlarged  about  25  diame- 
ters.) am.  Amnion ;  n»,  auditory  capsule  ;  B,  belly  stalk  ;  /i,  heart ; 
LI.  lower  and  VI,  upper  limb;  I',  yolk-sac.     (His.) 


arteries  which  pass  through  the  five  pairs  of  gill  arches, 
joining  on  the  dorsal  side  of  the  pharynx  into  the  com- 
mon dorsal  aorta. 

By  the  narrowing  of  the  attachment  of  the  yolk  sac 
more  of  the  primitive  gut  has  been  folded  off,  so  that 
now  the  foregut,  midgut,  and  hindgul  arc  to  be  distin- 
guished. In  the  foregut  can  ah'eady  be  made  out  the 
pharynx  with  its  diverticula,  the  cesophagus,  and  the 
stomach.  Of  the  pharyngeal  diverticula  there  are  four 
pairs  of  gill  pockets  corresponding  to  the  gill  clefts  on 
the  external  surface  and  separated  from  the  gill  clefts  by 
a  thin  membrane.  Tlie  diverticulum  for  the  respiratory 
tract  has  begun  to  bud  from  the  O'sophagus.  The  first 
indication  of  the  lungs  and  trachea  is  found  in  embryos 
of  about  3.3  mm.  in  length  in  the  foi'in  of  a  groove,  the 
pulmonary-  groove,  along  most  of  the  ventral  surface  of 
the  o?sophagus.  During  the  embryonal  stage  this  groove 
deepens  especially  toward  the  stomach,  where  it  ends  in  a 
a  rounded  projection,  wliich  lengthens  and  gives  off 
branches.  These,  by  repeated  branching,  give  rise  to  the 
various-sized  bronchi  and  the  epithelial  portion  of  the 
lungs.  The  pulmonaiy  groove  gradually  becomes  con- 
stricted off  from  the  oesophagus  to  form  the  trachea.  At 
the  upper  end,  however,  it  remains  open  into  the  pharynx, 
in  the  region  of  the  fourth  branchial  diverticulum,  to  form 
the  glottis.  The  midgut  gives  rise  to  the  small  intestine 
and  to  a  portion  of  the  large  intestine.  From  it  have 
arisen  diverticula  which  give  rist;  to  the  liver  and  pan- 
creas. The  hindgut  gives  rise  to  the  rest  of  the  large  in- 
testine and  to  the  rectum. 

The  piimitive. urogenital  system  has  appeared  as  two 
longitudinal  ridges  i)rojecting  into  the  ccelom  along  its 


dorsal  wall,  one  at  either  side  of  the  median  line  in  the 
posterior  half  of  the  embryo.  This  ridge  contains  the 
Wolffian  duct,  the  pronephros  with  its  two  tubules  and 
rudimentary  glomeruli.  The  AVolffian  duct,  which  is  the 
first  to  appear,  develops  from  the  mesenchyme,  and  ex- 
tends from  the  heart  region  to  the  cloaca.  Soon  after  the 
nonfunctional  pi'onephros  is  formed,  the  mesonephros 
begins  to  develop  and  its  tubules  join  the  Wolffian  duct. 
The  mesonephros  is  a  much  more  important  structure 
than  the  pronephros,  and  we  shall  consider  it  again  later. 
The  beginning  of  the  Mlillerian  duct  is  also  present  at 
this  stage. 

During  the  fourth  week  growth  is  relatively  more  ac- 
tive than  at  any  other  time,  except  during  the  verj'  early 
stages  of  the  first  week  or  ten  days.  The  embryo  about 
doubles  in  lengtli,  and  attains  a  length  by  the  end  of  this 
week  of  about  6  or  7  mm.  During  the  first  part  of  the 
week  the  embryo  becomes  very  much  fle.xed,  so  much  so 
that  the  head  and  tail  nearly  touch.  The  brain  vesicles 
are  better  developed,  as  are  also  the  gill  clefts  and  arches, 
the  eyes,  ears,  and  nasal  pits.  The  heart,  which  is  much 
enlarged,  lies  in  the  cervical  region,  near  the  mouth,  and 
produces  with  the  liver,  which  is  now  of  considerable  size, 
a  large  ventral  bulge.  The  simple  tubular  heart  with  its 
single  cavity  is  rapidly  changing  into  a  coiuplicated  four- 
chambered  structure  with  imperfect  partitions.  By  the 
end  of  the  fourth  week  (see  Fig.  5149)  the  anterior  en- 
larged portion  of  the  head  has  become  bent  at  right  angles 
to  the  main  axis  of  the  body.  From  the  first  gill  arch  a 
maxillaiy  process  is  developing  which  will  ultimately 
form  a  portion  of  the  upper  jaw.  From  the  main  portion 
of  the  arch  will  form  the  lower  jaw.  The  limb  buds  have 
increased  in  size.  The  arm  bud  projects  from  the  cer- 
vical region  and  the  leg  bud  from  tlie  lumbar  region. 
The  yolk  sac  is  very  small  and  the  amniotic  sac  is  much 
enlarged.  During  the  early  part  of  the  fourth  week  the 
intestinfil  tube,  composed  of  its  several  characteristic  seg- 
ments, lies  in  the  sagittiil  plane  attached  to  the  dorsal 
wall  of  the  body  cavity  bj-  the  straight  primitive  mesen- 
tery. Toward  "the  last  of  the  week  rapid  growth  takes 
place,  the  intestine  lengthens,  and  becomes  coiled  and 
twisted. 

The  nerves  have  begun  to  grow  from  the  medullary 
tube  or  central  nervous  .system  into  the  mesenchyme. 
Plexuses  are  forming,  but  the  nerves  are  not  attached  to 
their  end-organs.  There  are  now  thirty-eight  primitive 
segments  or  myotomes  which  have  been  formed  from  the 
mesenchyme  lateral  to  the  spinal  axis.  Muscle  fibres  are 
beginning  to  differentiate  from  the  cells  of  these  seg- 
ments. Their  ventral  ends  have  begun  to  grow  into  the 
primitive  abdominal  wall  formed  by  the  growing  around 
of  the  amnion.  Condensed  n)esenchyme  marks  portions 
of  the  vertebral  column.  In  the  arm  bud  tlie  mesen- 
chyme is  beginning  to  differentiate  to  form  the  skeletal 
core  of  condensed  mesenchyme.  The  Wolffian  ridge  has 
increased  in  size  and  the  JIUllerian  duct  is  now  formed 
and  runs  parallel  with  the  Wolftian  duct.  A  diverticu- 
lum front  the  lower  end  of  the  Wolffian  duct  near  the 
cloaca  indicates  the  beginning  of  the  permanent  kidney 
and  its  duct,  the  ureter.  On  the  Wolffian  ridges  are  also 
.seen  the  first  traces  of  the  sexual  glands,  but  they  are  in- 
different in  tvpe,  and  not  until  the  fifth  week  can  sex  be 
determined  by  microscopical  examination. 

B}'  the  middle  of  the  fifth  week  the  embrvo  is  9  ram. 
in  length.  The  amniotic  sac  is  now  so  much  enlarged 
that  it  is  everywhere  in  contact  with  the  chorion.  A 
true  umbilical  cord  of  some  length  has  developed  by  the 
enclosure  of  the  entire  belly  stalk  and  yolk  stalk  within 
a  tubular  prolongation  of  the  embryonic  ectoderm  and 
somatic  mesoderm  of  the  embryo.  The  embr3-i)nic  ecto- 
derm at  the  end  of  the  cord  is  continuous  \vith  the  extra 
embryonic  ectoderm  of  the  amnion,  and  the  somatic  meso- 
derm with  that  of  the  amnion,  which  is  in  contact  with 
that  of  the  chorion.  So,  strictly  speaking,  the  imibilieal 
cord  is  a  portion  of  the  embrj'o,  the  amnion  having  been 
carried  farther  and  farther  from  the  umbilicus  by  exten- 
sion of  the  embryonic  ectoderm.  The  head  is  as  large  as 
the  rest  of  the  body,  and  bent  at  right  angles  to  it.     Its 
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large  size  is  due  to  tlie  rapid  growth  of  the  brain.  Tlie 
three  primary  divisions  of  the  brain  are  more  niarlied  and 
bent  upon  each  other.  From  tlie  forebrain  the  cerebral 
hemisplieres  liave  begun  to  grow.  The  spinal  cord  forms 
a  thick-walled  tube  of  nervous  tissue.  The  various  cra- 
nial and  spinal  nerves  now  extend  some  distance  into  the 
body  and  the  motor  nerves  of  the  head  and  shoulder  reach 
the  "premuscle  masses.  The  rami  communicantes  are  al- 
ready preseul  at  this  stage  and  connect  with  the  sympa- 
thetic cord.  The  latter  forms  a  continuous  column  of 
cells  in  front  of  the  vertebra",  and  has  not  as  yet  .sepa- 
rated into  ganglia.  The  sympathetic  nerve  cells  have 
reached  this  position  by  migration  from  the  ganglia  of 
the  dorsal  roots. 

At  about  this  time  the  suprarenals  commence  their 
development  and  are  found,  at  the  beginning  of  the  third 
month,  occupying  their  characteristic  position  as  a  caji 
fitted  over  the  head  of  the  kidiiey.  They  rapidly  acquire 
a  verjr  large  size  and  at  birth  have  their  permanent  vol- 
ume.  There  is  no  developmental  relation  between  the 
suprarenals  and  the  kidne}'.  The  suprarenals  are  prob- 
ably derived  partiallj'  from  the  mesonephros  and  par- 
tially from  the  sympathetic  nervous  system,  the  latter 
giving  rise  to  the  medullary  portion  and  the  former  to 
the  cortical  portion. 

The  gill  clefts  and  arches  are  undergoing  marked 
changes.     From  the  first  arch  the  upper  and  lower  jaws 


Fig.  5U9.  —Reconstruction  of  Embryo  No.  II.,  Johns  Hopkins  Univer- 
sity Collection.  (Enlarged  17  times.)  V  and  X  Fifth  and  tenth 
cranial  nei-ves ;  i,  2,  3^  and  4,  cast  of  the  branchial  pockets  ;  i  and 
N,  tlrst  and  eighth  cervical  nerves,  from  the  fourth  the  phrenic  arises ; 
J-,  twelfth  dorsal  nerve;  ^4,  auricle;  1'.  ventricle;  L,  lung;  N. 
stcimach;  P,  pnnriens;  ir  D,  WolBlan  body;  JC,  kidney:  M, 
mesentei  y  ;  S  T.  septum  transversuin  ;  0.  openings  which  com- 
munlcati*  with  the  inTitoneal  cavity  of  the  tipposite  side.  The  black 
line  aiuiind  the  heart  marks  the  pericardial  cavity.     (After  Mall.) 


are  developing.  From  the  first  cleft  the  external  auditory 
canal  and  ear  drum  are  forming,  and  from  the  pharyngeal 
portion  of  the  cleft  the  Eustachian  tube  and  middle  ear. 
Tlie  malleus  ami  incus  of  the  ear  arise  from  the  dorsal 


jiortion  of  the  cartilage  of  the  first  gill  arch,  and  from  its 
ventral  portion  Meckel's  c;irtilage.  From  the  second 
arch  are  forming  the  stapes,  styloid  jirocess,  and  the  hyoid 
apparatus,  to  which  later  the  tongue  niu.scles  become  at- 
tached. The  remaining  arches  and  clefts  are  beginning 
to  disappear  by  sinking  into  llie  depth  of  the  neck,  re- 


Fir,.  .M.itl. -Lateral  View  uf  a  Human  Enibrvo  9  mm.  in  Length  and 
.Aliout  Four  and  One-half  Weeks  old.  No.  CLXIII.  John.<  Hopkins 
fniversity  rollection.  (Enlarged  about  8  diameters.;  The  areas 
from  which  the  skin  has  been  removed  are  drawn  from  recon- 
structions, the  remaining  portions  from  excellent  photographs. 
The  myotomes  are  growing  into  the  body  wall.  Portions  of  the 
premuscle  masses  nf  the  arm  are  seen  and  also  the  preskeletal  tissue 
of  the  atiM  and  Iclt  with  the  beginnings  of  the  lumbar  sacral  plex- 
uses.   ( After  Bardeen     tuid  Lewis. ) 


maiuing  connected  with  the  surface,  however,  by  a  deep 
sinus,  the  so-called  cervical  sinus.  Occasionally  one  may 
persist  to  adult  life  as  a  sinus  or  cyst.  The  arm  and  leg 
are  enlarged  and  show  two  segments  (see  Fig.  5150). 
The  skeletal  system  consists  of  a  condensed  mesenchymal 
tissue  jind  precartilage.  The  premuscle  masses  of  the 
liead  and  arm  are  differentiating  from  the  mesenchyme. 
Those  of  the  trunk  arising  from  the  myotomes  contain 
muscle  fibres  and  are  more  advanced,  while  those  of  the 
limbs  appear  to  develop  in  situ,  about  the  preskeletal 
mesenchyme,  and  show  no  fibrillation  The  heart  still 
lies  close  to  the  mouth  in  the  neck  region.  It  is  much 
changed  in  shape  and  is  imperfectly  four-chambered. 
The  truucus  arteriosus  is  undergoing  division  into  two 
tubes  by  the  formation  of  the  aortic  septum. 

The  modification  of  the  primary  arterial  system  is 
progressing  rapidly.  The  main  ]iortions  of  the  first  two 
arches  have  disappeared,  giving  rise  with  the  thiid  arch 
to  the  common  carotids  and  their  branches.  From  the 
last  arch  the  pulmonary  arteries  are  developing,  and  from 
the  fourth,  which  .seems  to  be  a  combination  of  the  fourth 
and  fifth,  develop  the  large  aortic  arch  on  the  left  side 
and  innominate  and  subclavian  on  the  right  side.  The 
latter,  however,  still  retains  its  connection  with  the  dor- 
sal aorta,  giving  a  condition  found  in  reptiles.  The  im- 
portant connection  of  the  last  arch  on  the  left  side  with 
the  aorta  remains  of  large  size,  and  that  portion  of  it  be- 
tween the  pulmonar}'  artery  and  the  aorta  forms  tlie  duc- 
tus arteriosus,  a  veiy  important  fietal  structure,  as  it  en- 
ables the  venous  blood  from  the  right  side  of  the  heart  to 
pass  into  the  aorta  without  going  through  the  lungs.  The 
growth  of  the  liver  has  also  been  an  important  factor  in 
bringing  about  modifications  in  the  venous  system.  With 
the  diminution  of  the  umbilical  vesicle  the  extra  embry- 
onic portion  of  the  omphalo-meseuterics  disappears,  but 
the  embryonic  portions  of  the  two  veins  form  the  portal 
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tlie  two  umbilical  veins,  the  left  persists  en- 
tile single  umbilical  vein  of  the  eml)ryo  and 
ight  uiubilical  vein  degenerates  into  an  un- 
ein.  The  presence  of  the  liver  has  also 
proximal  ends  of  the  umbilical  veins.  The 
•omes  divided    into   a   capillary   net,  ■which 


Fig.  .5151.— Lateral  View  of  a  IJuman  Embryo  11  mm.  in  Length 
and  About  Five  Weeks  Old.  No.  CIX..  Jolms  Hopkins  University 
Collection.  (Enlai'f^ed  al)o«t  7  diameters.)  The  dissected  area  was 
drawn  from  a  reconstruction.     (After  Bardeen  and  Lewis.  I 


again  collects  into  a  short  vein  that  opens  into  the  sinus 
venosus.  The  development  of  the  ductus  venosus  soon 
forms  a  channel  for  most  of  the  blood  carried  by  the  um- 
bilical vein.  The  pro.\inial  portion  of  the  inferior  vena 
cava  is  developed  as  a  new  structure.  The  distal  end  of 
this  unites  with  the  right  inferior  cardinal  iu  the  region 
where  the  renal  arteries  arise;  and  the  caudal  continu- 
ation of  the  cardinal  from  this  point  of  imion  becomes 
the  inferior  portion  of  the  vena  cava.  The  remaining 
portions  of  the  two  cardinals  form  the  azj'gos  veins.  A 
cross  anastomosis  develops  from  the  left  jugular  to  the 
right  jugular,  and  from  the  common  stem  thus  formed 
develops  the  superior  vena  cava.  The  proximal  portion 
of  the  ductus  Cuvieri  on  the  left  side  then  loses  its  con- 
nection with  the  jugular  and  becomes  the  coronary  sinus 
of  the  heart. 

By  the  time  the  embryo  is  five  weeks  old  it  has  attained 
a  length  of  11  mm.  (see  Fig.  5151).  The  head  is  still  veiy 
large  and  bent  at  right  angles  to  the  main  axis  of  the 
body.  The  maxillary  and  nasal  processes,  which  fuse  at 
a  later  stage  to  form  tbeuppcr  jaw,  are  now  more  marked 
and  approaching  each  other.  The  external  nares  are 
Hearing  the  middle  line.  The  external  ear  is  represented 
by  .several  small  protuberances  about  the  first  cleft.  The 
general  boily  musculature  is  well  advanced  and  has  its 
nerve  supply.  The  ribs  and  the  mu.scles  of  the  thorax 
and  abdomen  have  grown  some  distance  into  the  thin 
membrane,  membrana  reuniens,  which  in  early  stages 
constitutes  the  ventral  body  wall.  The  limbs  are  much 
enlarged  and  contain  a  skeletal  core  of  cartilage  sur- 
rounded by  the  developing  mu.scles.  The  arm  keeps  about 
two  weeks  in  advance  of  the  leg  in  its  internal  ditferen- 
tiatiou.  The  vertebral  column  and  ribs  are  formed  par- 
tially in  cartilage.  The  fourth  i>4ur  of  the  aortic  arches 
still  persists  entire  and  the  others  are  modified  in  various 
ways  to  form  the  larger  arteries  in  this  region.  The 
liver  has  been  increasing  rapidly  in  size,  and  in  this 
embryo  as  in  the  preceding  stage  forms  with  the  heart 
most  of  the  large  projecting  abdomen  and  thorax.     The 


allantois  forms  a  long  narrow  tube  extending  from  the 
liindgut  into  the  umbilical  cord  as  far  as  the  chorion. 
At  a  later  stage  the  umbilical  portion  becomes  obliterated, 
while  the  portion  near  the  liindgut  enlarges  into  the  blad- 
der. 

During  the  fifth  week  the  oesophagus  elongates  and  the 
stomach  acquires  its  characteristic  form,  as  well  as  an 
obliquely  transverse  position,  its  former  left  side  becom- 
ing directed  anteriorly  and  upward,  and  its  former  right 
side  looking  backward  and  downward.  This  explains 
the  distribution  of  the  left  vagus  nerve  to  the  front  of  the 
stomach  and  the  right  to  the  back;  for,  before  this  twist- 
ing of  the  stomach  began,  these  nerves  had  already 
reached  the  stomach.  The  connection  of  the  yolk  stalk 
or  vitelline  duct  with  the  intestinal  canal  rapidly  be- 
comes less  marked,  and  by  the  end  of  this  week  only  a 
small  duet  attaches  the  yolk  sac  to  the  intestine. 

During  the  last  part  of  the  embryonal  stage  and  the 
first  part  of  the  fo-tal  stage  there  are  very  important 
shif tings  or  migrations  of  various  organs  in  the  body. 
That  of  the  heart  and  diaphragm  from  the  cervical  region 
into  the  thoracic  region  is  of  especial  interest,  as  other 
structures  are  dragged  along  with  them.  The  large 
blood-vessels  are  pulled  downward,  and  such  nerves  as 
the  recurrent  laryngeals  indicate  this  process.  Originally 
they  passed  directly  from  the  vagus  to  the  larynx  just 
posterior  to  the  fifth  aortic  arch,  and  by  the  migration  of 
the  heart  and  large  blood-vessels  they  are  brought  into  the 
position  seen  in  the  adult.  The  diaphragm  in  its  descent 
obtains  muscle  tissue  and  its  nerve  in  the  cervical  region, 


Fig.  ,5152.  — Drawinff  from  a  Itt'f-novtriicti'in  of  a  Human  Embryo 
20  mm.  in  Leiitrtli  mid  About  Seven  Wioks  iild.  Nd.  XXII.,  Johns 
Hopkins  Unlveisiiy  CollecUun.  (Kulaif-'ed  about  oiliameters.)  The 
muscular  systems  of  the  lirnhsand  body  wall  are  seen  to  be  well  de- 
veloped.    (After  Bardeen  and  Lewis.) 

and  both  are  then  carried  down  to  the  lower  part  of  the 
thorax.  The  limbs  also  exhibit  a  migration,  the  arm 
from  the  cervical  to  the  thoracic  region  giving  the  cauiial 
inclination  to  the  brachial  plexus,  which  originally  went 
straight  out  into  the  arm  without  tliis  caudal  inclina- 
tion. The  leg  likewi.se  migrates.  Alauv  individual  mus- 
cles also  take  part  in  this  shifting  and  migrating,  such 
as  the  trapezius  from  the  upper  cervical  region  and  the 
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latissimus  dorsi  from  the  lower  cervical.  The  path  of  the 
ucrve  from  its  exit  at  the  intervertebral  forameu  to  its 
point  of  entrauce  into  the  musele  indicates  the  patii  the 
migrating  muscle  has  taken,  while  the  branching  within 
the  muscile  probably  indicates  the  direction  in  which  the 
muscle  has  increased  in  size. 

During  the  embryonal  stage  the  yolk  sac  has  dimin- 
ished to  an  organ  of  relatively  small  size  and  importance, 
while  the  central  nervous  system,  with  its  greatlj-  en- 
larged anterior  end,  the  brain,  giving  to  the  head  its 
great  prominence,  becomes  the  predominating  feature  of 
the  embyo.  The  head  throughout  most  of  this  stage  is 
about  equal  in  bulk  to  the  rest  of  the  body  of  the  em- 
bryo. 

'Fatal  Stage.— In  an  embyro  seven  weeks  old  and  20 
mm.  long  the  carlj'faHal  features  are  fairly  well  marked. 
The  head  is  nearly  erect.  The  fusion  of  the  maxillary 
and  nasal  processes  is  proceeding  rapidly  to  form  the 
upjier  jaw,  and  the  nasal  pits  have  approached  nearer  to 
the  median  line.  Failure  of  fusion  between  these  proc- 
esses gives  rise  to  the  various  forms  of  cleft  palate  and 
harelip.  The  arms  and  legs  are  much  elongated,  and 
show  the  three  segments  seen  in  adults.  Fingers  and 
toes  are  also  to  be  distinguished.  Practically  every  mus- 
cle of  the  body  can  now  be  recognized,  and  has  also  its 
nerve  supply  (see  Fig.  5152).  Most  of  the  skeletal  ele- 
ments are  present  in  cartilage.  Portions  of  the  skull, 
however,  are  never  so  represented,  but  ossification  takes 
place  directly  from  the  condensed  mesench_vme.  The 
ribs  have  extended  nearly  to  the  mid-ventral  line.  The 
thoracic  and  abdominal  muscles  have  likewise  pushed 
farther  out  into  the  ventral  wall  of  the  body. 

By  the  end  of  the  second  month  the  permanent  kidney 
is  fairly  well  formed  and  the  Wolffian  body,  which  so 
far  in  tlie  life  of  the  embryo  has  performed  the  function 
of  an  excretory  organ,  begins  to  lose  its  importance.  All 
but  the  middle  portion,  which  later  forms  the  sexual 
gland,  atrophies.  Its  duct  in  the  male  forms  the  vas 
deferens,  in  the  female  degenerates,  while  in  the  female 
the  Mlillerian  ducts  form  the  Fallopian  tubes  and  uterus, 
and  in  the  male  degenerate.  Thus  by  the  end  of  the  sec- 
ond month  most  of  the  organs  which  are  found  in  the 
adult  are  formed.  The  main  processes  which  now  take 
place  until  birth  are  the  growth  and  shifting  about  of 
these  organs. 

The  third  month  establishes  the  human  form,  although 
the  head  still  unduly  predominates.  The  limbs  have  ac- 
quired their  definite  shape,  and  the  imperfect  nails  are 
present  on  both  lingers  and  toes.  The  external  organs  of 
generation  become  detinitely  differentiated,  although 
they  make  their  appearance  several  weeks  earlier. 

In  the  female  the  genital  tubercle  remains  much  less 
developed  to  form  the  clitoris.  The  genital  furrow  re- 
mains open  to  form  the  vestibide  and  the  genital  swell- 
ings the  labia  majora.  The  prepuce  and  labia  minora 
developing  from  the  genital  fold.?,  lie  at  either  side  of  the 
genital  sinus.  The  genital  swellings  in  the  male  when 
they  develop  into  the  scrotum  have  layers  identical  with 
those  of  the  abdominal  wall,  as  seen  in  the  following 
scheme : 


Abdominal    Walls. 
Integument. 
Superficial  fascia. 
External  oblique  muscle. 
Internal  obliciue  muscle. 
Transversalis  muscle. 
Peritoneum. 


Scrotum. 
Integument. 
Dartos. 

Intercolumnar  fascia. 
Cremasteric. 
Infundibuliform  fascia. 
Tunica  vaginalis. 


The  tunica  vaginalis  lines  the  sac,  communicating 
above  with  the  peritoneal  cavity  ;  and  into  this  sac  later 
the  testicle  descends.  The  anterior  end  of  the  ureter  now 
reaches  the  neighborhood  of  the  suprarenal  where  it  ends 
in  the  kidne}-,  which  consists  of  about  eighteen  lobes, 
one  for  each  group  of  tubules  connected  with  the  ureter. 
This  lobulation  persists  until  after  birth.  The  supra- 
renals  now  tit  caplike  over  the  anterior  end  of  the  kidney. 
At  the  end  of  the  month  the  fa'tus  weighs  about  120 


gm.  (3i  ounces),  and  measures  about  5  cm.  (2  inches)  in 
length. 

During  the  fourth  month  hairs  devoid  of  pigment  ap- 
pear on  the  scalp  and  other  parts  of  the  body,  which 
is  now  covered  with  firmer  skin  of  a  rosy  hue.  The  eye- 
lids, nostrils,  and  lips  are  closed.  The  antis  opens,  and 
the  coils  of  intestine,  which  before  extended  into  the  um- 
bilical cord,  now  lie  entirely  within  the  abdominal  cavity. 
The  point  of  emergence  of  the  umbilical  cord  lies  low 
down  close  to  the  pubcs.  The  head  forms  about  one- 
fourth  of  the  entire  body.  The  bones  of  the  skull  while 
ossifying  are  still  widely  separated.  The  sexual  distinc- 
tions of  the  external  genital  organs  are  well  defined.  By 
the  end  of  this  month  the  fcetus  weighs  about  230  gm. 
(7+  ounces),  and  measures  about  10  em.  (4i  inches)  in 
length. 

During  the  fifth  month  the  lower  extremities  become 
longer  than  the  arms,  nails  are  well  formed,  and  hairs 
are  more  plentiful,  but  devoid  of  color.  The  fa'tal 
movements  arc  distinctly  felt  by  the  mother.  The  su- 
doriparous glands  arise  during  this  month  as  solid  cylin- 
drical outgrowths  from  the  primary  ridges  of  the  epider- 
mis into  the  dermis.  Later  they  become  coiled  and  a 
lumen  appears.  The  heart  and  liver  share  with  the  head 
in  the  undue  preponderance  which  these  parts  present. 
At  the  end  of  this  month  the  foetus  measures  20  cm.  (8 
inches)  in  length,  and  weighs  about  500  gni.  (1  pound). 

During  the  xixth  nionili  the  surface  presents  many 
wrinkles  and  is  of  a  dirty  reddish  hue;  the  sebaceous 
coating,  the  vernix  caseosa,  begins  to  appear.  This 
whitish  substance  is  composed  of  shed  surface  epithe- 
lium, mingled  with  the  secretions  of  the  sebaceous 
glands;  its  primary  function  seems  to  be  the  protection 
of  the  integument  from  maceration  by  the  amniotic  fiuid. 
The  eyebrows  and  eyelashes  begin  to  grow.  .  The  length 
of  the  fa'tus  by  the  end  of  thismouth  is  about  30  cm.  (12 
inches),  and  its  weight  about  1,000  gm.  (2  povmds). 

The  Seventh  Month,- — The  formation  of  fat  causes  an 
appearance  of  greater  plumpness,  although  the  surface  is 
still  somewhat  wrinkled.  The  hairs  are  longer,  about  5 
mm.  in  length.  The  eyelids  are  now  permanently  open. 
The  liver  is  still  relatively  large;  the  testicles  have  de- 
scended as  far  as,  or  even  into,  the  inguinal  canals.  Chil- 
dren born  at  the  end  of  this  month  may  live.  The  fcttus 
measures  at  the  end  of  this  period  about  37  cm.  long  (15 
inches),  and  weighs  about  1,500  gm.  (3  pounds). 

Tl(e  Eiiihth  Month. — This  and  the  ninth  month  com- 
plete the  foetal  period.  The  chief  changes  are  great  in- 
crease in  weight,  as  by  the  end  of  the  eighth  month  the 
foetus  weighs  from  2  to  2.5  kgm.  (4  to  5  pounds)  and 
measures  about  42  cm.  in  length.  The  scalp  is  well  sup- 
plied with  hair,  and  the  finger  nails  almost  reach  the  fin- 
ger tips.  The  lanugo  or  embryonal  down  begins  to 
disappear.  The  subcutaneous  fat  has  increased  con- 
siderably, giving  a  more  rounded  form  to  the  body. 

The  Nintli  Month. — During  this  month  there  is  a  rela- 
tively large  increase  in  weight,  from  2  to  2.5  kgm.  to 
about  3  or  3.5  kgm.  (6  to  7  pounds),  while  the  increase  in 
length  is  only  from  about  42  to  50  cm.  (20  inches).  The 
skin  is  less  highh-  colored  and  the  lanugo  has  almost  en- 
tirely disappeared.  The  testicles  have  descended  into 
the  scrotum ;  in  the  female  the  labia  majora  are  in  eon- 
tact.  Centres  of  ossification  usually  appear  in  the  epiph- 
ysis at  the  lower  end  of  the  femur,  and  often  in  the 
upper  epiphyses  of  the  tibia  and  humerus. 

Warren  Harmon  Leioin. 

GIGANTISM,  GENERAL.— The  word  giant  is  derived 
from  the  Middle  English  "geant,"  the  equivalent  of  the 
French  "geant,"  which  may  be  traced  back  to  the  Greek 

Very  early  in  the  world's  history  we  meet  with  refer- 
ences to  huge  beings  of  supernatural  strength.  Even 
before  the  flood,  in  the  stoiy  of  Noah,  we  are  informed 
that  "there  were  giants  in  the  land  in  those  days,"  and 
there  are  stray  allusions  to  giants,  Emmim  and  Anakim, 
in  the  accounts  of  the  early  Jewish  conquests,  in  the 
sight  of  whom  the  people  were  "as  grasshoppers,"  to  use 
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llic  characteristic  Eastern  lijperbole.  Later,  we  have  the 
celebrated  battle  between  David  and  Goliath  of  Gath,  one 
of  the  few  reniainins  descendants  of  these  Anakim,  whose 
heiitlit  was  six  cubits  and  a  span.  The  Greeks,  also,  had 
their  irianls  in  the  nian-eatini;  Cyclopes  and  Lestrygones. 
The  Titans,  too.  forty-five  in  number,  whose  children 
were  the  Gigantes,  were  of  enormous  size.  They  did  not 
fear  to  encountin-  tlie  gods,  and  were  said  to  have  lieaped 
lip  mountains,  to  have  "  piled  Ossa  on  Pelion,"  in  order 
to  scale  tlie  heavens.  All  nations,  alike  in  tlieir  love  of 
tlie  marvi'liousand  their  sympathy  with  the  weaker  side, 
have  their  stories  of  unequal  battles,  recalling  the  strug- 
gle lietween  the  jiygmics  and  the  giants,  waged  between 
brave  men  and  monstersof  immense  size  and  strength,  in 
"which  the  lesser  power  comes  off  the  conqueror.  An  in- 
stance that  will  be  familiar  to  all  is  the  popular  nursery 
tale  of  "Jack  th('  Giant-killer,"  which  u.scd  to  delight  us 
so  much  in  our  youtli.  As  is  usuallj'  the  case,  human 
credidity  and  the  innate  tendency  to  exaggeration  have 
magnitied  many  of  tliese  tales  beyond  the  bounds  of 
crediliility.  Wliile  it  must  be  admitted  that  in  former 
limes  there  have  been  individuals  and  even  races  that  far 
exceeded  in  strength  and  stature  the  ordinary  run  of  man- 
kind, the  application  of  the  rigid  canons  of  modern  scien- 
titie  inquiry  has  resulted  in  the  dethronement  of  the 
sui)ernatural  element  and  the  reduction  of  the  subject, 
though  marvellous  enough  still,  to  more  manageable 
jn'oportions.  Before  passing  on  to  disc\iss  the  nature  of 
this  curious  anomaly  of  development  that  we  call  gigant- 
ism, we  may  with  advantage  pause  for  a  moment  to  de- 
termine what  constitutes  giant  growth. 

This  is  not  so  easy  as  it  seems.  If  any  one  asks  himself 
the  question,  "  Where  does  giant  growth  begin?  "  he  will 
at  once  realize  that  his  ideas  are  somewhat  hazj'  and  his 
language  conventional.  In  popular  parlance  a  giant 
may  be  said  to  be  any  individual  who  exceeds  in  a  not- 
able degree  the  average  h<'ight  of  iuunan  beings.  A  per- 
son of  six  feet  six  or  upward  would  probably  be  called 
gigantic.  This  is,  of  course,  an  exceedingly  loose  and 
by  no  means  scientific  definition.  It  fixes  no  limits,  it 
takes  no  account  of  weight  and  strength;  in  short,  it 
lacks  precision.  Larcher  '  defines  a  giant  to  be  "  A  being 
who,  free  in  other  respects  from  all  defect  in  the  essen- 
tial characteristics  of  the  organization,  excels  notably  in 
height  other  beings  of  tlie  same  race  who  have  reached 
adult  age."  In  sucli  a  case  the  structural  harmony  and 
the  relationships  between  the  different  parts  are  manifest- 
ly normal,  the  sole  deviation  being  the  striking  increase 
in  height.  It  is  scarcely  necessary  to  point  out  that  this 
definition  portrays  for  us  the  ideal  or  perfect  giant,  a 
being  I'ather  more  imaginary  than  real.  No  doubt  there 
have  been  individuals  of  great  size  and  strength,  hand- 
some, well  proportioned,  and  well  balanced  in  all  their 
faculties,  but  these  are  the  rani;  or  rather  the  ranssimo! 
ares.  As  a  matter  of  fact,  the  immense  majority  of 
giants  present  the  unmistakable  stigmata  of  defect  or 
degeneration.  The  definition  further  ignores  the  fact 
that  gigantism  is  a  process,  an  anomalous  one  it  is  true, 
but  still  a  process  of  growth  which  may  and  does  mani- 
fest it.self  in  embryonic  life  and  childhood,  as  well  as  in 
tlie  adult  stage.  Pierre  ]\Iarie  ''  recognizes  two  forms  of 
gigantism:  (1)  'rriie  ijigniithrii.  consisting  in  a  simple 
exaggeration  of  the  normal  process  of  growth;  and  (2) 
sj/raptomatic  r/igantism,  a  manifestation  of  pre-existing 
disease.  Meige'  would  restrict  the  term  gigantism  to 
Marie's  second  class  on  the  ground  that  the  members  of 
the  first  group  are  in  all  respects  normal  persons,  differ- 
ing in  no  way,  save  in  lieight,  from  other  individuals  of 
the  same  species.  This,  while  no  doubt  contributing  to 
precision  of  language  and  lessening  the  possibility  of 
confusion  in  description,  is  in  my  opinion  too  extreme  a 
position  to  take,  for  who  will  maintain  that  an  exaggera- 
tion of  a  normal  process  of  growth  is  not  a  pathological 
manifestation?  We  ouglit  not,  therefore,  ra.shly  to  con- 
clude that  true  gigantism  and  symptomatic  gigantism  are 
necessarily  or  essentially'  different  processes,  or  that  tlie 
former  .should  be  left  out  of  our  consideration  of  the  gen- 
eral sul)ject  of  gigantism.     We  shall  be  helped  consider- 


ably toward  a  proper  conception  of  what  constitutes 
giant  growth  if  we  consider  briefly  what  may  be  called 
the  "  law  of  deviation  "  enunciated  by  Thoma. 

Thoma^  states,  on  the  basis  of  an  extended  series  of 
observations,  that  in  adults  the  normal  length  of  the 
body  averages  approximately  169  cm.  in  the  male  and 
163  cm.  in  the  female:  the  normal  average  body  weight 
is  60  kgm.  and  56  kgm.  rcspectivelj'.  Considerable  va- 
riations on  one  or  other  side  of  this  norm  occur.  In  one- 
half  the  total  number  of  individuals  the  amount  of  de- 
viation is  anywhere  from  0.0  to  3.S  cm.  for  height,  and 
from  0.0  to  5  kgm.  for  weight.  In  accordance  with 
observations  he  has  made,  Thoma  finds  that  tlie  fifth 
multiple  of  the  figures  representing  the  amount  of  nor- 
mal deviation,  namely,  19  cm.  and  2.')  kgm.,  is  exceeded 
only  once  in  a  tliousand  individuals.  According  to  this 
an  adult  male  would  be  regarded  as  a  giant  if  his  height 
exceeded  169  jilus  19  or  188  cm,,  or  if  his  weight  were 
more  than  60  plus  2.5  or  85  kgni.  The  normal  limits, 
however,  for  the  upper  well-nonrished  classes  are  , some- 
what higher  than  the  figures  given,  namely,  175  cm.  and 
66  kgm.,  so  that  the  lower  limit  for  giant  growth  would 
be  more  correctly  placed  at  175  plus  19  or  194  cm.,  and 
66  plus  25,  or  91  kgm.  (6  feet  4)t  inches,  and  200  pounds 
5|  ounces).  In  the  case  of  new-born  infants  the  normal 
average  for  length  is  50  cm.  and  for  weight  3.2  kgm. 
The  amount  of  deviation  is  approximittely  1.4  cm.  and 
0.28  kgm,  respectively.  Applying  the  .same  rule  we 
may  assume  giant  growth  in  children  if  they  exceed  57 
cm.  in  length  and  4.0  kgm.  in  weight.  For  Thoma, 
then,  a  giant  is  literally  a  man  in  a  thousand.  We 
cannot,  however,  assume  that  because  an  individual 
exceeds  these  dimensions  he  is  necessarily  a  giant.  It 
should  be  noted  that  height  and  weight  are  not  nec- 
essarily closely  correlated.  In  true  gigantLsm  no  doubt 
they  would  be,  but  in  many  cases  we  find  that  those 
gigantic  in  stature  are  not  heavier  than  many  normal 
persons.  This  is  often  to  be  explained  on  the  score  of 
some  wasting  disease  which  is  present,  or  that  the  indi- 
viduals in  cjuestion  have  died  or  been  observed  before  the 
consolidation  of  the  body  bad  been  properly  attained. 
Further,  an  excess  in  weight  above  the  limit  of  91  kgm. 
cannot  in  itself  constitute  gigantism,  for  this  weight  is 
frequently  attained  by  those  who  would  be  regarded  as 
normal  individuals,  and  has  also  been  attained  in  cases 
of  diffuse  lipomatosis,  elephantiasis,  and  when  large  tu- 
mors are  present.  Gigantism  is  quite  different  from  this. 
Properly  understood,  it  implies  not  a  mere  increase  in  the 
bullj  of  an)'  tissue  or  group  of  tissues,  but  rather  an  ab- 
normal increase  in  the  size  of  the  body  as  a  whole,  due  to 
some  peculiar  and  inherent  nutritive  disturbance.  The 
term  marrogenesy  would  perhaps  most  correctly  designate 
the  condition. 

Gigantism  manifests  itself  in  an  excessive  growth  of 
the  bones,  more  especially  in  the  direction  of  length,  but 
also  to  some  extent  in  thickness.  The  long  bones  are 
most  noticeably  involved,  but  all  the  bones  of  the  body 
may  be  to  some  degree  affected.  With  tliis  there  is  a 
corresponding  increase  in  size  of  the  nerves,  vessels,  and 
soft  tissues  generally.  The  most  striking  and  constant 
feature  in  giants,  however,  is  their  great  height.  The 
deviation  in  weight  is  less  ajiparent,  is  usually  less  and 
never  more  than  the  increase  in  height  would  warrant. 

From  a  pathological  standpoint  gigantism  belongs  to 
the  group  of  tissue  hypertrophies,  of  which  there  are 
many  less  extreme  manifestations  than  the  complete 
giant.  Local  hypertrophies  of  undoubtedly  develop- 
mental origin  are  not  infrequently  met  with,  particularly 
in  the  head  and  extremities.  In  the  ease  of  the  head  the 
bones  of  the  cranium  and  face  are  usually  involved,  giv- 
ing rise  to  an  extensive  and  remarkable  deformity  (Icon- 
tiasis  os.sea  of  Virehow),  the  exact  nature  of  which  is 
.somewhat  obscure  but  appears  to  be  essentially  a  diffuse 
hyperostosis.  The  form  found  in  childhood  is  especially 
common  in  the  upper  limbs,  and  may  be  unilateral  or 
bilateral.  Apart  from  these  instances  of  local  gigantism, 
which  are  cliaractcrized  mainly  by  an  abnormal  increase 
in  the  bulk  of  the  affected  part,  thci'e  are  other  condi- 
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tions,  regarded  by  some  as  forms  of  gigantism,  in  which 
the  excess  is  numerical,  as,  for  example,  polydactylisni, 
accessory  ribs  and  vertebra',  and  superuumerary  oigans. 

Gigantism,  or  niacrogi-uesy,  is  comparatively  rare  as  a 
■congenital  anomaly.  Fucbs^  iu  the  extensive  material 
of  tlie  Lyiug-iu  Hospital  at  Kiel  found  the  average 
weight  of  the  new-born  child  atfidl  term  to  be  from  3  to 
3.0  kgm.,  figures  which  agree  accurately  with  those  given 
b.y  Thoma.  This  limit  was  not  often  passed,  and  a  bodj' 
weight  of  5  k,gm.  (11  pounds)  was  of  the  greatest  rarity. 
In  8,600  births  at  the  Dublin  Rotunda  only  one  child 
reached  5  kgm.  Ahlfeld'  in  fifteen  years'  experience 
met  with  no  case  above  5.1  kgm.  Spiegelberg  and 
Wiener'  observed  tv;o  infants  weighing  5.3  atid  G  kgm. 
respectively.  Baudelocque  *  in  many  j'ears  saw  only  one 
infant  that  reached  6.375  kgm.  Fuchs  {loc.  eit.)  has 
described  in  detail  two  infants  that  weighed  6.1  and  7.55 
kgm.  and  measured  60  and  65  cm.  respectively.  The 
most  extensive  statistics  are  those  of  von  Winckel,?  who 
in  30,000  l)irths  found  no  child  reaching  6  kgm. ;  in  17,000 
cases  at  Munich  only  5  were  found  weighing  from  5  to 
5.33  kgm.  These  dimensions,  striking  as  thev  are,  have 
been  considerably  surpassed  by  some  found  in  English  and 
American  literature.  Eddowes '"  mentions  tlje  birth  of  a 
child  weighing  twenty-two  pounds  two  ounces.  The 
mother  was  thirty -three  years  of  age,  and  had  previous!}' 
borne  two  children  of  large  size.  Chubb  "  met  witii  one 
case  in  which  the  child  weighed  twenty-one  jiounds. 
The  other  children  of  the  family  were  exceptionally 
large.  The  fact  that  some  women  have  a  tendency  to 
liear  large  children  is  also  well  illustrated  by  an  observa- 
tion of  Dickinson's,'-  where  a  woman  was  delivered  by 
craniotoni}'  and  evisceration  of  a  child  weighing  sixteen 
pounds.  Her  first  child  weighed  nine  pounds  and  her 
second  twenty.  Beach '^  records  the  birth  of  the  child  of 
Captain  Bates  and  Anna  Swann,  both  of  gigantic  propor- 
tions, which  weighed  twenty-three  pounds  twelve  ounces. 
Baldwin  "  quotes  the  case  of  a  woman  wiio  after  having 
three  miscarriages  tiuallj'  had  a  child  weighing  twenty- 
three  pounds.  There  are  at  least  ten  other  instances  on 
record  of  new-born  children  weighing  from  thirteen  to 
twenty  pounds.  The  largest  child  I  have  been  able  to 
find  recorded  is  a  case  of  Dubois,'^  which  attained  the 
almost  incredible  weight  of  11.3  kgm.  (34  pounds  13A 
ounces). 

As  will  readily  lie  understood,  the  fate  of  giant  chil- 
dren is  often  an  untoward  one.  Not  infrequently  they 
<iic  in  the  later  months  of  gestation.  When  brought  to 
term,  they  have  to  be  delivered  by  operative  interference 
of  some  kind,  and  are  often  still-born.  It  is  an  interest- 
ing fact  that  the  dystocia  is  brought  about,  not  by  the 
head,  which  usually,  unless  hydrocephalic,  does  not  ex- 
ceed in  size  that  of  a  normal  child,  but  by  the  size  of  tlie 
trunk.  Tlic  biacromial  diameter  is  excessive.  In  Du- 
bois' series  of  forty-four  cases  only  twenty-six  were  born 
alive.  Children  of  8  kgm.  and  over  are  invariably  still- 
born. In  those  that  survive,  the  excessive  size  at  birth  is 
sometimes  compensated  for  by  slow  growth  subsequent- 
ly, but  the  pathological  nature  of  the  process  is  sufficient- 
ly indicated  by  the  fact  that  such  children  often  grow 
very  fast  and  attain  puberty  in  the  third  to  the  sixth 
year.  It  is  perhaps  questionable  whether  all  cases  of 
precocious  development,  wherein  the  individual  attains 
the  structural  and  functional  cliaracteristics  of  the  adult 
in  early  childhood,  are  to  be  regarded  as  manifestations 
of  gigantism.  Some  at  least  have  this  in  common  with 
gigantism  that  they  show  evidences  of  early  senility. 
Development  is  rapid  and  decay  is  premature.  Phlegmon 
("  De  !Miral)ilibus,"  cap.  B'2)  is  the  authority  for  the  state- 
ment that  Craterus,  the  brother  of  King  Antigonus,  was 
an  infant,  a  young  man,  married  and  begat  children,  and 
became  an  old  man  in  the  short  space  of  seven  years.  In 
1741  a  boy  was  born  at  W'illingham,  near  Cambridge, 
who  when  twelve  months  old  presented  all  the  appear- 
ances of  pubertv  and  died  an  old  man  at  the  age  of  five 
years  (Philos.  Trans  of  the  Royal  Soc.  of  London).  The 
subsequent  history  of  unusually  large  children  is  unfor- 
lunately  not  often  to  be  traced,  but  there  is  some  slight 


evidence  to  show  that  they  may  develop  into  gigantic 
adults.  Bonardi'*  reports"  an  interesting  case  which 
throws  some  light  upon  this  point.  A  boj-  at  the  age  of 
fifteen  had  the  size  and  development  of  an  adult  male. 
At  twentv-two  he  began  to  suffer  from  pains  in  the  head 
with  nausea,  and  .soon  after  the  hands,  feet,  maxilUx',  and 
tongue  began  to  increase  in  size.  At  the  age  of  twenty- 
nine  he  measured  194  cm.,  and  presented  all  the  signs  of 
acromegaly.  In  other  instances,  too,  the  abnormal  in- 
crease in  .size  has  been  known  to  begin  quite  early.  Gil- 
bert of  the  Hopital  Broussais  (quoted  by  ]VIeige,  lac.  n't., 
p.  449)  met  with  an  individual  who  began  to  grow  rapidly 
after  an  attack  of  some  acute  fever  in  liis  earliest  infancy 
and  eventually  attained  the  height  of  196  cm.  Tlie 
American  giant  Wilkius  began  to  grow  rapidly  at  the  age 
of  four,  and  reached  bis  full  height  (345  cm.)  at  eighteen. 
As  a  rule,  however,  the  excessive  growth  does  not  become 
in  evidence  until  some  time  between  the  tenth  and  twen- 
tieth j'ears,  usually  with  the  onset  of  puberty. 

The  student  of  ancient  lore  will  be  interested  and 
amused  to  see  how  superstition  and  the  love  of  the  mar- 
vellous have  combined  to  render  many  of  the  accounts  of 
giants  that  have  come  down  to  us  thoroughly  unreliable. 
Judging  from  tliese  stories,  the  height  to  winch  the  hu- 
man race  may  attain  lias  varied  between  wide  limits. 
Pliny,  like  Augustine,  believed  that  the  stature  of  man- 
kind had  deteriorated,  but  this  is  not  substantiated  b_v 
tlie  examination  of  such  ancient  remains  as  we  pcsse.ss. 
The  rabbinical  legends  teem  with  incredible  accounts  of 
llie  height  of  the  various  Biblical  cliaracters.  Adjim's 
height  was  calculated  to  be  one  hundred  and  twenty- 
three  feet  and  Eve's  one  hundred  and  eighteen.  Accord- 
ing to  the  Biblical  account  the  bedstead  of  Og,  King  of 
Bashau,  was  nine  cubits  long.  Pliny  mentions  the  giant 
Gabbaras,  between  nine  and  ten  feet  high,  who  was 
brought  from  Arabia  by  the  Emperor  Claudius,  and 
states  further  that  the  remains  of  Posio  and  Secundilla, 
found  iu  the  Sallustian  Gardens  in  the  time  of  Augustus 
(';tsar,  measured  each  ten  feet  three.  Josephus  refers 
to  a  Jew  nearly  eleven  feet  high,  who  was  sent  as  a  host- 
age to  Rome  b_v  the  King  of  Persia.  Some  remarkable 
stories  are  told  of  the  Emperor  Maximin  ((;.  Julius  Verus 
3Iaximinus)  who  was  born  in  173  in  one  of  the  frontier 
villages  of  Thrace.  A  shepherd  in  his  youth,  he  .soon 
became  noted  for  his  extraordinary  height  and  strength. 
He  took  part  in  the  games  given  bj'  Septimus  Severus  to 
celebrate  the  occasion  of  the  birth  of  ids  son,  and  over- 
came sixteen  of  the  most  poAverful  wrestlers  witlKUit 
taking  breath.  The  Emperor  attached  him  to  his  own 
person  and  he  was  made  a  centurion  by  Caracalla.  (.'api- 
tolinus  says  that  he  was  a  finger's  breadth  over  eight  feet 
in  height.  His  thumb  was  so  large  that  he  could  use  his 
wife's  bracelet  for  a  ring.  He  stopped  a  wagon  with  one 
hand,  broke  the  jaw  of  a  horse  with  a  blow  of  his  list, 
and  could  break  its  leg  with  a  kick.  He  is  credited  witli 
eating  forty  jiounds  of  meat  in  a  day  and  used  to  drink 
as  much  as  a  Cajjitoline  amphora  (about  twentj'-six  litres). 
He  became  tribune  under  Alexander  Severus,  and,  con- 
spirin.g  against  him  later,  was  elected  emperor.  He 
reigned  for  three  years,  execrated  for  his  cruelty,  and 
was  finally  assassinated  by  the  soldiers  in  338. 

Coming  to  more  recent  times,  we  have  some  ecjually 
extraordinary  tales  brought  back  by  travellers.  Magel- 
lan is  said  by  some  to  have  .given  the  name  Patagonia  to 
the  country  he  discovered  because  its  inhabitants  meas- 
ured five  cubits.  Lemaire,  in  describing  his  voyage  in 
1615  to  the  Straits  of  Magellan,  states  that  at  Port  Desire 
he  found  several  graves  covered  with  stones  in  which 
were  skeletons  of  men  measuring'trom  ten  to  eleven  feet. 
More  recent  travellers  have,  however,  found  the  Pata- 
gonians  to  be  not  excessively  large;  in  fact  many  of  them 
are  rather  diminutive.  The  naturalist  Turner  believed 
that  he  saw  on  the  River  Plata  near  the  coast  of  Brazil 
savages  twelve  feet  high.  Accounts  more  marvellous 
still  are  given  of  giants  from  nineteen  to  thirt_v-six  feet 
high,  who  have  existed  at  various  times  in  Europe. 
Tliese  are  based  on  the  discovery  of  bones  of  prodigious 
size,  which  were  erroneously  regarded  as  human.     In 
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those  days  nothing  was  known  about  comparative  anat- 
omy, and  the  rcmniiis  in  question  were  no  doubt  those  of 
some  of  tile  lower  animals.  Sir  Huns  Sloaiie.  in  an  elabo- 
rate and  learned  disqui.silion  on  the  subject,  eame  to  the 
conclusi(ni  that  the  bones  referred  to  were  parts  of  whales, 
mastodons,  eli'iihants,  or  other  enormous  beasts,  althnush 
he  thouaht  that  some  of  the  stories  eould  not  be  entirely 
diserediied.  It  is  a  faet,  however,  that  in  more  recent 
times,  when  such  matters  are  much  more  narrowly  scru- 
tinized, no  such  instiineesof  excessive  height  can  be  sub- 
stantial ed.  Bufl'on,  the  jtreat  naturalist,  usuallj'  a  relia- 
ble authority,  Itad  no  doubt  that  Imman  beings  liad 
existed  who  were  from  ten  to  tifteen  feet  higli.  It  is  not 
until  we  come  to  the  eighteenth  century  that  we  get  re- 
liable data  as  to  the  height  of  giants.  According  to 
Dana"  not  more  than  a  hundred  giants liave  been  exhib- 
ited in  public  since  1700.  and  of  tliis  nimiber  only  about 
twenty  were  said  to  have  been  over  eight  feet.  Tri))in- 
ard  measured  the  tallest  man  in  the  Austrian  army,  and 
foiuid  him  to  be  eiglit  feet  foiu'  and  a  half  inches. 
Wiuckelmcyer  was  eiglit  feet  six  inches.  JIarianne 
Wehde,  a  more  recent  German  giantess,  was  eight  feet 
four  and  a  half  inches  when  sixteen  and  a  half  years  old. 
In  view  of  these  observations  we  must  seriously  question 
whether  anj-  human  being  has  ever  exceeded  nine  feet  in 
height.  Quite  a  number  of  giants  have  been  recorded 
who  measured  between  seven  and  eiglit  feet,  but  above 
this  limit  the  cases  are  extremely  few.  The  history  of 
these  is  often  extremely  interesting.  Qtieeu  Elizabeth's 
porter,  whose  portrait,  painted  by  Zucchero,  is  now  in 
Hampton  Court  Palace,  was  seven  feet  six  inches  high. 
Walter  Parson,  the  porter  of  James  I.,  was  as  big.  Wil- 
liam Evans,  the  porter  of  Charles  I.,  was  about  eight  feet 
high.  Cromwell's  porter,  Daniel,  who  died  a  lunatic, 
attained  the  height  of  seven  feet  six.  In  the  reign  of 
George  I.,  an  Englishman,  seventeen  years  old  and  eight 
feet  tall,  was  exhibited  at  the  Bartholomew  Fair  at 
Smithtield.  "'Big  Sam,"  the  porter  at  Carletcai  Place 
when  George  IV.  was  Prince  of  Wales,  was  eight  feet  in 
height.  In  a  Dutch  village  in  1713  there  died  a  fisher- 
man called  Gerrit  Bastiaansen,  who  measured  eight  feet 
and  weighed  five  hundred  pounds.  As  a  contrast  to  this 
we  may  cite  a  giant  who  was  exhibited  at  St.  Petersburg 
in  1839,  who  measured  eight  feet  eight,  but  withal  was 
thin  and  emaciated. 

One  of  the  most  celebrated  giants  was  Cornelius  3Ie- 
Grath,  whose  skeleton  is  now  in  the  museum  of  Trinity 
College,  Dublin.  He  was  born  in  1736  in  the  county  of 
Tipperary.  His  parents  and  the  other  members  of  the 
family  were  of  ordinary  size.  After  the  age  of  fifteen  he 
began  to  suffer  from  violent  pains  in  the  limbs  and  began 
to  grow  rapidly.  At  the  age  of  sixteen  lie  was  six  feet 
nine.  In  1753,  six  months  later,  when  he  first  exhibited 
in  public  he  measured  seven  feet  three  inches  ia  his 
stocking  feet.  It  is  said  that  he  was  ungraceful  in  ap- 
pearance, of  low  intelligence,  and  spoke  in  a  childish 
Diaoner.  He  died  at  the  early  age  of  twent}--four.  His 
skeleton  measures  seven  feet  eight  inches. 

John  Middleton,  called  the  "  Child  of  Hale, "  was  born 
in  17.52  at  Hale  in  Lancashire.  His  portrait  is  preserved 
in  Brazenose  College.  He  is  said  to  have  measured  nine 
feet  three  inches. 

O'Brien  or  Byrne,  the  "Irish  Giant."  is  celebrated  not 
only  for  his  great  height,  but  for  his  connection  with  the 
distinguished  anatomist  John  Hunter.  Hunter  was  par- 
ticularly anxious  to  secure  his  body  and  made  the  most 
extraordinary  exertions  to  obtain  it.  O'Brien  was  aware 
of  this  desire  on  the  part  of  the  anatomist  and  was  corre- 
spondingly averse  to  being  "set  up"  as  a  specimen. 
Shortly  before  his  death,  which  occurred  at  the  age  of 
twenty-two,  O'Brien  bribed  some  of  his  friends  to  take 
his  body,  and  after  weighting  it  with  lead  to  sink  it  in 
the  sea.  The  undertaker,  however,  who  had  been  pre- 
viously interviewed  by  Hunter,  managed  to  have  the 
cotfin  locked  up  in  a  barn  while  the  escort  was  refreshing 
at  an  inn.  Thereupon  some  men.  stationed  there  for  the 
purpose,  substituted  an  equal  weight  of  paving  stones 
for  the  body  which  was  forw-arded  that  night  to  Hunter. 


He  took  it  in  his  carriage  to  Earl's  Court,  where  it  ^M■ 
immediately  prepared.  It  is  estimated  that  it  cost  near 
five  hundred  pounds  to  secure  the  body.  O'Brien  is  sai  i 
at  the  time  of  his  death  to  have  been  eight  feet  four 
inches  high.  His  skeleton,  however,  measures  rrly 
seven  feet  seven.  It  is  now,  together  with  the  ketl'.e  in 
which  the  body  was  boiled,  in  the  nuiseum  ot  rlie  1  yal 
College  of  Surgeons  in  London. 

The  successor  of  O'Brien,  Patrick  Cotter,  wh  -  .jr  a 
time  exhibited  under  his  name,  was  born  in  17^1  At 
his  death,  which  occurred  at  the  age  of  forty-five,  he  is 
variously  estimated  to  have  been  from  eight  feet  one  to 
eight  feet  seven  in  height.  At  one  time  he  was  examined 
by  Dr.  William  Blair,  who  found  him  to  measure  about 
seven  feet  ten.  He  was  badlv  proportioned,  and  looked 
like  a  weakly  or  even  imbecile  person.  His  forehead 
was  low,  his  jnilse  feeble,  his  voice  weak,  and  he  sug- 
gested in  a])pearance  a  sickly  child  that  had  grown  too 
i'ast. 

Robert  Hale,  the  "Norfolk  Giant,"  who  died  at  Yar- 
mouth in  1S43  at  the  age  of  forty-three,  was  seven  feet 
and  a  half  high  and  weighed  four  hundred  and  fifty- 
two  pounds. 

Among  the  better  known  of  the  exhibited  giants  were 
Captain  Bates,  of  Kentucky,  and  his  wife,  Anna  Swann, 
of  Nova  Scotia.  Captain  IJates  enlisted  in  the  Southern 
army  at  the  beginning  of  the  American  Civil  War,  being 
readily  accepted  on  account  of  his  size,  although  he  was 
only  sixteen  years  of  age.  By  the  end  of  tlie  war  he  had 
attained  the  lieight  of  seven  feet  two  and  a  half  inches. 
He  gradually  increased  in  weight  also  until  he  turned  the 
scale  at  four  hundred  and  fifty  pounds.  While  in  Eng- 
land in  1871  he  married  at  St.  Martin's-in-the-Fields  Miss 
Anna  Swann.  who  measured  seven  feet  five  and  a  half 
inches.  On  neither  side  were  the  parents  of  more  than 
ordinary  stature. 

Chang,  a  celebrated  Chinese  giant,  died  at  Bourne- 
mouth in  1896,  at  the  supposed  age  of  fifty-one.  He  was 
upward  of  eight  feet  high. 

At  the  Alhambra  in  London  in  1882  was  exhibited  the 
"Queen  of  the  Amazons,"  who  was  eighteen  years  old, 
and  measured  eight  feet  and  half  an  inch. 

We  owe  much  of  our  present  knowledge  of  the  proc- 
esses of  growth  and  development  to  the  epoch-making 
work  of  Winslow,  Haller,  Meckel,  and  the  Saint-Hilaires, 
fatheraiid  scm.  Althoughof  late  the  interest  of  scientific 
men  has  been  somewhat  revived  in  the  .subject  we  cannot 
as  yet  be  said  to  have  made  much  advance,  except  that 
we  are  beginning  to  apprehend  more  fully  the  nature  of 
the  problems  involved.  We  are  now  realizing  the  fact 
that  growth  and  development  are  a  very  complicated 
matter.  We  see,  for  instance,  that  we  must  draw 
a  distinction  between  mere  growth,  or  what  may  be 
called  vegetative  force,  function,  and  reproductive  power. 
These  three  factors  are  more  or  less  correlated,  but  the 
correlation  often  varies  both  in  kind  and  in  degree.  Cer- 
tain cells  are  specialized  for  growth,  others  for  function, 
others  for  proliferation.  All  cells  may  at  some  time  in 
their  life  history  be  specialized  in  one  or  other  of  these 
directions  according  to  the  demands  made  upon  them, 
but  they  cannot  be  specialized  in  all  three  directions  to 
the  same  extent  at  the  same  time.  Thus  a  cell  that  is 
about  to  divitie  ceases  to  grow  and  enters  into  a  resting 
stage  before  mitosis  occurs.  And  other  illustrations 
might  be  given.  Jloreover,  what  is  true  of  the  cell  is 
true  of  the  community  of  cells  known  as  the  individual. 
Up  to  a  certain  period  of  life  the  forces  of  the  body  are 
concentrated  toward  the  main  object  of  growth.  Later, 
function  becomes  more  in  evidence.  Last  of  all  the 
power  of  reproduction  becomes  established  and  per- 
fected. In  gigantism  disturbance  of  growth  in  the  direc- 
tion of  increased  stature  and  weight  is  the  predominant 
feature,  but,  as  we  shall  see,  this  does  not  occur  as  a  rule 
without  exacting  a  corresponding  penalty  in  the  degra- 
dation of  the  general  bodilj'  functions  and  the  power  of 
reproduction.  The  causes  which  lead  to  this  result  may 
be  inherent  in  the  germ  cells  so  that  thc_y  make  their  in- 
rtuence  felt  quickly  in  the  construction  of  the  organism. 
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or  they  may  become  operative  subsequently  to  fertilization 
and  segmentation  of  the  ovum,  cither  during  intra-uter- 
inc  life  or  alter  birth.  Tliese  iutluences  may.  further,  be 
e.\erted  upon  the  body  as  a  whole  or  on  some  part  of  it. 
There  is  therefore  a  family  relationship  between  gigant- 
ism, dwarlisin,  and  the  various  malformations  and  mon- 
strosities. In  both  dwarfism  and  gigantism,  wliich  are 
not,  as  might  at  first  siglit  be  supposed,  perfect  opposites 
one  of  tlie  other,  there  is  not  merely  an  inhibition  or  an 
exaggeration  of  the  normal  processes  of  growth,  but  in 
the  vast  majority  of  case*  something  more,  namely,  a 
perversion  of  growth.  In  the  normal  infant  at  birth,  the 
head  and  trimk,  but  particularly  the  head,  are  relatively 
large.  As  the  time  of  jiuberty  approaches  the  picture 
changes.  Grow  this  rapid  and  irregular.  The  limbs  are 
now  disproportionately  large,  the  hands  and  feet  being 
especially  prominent.  To  use  a  common  expres.sion  the 
child  has  become  the  hobbledehoy.  Only  in  the  later 
period  of  puberty  does  the  trunk  enlarge,  the  figure  con- 
solidate, until  the  perfect  proportions  of  the  adult  are 
attained.  There  is  a  striking  parallel  between  the  hob- 
bledehoy stage  and  what  we  find  in  gigantism.  In 
giants  the  exaggeration  of  grow'th  is  also  disproportion- 
ate and  irregular.  The  liead  is  often  small,  or  at  least 
about  the  .same  size  as  the  iiead  of  a  normal  youth  or 
adtdt  of  the  same  age;  the  increase  in  height  is  mainly 
due  to  tlie  exces.sive  growth  of  the  lower  extremities  as 
compared  with  the  rest  of  the  body.  Hire,  however,  the 
parallel  ceases.  Giants  are  often  weakly  rather  tiian 
strong;  the  sexual  organs  areaiit  to  be  badly  developed, 
and  the  sexual  proclivities  are  sluggish  or  delayed. 
They  are  liable  to  contract  disease  and  show  signs  of 
premature  senility;  in  fact  tliey  rarely  reach  middle  life. 
Dwarfs,  on  the  contrary,  are  long-lived.  They  frequent- 
ly have  the  relatively  largo  bead  of  the  infant,  with  evi- 
dences of  delaved  ossification  of  the  cartilages,  and 
genital  iiLadequaey,  facts  wliich  have  caused  many  to 
regard  dwarf  growth  as  really  infantilism.  Unlike  the 
giants  they  frequently  possess  average  or  more  than 
average  mental  jiowcrs.  It  is  clear  that  in  both  gigant- 
ism and  dwarfism  tlie  disturbance,  whatever  it  is,  mani- 
fests itself  mainh'  in  the  rate  and  extent  of  the  growth, 
but  still  to  a  noteworthy  degree  in  disordered  fvmction. 
And  it  is  not  merely  the  process  of  ossification  that  is  at 
fault  but  the  body  as  a  whole — bones,  soft  parts,  and  in- 
ternal organs — is  involved.  Nevertheless  the  disturbance 
of  ossification  appears  to  be  the  controlling  force,  for  it 
undoubtedly  dominates  the  picture. 

Normally,  the  growth  of  bone  depends  on  the  activity 
of  certain  specialized  cells — the  osteoblasts — which  are 
chiefiy  situated  in  the  deeper  layers  of  the  periosteum,  at 
the  extremities  of  the  b<mes,  and  along  the  interosseous 
sutures.  Growth  in  thickness  takes  place  from  subperi- 
osteal osteoplasia;  growth  in  length  is  due  to  the  influ- 
ence of  the  osteoblasts  in  the  spongy  ends  of  the  bones 
and  in  the  epiphy.seal  cartilages.  Inhibition  or  exaggera- 
tion of  stature  is  due  in  the  main  to  d.ystrophic  changes 
at  the  extremities  of  the  long  bones,  although  subperi- 
osteal osteogenesis  is  also  to  some  extent  interfered 
with.  The  results  depend  not  only  on  the  inherent  vege- 
tative forces  at  work  in  the  cells,  but  on  the  coudition  of 
the  cpiphysral  di.scs.  So  long  as  the  discs  are  movable, 
growth  in  length  of  the  bone  is  possible.  This  is  inter- 
estingly borne  out  by  recent  investigations  with  the 
J'-riiys  in  certain  forms  of  anomalous  growth.  Joachims- 
thal'^  found  in  some  lilliputians  that  lie  examined  that 
the  bone  formation  was  delayed,  and  the  condition  of  the 
discs  and  of  the  bone  generally  was  strictly  comparable 
to  that  found  in  the  child,  although  the  subjects  were  in 
the  neighborhood  of  thirty  vears  of  age.  Hofmeister'* 
also  in  cretinism  found  that  the  epiphyseal  discs  persisted 
for  a  long  time,  and  that  the  epiphyseal  ends  of  the  bones 
grew  slowly.  In  ehondrodystrophiafcetalis  an  ingrowth 
of  periosteum  has  iu  some  cases  been  observed  between 
the  disc  and  the  end  of  the  bone.  The  significance  of 
this  is  not  quite  clear.  In  acromegaly,  on  the  contrary, 
where  the  increase  of  size  of  the  bones,  still  at  the  distal 
ends,  is  in  breadth  and  thickness,  rather  than  in  length. 


there  is  complete  union  or  synostosis  of  the  epiphyses. 
With  regard  to  giants  we  unfortunately  have  no  iiifor- 
mation  on  this  point,  but  I  think  we  may  fairly  infer 
that,  while  growth  is  iu  excess,  epiphyseal  .synostosis  is 
delaved.  The  importance  of  the  condition  of"  the  epiph- 
yseal discs  in  modifying  the  extent  and  the  direction 
of  the  growth  is  also  jirettily  illustrated  by  the  observa- 
tion of  Lorain,  who  found  in  some  cases  of  dwarlism 
premature  ossification  and  union  of  the  epiphyses. 

In  our  discussion  of  growth  and  its  anomalies  so  far  we 
have  contented  ourselves  mainly  with  freeing  the  subject 
from  entanglements,  and  so  to  speak  preiiariiig  the 
ground  for  action.  AVIien  we  come  to  consider  the  more 
remote  factors  concerned  in  the  question  of  growth  we 
find  ourselves  iu  a  much  more  difiicult  po.sition.  As  we 
do  not  know  what  life  is  we  can  apprehend  its  methods 
and  its  manifestations  only  in  an  imperfect  wa_v.  ilauy 
of  our  ideas,  therefore,  have  to  be  based  upon  inference 
rather  than  direct  proof. 

The  part  played  by  heredity  in  gigantism,  as  in  other 
anomalies  of  development,  is  of  considerable  interest  and 
importance.  This  factor  might  be  expected  to  be  more 
prominent  in  cases  of  congenital  gigantism,  and  as  a  mat- 
ter of  fact  it  is  so,  but  its  influence  cannot  be  overlooked 
in  the  other  forms.  It  is  a  matter  of  common  oliservaliou 
that  parents  transmit  their  tendencies  and  peculiarities 
to  their  offspring,  and  moreover  these  peculiarities  may 
be  traced  through  several  generations;  in  fact  they  may 
become  familial  or  racial  characteristics.  This  law 
manifests  itself  in  many  ways,  in  the  size  and  configura- 
tion of  the  body,  in  the  color  of  the  skin,  the  mentality, 
habits,  the  susceptibility  to  di.sease,  and  in  many  minor 
traits.  The  peculiarities  derived  from  the  paternal  and 
maternal  sides  may  be  of  such  a  nature  as  to  neutralize  one 
another,  or  again  they  may  unite  their  forces  to  produce 
an  exaggerateil  effect,  an  effect  so  pronounced  as  to  be 
marked  at  once  as  an  anomaly.  With  regard  more  par- 
ticularly to  gigantism,  we  do  not  meet  with  the  anomaly 
as  a  racial  characteristic  at  the  present  daj'.  At  most  we 
can  say  that  some  races  tend  to  be  tall  and  large,  while 
others  are  small  or  even  dwarfed.  If  the  ancient  accounts 
are  to  be  believed  giant  peoples  have,  however,  existed. 
Whatever  stress  we  may  lay  upon  this,  at  the  present 
time  gigantism  is  a  sporadic  affection.  It  is  a  suggestive 
and  striking  fact  that  once  the  tendency  toward  gigant- 
ism is  acquired  it  is  apt  to  crop  out  at  various  times  in 
the  same  lineal  descent,  exemplifying  the  law  of  atavism. 
Again  it  may  often  be  noted  that  more  than  one  of  the 
children  of  the  same  household  will  be  affected.  A  num- 
ber of  cases  might  be  quoted  to  illustrate  these  points. 
In  Dickinson's  case  (loc.  cit.)  mentioned  above,  a  woman 
bore  three  children  who  weighed  nine,  twenty,  and  six- 
teen pounds  respectively.  Fuchs'  case  (hn:  cit.)  was  a 
IX-para.  Her  sixth  child  weight  6  kgm.,  her  eighth  6.1, 
and  her  ninth  7..5.5.  Ilcr  other  children  had  also  been 
heavy.  The  same  thing  Jias  been  noted  by  other  observ- 
ers. Goulart  refers  to  a  Polish  giant  who  was  exhibited 
in  Paris  in  1571,  and  was  so  tall  that  in  a  lofty  room  he 
could  touch  the  ceiling  with  ins  head.  He  was  married 
and  had  a  son  who  promised  to  be  as  tall  as  he  was. 

James  Toller,  exhibited  in  London  in  181.5,  was  .seven 
feet  nine  inches  liigh.  His  parents  were  of  normal  build, 
but  he  had  two  sisters  of  gigantic  stature.  Louis  p^renz, 
a  French  giant,  who  was  born  in  1800,  and  measured 
seven  feet  six,  had  two  sisters  as  tall  as  he  was  and  one 
brother  who  w-as  much  larger.  The  family  history  of 
Robert  Hales,  "the  Norfolk  giant. "is  also  quite  striking. 
His  father  was  six  feet  and  a  half,  his  mother  six  feet, 
in  height.  One  of  his  ancestors,  who  lived  in  the  reign 
of  Henry  VIII..  measured  eight  feet  eight  inches.  Hales 
had  five  sisters  who  averaged  six  feet  three  and  four 
brothers  who  averaged  six  feet  six.  The  tallest  of  the 
sisters  died  at  the  age  of  twenty,  measuring  seven  feet 
two.  Captain  and  Jlrs.  Bates,  both  over  seven  feet, 
had  a  child  which  is  almost  the  largest  on  record.  One 
of  the  sisters  of  Chang,  the  Chinese  giant,  was  even  taller 
than  he  was,  measuring  eight  feet  four. 

These  facts  suggest  that  this  anomaly  of  growth  is  due 
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to  peculiarities  iulierent  in  the  genuiual  cells  of  the  par- 
ents. This  view  i.s  supported  by  the  observations  of  En- 
gel-Reimers."  who  lias  emphasized  the  fact  that  exces- 
sive muscular  development,  the  so-called  "'athletic 
habitus, "  appears  to  be  due  to  an  abnormal  hereditary 
predisposition  and  not  to  hypertrophy  from  functional 
ovenictivity.  This  is  v.ell  borne  out  bj-  the  physical 
condition  in  new-born  giant  children.  The}' frequently 
present  the  athletic  habit.  The  head  is  about  the  size  of 
that  of  the  normal  infant,  but  the  trunk  is  massive.  Now 
this  hypertrophy,  if  we  can  call  it  such,  is  clearly  not  due 
to  mechanical  work  nor  to  compensation,  nor  to  the  other 
ordinary  causes  of  overgrowth.  It  must  be  due  to  some 
disturbance  of  nutrition.  The  relative  importance  to  be 
attached  to  jicculiarities  of  the  male  and  female  germ 
cells  is  still  in  doubt,  for  in  the  recorded  eases  we  rarely 
have  any  statement  as  to  the  physical  condition  and 
development  of  the  father.  From  the  instances  cited  it 
is  evident  that  both  germinal  elements  may  play  a  part. 
But  it  is  equally  evident  that  some  idiosyncrasy  in  the 
maternal  organism  alone  is  sufficient  to  produce  the  re- 
sult. In  Fuchs'  case,  for  instance,  the  father  is  noted  as 
having  been  in  a  poor  state  of  nutrition.  This  lias  led 
Wertli  to  suggest  that  the  tendency  to  produce  large 
children  is  due  to  an  inherent  peculiarity  of  the  ovum, 
possibly  to  its  large  size.  However  this  may  be,  we 
have  sufficient  evidence  to  show  that  large  size  on  the 
part  of  one  or  both  parents  is  not  necessary  to  produce 
the  result  in  question.  Yet  it  seems  probable  that  physi- 
cal superiority  in  the  mother,  if  not  in  height,  at  least  in 
physical  constitution  and  nutrition,  is  an  important 
etiological  factor.  In  178  cases  of  large  and  giant  chil- 
dren collated  by  Fuchs,  166  mothers  are  noted  as  being 
of  more  than  usual!)'  strong  physical  development  and 
nutrition.  The  remaining  12  were  weakly,  but  in  no  case 
did  their  children  exceed  4.36  kgm.  in  weight,  a  size 
■which,  according  to  our  adopted  standard,  cannot  be  re- 
garded as  gigantic.  In  view  of  this  fact  we  see  that  the 
influence  of  maternal  development  and  nutrition  assumes 
considerable  importance.  Exceptions  to  this,  however, 
occur.  In  a  case  cited  by  Dubois,  a  woman  with  exten- 
sive tuberculosis  gave  birth  to  a  child  weighing  6.33G 
kgm.,  and  another  with  severe  diabetes  had  a  child  of 
thirteen  and  a  half  pounds.  Two  possibilities  must  evi- 
dently be  considered  in  this  connection,  a  primary  pecul- 
iarity of  the  ovum  or  sperm  cell,  or  both,  and  a  con- 
dition of  increased  intra-uterine  nutrition.  The  influence 
of  peculiarities  of  the  primitive  germinal  cells  would  per- 
haps be  Iiest  illustrated  by  instances  of  the  atavistic  mani- 
festation of  gigantism,  or  in  tliose  cases,  Like  that  of 
Dubois,  in  which  the  maternal  organism  was  conspicuous- 
ly weak,  for  in  the  latter  case  increased  intra-uterine  nu- 
trition could  obviously  play  no  part.  Some  of  the  forms 
of  minor  terata,  such  as  polydactylism,  are  no  doubt  also 
of  this  nature.  Polydactylism  has  been  known  to  run 
through  a  family  for  three,  four,  or  even  five  generations, 
being  eradicated  only  in  process  of  time  bj'  marriage 
with  normal  persons.  Curiously  enough  polydactylism 
has  been  found  associated  both  with  dwarfism  and  with 
gigantism.  It  has  been  thought  by  some  that  mothers  in 
whom  the  function  of  menstruation  was  established  early 
were  more  likely  to  have  larger  children  than  others,  ap- 
parently on  the  theory  that  such  persons  were  possessed 
of  greater  reproductive  energy.  Negri  on  the  basis  of 
333  observations  has  stated  that  the  children  of  mothers 
who  began  to  menstruate  early  were  both  larger  and 
heavier  than  the  offspring  of  those  whose  menstruation 
was  late  in  coming  on.  This  has  not  been  continued, 
however,  by  other  observers.  The  point  can  probably 
not  be  decided  until  more  studies  on  the  subject  are 
forthcoming.  It  is,  nevertheless,  true,  so  far  as  the  rec- 
ords go,  that  large  children  are  more  likely  to  be  borne 
by  those  who  are  at  the  height  of  reproductive  activity 
and  who  have  had  previous  children.  In  elucidation  of 
this  point  we  may  perhaps  quote  Fuchs'  statistics.  In 
176  of  his  cases,  already  referred  to,  the  age  was  ascer- 
tained. These  were  divided  as  follows:  I.  Under  twenty 
years,  5;  of  this  number  5  were  primiparaj.     II.  Twenty 


to  twenty-five  j'ears,  72;  of  this  number  18  were  prim- 
iparse.  III.  Twenty-six  to  thirty -live  years,  75;  of  this 
number  2  were  primipanie.  IV.  Thirty -six  to  forty-eight 
years,  24;  of  this  number  none  were  piimiparre. 

Between  the  ages  of  twenty  and  thirty-five,  the  years 
of  the  greatest  sexual  activity,  the  number  of  largechil- 
dren  was  greatest.  Now,  taking  the  third  class,  we  find 
that  only  2.6  per  cent,  were  primipane.  If  these  results 
be  compared  with  those  obtained  from  a  series  of  1,000 
normal  births,  in  342  of  which  the  mothers  belonged  to 
the  third  age  period,  it  will  be  found  that  there  were  57 
primipane,  a  proportion  of  16.9  per  cent.  This  corrobo- 
rates the  observation  made  a  little  while  ago  that  certain 
women  show  a  tendency  to  produce  large  children,  or  in 
other  words  that  the  tendency  once  manifested  tends  to 
perpetuate  itself. 

Intra-uterine  nutrition  is  undoubtedly  a  factor  of  con- 
siderable importance.  In  the  article  on  Dtcorjism  or 
yanosoiiiia  in  this  volume  the  role  played  by  intra  ute- 
rine malnutrition  in  the  causation  of  inhibited  growth  is 
dealt  with  at  some  length.  Here  .sj'philis,  alcoholism, 
and  tuberculosis,  together  with  lesions  resulting  in  inter- 
ference with  the  free  circulation  of  blood  through  the 
placenta,  are  of  importance.  Conversely,  an  overplus  of 
nutritive  energy  might  be  expected  to  produce  its  effect 
upon  the  fruit.  In  this  connection  we  have  to  take  into 
account  the  condition  and  surroundings  of  the  mother 
during  pregnancy.  Pinard  (cited  by  Bouchacourf") 
compared  the  average  weight  of  500  new-born  children 
whose  mothers  had  worked  up  to  the  time  of  delivery 
with  that  of  the  same  number  of  children  whose  mothers 
had  rested  during  the  later  weeks  of  pregnancy.  lie 
found  a  notable  superiority  in  weight  and  nourishment 
in  the  offspring  of  the  latter  class.  In  a  similar  inquiry 
Bachimont  (cited  by  Bouchacourt)  in  a  series  .of  4,44.> 
observations  found  the  excess  in  weight  for  the  latter 
class  of  children  to  be,  on  the  average,  300  gm.  In  this 
particular  it  should  be  remarked  that  very  large  children 
lead  perforce  to  a  condition  of  complete  inactivity  and 
inertia  on  the  part  of  the  women  pregnant  with  them. 
This  of  course  means  rest  which  tends  to  increase  in  turn 
the  size  of  the  child.  Thus  a  vicious  circle  is  induced. 
The  importance  of  intra  uterine  nutrition  in  modifying 
the  weight  of  the  fruit  is  well  illustrated  by  the  good 
effect  of  dieting  in  those  cases  in  which  a  woman  has 
either  a  tendency  to  produce  large  children  or  else  has 
some  contraction  of  the  pelvis.  By  this  procedure  it  has 
been  found  possible  to  deliver  such  a  mother  of  a  living 
child. 

Some  attention  had  been  directed  to  the  subject  of  jiro- 
longed  gestation  and  its  effect  in  proilucing  large  chil- 
dren. The  statistics  seem  to  show  that  this  factor  has  a 
certain  amount  of  importance,  but  it  is  probably  effec- 
tive only  when  combined  with  other  causes.  It  does  not 
seem  to  me,  however,  that  it  is  justifiable  to  place  cases 
of  this  kind  in  the  same  category  with  giant  growth.  If, 
for  example,  a  child  is  retained  within  the  uterus  for 
three  hundred  and  eight  days  instead  of  two  hundred 
and  eighty,  it  is  practically  in  the  same  position  as  an  in- 
fant one  month  old,  due  allowance  being  made  for  differ- 
ences between  intra-uterine  and  extra-uterine  modes  of 
nourishment.  Such  a  child  would  derive  no  permanent 
advantage  from  its  prolonged  retention  within  the  uterus, 
and  would  probably  develop  later  much  as  other  chil- 
dren do.  In  other  words,  the  vitium  of  excessive  growth 
is  not  inherent.  Unfortunately  many  of  these  points  we 
have  touched  upon  cannot  be  verified  by  anj-  large  scries 
of  observations.  Gigantism  in  the  lirst  place  is  much 
rarer  than  dwarfism.  Then  the  majority  of  giant  chil- 
dren are  still-born.  Even  those  cases  in  which  giant 
growth  manifests  itself  later  in  life  are  beset  with  diffi- 
culties. The  number  of  carefully  made  studies  is  not 
great  and  prolonged  observation  is  rarely  possible,  not 
only  from  the  fact  that  giants  are  apt  to  die  early,  but 
on  account  of  their  nomadic  kind  of  life. 

In  dealing  with  the  question  of  heredity  we  have  ad- 
duced numerous  facts  to  show  its  importance  in  the  cau- 
sation of  anomalous  forms  of  growth.     The  influence  of 
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this  factor,  while  perliaps  more  direct  auil  striiiing  in  the 
case  of  giant  births,  is  nevertheless,  as  we  have  shown,  to 
he  taken  into  account  in  the  post-natal  forms.  But  be- 
sides this  we  have  to  consider  the  bearing  of  internal 
metabolism  on  the  subject.  The  more  recent  work  done 
on  cretinism  and  the  results  of  the  experimental  removal 
of  the  thyroid  gland  have  taught  us  that  a  condition  of 
athyroidea,  which  undoubtedly  acts  by  perverting  the 
metabolic  processes  of  the  organism  involved,  has  a  pro- 
found etfcct  on  the  function  of  growth  and  development, 
namely,  in  the  direction  of  inhibition.  In  that  other  most 
remarkable  perversion  of  growth,  acromegaly,  where 
there  are  enlargement  and  deformity  of  the  body,  or  ex- 
cessive growth,  gross  lesions  of  the  pituitary  body  have 
been  found.  Disorders  of  internal  secretion  obviouslj- 
are  of  some  importance. 

Tlie  general  resemblance  between  acromegaly  and 
gigantism  has  led  to  the  promulgation  of  the  view  that 
the  two  conditions  are  one  and  the  same  thing,  and  the 
controversy  over  this  point  has  wi(.\ed  hot  and  heavy. 
Without  being  prejudiced  on  either  side,  I  think  that  the 
careful  observer  cannot  fail  to  be  impressed  with  the  par- 
allelism which  exists  between  the  two  affections.  Bris- 
saud  and  Jleige  have  been  the  chief  exponents  of  the 
identity  theorj',  wliile  JIarie,  w^ho  tirst  differentiated 
acromegaly  as  a  disease  entity,  though  he  has  somewhat, 
receded  from  his  first  position  that  acromegaly  and 
gigantism  are  entirely  distinct,  has  not  been  entirely 
convinced  by  the  arguments  adduced  against  his  po- 
sition. 

Jlarie  in  liis  first  studies  on  acromegaly  summarized  it 
as  a  peculiar  affection,  cliaracterized  by  a  massive  hyper- 
trophy of  the  bones  of  the  extremities  and  the  extremities 
of  the  bones.  He  admitted  that  a  number  of  cases  had 
been  confounded  with  gigantism,  for  the  reason  that  at- 
tention had  been  directed  to  the  excessive  height  to  the 
exclusion  of  the  less  obtrusive  signs,  while  the  disease  in 
those  of  normal  stature  had  been  overlooked.  Shortly 
after,  Guinon,'--^  following  Marie's  lead,  took  the  same  po- 
sition that  the  two  affections  were  essentially  different,  on 
the  ground  that  as  our  knowledge  had  increased  it  had 
to  be  recognized  that  persons  with  acromegaly  were  by 
no  means  always  gigantic;  in  fact  the.yn-ere  often  below 
the  average  height,  and  again  that  the  configuration  of 
the  body  was  different  in  both.  The  various  parts  of  the 
face  and  limbs  preserved  their  normal  proportions  in 
gigantism  while  the  course  of  the  two  affections  was  dif- 
ferent. Guinou  even  went  so  far  as  to  state  that  gigant- 
ism is  as  a  rule  simply  an  exaggeration  of  a  normal 
process,  while  acromegaly  is  a  disease.  It  is  undoubted- 
ly a  fact  that  typical,  or  what  we  might  call "  text-book  " 
cases  of  the  two  affections  present  an  entirely  different 
picture.  There  have  been  some  giants  that  presented 
none  of  the  morphological  characteristics  of  acromegaly, 
as  there  have  been  persons  with  acromegaly  that  were 
not  giants.  It  ought  to  be  unnecessary,  however,  to 
point  out  that  even  the  best-known  diseases  present  at 
times  wide  variations  from  the  type.  The  case  of 
typhoid  fever,  for  instance,  need  only  be  mentioned. 
This  being  the  case  it  b.y  no  means  follows  that  two  dis- 
eases, at  first  sight  dissimilar,  have  nothing  in  common, 
or  even  that  they  are  not  due  to  the  same  cause.  The 
point  may  be  further  illustrated  by  the  history  of  cretin- 
ism and  myxcedema.  At  one  time  it  was  believed  that 
these  conditions,  which  in  many  ways  are  so  unlike  one 
another,  at  least  to  superficial  examination,  were  distinct 
diseases.  More  careful  study  has,  however,  shown  that 
both  depend  on  a  condition  of  athj'roidea,  and  few  will 
be  found  now  to  deny  that  cretinism  and  myxa'dema  are 
one  and  the  same  thing.  The  modifj'ing  factor  has  been 
fomid  to  be  the  age  and  the  concomitant  stage  of  develop- 
ment of  the  affected  individual.  If  athyroidea  becomes 
niauitest  in  infancy  before  the  bon}'  skeleton  is  consoli- 
dated we  get  cretinism.  If  it  develop  later,  when  the 
bony  skeleton  is  complete,  the  soft  parts  only  arc  involved 
and  we  get  myxcedema.  It  is  un.safe  then  to  conclude 
that  one  and  the  same  cause  may  not  at  times  produce 
widely  different  results.     In  other  words,   the  tropho- 


genic  function  of  the  individual  may  be  so  predominant 
that  it  is  sufficient  to  alter  a  morbid  state  almost  beyond 
recognition.  It  has  already  been  pointed  out  that  the 
normal  process  of  growth  manifests  itself  most  strongly 
at  the  epiphyseal  ends  of  the  long  bones,  and  that  increase 
in  length  of  the  bones  is  possible  only  so  long  as  the 
epiphyseal  discs  reiuain  ununited,  save  by  tlie  softer 
structures,  to  the  diaph^'ses.  Similarly,  the  abnoinial 
processes  of  growth,  such  as  dwarfism  and  gigantism, 
manifest  themselves  at  the  same  points.  Deficient  vege- 
tative energy  in  early  life  will  result  in  stunting  the 
growth  of  the  long  bones,  and  the  .same  thing  will  happen 
if  the  epiphyseal  cartilages  are  prematurely  ossified.  Ex- 
cessive vegetative  power  during  adolescence  results  in  in- 
crease in  height ;  if  synostosis  of  the  epiphyses  has  taken 
place,  as  occurs  in  adult  life,  then  it  is  conceivable  that, 
increase  in  length  being  impossible,  increase  in  breadth 
and  thickness  must  occur.  Do,  then,  acromegaly  and 
gigantism  bear  to  one  another  a  relationship  similar  to 
that  existing  between  myxa'dema  and  cretinism?  Jlany 
facts  point  in  this  direction.  Numerous  observations 
have  shown  that  acromegalj'  frequently  supervenes  iu 
gigantism.  Surmont'"  in  1890  reported  a  case  of  acro- 
megaly in  a  girl  of  eighteen,  in  whom  the  symptoms 
were  preceded  by  a  notable  increase  in  the  size  of  the 
body.  The  enlargement  was  generalized,  but  most 
markedat  the  extremities.  Byrom  Bramwell  -^  mentions 
the  case  of  a  giantess  who  was  attacked  by  acromegaly. 
Swanzy '^^also  demonstrated  the  lesions  of  acromegaly  on 
the  skeleton  of  McGrath,  the  Irish  giant,  before  the  Royal 
Academj-  of  ^Medicine  of  Ireland.  Shattock  "  believed 
the  skull  of  O'Brien  to  be  acromegalic.  In  1893  Dana  " 
published  two  cases  of  acromegaly  associated  with 
gigantism,  and  he  remarks  that  the  coincidence  of  the 
two  affections  is  more  common  than  has  usually  been 
supposed.  He  further  mentions  a  great  many  symptoms 
which  they  have  iu  common,  and  brings  out  the  most  im- 
portant point,  viz. ,  that  out  of  twelve  autopsies  on  giants 
the  pituitary  body  was  enlarged  in  ten  In  the  case 
of  "  Adma,"  a  French  giantess,  who  died  at  the  age  of 
twenty-one,  measuring  six  feet  eight  and  a  half  inches, 
Hutchinson  states-'  that  the  face  and  extremities  pre 
sented  the  well-known  features  of  acromegaly  At  the 
autops}'  the  pituitary  gland  was  found  to  be  consider 
ably  enlarged.  A  striking  case,  also,  is  reported  by 
Brissaud  and  Meige.-'  J.  P.  Mazas,  the  giant  of  jMon- 
tastruc,  began  to  grow  rapidly  when  thirteen  years  of 
age,  and  became  very  strong  and  robust.  At  twenty-one 
years  he  was  213  cm.  high,  eventually  reaching  220  cm. 
At  the  age  of  thirty-seven  he  experienced  a  severe  jiain 
in  the  back,  which  he  attributed  to  lifting  a  heavy 
weight.  Deformity  of  the  back  set  in  and  his  height 
began  to  diminish.  He  gradually  developed  enlarge- 
ment of  the  face  and  extremities,  headache,  weakness,, 
intellectual  and  sexual  torpor,  and  all  the  classic  symp- 
toms of  acromegaly.  Sternberg,''  also,  in  an  elaborate 
paper  on  the  subject  found  signs  of  acromegaly  in  forty 
two  per  cent,  of  giants.  More  recently  Walker""  re- 
ported an  instance  of  acromegaly  in  a  boy,  who  began  to 
grow  rapidly  when  six  years  old,  and  who  at  sixteen  was 
six  feet  five  and  a  third  inches  high,  and  weighed  two 
hundred  and  forty-five  pounds.  Bonardi  "  refers  to  the 
case,  already  mentioned  in  another  connection,  of  a  boy 
who  at  the  age  of  fifteen  had  the  size  and  development 
of  an  adult  male.  When  twenty-two  years  old  he  began 
to  suff'er  from  pains  in  the  head  and  nausea.  Soon  after, 
general  weakness  set  in,  with  enlargement  of  the  hands, 
feet,  maxilla?,  and  tongue.  At  twenty-nine  he  was  194 
cm.  high  and  was  typically  acromegalic.  By  a  careful 
study  of  the  recorded  cases  we  see,  therefore,  that  a  con 
siderable  degree  of  parallelism  exists  between  the  two 
affections.  Perhaps  the  most  important  points  are  to  be 
noted  in  the  skeleton. 

The  typical  features  in  acromegaly  are  enlargement  of 
the  bones  of  the  face  and  extremities.  The  hands  are 
"spade-like,"  and  the  fingers  rounded.  In  severer  cases 
all  the  bones  of  the  body  become  involved  The  thorax 
enlarges  and  the  trunk  becomes  scoliotic,  so  that  a  loss  of 
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height  takes  place.  There  exist,  however,  lesser  disturb- 
ances of  bone  foniiatiou  that  are  dillicull  to  class,  beins;- 
ou  the  bonier  line  between  giirantisiu  and  aeromegah'. 
In  such  cases  the  dystrophic  disturbance  is  cnntincd  to 
one  or  more  parts  of  a  member,  or  to  two  members  sym- 
metrically. Sueli  malformations  may  be  both  congenital 
andac(|uired.  Of  such  a  nature  are  those  cases  in  which 
there  is  deformity  of  the  face  without  enlargement  of  the 
hands.  Chautl'ariP'  reports  a  case  in  which  a  man  of 
thirty-two  presented  the  features  of  prognathism,  niacro- 
glossia.  prominence  of  the  external  occipital  protuberance, 
iieadaclie,  auivmia,  loss  of  vision  to  the  right,  and  slight 
kyphosis.  Some  of  the  anomalies,  then,  that  are  to  be 
found  in  acromegaly  may  be  found  without  the  other 
features  of  tlie  disease  in  certain  forms  of  developmental 
dystrophy,  and  may  arouse  a  suspicion  as  to  the  acro- 
megalic nature  of  the  case.  When  such  peculiarities  are 
met  with  in  giants  we  may  properly  inquire  whether 
they  are  the  stigmata  of  acromegaly,  or  whether  they 
merelj'  simulate  that  disease.  In  giants  thickenings  of 
the  extremities  of  the  long  bones,  hyperostoses,  and  ex- 
ostoses have  been  noted,  identical  with  those  that  for  so 
long  have  been  regarded  as  characteristic  of  acromegaly. 
Deformities  of  the  knees,  which  as  Osborne,  Middleton, 
Schultze,  Hitsehmann,  and  Roswell  Park  have  shown, 
are  fairly  conunon  in  acromegaly,  have  also  been  met 
with  in  gigantism.  Lucas  C!hampionnif-re  in  1899  de- 
monstrated to  the  Academy  of  Medicine  a  giant,  aged 
twenty -seven,  who  measured  203  cm.,  and  presented  an 
extreme  genu  valgum.  This  peculiarity  has  a  double 
interest  in  that  it  affords  a  link  between  acromegaly  and 
gigantism,  and  also  connects  the  latter  with  infantilism. 
The  curvature  of  the  spine  and  the  rounded  thorax,  so 
often  found  in  acromegaly,  have  been  found  in  gigantism, 
but  our  information  is  defective  in  this  regard. 

With  respect  to  muscular  power  great  variations  may 
occur  both  in  gigantism  and  in  acromegaly.  Several  ob- 
servers, notably  Meige,  Dallemagne,  Virchow,  P.  Marie, 
Souza-Leite,  Bourneville,  and  Regnault,  have  noted 
acromegaly  developing  in  per.sons  of  exceptional  muscu- 
lar vigor.  Some  giants,  like  the  Emperor  Maximin  and 
the  Countess  Lodoiska,  have  been  of  great  strength. 
This,  however,  seems  to  be  the  exception.  Geoflroy 
Saint-Hilaire  states  that  giants  are  "without  activity, 
without  energy,  slow  in  their  movements,  avoiding 
work,  fiuickly  fatigued;  in  a  word,  feeble  in  body  as 
well  as  in  mind."  Amyastheuia  and  general  weakness  are 
bj'  no  means  uncommon  in  acromegaly'. 

As  is  well  recognized  there  is  a  characteristic  facies  in 
acromegaly.  Meige  is  our  authority  for  the  statement 
that  giants  who  are  still  in  the  period  of  growth  present 
no  special  facial  peculiarities.  In  those  who  have  ceased 
to  grow  there  is  an  exaggerated  development  of  the  face 
as  compared  with  the  cranium.  We  can  sometimes  note 
that  the  malar  eminences  are  prominent,  the  lower  jaw 
enlarged,  and  the  angle  widened,  while  the  lips  are  thick. 
The  beard  is  often  thin,  the  skin  thick  and  dark,  the 
pupils  dull,  and  the  whole  appearance  lacks  vivacity. 
These  peculiarities  are  by  no  means  invariable  in  giants, 
nor  indeed  are  they  so  in  acromegaly.  We  have  to  allow- 
here  as  elsewhere  for  individual  variations.  In  fact,  we 
may  perhaps  with  Hoffmann  distinguish  between  acro- 
megaly of  the  soft  parts  and  acromegaly  of  the  bones.- 
Meige  is,  on  the  whole,  inclined  to  believe  that  the  face 
in  giants  at  one  time  approaches  the  acromegalic  type,  at 
another  the  infantile. 

Vascular  disturbances  have  been  found  in  both  acro- 
megaly and  gigantism.  In  both  the  pulse  is  slow,  the 
circulation  sluggish,  and  there  may  be  varices. 

Pains  in  the  head  have  been  found  in  both  affections. 
Pains  also  in  the  limbs,  vertebral  column,  and  the  viscera, 
have  been  met  with  in  about  half  the  recorded  cases  of 
acromegaly.  These  may  simply  amount  to  a  sense  of 
fatigue  or  lameness,  but  may  be  actually  articular,  mus- 
oilar,  or  neuralgic.  It  is  a  popular  belief  that  rapid 
growth  in  children  is  associated  with  "growing  pains," 
and  it  is  interesting  that  the  same  thing  has  often  been 
noted  in  giants.     In  the  case  of  McGrath,  for  instance 


the  increase  in  growth  was  associated  with  the  most  vio- 
lent pains  in  the  limbs. 

Visual  disorders  have  been  met  with  both  in  acro- 
megaly and  in  gigantism.  In  acromegaly,  at  least,  they 
have  been  found  to  be  dependent  on  the  presence  of  a 
tumor  of  the  pituitary  bod}'. 

Polydipsia,  polyphagia,  and  abundant  sweating  have 
been  observed  in  both  affections.  Polyuria  and  glyco- 
siH-ia  are  occasionally  met  with  in  acromegaly  and  in 
giants  who  become  acromegalic. 

In  both  gigantism  and  acromegaly  there  is  often  to  be 
noted  sexual  frigidity  in  the  male,  and  amenorrhoca  in 
the  female. 

To  sum  up,  the  two  affections  frequently  have  the  fol- 
lowing symptoms  in  common-  asthenia  in  the  widest 
sense  of  the  term;  muscidar  weakness,  notwithstanding 
the  absence  of  atrophy  ;  intellectual  degradation ;  melan- 
choly; headache;  diminution  of  sexual  desire  in  the 
male;  ameuorrhoea  in  the  female;  alterations  in  the  skin; 
varices.  Lastly,  of  a  great  importance,  lesions  of  the 
pituitary  gland  have  been  found  in  a  majority  of  both 
affections. 

Further,  the  influence  of  heredity  is  marked  in  acro- 
megaly as  in  gigantism,  and  indeed  it  is  not  uncommon 
in  probing  into  the  family  history  to  tindthat  acromegaly 
and  gigantism  are  liable  to  be  met  with  in  the  same  fam- 
ily. Schwoncr,  for  instance,  records  =2  a  case  of  acromeg- 
aly in  a  woman  of  forty-five,  whose  mother  had  become 
acromegalic  at  lift}-.  All  the  members  of  the  family 
on  bolh  sides  of  the  house  are  noted  as  having  been  of 
great  stature.  Lackey  ^^  describes  a  case  of  acromegaly 
in  a  negro  who  reached  the  extraordinary  height  of  eight 
feet  six.     His  grandfather  is  said  to  have  been  a  giant. 

In  view  of  the  facts  outlined  above,  BrLssaud  and  Meige 
would  discover  a  general  principle  underlying  the  dys- 
trophic disturbances  that  result  in  excess.  Growth  at  all 
periods  of  life  tends  to  be  manifested  most  conspicuously 
at  the  epiphyseal  ends  of  the  long  bones.  The  effect 
produced  is  controlled  by  the  age  of  the  patient,  or.  In 
other  words,  by  his  vegetative  capacity  and  the  condition 
of  his  epiphyseal  cartilages.  The  same  pathological  proc- 
ess which  in  the  young  gives  rise  to  gigantism  will,  if 
continued  after  the  normal  period  of  growth  in  stature 
is  passed,  cause  acromegaly.  If  it  becomes  opei^ative  in 
later  youth,  when  the  bones  are  largely  formed  but  growth 
is  not  complete,  we  get  a  combination  of  acromegaly 
with  gigantism.  This  is  to  some  extent  corroborated  by 
the  lesions  in  acromegaly,  for,  as  JIarie  himself  has 
shown,  in  cases  of  acromegaly  that  begin  early  in  life, 
the  extremities  are  more  elongated  than  thickened,  and 
are  quite  unlike  the  spade-like  extremities  characteristic 
of  the  disease  as  it  occiu's  in  later  life.  Further,  it  may 
be  safely  stated  that  acromegaly  has  never  preceded 
gigantism,  while  acromegaly  has  succeeded  gigantism  in 
almost  half  the  cases.  Brissaud  and  Meige.  however, 
would  go  further.  They  see  the  s;ime  principle  at  work 
in  the  chronic  rheumatism  so-called  of  the  aged,  in  rheu- 
matoid arthritis  and  gout;  in  youth,  in  gigantism;  in 
adult  life,  in  acromegal}';  in  old  age,  in  nodes.  They 
support  this  by  an  observation  made  by  Gaston  and 
Brouardel  ■•''  with  the  .r-rays  on  a  woman  of  sixty,  who 
began  to  show  signs  of  aeromegah'  at  forty-two  after  the 
menopause.  The  disease  was  slowly  progressive,  and 
thickenings  in  the  form  of  nodules  could  be  made  out  on 
the  epiphyseal  lines. 

Without  endorsing  the  rather  startling  proposition  put 
forth  by  Brissauil  and  Meige,  that  "acromegaly  is 
gigantism  of  the  adult;  gigantism  is  acromegaly  of 
adolescence, "  it  seems  to  me  that  the  unprejudiced  ob- 
server cannot  fairly  deny  that  they  have  proved  their 
main  contention.  There  is  undoubtedly  a  close  connec- 
tion between  acromegaly  and  gigantism,  and  the  two 
affections  in  a  large  proportion  of  cases  merge  gradually 
one  into  the  other.  Gigantism  frequently  becomes  acro- 
megaly. But  how  about  the  other  fifty-eight  percent,  of 
cases  of  gigantism  that  present  no  signs  of  acromegaly? 
Are  these,  too,  of  the  same  nature,  or  are  they  in  a  differ- 
ent category  ?    It  is  not  impossible  nor  even  unlikely  that 
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some  of  them  are  due  to  the  same  factors  as  acromegaly, 
as  it  is  ordiuarily  underetood.  Here  we  have  to  consider 
the  mitural  variations  of  disease.  Diseases  do  uot  inva- 
riably run  tlieir  course.  Tliey  may  become  ameliorated 
or  may  be  aborted.  Acromegaly  itself  may  present  an 
extrcinel}'  slow  progression,  and  in  fact  ma}'  cease  to  ad- 
vance. A  fatal  teimination  does  not  always  occur.  It 
may  well  be,  therefore,  that  acrouiegal}'  beginning  in 
early  adolescence  may  progress  only  sufficicntl}-  far  to 
produce  increase  in  length  of  bone  without  the  other 
signs  supervening.  It  maybe  recalled  iu  this  connection 
that  the  majority  of  giants  die  early.  Byrne,  the  Irish 
giant,  died  at  twentj'-two:  James  Toller  at  twenty-four; 
the  "Queen  of  the  Amazons"  at  about  twenty.  This 
may  perhaps  be  the  elfcct  of  the  acuteness  of  their  raal- 
ad}',  but  in  many  cases  it  is  due  to  intercurrent  disease, 
aslhercsistiugpowerof  giants  isuotoriously  low.  How- 
ever this  may  be,  it  is  jjlain  that  many  giants  die  before 
tlie  period  of  age  incidence  of  acromegaly,  that  is  to  sa}', 
before  adolescence  is  completed.  AVe  cannot  therefore 
say  that  they  woidd  not  have  become  acromegalic  had 
they  lived.  It  is  possible,  therefore,  that  the  majority 
of  the  cases  of  gigantism  are  dejiendent  on  the  same 
pathological  factors  as  acromcgah'. 

There  has  been  considerable  debate  as  to  the  e.xact  na- 
ture of  the  cause  or  causes  at  work  in  acromegaly.  Klebs 
advanced  the  theory  that  acromegaly  is  due  to  angioma- 
tosis. Vascular  lesions  are  imdoubtedh'  present  both  in 
acromegaly  and  in  gigantism.  Witness  the  arterioscle- 
rosis, the  varices,  the  vasomotor  ata.xia,  and  the  hyper- 
troj^hy  of  vessels  to  ad  j  ust  themselves  to  the  increased  size 
of  the  bod}'.  But  there  is  no  proof  of  any  new  formation 
of  vessels.  Lancereaux,  again,  has  suggested  that  it  is 
a  trophoneurosis.  The  enlargement  of  the  hands  and  the 
disturbed"  innervation  met  with  in  syriugom^'elia  might 
suggest  this.  This  view  is  not,  however,  sujijiorted  by 
any  known  facts,  von  Striimiiell  has  thdught  that  it  is  a 
congenital  dj'strophy.  The  majority  of  observers  are,  I 
think,  practically  agreed  that  acromegaly  is  dependent 
on  some  gross  lesion  of  the  pittiitary  body,  in  the  form 
of  hypertrophy,  cystic  growth,  adenoma,  or  other  tumor 
growth.  Osborne  believes  that  gigantism  in  its  perfect 
development  is  due  to  a  normal  liyjiertropliy  of  the 
pituitary  gland;  that  is,  to  a  hypersecretion  occurring 
at  the  age  of  puberty  or  age  of  general  or  symmetrical 
body  growth  and  development.  He  believes  further 
that  gigantism  will  remain  such  as  long  as  the  pituitary 
body  is  in  normal  hy])ertrophy,  but  that  these  cases  of 
gigantism  will  assume  later  an  acromegalic  type,  if,  as  is 
often  the  case,  the  pituitary  body  begins  to  take  on  path- 
ological conditions.  In  other  words,  he  believes  that  an 
excess  of  normal  secretion  from  the  pituitarj' gland  is  the 
cause  of  gigantism,  while  perverted  secretion  is  the  cause 
of  acromegaly.  This  conception  is  very  different  from 
that  of  Brissaud  and  jNIeige,  in  that  it  attributes  the 
lesions,  which  we  call  gigantism  and  acromegal}',  to  two 
distinct  and  separate  states  of  the  ])ituitary  function. 
Brissaud  and  Meige's  view  implies  that  the  same  con- 
dition of  the  pituitary  function  is  at  work  in  both  cases, 
any  differences  in  the  results  produced  being  attributable 
to  the  age  period  at  which  the  process  begins.  We  know 
so  little  of  the  nature  of  the  normal  function  of  the 
pituitary  body,  and  indeed  of  its  disturbances,  that  it 
would  be  hazardous  as  yet  to  express  an  opinion  either 
way.  For  my  part  I  cannot  understand  the  term  "nor- 
mal hypertrophy,"  as  applied  to  the  pituitary.  We 
have,  it  is  true,  what  might  be  called  normal  or  physi- 
ological hypertrophy  in  the  case  of  the  pregnant  uterus 
and  possibly  iu  the  functioning  breast,  yet  this  is  but  a 
temporary  condition  and  is  paralled,  so  far  as  I  know, 
nowhere  else  in  the  body.  Gigantism  is  an  abnormal 
condition,  and  to  my  mind  cannot  be  explained  on  the 
basis  of  a  "normal  "  hypertrophy.  It  may,  however,  be 
true  that  it  is  due  to  an  excess  of  pituitary  secretion. 
But  if  this  can  produce  increase  in  the  length  of  bone, 
why  is  it  not  also  competent  to  produce  increase  in  thick- 
ness of  bone?  One  seems  as  likely  as  the  other.  Whether 
acomegaly  is  due  to  a  hypersecretion  on  the  part  of  the 
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pituitary,  as  many  seem  to  think,  or  to  a  diminution  of 
the  secretion,  or  again  to  a  perverted  secretion,  cannot, 
however,  be  regarded  as  settled.  Tumors,  cysts,  and 
plain  hy]5ertropby  of  the  pituitary  have  been  found  in 
the  majority  of  autopsies  on  acromegalic  cases,  and  tu- 
mors of  the  pituitar}-  in  acromegalic  giants  (Buda}'  u. 
Jancto,'"  Oestreich  u.  Slawyk  ^').  Possibly  simple  hyper- 
trophy or  adenomatous  growths  may  imply  oversecre- 
tiou;  but  cj'sts  or  destructive  tumors,  like  the  sarcomata 
that  are  so  frequently  foiuid,  might  be  interpreted  as 
lessening  the  amount  of  secretion.  Conversely,  tumors 
of  the  pituitary  may  exist  without  signs  of  acromegaly, 
as  iu  two  cases  that  have  come  tinder  my  own  observa- 
tion. Both  were  malignant  (one  sarcoma  and  one  endo- 
thelioma). Here  we  must  assume  either  that  the  jiitui- 
tary  was  able  to  furnish  the  proper  amount  and  kind  of 
secretion,  or  else  that  compensation  had  taken  place. 
We  are  realizing  more  and  more  the  importance  of  tlie 
principle  of  compensation  in  regard  to  the  body  metabol- 
ism. We  see.  for  instance,  that  there  is  a  close  relation- 
ship between  the  thyroid  gland  and  the  pituitary  body. 
In  acromegaly  the  thyroid  gland  has  been  found  iiy- 
pertrophied,  cystic,  or  atrophic,  ,aud  the  disease  may 
be  complicated  by  the  symptoms  of  exophthalmic  goitre 
6r  myxa?dema.  In  this  connection  may  be  mentioned  a 
most  remarkable  ease,  reported  by  Pope  and  Clarke,'*  in 
which  a  man  siilfering  from  acromegaly  had  a  daughter 
with  myxoHlema  and  an  atrophied  thyroid,  who  at  the 
age  of  twenty  presented  the  physical  aiid  mental  charac- 
ters of  a  child  of  live.  Pouliek!  Hymanson,  Pineles.  and 
Green,  in  particular,  have  noted  the  association  of  acro- 
megaly with  myxiedema,  and  Murray  ■"  its  combination 
with  exoplithalmic  goitre.  Conversely,  the  pituitary 
has  been  found  enlarged  in  cases  in  which  the  thyroid 
was  atrophied  (Boyce  and  Beadles^"),  and  when  this  oc- 
curs it  .seems  to  prevent  at  least  the  immediate  residts  of 
thyroid  defect,  namely,  cretinism  or  myxcedema.  In  the 
article  on  Dirarp'nii'.  by  the  jMesent  writer,  in  this  vol- 
ume, the  relationship  of  thyroid  dystrophy  to  that  other 
anomaly  of  growth  allied  to  gigantism,  namely,  dwarf- 
ism, is  dealt  with  at  length,  and  it  is  there  shown  how 
the  condition  of  athyroidea  may  result  in  inhiliited  growth 
and  genital  insufflcieucy.  The  stigmata  of  infantilism  in 
acromegaly  and  in  gigantism  have  suggested  the  possi- 
bility of  disorder  of  the  thyroid  in  these  affections,  and 
there  have  not  been  wanting  those  who  would  attribute 
acromegal}'  to  thyroid  dystrophy.  Facts,  however,  do 
not  favor  this  view. 

Genital  hypoplasia  and  malformation,  as  well  as  geni- 
tal inadequacy,  have  been  met  with  in  dwarfism,  cretin- 
ism, infantilism,  gigantism,  and  acromegaly,  and  this 
leads  us  to  discuss  in  how  far  disorders  of  tlie  sexual  ap- 
paratus are  responsible  for  anomalies  of  growth.  In  this 
connection  a  number  of  interesting  facts  mav  be  adduced. 
The  sexual  languor,  as  it  might  be  termed,  found  in  both 
acromegaly,  and  gigantism,  lias  been  referred  to.  Gamier 
and  Santenoise'"  have  observed  a  case  of  gigantism  asso- 
ciated with  feminism,  cryptorchidism,  and  polysarcia. 
Thoma'"  mentions  having  met  with  defective  formation 
of  tlie  genital  organs  in  a  case  of  hemiliv]iertrophy.  In 
acromegaly,  as  soon  as  the  changes  in  the  bones  become 
manifest,  the  secondary  sexual  attributes  are  changed. 
In  the  male  the  hair  becomes  scant}',  while  in  the  female 
hair  is  apt  to  grow  on  the  face  much  as  it  does  after  the 
menopause  or  iu  ovarian  disorders.  The  hirynx  hyper- 
trophies and  the  voice  deepens.  Infantilism  and  hypo- 
plasia of  the  genital  organs  have  also  been  observed  in 
cases  of  tumor  growth  in  the  pituitary  in  the  absence  of 
signs  of  acromegaly.  Some  years  ago  I  performed  an 
autopsy  on  a  woman  about  thirty  years  of  age  who  had 
a  perithelial  .sarcoma  of  the  pituitary  without  signs  of 
acromegaly,  iu  whom  the  genital  organs  were  markedly 
undeveloped.  Babinski  also  reported  to  the  Neurologi- 
cal Society  of  Paris  (June  7th,  1900)  the  case  of  a  girl  of 
seventeen,  who  presented  the  signs  of  infantilism,  ameu- 
orrhcea,  abundant  fat,  scantiness  of  hair,  but  without 
acromegaly.  She  developed  pains  in  the  head  with  dis- 
ordered   vision,    and    epileptiform    convulsions.     After 

i65 


GH£JranfiKiii. 

lliriiioIyhiN. 


REFERENCE   HANDBOOK   OF   THE   MEDICAL   SCIENCES. 


(ieatli  it  was  discovered  that  she  had  a  tumor  of  the 
pituitary.  It  is  clear  then  tliat  tliere  is  sonie  re.lutionship 
between  h'.si()iis  of  Mie  jiituitarv  uud  tlij'roid  glauds  and 
{renilal  disturlniiu'es.  What,  tiieii.  is  tlie  primary  disor- 
der which  leads  to  such  extraordinary  anomalies  of 
growth  and  development?  Breton  and  Miehaut-"^  have 
suggested  that  there  is  a  trophic  deviation  of  the  genital 
acfivit)'  to  tlic  bone  marrow  so  that  the  medullary  bone- 
forming  function  preserves  its  activity  indefinitely.  The 
cessation  of  genital  activity  would  lead  to  acromegaly. 
This  view  is  somewhat  similar  to  that  pronuilgated  pre- 
viously by  Freund,  Klebs,  and  Verstraeteu,  who  held 
that  there  is  a  disturbance  of  the  evolution  of  the  genital 
function.  If  genital  evolntion  is  in  e.\ce.ss  we  get  gigant- 
ism and  acromegaly  ;  if  defective,  we  get  infantilism  and 
dwarf  growth.  It  is,  of  course,  well  recognized  that 
with  the  onset  of  puberty  the  efflorescence  of  the  sexual 
characteristics  is  coincident  with  increased  growth  and 
development  of  i;he  body  as  a  whole.  The  operation  of 
castration  has  been  observed  to  e.xert  a  notable  effect  on 
the  stature  of  the  body  as  well  as  in  inhibiting  the 
development  of  the  secondary  sexual  peculiarities.  In 
eunuchs  the  height  is  often  extreme.  This  is  due  chiefly 
to  a  disproportionate  increase  in  the  length  of  the  legs. 
Lortet  has  confirmed  this  statement  by  an  examination  of 
the  skeleton  of  an  Egyptian  eunuch  196.cm.  high.  In 
castrated  animals,  the  capon  and  the  ox,  the  same  in- 
creased growth  of  the  lower  or  hind  extremities  is  to  be 
observed.  Silva"  has  further  recorded  a  curious  obser- 
vation in  a  youth  wlio  was  normal  until  the  age  of  thir- 
teen. The  testes  then  remained  atrojjhic  and  when  about 
tweutj-  he  began  to  grow  rapidlv,  eventuall_v  manifesting 
some  enlargement  of  the  head  and  extremities,  muscular 
weakness,  anosmia,  slight  scoliosis,  to  such  a  degree  as 
to  suggest  acromegaly. 

While  such  facts  as  those  just  mentioned  are  sugges- 
tive of  some  relationship  between  genital  insufficiency 
and  disorders  of  growth  and  nutrition,  to  my  mind  the 
evidence  is  not  strong  enough  to  induce  us  to  accept  the 
view  that  deficiency  of  the  genital  organs  is  the  cause  of 
tliese  disorders.  Two-thirds  of  the  cases  of  acromegaly 
develop  after  puberty  is  practically  reached.  The  loss 
of  sexual  power  in  the  male  is  gradual  and  progresses 
pari  passu  with  the  extension  of  the  disease  itself.  In 
the  female,  too.  Avliile  aiuenorrhcea  is  a  frequent  and 
often  the  first  symptom  of  the  disease,  it  is  not  invariable. 
Again  genital  "hypoplasia  and  other  signs  of  infantilism 
arc  often  present  in  dwarfs,  and  the  argument  might  be 
applied  with  equal  force  to  explain  dwarfism.  The  same 
cause  could  hardly  produce  at  one  time  dwarfism  and  at 
another  gigantism.  Moreover,  while  genital  hypoplasia 
has  been  often  observed  in  cases  of  thyroid  atrophy  and 
gross  lesions  of  the  pituitary  body,  so  far  as  is  known 
castration  does  not  produce  a  converse  effect  on  these 
particular  organs.  While,  then,  genital  hypoplasia  un- 
doubtedly plays  some  role  in  osteogenesis,  it  seems  to 
be  quite  a  subordinate  one,  and  appears  to  be  inadecjuate 
to  explain  the  more  marked  aberrations  from  the  normal 
path  of  development.  The  functions  of  the  thyroid 
gland,  the  pituitary  body,  and  the  sexual  organs  are, 
however,  no  doubt  correlated,  and  it  is  probable  that  the 
normal  course  of  growth  and  development  is  dependent 
on  a  certain  balance  of  power  exerted  by  these  glands. 
Of  what  nature  is  this  correlation  we  are  to  a  great  ex- 
tent in  the  dark.  It  is  generall}' believed  that  the  glands 
mentioned  produce  internal  secretions  that  are  essential 
to  the  normal  course  of  the  metabolic  processes.  The 
evidence  in  favor  of  this  is  less  strong  in  the  case  of  the 
sexual  organs  (testes  and  ovaries)  than  for  the  other  or- 
gans. It  may  be  inferred  that  while  the  metabolic  proc- 
esses referred  to  are  vital  in  nature,  they  are  inextricably 
associated  with  chemical  transformations.  The  impor- 
tance of  cheiuical  substances  in  the  growth  of  the  organ- 
ism is  well  illustrated  by  the  experimental  work  of  Weg- 
ner,  ]\laas,  and  Gies.-*'',  ■"',  ^'.  Wegner  jiroved  that  by 
feeding  rabbits  with  minute  doses  of  phosphorus  for  a 
prolonged  period  he  could  get  a  marked  increase  in  the 
formation  of  bone  at  the  epiphyseal  sutures  of  the  long 


bones.  The  same  thing  has  been  found  to  occur  with 
arsenic.  Observations  upon  the  nature  of  the  metabolism 
in  giants  are  hitherto  lacking,  but  we  have  considerable 
evidence  to  show  that  in  acromegaly  metabolism  is  dis- 
ordered. There  appears  to  be  a  tendency  to  an  overpro- 
duction of  lime  salts  in  acromegaly.  Deposits  of  lime 
have  been  found  in  various  parts  of  the  body,  especially 
in  the  pituitaiy,  the  thyroid,  and  the  vessels  (arterio- 
sclerosis). Ossiform  infiltration  of  the  dura  mater  has 
been  observed.  Von  Moraczewski  ■**  has  also  demon- 
strated a  tendency  to  the  retention  of  lime  and  phosphorus 
in  the  system  in  cases  of  acromegaly.  Not  onl}'  then  is 
there  an  increased  deposit  of  lime  at  the  extremities  of 
the  bones,  but  also  in  widely  distant  parts  of  the  body. 

We  are,  I  think,  led  to  the  inevitable  conclusion  that 
gigantism,  like  acromegaly,  is  ver}'  often  a  disorder  of 
development  brought  aboutbj^  abnormal  metabolic  proc- 
esses. We  must  also  admit  that  a  large  proportion  of 
cases  of  gigantism  are  etiologicallj'  the  same  thing  as 
acromegaly,  and  that  an  additional  but  uncertain  num- 
ber are  probably  abiu'tive  acromegaly  (acromegalie 
fruste)  One  consider-ation  must,  however,  be  by  no 
means  overlooked  in  any  discussion  of  the  question  of 
internal  secretion.  The  doctrine  of  internal  secretion  as 
at  present  understood  implies  the  existence  of  certain 
substances  in  the  body  upon  which  the  secretion  of  the 
glands  in  question  may  act.  Now  the  gland,  thyroid  or 
hypophysis,  may  be  totally  unable  to  perform  the  duties 
required  of  it.  owing  to  some  lesion,  or  it  maj'  be  only 
relatively  so.  In  either  case  similar  symptoms  would 
ari.se.  This  doctrine  of  relative  inadequacy  has  been  ad- 
vanced by  Prof.  J.  G.  Adami,'"  and  lias  by  no  means 
attracted  the  attention  it  deserves.  On  the  one  hand, 
relative  inadequacy  of  a  gland  will  set  in  as  soon  as  its 
reserve  power  has  been  exhausted,  and  may  increase  un- 
til it  becomes  absolute.  On  the  other  hand,  there  may 
be  an  excess  of  the  substances  tipon  which  the  internal 
secretion  is  supposed  to  act.  Therefore  it  is  quite  pos- 
sible that  certain  forms  of  dcvelo]imcntal  disorder  may 
be  due  to  relative  inadequacy  on  the  part  of  some  of  the 
important  glands,  that,  as  we  have  seen,  are  competent 
to  luodify  nutritive  processes.  In  the  ease  of  gigantism, 
relative  inadequacy  of  the  pituitaiy,  or  it  may  be  a  rela- 
tive overadequacy,  short  of  producing  the  regular  symp- 
toms of  acromegaly,  might  influence  growth  so  as  to 
bring  about  excess. 

However  this  maj'  be,  and  the  deduction  is  alluring, 
there  still  remains  some  small  proportion  of  cases  of 
gigantism  which  cannot  be  explained  on  any  of  these 
theories.  Such  are  the  cases  in  which  in  addition  to  ex- 
cessive height  there  is  great  strength  with  perfect  pro- 
portion. Here  there  can  be  no  question  of  disease  in  the 
ordinary  acceptation  of  the  term.  Such  giants  are  exam- 
ples of  the  so-called  "athletic"  habit  of  body,  and  are 
strictly  comparable  to  the  giant  infants  before  referred 
to.  They  represent  the  structure  of  the  human  body 
carried  to  its  highest  jioint.  They  may  be  regarded  as 
examples  of  true  or  essential  gigantism.  Infantilism  and 
pituitary  dyscrasia  cannot  explain  them.  Rather  are 
they  to  be  referred  to  peculiarities  inherent  in  the  germi- 
nal cells  of  the  progenitors.  This  view  is  supported  by 
the  fact  that  certain  anomalies,  for  example  Polydactyly, 
malformations  of  the  genital  organs,  and  congenital 
hydrocele,  are  apt  to  be  associated  with  the  increase  in 
size  and  weight.  Albert  George  JS'ichttUs. 
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H/EMOLYSIS. — (Syiiouynis:  Hicmocytolysis;  Ha-ina- 
tolysis;  Laking  of  blood  ;  Globulysis;  Erythrocytolysis. ) 

Although  etymologically  this  term  iuchides  destruc- 
tion or  solution  of  both  red  and  white  corpuscles,  yet  by 
usage  it  has  come  to  be  applied,  when  used  without  speci- 
fication, on!}'  to  the  erythrocytes.  When  corresponding 
changesof  the  leucocytes  are  considered,  the  specific  term 
Uiiciilysia  or  leiicocytulysis  is  general!}'  used.  In  this 
article  the  term  hiemolysis  will  be  used,  as  above  indi- 
cated, to  apply  only  to  eri/t/trolt/itis. 

In  ha;niol_vsis  the  essential  phenomenon  consists  in  the 
escape  of  the  hsemoglobin  from  the  stroma  of  the  corpus- 
cles into  the  surrounding  fluid.  As  it  is  not  exactly 
known  in  what  way  the  stroma  holds  the  haemoglobin 
normally,  whether  pui-elj-  physically  or  in  part  chemi- 
cally, or  whether  the  stroma  consists  of  a  spongioplasm 
or  a  sac-like  membrane,  or  bfith,  the  ultimate  processes 
that  permit  the  escape  of  the  htemoglobin  are  not  finally 
solved.  However,  the  agents  by  which  the  escape  is 
brought  ahout  ai'e  well  known  and  extensively  studied, 
and  they  aie  found  to  be  of  extremely  vaiious  natures. 
They  may  be  roughly  classified  as:  (1)  Known  physical 
and  chemical  agents;  (2)  unknown  constituents  of  blood 
serum;  (3)  bactei'ial  products;  (4)  certain  vegetable  poi- 
sons; (5)  snake  venoms. 

While  the  known  chemical  and  physical  agencies  in  the 
production  of  ha>molysis  have  much  significance  in  physi- 
ology, and  to  some  extent  in  patholog)',  yet  the  impor- 
tance of  the  subject  of  ha?molysisatthe  time  of  this  writ- 
ing rests  chiefly  upon  the  work  now  being  done  with 
blood  serums;  and  in  turn  the  chief  importance  of  this 
work  lies  in  its  relation  to  problems  of  bucteiial  destruc- 
tion, cell  destruction,  and  the  general  laws  of  cell  sus- 
ceptibility and  cell  resistance.  Hence  we  shall  devote 
particiilar  attention  to  the  subject  of  serum  ha;molj'sis, 


appreciating  that  whether  time  does  or  <loes  not  show 
this  work  to  be  of  as  far-reaching  importance  as  is  now 
hoped,  yet  in  any  event  it  will  mark  a  distinct  period  in 
the  history  of  medical  science.  x\s  being  by  far  the  sim- 
pler, however,  we  shall  first  discuss : 

(1)  H.i^MOLVsis  BY  Known  Chemical  aud  Physical 
Agencies. 

If  distilled  water  is  added  to  corpuscles  of  anj'  kind, 
osniotic  changes  are  bound  to  occur,  since  within  the  cells 
are  abundant  salts,  soluble  in  water,  which  will  begin  to 
difluse  outward  in  au  attempt  to  establish  osmotic  equilib- 
lium  between  the  corpuscles  and  the  surroimding  fluid. 
Conversely  water  enters  the  corpuscles  at  the  same  time, 
and  accumulating  there  leads  to  swelling  until  such 
injury  has  been  produced  as  permits  the  haemoglobin  to 
escape  and  enter  the  surrounding  fluid.  Before  this  oc- 
curred the  fluid  was  opaque  because  of  the  obstruction  to 
light  offered  by  the  red  cells.  Thestioma  now  settles  to 
the  bottom,  while  the  haemoglobin  diffuses  into  the  fluid, 
making  it  red,  but  perfectly  transparent.  Tliis  process 
has  long  been  known  as  the  'Making"  of  blood,  and  is 
essentially  the  condition  present  in  all  forms  of  haemo- 
lysis. That  the  hiemoglobin  escapes  only  1  hrough  in j ury 
of  the  stroma  and  not  through  siiiiple  osmotic  difl'usion  is 
showu  by  the  fact  that  if  salt  solution  of  the  same  con- 
centration as  normal  serum  is  used  instead  of  distilled 
water,  no  such  escape  of  haemoglobin  occurs.  As  ha'ino- 
globin  is  perfectly  soluble  in  the  .salt  solution  it  should 
pass  out  if  it  diffused  as  do  the  salts.  Since  thei'e  is  no 
escape  of  hamoglobin  in  such  a  .salt  solution,  it  is  evident 
either  that  the  stroma  is  not  permeable  to  hemoglobin,  or 
else  the  haemoglobin  is  in  some  way  attached  to  or  com- 
bined with  the  stroma.  Again,  if  the  corpuscles  aie 
]daced  in  a  solution  of  .salt  more  concentrated  than  their 
own  fluids,  water  escapes  and  the  corpuscles  shrink;  as 
no  haemoglobin  escapes  with  the  water  it  is  evident  that 
the  stroma  is  not  permeable  to  hiemoglobin  when  intact. 
Therefore  it  would  seem  that  ha-molysis  by  distilled 
water  may  be  iiurely  physical,  produced  by  the  cell 
stretching  until  rupture  occurs  and  the  hemoglobin  es- 
cajjes  as  from  a  sac,  or  else  it  may  be  that  the  stroma  is 
partly  soluble  in  water  but  not  in  salt  solutiim,  so  that 
the  distilled  water  dissolves  the  stroma  and  the  ha'mo- 
globin  escapes  from  its  attachment.  Because  of  the  re- 
semblance of  the  process  of  hemolysis  to  the  rupture  of 
plant  cells  with  escape  of  their  contents  when  they  are 
placed  in  dLstilled  water,  it  might  be  assumed  that  haino- 
lysis  is  largely  a  physical  matter,  but  there  are  many  in- 
dications that  chemical  changes  must  be  involved.  For 
example,  if  a  red  corpuscle  in  an  isotonic  solution  is  cut 
into  pieces  the  hemoglobin  does  not  escape,  indicating 
that  its  structure  is  quite  dissimilar  to  that  of  the  simple 
vegetable  cell,  and  that  there  is  some  union  of  stroma  and 
of  hemoglobin  other  than  physical. 

Repeated  alternate  freezing  and  thawing  is  another 
physical  means  of  bringing  on  hemolysis.  Heating  to 
63°-64°  C.  causes  hemolysis  of  manmialiancoriniscles;  in 
cold-blooded  animals  this  seems  to  occur  at  a  slightly 
lower  temperature. 

Some  chemical  agents,  as  might  be  expected,  are  capa- 
ble of  liberating  hemoglobin,  even  when  the  corpuscles 
are  in  isotonic  solutions.  The  ordinary  salts  of  serum,  of 
course,  do  not  have  this  property,  but  ammonium  salts 
are  strongly  ha-molytic.  Urea  also  \vill  dissolve  red  cor-, 
puscles.  The  chemical  agents  that  dissolve  red  corpus- 
cles seem  to  be  those  that  have  the  power  of  penetrating 
the  stroma.  Ammonium  salts  and  uiea  penetrate  the 
corpuscles  freely  and  cause  hemolysis.  Sugar  and  NaCl 
seem  not  to  penetrate  the  corpuscle,  and  therefore  do  not 
produce  hemolysis.  Of  the  permeating  substances  there 
seem  to  be  two  types:  One,  like  urea,  does  not  produce 
hemolysis  when  in  a  .solution  of  NaCl  isotonic  with  the 
serum;  the  other,  like  ammonium  chloride,  is  not  pre- 
vented from  producing  hemolysis  by  the  presence  of 
NaCl.  All  these  agents  seem  to  effect  hemolysis  by  act- 
ing on  the  stroma,  for  when  the  stroma  of  corpuscles 
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hardened  in  formalin  has  its  lecithin  and  cholesterin  re- 
moved with  ether,  saponin,  a  powerful  lisemolytic  sub- 
stance, seems  to  Imve  no  effect.  The  action  of  saponin 
au<l  of  man}-  otlier  ha-molylic  agents  can  be  prevented  by 
the  presence  of  cliolesterin  in  excess,  suggesting  that  it 
is  this  constituent  of  tlie  stroma  that  is  atfected.  The 
fact  tliat  cnlorofonu,  ether,  and  amyl  alcohol  will  cause 
taking  is  probably  intimately  connected  with  the  fact 
that  Tecitliiu  and  cholesterin,  important  constituents  of 
the  stroma,  are  bulli  soluble  in  these  substances.  Arseni- 
urctted  hydrogen  when  inhaled  causes  intravascular 
luemolysis,  and  there  are  many  other  drugs  and  chemicals 
with  the  same  pro])erty,  among  which  may  be  mentioned 
nitrobenzol,  nitroglycerin,  and  the  nitrites,  guaiacol, 
pyrogallol,  acetanilid,  and  numerous  aniline  compounds. 
The  "bile  acids  and  their  salts  will  also  produce  ha?mo- 
lysis,  as  seen  in  jaundice.  Sodium  bicarbonate  solutions 
of  one  or  two  per  cent,  are  hfemolytic  for  some  varieties 
of  corpuscles,  but  0.1  per  cent.  NajCOs  and  NaHCOa  do 
not  cause  hwmolj'sis. 

Leucocytes  are  dissolved  by  some  of  these  agents,  par- 
ticidarl}-  the  bile  ssilts,  although  they  are  affected  by  no 
means  so  rapidly  or  so  much  as  are  the  erythrocytes. 
There  seems  to  be  no  relation  between  the  erythrolytic 
and  leucolytic  powers  of  these  substances.  Water 
causes  swelling,  with  soluticm  of  the  granules  in  time, 
and  the  same  is  true  of  anunouium-chloride  solutions. 

(3)   n.EMOLYSIS  BY   SeRUMS. 

With  these  facts  as  to  the  physical  and  chemical  prop- 
erties of  the  red  corpuscles,  we  may  consider  the  features 
of  serum  liajmoh'sis.  Since  a  verj'  early  time  it  has  been 
known  that  it  is  not  possible  to  substitute  the  blood  of 
animals  for  the  blood  of  man  by  transfusion,  because  the 
corpuscles  of  both  transfused  and  native  blood  soon  suffer 
destruction.  Animal  experiments  also  showed  that  as  a 
general  rule  the  blood  of  one  animal  cannot  be  substi- 
tuted for  that  of  another  of  a  different  species.  This  ob- 
servation was  not  extended,  however,  until  attention  was 
drawn  to  it  later  by  experimental  investigations  that  may 
be  said  to  have  begun  with  the  observations  of  Belfanti 
and  Carbone.  They  found  that  if  the  red  corpuscles  of  a 
rabbit  were  injected  into  a  horse  repeatedly,  the  serum  of 
the  horse  became  very  toxic  for  rabbits,  because  it  caused 
dissolution  of  their  red  corpuscles.  It  also  develoj^ed 
that  this  same  liiemolytic  property  was  manifested  wlien 
the  serum  was  added  to  rabbit  corpuscles  in  a  test  tube. 
When  Bordet  showed  the  similarity  of  this  process  with 
the  solution  of  bacteria  by  serum,  a  process  that  had 
already  been  studied  in  a  similar  manner,  the  phenome- 
non of  haemolysis  by  serum  suddenly  leaped  into  impor- 
tance, and  has  now  for  some  time  occupied  the  attention 
of  a  large  part  of  the  bacteriologic  and  pathologic  labo- 
ratories of  the  world.  In  hfemolytic  experiments  we 
have  a  means  of  studying  the  property  of  blood  serum 
of  destroying  cells  under  vaiying  conditions,  which  is 
extremely  easy  to  observe  and  control  as  compared  with 
the  less  readily  examined  bacteria  or  tissue  cells.  What- 
ever the  future  ma.y  develop  as  to  their  ultimate  worth, 
there  can  be  no  doubt  that  haemolysis  experiments  have 
given  us  many  new  and  clear  conceptions  of  the  means 
of  defence  of  the  body  against  bacteria,  and  also  of 
changes  in  cells  of  other  sorts,  that  would  not  have  been 
secured  by  any  other  method. 

The  manner  of  conducting  hfpmolysis  experiments  is 
■usually  about  as  follows:  Blood  corpuscles  of  the  kind  to 
be  tested  are  secured  by  defibrinating  the  freshly  drawn 
blood  in  the  usual  way,  by  whipping.  A  five-per-cent. 
solution  of  these  corpuscles  is  made  b}'  adding  19  parts  of 
0.75  per-cent.  NaCl  solution,  which  is  isotonic  witli  them. 
This  emulsion  is  placed  in  test  tubes,  very  small  ones  by 
choice  in  order  to  save  material,  and  the  serum  that  is  to 
be  studied  is  added  to  it.  It  is  necessary  that  the  tubes 
be  cleaned  as  for  chemical  lesearch  and'  sterilized,  and 
all  steps  of  the  experiments  should  be  nuder  aseptic  pre- 
cautious to  prevent  bacterial  action  affecting  the  c.xpc^ri- 
ments.     As  Jordan  has  .shown  that  even  the  degree  of 


alkalinity  possessed  by  some  varieties  of  glassware  when 
new  may  cause  ha-molysis,  the  tubes  should  be  cleaned 
with  the  usual  acid-cleaning  fluid.  The  tubes,  stoppered 
with  cotton,  are  kept  at  37  C,  and  in  the  course  of  from 
fifteen  minutes  to  two  hours  the  haemolysis  will  be  mani 
tested  by  the  diffusion  of  the  haMuoglobin  upward  into 
the  supernatant  fluid,  while  the  turbidity  produced  by 
the  red  corpuscles  disappears.  At  the  bottom  of  the  test 
tube  the  stroma  collects  as  a  slight  sediment. 

Jlw  Mcc/miiism  of  lla-moli/sis. — If  a  serum  from  an  ani- 
mal immunized  against  the  red  corpuscles  of  another  ani- 
nud  is  allowed  to  act  upon  :  uch  red  corpuscles  in  a  test 
tube,  ha'Uiolysis  occurs  promptly.  Bordet  show'ed  that 
this  property  was  lost  if  the  serum  was  heated  half  an 
hour  at  55'  C'.,  indicating  that  the  destroying  agent  was 
very  sensitive  to  heat.  In  addition  he  found  that  if  to 
such  heated  serum,  deprived  of  all  ha'molytic  power, 
there  was  added  a  small  amount  of  serum  from  an  animal 
that  had  nut  liecn  inununizcd  and  which  was  of  itself  in- 
ert, the  combination  was  quite  as  active  as  the  unhealed 
immune  serum.  In  other  words,  there  is  contained  in 
normal  serum  a  sul)stance  easily  destroyed  by  heat,  that 
needs  to  be  present  to  cause  such  specific  ha'Uiolysis. 
But  this  thfrmolnbile  substance  alone  is  not  able  to  dis- 
solve the  red  corpuscles,  as  the  ncnnial  serum  is  found  to 
be  quite  inactive;  it  is  necessary  also  to  have  present 
some  second  substance  that  appears  in  the  serum  during 
the  process  of  immunization.  And  as  heated  serum  is 
also  quite  inactive  it  is  apparent  that  this  heat-resisting 
(tlt(nitost(Me)  substance  is  not  of  itself  able  to  dis.solve 
the  corpuscles.  Therefore  evidently  two  substances  are 
needed  to  dissolve  the  corpuscles:  one,  which  is  easily 
destroyed  by  heat  and  which  is  present  in  normal  serun, ; 
the  other,  which  is  present  in  sera  of  immunized  animals, 
and  which  resists  heat.  Before  Bordet  liad  demonstrated 
these  facts  about  the  red  corpuscles  he  had  found  out 
that  the  same  conditions  prevailed  in  the  destruction  of 
cholera  spirilla  by  the  serum  of  animals  inuuunized 
against  them — two  similarly  behaving  bodies  are  required 
in  the  solution  of  the  organisms,  the  so-called  "  Pfeiffer's 
reaction."  Out  of  the.se  fundamental  observations  have 
grown  the  vast  amount  of  research  on  serums  in  their 
relation  to  inununity,  and  on  them  have  been  based  the 
theory  of  Ehrlich  as  to  the  idtimate  nature  of  the  proc- 
esses of  bacterial  and  cellular  destruction  that  protect  the 
body  from  infection  and  disease,  and  which  perhaps  play 
a  part  even  iu  normal  metabolism. 

Ehhlicii's  Theory  of  H.emolytic  Processes. — Al- 
though at  this  time  Ehrlich's  ideas  stand  only  as^theories, 
and  nothing  more,  still  the  fact  that  they  have  given  us 
some  sort  of  mental  image  upon  which  to  base  investiga- 
tions of  undoubted  vahie,  places  thera  in  a  certain  posi- 
tion of  ]iermanence.  For  this  reason  we  shall  endeavor 
to  set  them  forth  briefly  in  this  article. 

Tlie  Sdtiii-e  of  Toxin  and  Antitoxin. — The  fundamental 
feature  of  Ehrlich's  theory  rests  ujion  a  conception  of  the 
manner  in  which  a  toxin  attacks  a  cell.  If  we  consider 
a  cell  purely  as  a  mass  of  various  chemicals,  and  a  toxic 
material  as  another  chemical  substance,  either  simple  or 
complex,  it  will  be  apparent  that  the  toxic  substance  will 
affect  the  cell  if  there  is  a  chemical  affinity  between  them. 
If  there  is  no  such  affinity  that  particular  toxic  substance 
is  not  harmful  for  that  particular  cell.  On  the  other 
hand,  if  the  toxic  substance  and  the  cell  do  possess  a 
chemical  affinity  they  will  unite,  and  the  composition  of 
the  cell  will  be  altered.  When  the  uniting  substance  is 
toxic  the  result  of  the  union  is  an  injury  of  some  kind  to 
the  cell.  Undoubtedly  other  substances  may  unite  with 
the  cell  without  injuring  it,  for  example,  food  supplies. 

If  this  line  of  reasoning  be  carried  still  further,  it  will 
be  readily  .seen  that  of  the  many  substances  of  different 
chemical  nature  that  compose  a  cell,  not  all  can  have  the 
same  degree  of  affinity  for  the  toxin.  By  ordinary  chemi- 
cal laws  the  substance  that  has  the  greatest  affinity  will 
attract  the  toxin  until  it  is  saturated,  and  only  on  con- 
diticm  that  there  are  other  substances  with  affinity  of 
varying  degrees  will  more  than  the  one  susceptible  sub- 
stance unite  with  the  toxin.     We  can  thus  cimceive  of 
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ii  (I'll  with  one  (ir  more  constituents  that  may  become 
imiti'il  t(i  any  siiveu  toxiu  with  varying  readiness.  To 
these  cell  components  that  combine  with  the  toxin  the 
name  receptor  has  been  given  by  Ehrlich,  anil  is  generally 
applied.     It  will  be  readily  seen  that  if  a  cell  is  affected 


tors  for  whatever  use  they  may  have  under  normal  con- 
ditions. Obeying  the  laws  of  regeneration  the  cell  re- 
places these  lost  groups  by  new  ones;  indeed  it  replaces 
them  in  excess,  much  as  in  the  healing  of  a  wound  there 


FlOS.  Sl.Vi  arid  ."jIVI.     Khiln i]V   [liacraiiis  Illll^t|■:lt(ll!.'  Uli-  Mi'iiKlllis f  Illllliiuiitv  MA  Cvtolvsis.     1,  :?.  anil  'A  lllllslrali'  ililli'l-cnt  forms  of  re- 

ceplnis.  sill  jwuii;!  Ill-  iin.-^Miy  f.ir  as-THeiiii'iU  "f  till-  iiiuil.jniiiL'  li(»lLi>.  Till-  ilsrinvsiri  biark  Inilicate  sulistaiu-i-.s  with  tii.xii-  aotion.  4,  5.  and 
ti  illiislrali*  the  i-\r(-ssi\i*  pioiliR-tiiui  uf  receptors  in  irspniist'  1o  the  action  of  toxins,  and  tlieir  escape  from  the  cell ;  in  li  the.v  are  seen  to 
combiue  with  toxin  outside  the  cell,  preventinji  its  union  with  the  cell ;  7  shows  the  structure  of  the  complement  and  interniediar.v  body 
of  bacterolytic  and  cytol.vtic  sera :    8  shows  the  amboceptor,  while  attached  to  the  cell,  uniting  the  complement  to  a  large  molecule. 


by  a  toxin  that  fact  implies  the  presence  in  the  cell  of  a 
receptor  for  the  toxiu.  Conversely  an  absence  of  proper 
receptors  will  explain  the  lack  of  susceptibility  of  certain 
other  cells  to  the  same  toxiu.  For  example,  we  may  con- 
sider that  some  animals  are  immuue  to  tetanus  because 
the  cells  of  their  nervous  systems  contain  no  receptors 
that  will  combine  with  the  tetanus  toxin.  To  make  the 
analogy  to  chemical  reactions,  Ehrlich  has  likened  the 
receptors  to  the  various  side  chuins  of  organic  compounds. 

Figs.  .51.53  to  5157  represent  in  diagrammatic  form  the 
principles  involved,  in  which  definite  forms  are  made  to 
indicate  chemical  groups,  and  differences  in  their  con- 
lignration  to  -indicate  differences  in  chemical  affinity. 
The  protrusions  from  the  cells  indicate  the  receptors  or 
'■  side  chains "  that  combine  with  outside  substances. 
Each  particular  variety  of  receptor  combines  with  the 
particular  toxin  for  which  it  has  a  chemical  affinity,  as 
indicated  by  correspondence  of  configuration.  In  these 
diagrams  toxic  bodies  are  always  indicated  in  black ; 
and  the  black  objects  represent  toxins  which  combine 
with  the  pai-ticular  receptors  they  fit,  or,  in  other  words, 
for  wliich  they  have  a  chemical  affinity. 

The  body  known  as  antitoxin  is  evidently  one  that  has 
the  power  of  combining  with  the  toxin,  for  it  has  been 
demonstrated  repeatedly  that  mixtures  of  toxin  and  anti- 
toxin in  proper  proportion  that  have  stood  together  a 
short  time  are  quite  inert ;  the  union  seems  to  be  after 
ilie  nature  of  the  union  of  chemicals.  This  fact  likens 
antitoxin  to  the  receptors  which  have  just  been  described, 
and  in  fact  it  is  considered  that  antitoxin  and  receptor 
are  identical  substances,  with  the  difference  that  the  re- 
ceptor is  a  part  of  a  cell,  while  the  antitoxin  exists  free 
in  the  serum.  Ehrlich's  explanation  of  the  formation  of 
antitoxin  is  as  follows:  AVhen  tlie  toxin  combines  with 
'he  receptors  of  a  cell,  the  cell  is  deprived  of  these  recep- 


is  an  excessive  formation  of  new  cells.  The  excessive  re- 
ceptor bodies  fall  away  from  the  cell  into  tlie  senmi, 
where,  if  they  meet 
with  any  toxin,  they 
will  combine  with  it 
just  as  well  as  if  they 
were  still  attached  to 
the  cell.  Of  course  if 
the  toxin  is  saturated 
with  receptors  while 
in  the  serum,  it  is  de- 
void of  any  affinity  for 
the  receptors  attached 
to  the  cells  and  does 
not  harm  the  cells.  In 
this  way  the  cells  are 
protected  from  the 
toxin.  So,  when  we 
inject  diphtheria  anti- 
toxin into  the  body  of 
a  patient,  we  are  mere- 
ly introducing  recep- 
tors from  the  suscep- 
tible cells  of  a  horse. 
These  meet  with  the 
molecules  of  diph- 
thei'ia  toxin  while  it  is 

still  in  the  blood,  and  combining  with  it  theie  prevent  it 
attaching  itself  to  any  of  the  cells  of  the  patient,  and  so 
it  is  rendered  incapable  of  causing  harm.  The  diph- 
theria antitoxin  is  not  only  able  to  combine  with  diphthe- 
ria toxiu  which  is  in  the  circulation,  but  if  in  excess  to 
wrest  from  the  cells  toxin  which  may  have  already  been 
combined,  probably  by  the  law  of  mass  action.  This 
always  happens  when  a  case  of  diphtheria  is  cured  by 


Fig.  5155.— Receptor  of  the  nrst  Order 
(a).  6,  Hapiophore  complex;  h, 
combined  toxin  molecule,  with  hapto- 
phore  Ic)  and  toxophoi-e  (lO  irroups. 
(After  Ehrlich.) 
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Fig.  5156.  —  Receptnr  nf  the  Secimti  order 
{a{;fifO.  with  haptoplu)re  (t )  and  zymophore 
(rt)  groups ;/,  combined  food  molecule.  (Af- 
ter Ehrlich.) 


antitoxin,  and  the  clinical  evidence  of  tlie  "wresting" 
process  is  tlie  sudden  subsidence  of  tlie  disease.  It  is 
not  so  ea.sy  to  wicst  tetanus  toxin  from  the  nervous 
tissue  with  antitoxin,  and  accoidingly  tetanus  is  not 
often  cured  by  anlitoxin. 

One  of  the  strongest  proofs  of  Ehrlieh's  conception  of 
antitoxin  and  to.xin  is  that  furnished  by  Wasserniana's 

experinien  t. 
Tliis  consists 
in  pei'initting 
tetanus  toxin 
to  stand  for 
some  time  in 
contact  with 
nervous  tissue; 
it  will  then  be 
found  that  the 
tluid  part  has 
lost  all  of  its 
toxic  proper- 
ty, and  fur- 
ther, that  the 
cellular  por- 
tion which  pre- 
sumably con- 
tains the  toxin 
is  also  not 
toxic.  This 
agrees  full  y 
with  Ehrlichs 
idea  that  a  toxin  attacks  the  cells  that  have  receptors  for 
it.  and  when  .so  combined  is  harmless  for  other  cells.  In 
this  case  tlie  nerve  cells  have  combined  with  the  toxin 
just  as  does  antitoxin  and  have  rendered  it  unable  to 
attack  otlier  nerve  cells.  Other  tissues  are  found  to  lie 
quite  unable  to  fix  tetanus  toxin  in  this  way.  A  similar 
action  has  been  found  by  Flexner  to  exist  between  ner- 
vous tissue  and  the  specilic  nervous  poison  of  cobra 
venom.  The  union  of  toxin  and  antitoxin  seems  to  be  of 
strictly  chemical  nature,  for  it  follows  the  usual  laws  of 
chemical  union,  and  it  seems  impossible  to  separate  again 
the  toxin  and  antitoxin  after  they  have  combined. 

Ko.  4,  of  Fig.  5153,  and  No.  5,  of  Fig.  51.'54,  illustrate 
the  overproduction  of  receptor  groups,  which  are  liber- 
ated and  enter  the  blood  plasma.  No.  6  (Fig.  5154)  in- 
dicates the  combining  of  the  receptors  with  the  toxin 
molecules,  and  shows  how  incapable  they  now  are  of 
combining  with  the  cell. 

In  the  process  of  immunization,  imder  this  conception, 
the  receptors  of  the  cells  are  repeatedly  conibined  with 
toxin,  and  the  resulting  reaction  on  the  part  of  the  cells 
causes  the  discharge  of  large  numbers  of  free  cell  recep- 
tors into  the  blood.  These  receptors  give  the  serum 
whatever  antitoxic  pi-operty  it  may  have. 

The  Structure  of  luJ-iiis. — We  have  referred  to  the 
fundamental  conception  of  a  toxic  substance  as  a  sub- 
stance which  by  combining  with  the  receptor  of  acell  in- 
jures the  cell  in  some  way.  It  has  been  developed  that 
toxin  accompli.shes  this  injur)-  by  a  portion  of  itself  that 
is  different  from  the  portion  that  combines  with  the  re- 
ceptor. In  other  words,  a  toxin  consists  of  a  substance 
that  binds  it  to  the  cell,  and  of  another  that  causes  the  in- 
jurj-  to  the  cell.  This  may  be  explained  best  by  describ- 
ing the  facts  that  gave  rise  to  this  idea.  When  a  toxin, 
say  tetanus  toxin,  has  been  kejjt  for  some  time,  it  is  found 
that  its  toxic  action  decreases  tintil  relatively  very  large 
amounts  are  required  to  produce  S3mptoms  of  tetanus 
in  animals.  Such  a  weakened  toxin,  however,  requires 
just  as  much  antitoxin  to  neutralize  its  toxic  action  as  it 
did  while  possessed  of  its  full  strength.  As  the  antitoxin 
is  merely  an  accumulation  of  free  receptors,  it  seems  that 
the  toxin  during  the  process  of  weakening  has  lost  none 
of  its  power  to  unite  with  receptors,  but  rather  has  lo.st 
its  power  to  cause  injury  to  the  cell.  The  group  that  at- 
taches itself  to  the  cell  receptor  has  been  called  by  Ehr- 
lich the  haptophorc  group,  while  the  group  that  injures 
the  cell  is  called  the  tomphove  group.  Toxins  that  have 
become  weakened  while   still  retaining  their  power  to 


combine  with  antitoxin  are  referred  to  as  toxoids,  and 
are  supposed  to  be  toxins  that  have  lost  the  toxophore 
group  but  have  retained  the  haptoi)hore  group.  In  the 
diagrams  of  Ehrlich  the  fringed  portion  of  the  toxin 
figure  represents  the  toxophore  portion;  the  part  fitting 
with  the  receptor,  the  haptopliore. 

It  may  be  mentioned  that  this  degeneration  of  toxins 
into  toxoids  has  practical  application  in  inununization, 
for  since  toxoidsare  juslas  capable  of  combining  with  cell 
receptors  as  are  toxins,  they  can  be  used 'to  produce  anti- 
toxin w'ithout  danger  of  causing  intoxication. 

The  lieliitiiin  of  Toxins  to  Ilmmolysins.  — While  the  above 
discussion  of  the  nature  of  toxin  and  antitoxin  does  not 
directly  apply  to  the  subject  of  hiemolysis,  yet  it  is  nec- 
essary to  an  understanding  of  the  principles  of  cytolytic 
phenomena,  since  out  of  this  conception  of  the  nature  of 
immunity  against  toxin  has  come  our  i)resent  conception 
of  the  nature  of  immunity  against  cells.  Animals  are 
immunized  against  foreign  blood  corpuscles  just  as  they 
are  against  bacteria  and  against  toxins,  by  repeated  in- 
jections of  small  amoiuits  of  the  foreign  suljstance. 
Similarly  in  eacli  case  their  serum  comes  to  contain  a 
substance  capable  of  protecting  tlie  animal  against  the 
injected  material.  However,  there  is  one  important  dif- 
ference between  immunity  against  toxin  and  immunity 
against  cells,  whether  these  cells  are  bacteria,  blood  or 
tissue  cells  matters  not.  To  neutralize  a  toxin  it  is  mere- 
ly necessary  to  occupy  the  group  of  the  toxin  that 
unites  with  the  cell  receptors,  for  then  the  toxin  cannot 
unite  with  the  cells  to  injure  them  ;  in  this  harmless  con- 
dition the  toxin  is  destroyed  or  eliminated.  In  the  case 
of  the  cells,  however,  it  is  necessary  that  they  be  de- 
stroyed by  the  serum,  and  tliis  requires  more  than  the 
entrance  into  them  of  some  body  from  the  serum;  they 
must  be  attacked  somewhat  in  the  way  a  toxin  attacks  a 
cell.  In  fact,  a  sei'um  immunized  against  a  cell  is  really 
a  toxin  for  that  cell,  and  like  the  bacterial  toxins  it  pos- 
sesses two  groups,  one  combining  with  the  cell,  and  the 
other  that  attacks  the  cell.  However,  there  are  certain 
important  differences  between  bacteiia!  toxins  and  im- 
mune serums.  It  will  be  remembered  that  it  was  found 
that  both  bacteriolytic  and  hfemolytic  serums  lost  the 
power  of  producing  their  specific  effects  of  cell  destruc- 
tion when  heated  for  half  an  hour  at  55"  C,  and  that 
they  regained  this  power  in  full  when  to  them  was  added 
some  normal  serum,  which  alone  was  quite  iniictive. 
From  this  it  was  deduced  that  two  substances  enter 
into   the  cytolysis:  one  suseeptilile  hi  heat  and  present 


Fia.  51.57.— Keceptor  I'f  the  Third  Order,  amh.  The  receptor;  <', 
haptophore  (cytophile)  group;  y,  complementophile  group;  A*, 
complement,  with  haptophore  (/i)  and  zymotoxic  (z)  groups;  f, 
combined  food  molecule,     (.\fter  Ehrlich.) 

in  normal  serum,  the  other  more  resistant  to  heat, 
and  present  only  in  immunized  animals.  Comiiaring 
the  cytolytic  serum  with  the  toxin  we  see  that  the 
chief  difference  lies  in  the  fact  that  one  of  the  cytolytic 
bodies  is  present  normally  in  the  serum,  and  can  be  sup- 
plied quite  readily  to  make  the  other  body  active.  In 
its  susceptibility  to  injurious  agents  and  in  its  power  to 
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destroj'  cells  this  tliermolabilc  substance  resembles  tlie 
toxoplioie  group  of  the  toxin.  As  it  has  to  be  added  to 
the  bod\-  that  is  developed  during  imrauuization  to  render 
the  latter  active,  it  has  been  given  the  name  of  complement, 
indicating  that  it  is  a  complementary  substance  in  the  re- 
action. Another  name  sometimes  applied  to  the  same 
body,  addiment,  is  of  similar  significance.  On  the  other 
hand,  the  body  developed  in  the  serum  through  the  proc- 
ess of  immunization,  is  quite  like  the  haptophore  group 
of  the  to.xin,  in  that  it  is  more  resistant  to  injurious  iii- 
tluences,  and,  as  will  be  shown  later,  is  concerned  in 
uniting  the  complement  to  the  cell  to  be  attacked.  As  it 
has  two  alfinities,  one  for  the  cell,  the  otiier  for  the  com- 
plement, it  has  been  called  by  Ehrlich  aitdioeeptor,  imply- 
ing the  double  affinity,  A  receptor,  for  example,  having 
but  one  affinity  may  be  called  a  uniceptor.  Another 
name  commonly  given  to  the  amboceptor  iainimvne  hadij, 
because  it  is  the  specilic  substance  that  confers  immunity  ; 
but,  as  this  or  a  similar  body  may  be  naturally  present  in 
the  serum  of  animals  that  have  not  been  immunized,  this 
name  can  be  used  only  for  specifically  immunized  ani- 
mal serum,  and  the  more  general  term,  intermediary 
budi/,  is  used  except  in  specific  instances. 

T/ie  Mechanism  of  IheiiKjliius. — Our  understanding  of 
the  phenomena  of  hemolysis  is  therefore  as  follows: 
During  immtinization  the  immune  bodies  are  developed, 
which  have  the  proper! }•  of  combining  with  the  red  cells, 
attaching  themselves  to  the  receptors  of  the  corpuscles. 
They  combine  on  the  other  side  with  the  complement 
that  is  present  normally  in  the  serum,  even  before  im- 
munization, and  by  so  attaching  it  to  the  corpuscles  en- 
able it  to  exert  its  destructive  action.  This  arrangement  is 
indicated  by  No.  7  (Fig.  5154),  in  which  the  black  fringed 
body  represents  the  complement,  united  by  the  ambocep- 
tor to  the  red  cell  receptor.  Beside  it  are  shown  free  the 
two  constituents  of  the  hemolysin.  Without  being  at- 
tached in  this  way  the  complement  is  quite  inert.  That 
the  immune  body  is  attached  to  the  corpuscles  is  shown 
by  the  following  experiment:  If  an  immune  senun  is 
heated  the  complement  is  destroyed,  and  we  have  the  im- 
mune body  in  an  inactive  condition  in  the  serum.  This 
inactive  sei-um  is  ndxed  with  red  corpuscles,  and  kept  for 
fifteen  minutes  at  45  C.  :  the  red  corpuscles  are  then  sepa- 
rated by  ceutrifugalization.  The  supernatant  tluid  is  re- 
moved'and  addeil  to  other  red  cells.  If  it  still  contains 
intermediary  body  it  should  be  able  to  dissolve  the  cor- 
puscles when  fresh  normal  serum,  containing  comple- 
ment, is  added.  As  no  haemolysis  does  occur  it  appears 
that  all  the  intermediary  body  "has  been  taken  out  of  the 
serum  by  the  red  corpuscles.  That  this  is  the  case  can 
be  proved  by  adding  to  these  corpuscles  some  normal 
serum  whichcoutains  complement,  but  no  intermediary 
body,  for  the  corpuscles  are  now  quickly  dissolved. 
Therefore  all  the  intermediary  body  must  have  been 
united  to  the  red  corpuscles  during  the  fifteen  minutes' 
exposure  at  45°  C.  Another  demonstration  of  this  is  made 
as  follows :  If  just  enough  red  corpuscles,  heated  immune 
serum,  and  fresh  normal  serum  are  mixed  at  0°  C.  in  the 
proportions  required  to  saturate  all  the  affinities  and  to 
leave  nothing  over,  on  removing  the  corpuscles  it  will  be 
found  that  all  the  complement  is  in  the  supernatant  tluid, 
and  all  the  intermediary  body  is  attached  to  the  corpus- 
cles. This  indicates  that  the  affinity  of  the  intermediary 
body  for  the  receptor  of  the  corpuscle  is  greater  than  its 
affinity  for  the  complement,  and  also  shows  that  at  0°  C. 
the  complement  and  intermediary  body  can  exist  side  by 
.side  without  combining. 

The  foregoing  are  the  fundamental  facts  concerning 
the  mechaiiism  of  hsemolysis,  and  the  facts  themselves 
are  generally  accepted.  "However,  there  are  those  who 
oppose  the  theory  advanced  by  Ehrlich  in  explanation, 
contesting  it  on  various  grounds.  For  instance,  by  some 
it  has  been  thought  that  the  intermediary  body  acts  after 
the  manner  of  a  mordant,  simply  modifying  the  cell  so 
that  it  absorbs  the  complement,  and  all  the  features  of 
haemolysis  are  considered  manifestations  of  phy.sical 
rather  than  of  chemical  action.  Nevertheless,  at  the  time 
of  writing  it  has  been  possible  to  fit  all  the  facts  that 


have  been  developed  into  accord  with  the  theory,  and 
there  is  no  question  that  the  theory  has  been  of  immense 
value  in  giving  a  ground  from  which  to  proceed  in  new 
investigations  of  the  laws  and  processes  of  immunity. 
In  defending  the  theory,  however,  it  has  been  found  nec.- 
essary  greatly  to  amplify  and  modify  the  original  simple 
conception  stated  in  the  preceding  paragraphs:  and,  as 
this  process  is  still  going  on,  it  will  lie  impossible  here  to 
give  a  complete  accoimt  of  all  the  changes  so  made. 
Considering  each  by  itself,  we  shall  make  an  attempt  to 
give  the  chief  facts  concerning  the  two  agents  in  the 
ha-molytic  process. 

2'lie  Intermediary  Body. — This  factor  in  the  C3'tolytic 
process  has  had  an  unfortunately  large  luimber  of  names 
applied  to  it.  leading  to  much  unneces.sary  confusion. 
Immune  body  and  amboceptor  have  already  been  men- 
tioned and  explained.  French  writers  often  use  the 
term,  suhricrnce  sensibilisatrice.  with  the  view  that  its  ac- 
tion is  to  prepare  the  corpuscle  for  the  action  of  the  com- 
plenrent.  Rarely  used  now  are  ti\e  ierma  Ji.vator,  demion, 
and  copula.  In  general  the  name  "intermediary  body  " 
(German.  Zirischenk-orper)  is  to  be  jireferred,  unless  we 
are  dealing  with  a  specific  substance  obtained  by  inununi- 
zation,  when  the  term  "immune  body  "  ma_v  be  used. 

Its  exact  nature  is  totally  unknown,  for  it  has  not  been 
found  possible  to  isolate  it  from  other  constituents  of 
either  serum  or  blood  corpuscles.  The  fact  that  it  is 
generally  deprived  of  its  action  at  about  70°  C.  would  sug- 
gest that  it  is  either  afonuof  proteid  or  is  combined  with 
one.  However,  thermolabile  intermediary  bodies  have 
been  described:  like  the  complement  they  are  destroyed 
at  a  lower  temperature.  The  intermediary  body  does 
not  seem  to  develop  an  affinity  for  the  complement  until 
it  lias  first  combined  with  the  cell. 

In  immunization  the  body  is  formed  in  large  quantities, 
much  as  is  the  antitoxin.  As  a  rule  the  greater  the  dif- 
ference iu  the  nature  of  the  animals  used  the  greater  the 
activity  of  the  resulting  serum.  Rapid  absorption  of 
large  quantitics.of  corpuscles  is  also  desirable,  to  which 
end  the  blood  is  usually  diluted  with  an  equal  quantity  of 
0.75-per-cent.  salt  solution  and  injected  intraperitoneallj'. 
Ehrlich  explains  the  formation  of  the  imtnnne  body  on 
the  same  basis  as  the  antitoxin  formation  is  explained. 
In  its  ordinary  processes  of  nourishment  each  cell  must 
combine  with  proteid  molecules  so  large  that  in  compari- 
son with  them  the  toxin  molecules  are  small  indeed. 
Such  giant  molecules  cannot  be  used  by  the  cell  as  they 
are,  but  are  made  available  by  means  of  a  ferment-like 
process  which  .splits  them  up  into  smaller  fragments. 
This  act  is  pictured  as  being  accomplished  by  a  group  at- 
tached to  the  cell,  w  Inch  has  one  arm  with  affinity  for  the 
proteid  molectde  and  another  for  the  ferment  (see  No.  8, 
Fig.  5154).  In  this  way  the  proteid  molecule  and  the 
ferment  are  united  in  order  that  the  proteid  may  be  acted 
upon.  It  will  be  seen  that  this  is  merely  an  amplification 
of  the  idea  of  the  toxophore  group  of  the  toxin,  which  is 
attached  to  the  cell  by  the  haptophore  group,  in  order  that 
it  may  produce  its  injurious  effects.  In  haemolysis  the 
red  corpuscle  is  considered  in  the  place  of  the  proteid 
molecule,  and  in  immunization  against  red  corpuscles  we 
simply  have  large  quantities  of  such  "side  chains"  as 
have  this  double  aftinity  for  corpuscle  and  ferment,  cast 
off  in  numbers  into  the  plasma.  These  side  chains,  then, 
are  the  intermediary  bodies,  which  by  the  nature  of  their 
aflinities  are  able  to  unite  the  complement  to  the  red  cor- 
puscles and  to  accomplish  their  destruction. 

Normal  serum  may  contain  bodies  with  the  same  prop- 
erties as  the  immune  bodies.  For  example,  dog  serum 
has  normally  considerable  ha?molytic  action  on  guinea- 
pig  corpuscles,  and  human  serum  on  rabbit  corpuscles. 
That  this  is  due  to  the  action  of  a  true  intermediary  body 
is  shown  by  the  fact  that  when  the  serum  is  heated  arid 
the  dog  coiuplcment  is  destroyed,  normal  guinea-pig 
serum  when  added  will  furnish  comidement  and  haemoly- 
sis will  occur.  This  also  indicates  that  one  particular 
intermediary  body  may  unite  with  more  than  one  sort  of 
compleiuent,  for  in  this  instance  guinea-pig  complement 
has  taken  the  place  of  dog  complement,  and  has  united 
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ivitli  amboceptors  from  dog  scrum.  So  far  as  we  know, 
all  varieties  of  animals  may  produce  ha'mol_y  tic  ambocep- 
tors. Noguchi  has  demoustruted  tlieir  presence,  both 
normally  and  after  immunization,  in  both  vertebrates 
and  invertebrates. 

It  is  to  the  imnume  body  that  the  specific  action  of 
immune  sera  is  due.  This  may  be  shown  by  placing 
both  ehiclcen  and  guinea-pig  corpuscles  in  a  drop  of 
serum  from  a  rabbit  immiuiized  against  chicken  corpus- 
cles. The  luicleated  corpuscles  of  the  chicken  can  be 
readily  distinguished  from  the  corpuscles  of  the  guinea- 
pig,  and  it  will  be  found  that  they  undergo  htemolysis, 
wliile  tlie  guinea-pig  corpuscles  do  not.  It  may  also  be 
mentioned  that  in  this  process  the  nuclei  of  the  corpus- 
cles are  not  dissolved,  only  the  cytoplasm  containing  the 
hsemoglobin  being  noticeabl}'  afiectcd. 

On  the  other  hand,  it  is  possible  for  a  serum  to  contain 
at  the  same  time  a  large  variety  of  haimolytic  ambocep- 
tors. These  may  be  present  normally,  in  which  case  the 
serum  has  the  power  to  dissolve  many  varieties  of  cor- 
puscles; or  the  same  elfect  may  be  obtained  b_y  innnu- 
nizing  the  animal  with  several  varieties  of  blood  at  the 
same  time.  It  has  been  shown  that  here  we  lia\'e  not  one 
amboceptor  capable  of  uniting  with  all  the  varieties  of 
corpuscle,  but  rather  there  is  a  special  amboceptor  for 
each  variety.  If  one  is  removed  by  saturating  with  one 
sort  of  red  corpuscle,  the  serum  can  still  dissolve  all  the 
other  sorts. 

Another  interesting  feature  of  the  immune  body  is  that 
animals  may  be  able  to  produce  a  body  hsemolytic  for 
other  individuals  of  their  own  species;  for  example,  a 
goat  immimized  against  the  corpuscles  of  another  goat 
may  have  its  serum  become  hemolytic  for  the  corpuscles 
of  that  particular  goat.  Such  a  lysin  is  called  isolyain, 
as  contrasted  with  the  lietemlyiti us  formed  when  animals 
of  different  species  are  used.  Of  great  importance  is  the 
fact  that  an  autolyniii,  that  is,  a  body  causing  hremolysis 
of  the  corpuscles  of  the  animal  providing  the  serum,  has 
not  been  obtained,  although  many  experiments  have  been 
made  to  this  end.  It  can  be  readily  understood  what 
serious  results  would  promptly  arise  if  such  autolytic 
bodies  were  formed,  and  it  has  naturally  been  suggested 
that  such  a  condition  may  exist  in  certain  instances  of 
auto-intoxication.  In  various  diseases,  moreover,  Eisen- 
berg  found  that  isodgglutiidng  were  present  in  very  va- 
riable quantities,  j-et  there  were  no  instances  in  which 
the  individual's  serum  was  hfemolytic  for  his  own  blood. 
It  must  be  admitted  that  at  present  the  reason  for  the 
absence  of  autolysins  is  not  satisfactorily  explained. 

The  time  required  for  the  development  of  immune 
bodies  varies  greatly,  as  also  does  the  time  of  persistence 
after  immunizing  injections  are  stopped.  In  some  in- 
stances haemolysins  may  be  found  as  soon  as  a  day  after 
injection  of  corpuscles  for  the  first  time,  and  they  are 
usually  present  in  a  week.  In  certain  experiments  of 
Ehrlich  the  time  when  maximum  activity  of  the  serum 
was  reached  varied  from  seven  to  fifteen  days, 

Bordet  and  other  French  observers  have  claimed  that 
the  union  between  amboceptor  and  corpuscle  is  not 
chemical  but  purely  phj-sical,  but  this  contention  seems 
to  have  been  quite  completely  answered  by  Ehrlich  and 
his  followers.  Ehrlich  illustrates  the  resemblance  of  the 
reactions  of  intermediary  bodies  to  known  chemical  sub- 
stances by  a  comparison  with  diazo-benzaldehyde.  By 
means  of  the  diazo  group  the  benzene  radical  ma)'  be 
imited  to  one  set  of  substances,  such  as  phenols,  aromatic 
amines,  etc.,  while  by  the  aldehyde  group  a  different  set 
of  svibstances  can  be  combined,  including  ammonia  radi- 
cals and  HON,  Thus  by  having  the  diazo-benzaldehyde 
as  an  intermediary  body  phenol  and  HON  can  be  united, 
the  jihenol  in  this  case  assuming  the  place  of  the  red  cor- 
puscle, and  the  HCN  the  place  of  the  complement.  In 
any  event  it  seems  certain  that  the  union  of  the  immune 
body  is  with  the  stroma  alone,  and  as  physical  means  have 
been  found  inadequate  to  cause  the  liberation  of  the  ha-mo- 
globin  it  is  apparent  that  some  chemical  change  results. 

Of  the  two  combining  jiortions  of  the  amboceptor,  the 
one  that  has  an  atliuitj'  for  the  complement  is  referred  to 


as  the  ciDiipleiiieiitophile  group,  while  the  one  that  unites 
with  the  cell  is  called  the  cjikiphile ;  or,  in  the  ease  of 
hannol3'sis,  as  the  Invinophile  or  lia-motrophic  group.  It 
seems  probable  that  there  are  also  intermediary  bodies 
that  have  several  combining  groups,  and  are  therefore 
not  amboceptors,  but  triceptors,  quadriceptors,  etc. 

By  those  who  consider  phagocytosis  of  particular  im- 
portance in  all  processes  of  immunity,  the  observations 
of  Savtchenko,  that  the  innuune  body  causes  the  pha- 
gocytes to  engulf  corpuscles  with  great  readiness,  is  es- 
teemed of  much  significance.  This  increased  phagocyto- 
.sis  is  manifested  by  leucocytes  either  in  the  body  or  in  the 
test  tube,  and  may  ex|)lain,  at  least  in  part,  the  increased 
phagocytosis  observed  in  man}'  diseases.  AVhether  the 
phagocytosis  is  increased  because  of  alterations  in  the  red 
cells,  rendering  them  more  chemotactic  than  normal,  or 
to  direct  stimulation  of  the  phagocytes,  is  unknown. 
The  former  seems  more  probable, 

Immiuie  bodies  are  capable  of  transmission  from  mother 
to  foHus,  although  there  is  no  transmission  from  the  male 
parent,  A  rabbit  immunized  before  or  during  pregnancy 
to  certain  corpuscles  may  give  birth  to  young  po.ssessing 
similar  immune  bodies,  and  it  is  possible  for  immune 
bodies  to  be  transmitted  by  the  milk,  Normalh'  existing 
hajmolytic  and  agglutinating  properties  may  be  trans- 
mitted fri)m  mother  tofo'tus,  but  they  do  not  necessarily 
agree  in  proportion  in  the  blood  of  each ;  the}'  are  usually 
less  in  the  fuHus, 

Cuiiiph-Dient. — Because  of  its  property  of  causing  solu- 
tion phenomena  in  cells,  whether  corpuscles  or  other 
kinds,  complement  is  generally  considered  as  of  the  na- 
ture of  a  ferment,  and  this  is  supported  by  its  susceptibil- 
ity to  heat,  which  is  much  the  same  as  that  of  the  known 
proteolytic  enzymes.  Many  chemical  agents,  such  as 
ten-percent,  HCl,  also  destroy  complement.  Further- 
more Delezenne  has  shown  that  the  union  of  trypsinogen 
and  enterokinase  in  the  intestine,  that  results  in  the  pro- 
duction of  the  active  proteolj'tic  ferment  trypsin,  is  of 
exactly  similar  nature  to  the  union  of  complement  and 
immune  body.  On  the  other  hand,  after  haemolysis  of  red 
corptiscles  no  bodies  are  found  that  agree  with  those  pro- 
duced by  either  tryptic  or  peptic  digestion,  and  the 
stroma  is  not  ordinarily  dissolved,  but  is  deposited  at 
the  bottom  of  the  test  tube  as  a  sediment,  still  retaining 
some  of  its  original  form.  In  solution  of  red  corpuscles 
by  the  known  proteolj'tic  enz3'mes  the  htemoglobin  is 
attacked  and  much  altered,  while  it  is  unaffected  in  se- 
rum lurmolysis.  Again,  the  ha;molysin  differs  from  a  fer- 
ment, in  that  definite  quantities  of  complement  dissolve 
definite  quantities  of  corpuscles,  and  do  not  have  un- 
limited action  as  do  the  ferments;  therefore  it  would 
seem  that  the  complement  enters  into  combination  in  the 
reaction,  which  ferments  do  not  do. 

The  origin  of  the  complement  is  unsettled,  although 
there  is  much  reason  to  believe  that  the  leucocytes  are 
one  sotirce,  and  perhaps  the  chief  one.  The  complement 
content  of  peritoneal  fluid  seems  to  be  increased  if  many 
leucocytes  undergo  dissolution  in  it,  and  this  fact  was 
the  basis  of  the  idea  of  a  bactericidal  substance,  alcvin 
(Buchner),  that  the  leucocytes  secreted.  Ehrlich  seems 
to  have  demonstrated  that  this  alexin  is  the  same  as  the 
immune  body  and  complement,  and  not  a  single  sub- 
stance that  by  Itself  destroys  bacteria.  Aseptic  inflara- 
luatory  reactions  have  been  foimd  to  increase  both  the 
bacteriolytic  and  hivmolytic  complement  of  the  blo<id, 
although  it  cannot  be  demonstrated  that  the  exuded  leu- 
cocytes are  rich  in  complement.  It  has  also  been  found 
that  the  complement  content  of  the  blood  in  disease  va- 
ries often  in  direct  ratio  to  the  amount  of  leucocytosis. 
Removal  of  the  spleen  does  not  prevent  either  the  pres- 
ence of  complement  or  the  formation  of  immune  bodies 
in  experimental  animals  (Levin).  Complement  is  present 
in  the  serum  of  cold-blooded  animals. 

Undoubtetlly  there  is  more  than  one  sort  of  comple- 
ment, although  at  first  Ehrlich  thought  that  the  comple- 
ment was  one  and  the  same  for  all  cytolytic  processes. 
In  some  sera  saturation  of  all  the  comiilement  possible 
with  one  variety  of  amboceptor  still  leaves  the  serum 
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containing  complement  that  can  dissolve  corpuscles  when 
the  proper  amboceptors  are  supplied.  Again,  serums 
have  been  found  to  possess  complements  with  varying 
resistance  to  heat,  some  being  indeed  quite  thermostable. 
In  one  serum,  for  example,  immunized  against  a  mixture 
of  swine,  sheep,  and  ox  blood,  Wendelstadt  found  that 
the  complement  for  swine  blood  was  more  resistant  to 
heat  than  that  for  ox  or  sheep  blood,  while  the  latter  re- 
sisted IIC'l  more.  Normal  horse  serum  was  shown  by 
Ehrlich  to  contain  two  complements;  one  specific  for 
rabbit  corpuscles,  the  other  for  guinea-pig  corpuscles, 
which  could  be  separated  b}'  filtering  through  a  Pukall 
filter,  as  the  guinea-pig  complement  alone  passed 
through.  This  variability  in  filtration  of  complement  in- 
dicates that  the  size  or  consistence  of  the  molecules  is  not 
dissimilar  to  t'lat  of  the  enzymes,  which  are  also  vari- 
ously held  back  b_y  filters.  Some  complements  have  been 
fomid  to  diCuse  through  animal  membranes,  while  others 
do  not.  It  therefore  seems  that  complement  is  not,  as 
was  at  one  time  believed,  a  single,  non-specific  substance, 
but  complements  may  be  as  numerous  and  as  various 
as  tlie  intermediary  bodies.  However,  one  thing  seems 
proved,  namely,  that  the  complement  is  not  developed 
through  the  process  of  immunization,  but  is  a  constant 
constituent  of  the  normal  serum,  although  greatly  fluc- 
tuating in  quantity.  In  immune  serum,  as  a  rule,  the 
amount  of  complement  is  inadequate  to  saturate  the 
immune  bodies  present.  As  befoie  mentioned,  this  defi- 
ciency may  be  met  by  adding  serum  from  animals  not 
immunized — serum  which  contains  complement.  As  a 
rule  the  normal  serum  should  be  from  an  animal  of  the 
same  species  as  the  immune  animal,  but  it  is  a  remarkalile 
fact  that  a  proper  complement  ma\'  be  obtained  for  im- 
nume  serum  of  one  animal  from  an  animal  of  an  entirely 
different  species.  For  example,  serum  of  a  dog  inmiun- 
ized  against  the  corpuscles  of  a  guinea-pig,  after  being 
rendered  iqactive  by  having  its  complement  destroyed 
by  heat,  may  be  again  activated  by  addition  of  normal 
guinea-pig  serum;  that  is  the  guinea-pig  complement 
will  unite  witli  tlie  dog  immune  body  as  well  as  will  the 
complement  from  the  dog. 

Another  important  fact  concerning  the  varieties  and 
nature  of  complement  has  been  furnished  by  Kyes,  who 
demonstrated  that  red  corpuscles  may  contain  within 
themselves  intracellular  complements,  endocomplement. 
Of  equal  significance  is  the  related  observation  that  /('(•(■• 
i/iiii  will  act  as  a  complement  for  cobra  poison.  That  a 
definite  substance  of  known  chemical  composition  may 
act  as  the  complement  is  an  important  step,  although 
lecithin  must  be  more  allied  to  thermostable  comple- 
ments than  to  thermolabile  complements,  which  are  the 
ones  seemingly  of  most  importance. 

There  are  two  groups  in  complement;  one  of  which  is 
imited  to  the  immune  body,  therefore  a  haptophore 
group,  and  another  that  acts  upon  the  cell  to  which  it  is 
anchored,  and  called  the  zymotoxie  group.  This  latter  is 
analogous  to  the  toxophore  group  of  a  toxin.  As  a  mat- 
ter of  fact  a  complement  is  a  toxin  for  the  cell  it  mav 
attack.  As  might  be  expected,  therefore.  Just  as  toxoids 
are  formed  by  degeneration  of  the  toxophore  group  of 
tlie  toxin,  so  also  complementinds  are  formed  by  the  de- 
generation of  the  zymotoxic  group  of  the  complement. 

As  before  mentioned,  the  affinity  between  complement 
and  intermediary  body  is  less  than  between  intermediary 
body  and  cell  receptor,  therefore  the  latter  union  occurs 
first.  If  the  amount  of  intermediary  body  is  largely  in 
excess  of  the  amount  of  complement  the  ha>molysis  is 
greatly  interfered  with,  because  the  excessive  inter- 
mediary bodies  unite  with  the  complement ;  and  as  the 
cell  rece])tors  have  all  been  at  once  occupied  by  inter- 
mediarj-  bodies,  the  complement  cannot  become  attached 
to  the  cell,  since  intermediary  bodies  do  not  unite  witli 
each  other.  This  blocking  off  is  referred  to  as  deriation 
of  tlie  compUment. 

Regeneration  of  complement  after  it  has  been  exhausted 
takes  place  in  a  short  time.  In  rabbits  whose  serum  was 
deprived  of  complement  by  injecting  goat  corpuscles 
until  the  complement  had  all  been  absorlied  bj'  tliem,  it 


was  found  that  complete  regeneration  may  take  jdaee  in 
from  two  to  four  hours. 

Although  the  complement  is  the  normal,  constantly 
present  constituent  of  the  blood  that  probabl}'  protects 
the  body  against  bacteria  and  other  injurious  agents,  yet 
it  is  also  capable  of  being  harmful  to  the  cells  of  its  own 
creatoi'.  Snake  venoms,  for  example,  seem  to  owe  tlieir 
poisonous  jiroperties  to  the  presence  of  large  numbers  of 
amboceptors  of  various  sorts,  and  therefore  to  jjroduce 
their  violently  injurious  efl^ects  they  require  the  action  of 
complement,  which  is  furnished  by  the  poisoned  individ- 
ual for  his  own  destruction.  It  is  probable  that  theie  are 
other  conditions  in  which  the  complement  is  an  agent  of 
harm  rather  than  of  protection. 

The  amount  of  complement  in  the  serum  of  an  indi- 
vidual varies  in  health,  and  even  more  so  in  disease.  In 
pliospliorus  poisoning  the  power  of  the  serum  of  the  rab- 
bit to  destroy  guinea-pig  corpuscles  is  lost,  because  the 
corresponding  complement  is  absent.  Longcope  claims, 
that  complement  for  typhoid  and  colon  bacilli  is  de- 
creased in  many  chronic  diseases,  which  may  account  for 
terminal  septicaemia.  Alcoholism  is  also  said  to  reduce 
the  complement  of  the  blood  of  animals.  I^ndoubtedly  the 
fluctuation  of  complement  content  of  the  blood  is  an  im- 
portant factor  in  determining  susceptibilit}-  to  infection. 

An  indication  of  how  pnrely  chemical  is  the  union 
between  the  various  substances  implicated  in  luvmolysis 
is  the  obser'S'ation  by  Hektoen  that  ions  of  Ca,  Sr,  Ba, 
and  SOi  combine  in  such  a  way  with  complement  that 
it  is  imable  to  unite  with  the  immune  body,  and  thus 
they  prevent  ha?molysis.  These  inorganic  substances 
seem  to  saturate  the  affinity  of  the  haptophore  gioup  of 
the  complement  in  the  same  way  that  amboceptors  do. 

Antih(eino!t/.iin. —Jnst  as  an  antitoxin  can  be  proilucc^l 
by  immunizing  cells  against  the  toxins  that  injure  them, 
so  by  immunizing  the  blood  corpuscles  against  hwrno- 
lytic  serum  an  antiha>molytie serum  can  be  obtained.  If 
heated  serum  is  used  an  anti-immune  body  is  obtained, 
that  acts  by  combining  with  the  cytopbile  group  of  the 
intermediary  body  and  thus  preventing  the  intermediary 
body  and  the  corpuscles  from  uniting.  If  there  are 
several  intermediary  bodies  in  the  injected  serum,  anti- 
bodies may  be  obtained  that  are  specific  for  each.  These 
antibodies  seem  to  be  the  receptors  of  the  red  cells  that 
unite  with  the  intermediary  body  in  producing  hscmolysis. 

B)'  immunizing  against  normal  scrum,  whether  heated 
or  not.  iiiiti-complcment  is  obtained  which  also  is  specific. 
Elirlieh  has  shown  that  this  anti-complement  acts  by 
combining  with  the  haptophore  group,  thus  preventing 
the  complement  from  being  anchored  to  the  cell  by  the 
intermediary  body.  Such  anti-complement  does  not 
unite  at  all  with  the  intermediary  body,  which  remains 
in  a  condition  capable  of  taking  up  fresh  complement  if 
it  is  provided.  Again,  resembling  the  production  of  anti- 
toxin with  toxoids,  anti-complement  can  be  obtained  by 
immunizing  with  complementoid. 

Not  onl3-  can  iind-heterolyKins  be  obtained,  but  also 
anti-isolyxins,  if  serum  hnsraolj'tic  for  bloixl  of  an  homol- 
ogous animal  be  used  in  immunizing.  Since  during  nor- 
mal conditions  of  life  red  corpuscles  are  continally  under- 
going dissolution,  it  may  be  that  in  everybody  there 
really  develop  autolysins,  which  are  prevented  from 
causing  extensive  destruction  of  the  corpuscles  by  the 
production  of  nnti-aiiMysin.  Besredka  seems  to  have 
demonstrated  the  presence  of  such  antibodies  in  normal 
serum,  and  suggests  that  such  self-immunization  may  be 
an  important  process  in  protection  of  the  bod}'.  In  this 
connection  it  may  be  mentioned  that  there  seem  to  be 
antiferments  normally  present  in  the  blood  that  are  per- 
haps of  importance  in  preventing  self-digestion  of  the 
tissues  during  life  bj'  the  ferments  of  the  body  itself. 

Agglutination  in  Relation  to  Hemolysis. — The  well- 
known  agglutinating  reactions  of  bacteria  can  be  dupli- 
cated with  red  corpuscles.  As  with  bacterial  agglutinins 
the  agglutinin  seems  to  be,  in  Ebrlich's  terms,  a  unicep- 
tor;  that  is,  it  has  but  one  group  with  affinity  for  other 
substances,  as  is  the  case  with  the  toxins.  Agglutinins 
for  corpuscles  are  found  to  varying  extent  in  normal 
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sei'uin,  as  well  as  in  serums  specilically  iimmiiiizcd 
against,  llie  corpuscles.  Ilcatiug  at  55°  C.  docs  not  de- 
stroy the  agglutinin,  and  in  this  way  the  agglutination 
can  be  observed  iudepemlciitly  of  the  hteraolytic  proc- 
esses. Agglutination  also  occurs  at  temperatures  ap- 
proaching freezing,  when  lia>niolysis  is  inhibited.  Ag- 
glutinated r<'d  corpuscles  collect  in  rouleaux  and  clumps 
Uiat  unite  with  considerable  tenacity,  so  tliat  ordinary 
shaking  will  not  break  them  up.  In  ha^molytic  immune 
serum  tiiis  agglutination  precedes  the  luemolysis,  but  the 
two  proeess<'s  are  quite  unrelated.  Normal  serum  may 
contain  agglutinins  and  not  be  at  all  ha^molytie.  and  the 
converse  is  ahso  true.  The  mechanism  of  agglutination 
is  not  understood,  but  it  is  suggested  that  some  chemical 
change  in  the  substance  of  the  corpuscle  renders  the  sur- 
face adhesive,  or  that  some  physical  change  in  surface 
tension  accounts  for  the  coaptation  and  adhesion  of  the 
corpuscles.  As  agglutination  occurs  in  corpuscles  that 
have  been  fixed  in  formalin  or  sublimate,  it  is  proliably 
not  the  proteid  of  the  corpuscle  that  is  affected,  but  the 
other  ingredients  of  tlie  stroma,  of  which  lecithins  and 
cholesterin  seem  to  be  the  chief.  Flexuer  and  Noguchi 
found  that  if  ricin,  an  agglutiuator,  was  allowed  to  act 
for  two  or  more  hours  it  is  still  possible  then  to  produce 
haemolysis  by  serpent  venom,  but  the  stroma  remains  at 
the  bottom  as  a  white,  conglutinated  mass.  From  this  it 
appears  that  agglutination  brings  about  a  kind  of  coagu- 
lation of  the  stroma. 

Agglutination  of  the  corpuscles  during  Tife  may  be  of 
some  pathological  importance,  for  such  masses  of  agglu- 
tinated corpuscles  could  readily  produce  capillary  throm- 
bi and  emboli,  which,  if  widespread,  might  create  much 
disturbance.  Many  bacteria  produce  substances  that  are 
agglutinative  for  human  red  corpuscles,  among  them 
being  typhoid,  pyocyaneus,  and  staphylococcus.  Flcx- 
ner  has  found  in  typhoid  fever  thrombi  that  seemed  to  be 
composed  of  agglutinated  red  corpuscles,  almost  free 
from  fibrin  and  leucocytes.  Probably  many  of  the  so- 
called  "hyaline  thrombi"  found  frequently  in  infectious 
diseases  are  really  composed  of  agglutinated,  partly 
ha'molyzed  red  corpuscles. 

Agglutination  is  also  produced  by  certain  vegetable 
poisons,  incluiling  riein,  abrin,  and  crotin,  and  the.se  bave 
been  found  to  produce  thrombi  of  agglutinated  red  corpus- 
cles. Of  these  substances  ricin  alone,  although  strongly 
agglutinative,  has  no  hemolytic  action,  showing  the  inde- 
pendence of  the  two  processes.  Snake  venom,  like  most 
luemolytic  stibstances,  produces  marked  agglutination, 
aud  here  also  the  agglutinin  is  distinct  from  the  ha'molysin. 

(3)    H.«MOLYSIS    liY   B.\CTKRI-\. 

Both  pathogenic  and  non-pathogenic  bacteria  produce 
h;T!mo!ytic  substances  that  are  excreted  into  the  fluids 
in  which  they  grow.  During  many  infectious  diseases 
marked  h»mol3'sis  occurs,  especially  in  those  with  sep- 
tica>mia.  After  death  the  haemoglobin  of  the  blood 
goes  into  solution,  and  the  resulting  staining  of  the 
walls  of  the  blood-vessels,  and  later  of  the  tissues  every- 
where, is  generally  familiar.  In  the  post-mortem  hie- 
molysis  probably  tlie  ijutrefactive  organisms  are  chiefly 
concerned,  although  it  is  marked  a  very  short  time  after 
death  in  many  cases  of  septicsemia,  particularly  when 
the  infecting  organism  is  the  streptococcus,  and  here 
probably  the  patliogenic  organism  is  the  chief  cause  of 
the  haemolysis.  The  haemoiytic  action  of  bacteria  can 
be  studied  both  in  vitro  and  in  mto.  Among  the  best 
known  are  tetanolysin,  pyocyanolysin,  typholysin,  stapliy- 
liilyxiii,  and  streptocolydn,  as  they  have  been  termed.  Of 
these  the  case  of  pyocyanoly.sin  is  questionable  becau.se 
it  has  been  described  as  resisting  heat  over  the  boiling 
point,  and  Jordan  seems  to  have  proved  that  the  haemol- 
ysis is  ascribable  to  the  alkalinity  that  this  organism 
produces  in  culture  media.  Other  bacterial  hicmloysins 
are,  however,  destroyed  by  heat  at  70°  C.  for  two  h<)urs; 
that  is,  they  are  altogether  different  from  ordinary  cellu- 
lar IhTiiiolysins.  G.  Huediger  shows  the  following  differ- 
ences   between  streptocolysin   and   the  hannolysins  of 


serum:  Streptocolysin  is  not  destroyed  at  G5°  C.  for  one- 
half  liour,  and  llicrefore  is  dilfcrenf  from  complement. 
When  destroyed  liy  heating  to  a  higher  point  it  cannot 
be  reactivated  by  the  addition  of  complement,  thus  dif- 
fering from  intermediary  body.  It  is  also  different  from 
intermediary  body  in  that  it  does  not  combine  with  cor- 
pu.scles  at  0°  C. :  on  tlie  other  hand  it  does  combine  at 
0°  C,  but  docs  not  exert  any  luemolytic  effect  until  the 
mixture  is  rai.sed  to  a  higher  temperature.  This  last  ob- 
servation indicates  that  the  streptocolysin  is  similar  in 
nature  to  the  toxins,  which  exhibit  the  same  phenomena. 
Other  observations  indicate  that  its  structure  is  the  same 
as  the  toxins,  namely,  a  toxophore  group  and  a  liapto- 
pliore  group.  In  other  words,  streptocolysin  is  simply 
a  to.xin  for  red  cells,  which  acts  like  bacterial  toxins  for 
other  cells  by  joining  directly  to  the  cell  receptors  with- 
otit  the  intervention  of  any  intermediary  bod}'.  As  a 
similar  structure  has  been  shown  for  staphylolysin  and 
tetanolysin,  it  is  probable  that  the  bacterial  haenioly.sius 
are  all  merely  toxins  with  a  particular  affinity  for  red  cells. 
Secondary  anaemia  of  the  infectious  diseases  is  prob- 
ably to  be  explained  largely  by  this  haemoiytic  property 
of  bacterial  toxins.  Haemoglobinuria  also  may  be  pro- 
duced iu  the  same  waj'.  Intravenous  injections  of  fil- 
trates of  the  saphrophyte,  B.  megatherium,  will  produce 
haemoglobinuria  in  guinea-pigs. 

(4)  ILemolysis  by  Vec^etable  Poisons. 

A  number  of  plant  poisons  are  strongly  ha'iiiolytic; 
among  them  are  phallin  and  helvillic  acids  from  certain 
mu.shrooms:  abrin,  crotin,  agariein,  saponin,  solanin,  and 
cyclamin.  These  ha-molytic  poisons  are  not  affected  by 
heating  at  100°  C,  and  are  therefore  quite  different  from 
the  serum  h.Tinolysins.  These  substances  are  at  present 
chiefiy  of  interest  from  the  laboratory  standpoint,  as  being 
a  distinct  class  of  hemolytic  substances.  Their  mode  of 
action  is  not  clearly  understood,  but  they  seem  to  contain 
toxophore  and  haptophore  groups  like  the  true  toxins. 

(5)  ILemolysis  by  Venoms. 

The  haemoiytic  power  of  venom  derived  from  differ- 
ent varieties  of  reptiles  has  through  recent  studies  been 
brought  into  the  domain  of  biologic  haemolysis,  and 
the  result  has  been  not  only  an  understanding  of  the 
mechanism  by  which  the  lethal  effect  of  these  poisons 
is  produced,  but  also  perhaps  the  strongest  support 
of  the  principles  of  Ehrlich's  theory  yet  offered  from 
outside  sources.  At  the  same  time  a. new,  easily  con- 
trolled medium  for  research  in  problems  of  immunity 
has  been  provided.  The  most  fundamentally  inqiortant 
fact  is  the  discovery  by  Flexner  and  Noguchi  that  the 
haemoiytic  and  other  toxic  agents  of  venom  are  themselves 
true  intermediary  bodies.  By  itself  venom  is  not  ha'mo- 
Ij'tic,  but  it  requires  the  presence  of  complement  to  en- 
able it  to  pro<luce  hseinolysis,  and  as  the  venom  contains 
no  complement,  this  necessary  part  of  the  poison  is  fur- 
nished by  the  serum  that  contains  the  corpuscles.  This 
is  indeed  a  remarkable  fact,  that  the  active  part  of  the 
serpent's  poLson  is  furnislied  by  the  victim  itself,  and 
particularl}'  so  in  view  of  the  position  that  serum  com- 
plement usuall}'  assumes  as  a  protector  against  bacteria. 
The  existence  of  a  widespread  power  against  various 
animals  implies  that  these  venom  intermediary  bodies  are 
capable  of  uniting  witli  the  C(miplement  of  sera  of  varied 
animals,  are  heterocomplementophiiic,  in  the  language  of 
Ehrlich's  theory,  and  experiment  shows  this  to  be  true. 
The  probable  source  of  these  intermediary  bodies  is  ap- 
parently in  the  serum  of  the  serpents,  as  if  they  were 
secreted  directly  from  the  blood  into  the  poison  glands, 
for  serum  of  poisonous  snakes  is  found  to  possess  inter- 
mediary bodies  almost  identical  with  those  of  the  venom. 
The  onlj'  difference  is  that  while  venom  intermediary 
body  combines  with  complement  of  nearly  all  scrums, 
the  serum  immune  body  combines  almost  only  with  the 
complement  of  the  .serpent's  serum  itself  (isocompU'iiien- 
topliiUc).     Venom  from  cobra,  rattlesnake,  moccasin,  and 


474 


REFERENCE   HANDBOOK  OF   THE   .MEDICAL   SCIENCES. 


Hceiiiolysis. 
Ha;iuol  yslfi. 


copperhead  possesses  in  each  intermediary  bodies  tliat 
seem  to  be  identical  in  nature,  although  they  may  vary 
in  quantity.  Tlii.s  explains  the  rather  remarkable  fact 
that  serum  of  animals  immunized  against  cobra  poison, 
generally  called  antirenin,  will  neutralize  the  htemolytic 
and  many  of  the  other  properties  of  the  venom  of  rattle- 
snake, copperhead,  and  moccasin.  Antivenin  acts  as  an 
anti-interraediary  body,  and  by  occupj-ing  one  of  its 
haptophore  groups  prevents  it  completing  the  union  of 
complement  and  cell.  In  order  of  decreasing  haemolj'tic 
power  for  mammalian  corpuscles  come  venoms  from 
cobra,  water  moccasin,  copperhead,  and  rattlesnake. 
These  venoms  are  also  agglutinative  for  all  corpuscles 
tried,  and  agglutination  will  occur  at  0'  C.  E.xpo.sure 
for  thirty  minutes  at  7.5'-80°  C.  destroys  the  agglutina- 
tive property.  In  general,  the  ha?raolytic  power  of  the 
venoms  for  different  sorts  of  corpuscles  varies  in  inverse 
proportion  to  its  agglutinative  power.  The  hjvmolytic 
intermediar}-  bodies  are  remarkably  resistant  to  heat, 
suffering  but  slight  lo.ss  of  power  at  100°  C.  Each 
venom  contains  many  intermediary  bodies,  seemingly 
different  for  each  sort  of  corpu.scleha>mol_yzed,  at  least  to 
a  great  part;  no  one  sort  of  corpuscle  can  so  saturate  all 
the  intermediary  bodies  that  none  is  left  for  other  kinds. 
After  the  intermediary  body  is  attached  to  a  corpuscle 
it  can  unite  with  many  different  sorts  of  complements; 
but  only  the  one  natural  to  its  serum  accomplishes  com- 
plete hajraolysis.  Leucocytes  also  are  dissolved,  and  they 
seem  to  have  specific  intermediary  bodies  different  from 
those  that  unite  with  red  corpuscles,  but  the  agglutinin 
for  each  seems  to  be  the  same.  As  the  venom  contains 
large  amounts  of  intermediary  bodies,  when  an  animal  is 
poisoned  by  a  snake  the  complement  is  quickly  taken 
up,  and  this  probably  explains  the  deficient  bactericidal 
power  of  blood  serum  in  this  condition  that  perndts  the 
extensive  infections  so  characteristic  of  snake  bites. 
Antivenin  will  prevent  this  interference  with  normal 
bacteriolj'sisby  occui>ying  one  of  the  groups  of  the  inter- 
mediary bodies  of  the  venom  so  that  it  cannot  use  up  the 
serum  complement. 

The  highly  lucmolytic  cobra  venom  can  combine  with 
complements  containetl  within  the  red  corpuscles,  endo- 
fomplcment.  and  so  produce  IhTmolysis  in  the  absence  of 
serum  complement.  Kyes  lias  shown  that  lecithin  may 
be  the  constituent  of  the  red  corpsucles  that  acts  as  the 
complement. 

In  passing  it  may  be  noted  that  the  effects  of  venom  on 
nerve  and  endothelial  cells,  which  with  the  ha;molysis 
constitute  the  manifestations  of  its  toxicity,  are  produced 
in  the  same  way  as  the  htcmolysis.  Amboceptors  are 
present  that  unite  complement  to  these  cells,  enabling  it 
to  attack  them.  As  certain  venoms  are  richer  in  one  sort 
of  intermediary  body  than  others,  so  the  effects  of  the 
bite  of  one  kind  of  snake  diiTer  from  those  of  another 
kind,  e.g.,  rattlesnake  poison  is  particulaily  eudothelio- 
lytic,  and  therefore  hemorrhages  are  a  prominent  se- 
quence of  the  rattlesnake's  bite. 

Red  corpuscles  of  the  frog  are  not  ha?molyzed  by  venom, 
and  those  of  necturus(mud  puppy)  but  slightly,  agreeing 
with  the  known  resistance  of  cold-blooded  animals  to 
snake  bites. 

Eel  serum  is  remarkably  hnemolytic,  so  much  so  that  a 
quantity  of  0.1  c.c.  per  kilogram  of  body  weight  will 
kill  a  rabbit  or  guinea-pig  in  three  minutes  when  in- 
jected intravenously.  Heating  at  54°  C.  for  fifteen  min- 
utes destroys  the  hnemolj'tic  action,  and,  unlike  ordinary 
serum  hamiolysins  the  addition  of  complement  does  not 
restore  its  activity.  Animals  can  be  immunized  against 
this  serum.  Introduced  into  the  stomach,  eel  scrum  is 
not  toxic.  It  can  be  dried  and  redissolved  without  losing 
its  activity,  but  acids  and  alkalies  readily  destroy  it. 
Mosso,  who  first  discovered  the  toxicity  of  eel  serum, 
called  the  unknown  active  principle  ichthyotoxin. 

H.UMOLYSis  IN  DiSE.\SE. — During  health  there  isalways 
going  on  a  certain  amount  of  destruction  of  red  corpus- 
cles that  have  outlived  their  usefulness;  so  in  disease  we 
may  have  to  deal  with  either  an  alteration  in  the  normal 
processes  of  blood  destruction,  or  the  introduction  of  en- 


tirely new  processes.  Although  the  place  and  manner 
of  normal  red  corpuscle  destruction  is  not  completely 
known,  yet  it  seems  probable  that  there  is  relatively 
little  haemolysis  within  the  circulating  blood.  When  a 
red  corpuscle  becomes  damaged  it  seeins  to  become  more 
susceptible  to  phagocytosis,"'and  it  is  picked  out  of  the 
blood  chiefly  by  the  endothelial  cells  of  the  sinu.ses  of  the 
spleen,  htemolymph  glands,  and  bone  marrow.  Within 
these  cells  it  apparently  undergoes  haemolysis.  Event- 
ually the  resulting  pigment  is  split  up  by 'the  liver,  the 
non-ferruginous  portion  forming  the  bile  pigments,  w-jiile 
the  iron  seems  to  be  mostlv  withlield  to  beWorked  over 
into  new  haemoglobin.  Whenever  during  disease  red 
corimscles  are  more  rapidly  injuretl  than  they  are  under 
normal  conditions,  these  processes  of  normal  luuniolysis 
are  exaggerated  and  we  not  only  find  the  phagocytic 
cells  of  the  spleen  and  glands  packed  with  them,  but  en- 
dothelial cells  elsewhere  and  leucocytes  also  take  on  the 
hemolytic  function.  At  the  same  time  there  is  an  exces- 
sive -jroductic.)!!  of  bile  pigment  frfim  the  destroyed  red 
corpuscles,  .vhich  has  an'imdetermined  relation  to  the 
so-called  '  hsemato-hepatogenons  "  jaundice.  If  ha'mol- 
ysis  is  very  excessive  tiie  blood  pigment  accumidates 
in  other  organs  than  the  liver  and  spleen.  When  at  one 
time  over  one-sixtieth  part  of  the  ha-moglobin  of  the 
blood  is  in  solution  in  the  plasma,  it  may  escape  in  the 
urine,  producing  htemoglobinuria. 

The  h;cmolysis  of  the  acute  febrile  diseases  is  readily 
explained  by  the  demonstrable  hiemolytic  property  of 
the  products  of  the  organisms  that  cause  them,  such  as 
streptocolysin,  staphylolysin,  etc.  Perhaps  at  the  same 
time  altered  metabolic  products  may  also  play  a  part, 
but  it  does  not  seem  probable  from  experimental  results 
that  the  thermic  condition  per  se  has  much  effect.  In 
malaria,  although  the  parasites  enter  and  destroy  the 
corpuscles  in  which  they  live,  yet  this  alone  does  not  ac- 
coimt  for  all  the  blood  destruction  of  the  disease,  for  the 
amount  of  anemia  is  quite  without  relation  to  tlie  num- 
ber of  parasites  to  be  found.  There  is  good  reason  to 
believe  that  the  Plasmodia  produce  ha;molytic  substances 
that  are  discharged  into  the  seium.  In  the  primary  ana;- 
mias  hajmoly  sis  seems  to  be  tlie  essential  process,  although 
the  agents  involved  are  at  present  unknown.  Absorp- 
tion of  ha^molytic  products  of  intestinal  putrefaction  or 
infection  has  always  come  in  for  much  suspicion,  with- 
out ever  becoming  completely  established.  Here  also  the 
hiemolysis  seems  to  take  place  in  the  endothelial  cells 
rather  than  in  the  vessels.  In  such  a  disease  as  per- 
nicious ana>mia  there  is  much  reason  to  a.ssunie  that  de- 
fective or  abnormal  ha?matogencsis  is  an  important  factor. 
Probably  the  aua?niia  of  nephritis  is  the  result  of  lia;mo- 
lytic  action  of  the  retained  products  of  metabolism,  in 
which  connection  the  ha;mo!}'tic  properties  of  ammonium 
comi>otuids  may  be  recalled.  In  some  diseases  associated 
with  anamia  it  has  been  found  that  the  blood  serum  of 
the  patient  is  distinctly  isoliiemolytic,  although  isoagglu- 
tination  seems  to  be  more  frequent.  Such  sera,  however, 
do  not  seem  to  be  autoh*molytic,  at  least  in  the  test  tube. 
The  bloody  fluids  that  can  be  obtained  from  cancers  have 
been  found  to  be  hemolytic,  while  antihsemolysin  has 
been  found  in  ascitic  and  pleural  effusions. 

In  mail}'  forms  of  poisoning  haemolysis  is  a  prominent 
featiu-c ;  in  some  it  seems  to  be  the  chief  effect  of  the 
poison,  e.'j.,  potassium  chlorate  and  arseniuretted  hydro- 
gen. In  severe  extensive  burns  there  may  occur  hse- 
molysis.  and  ha?moglobinuria  may  also  result.  The  re- 
markable "  paroxysmal  haanoglobinuria "  is  at  present 
without  satisfactory  explanation  as  to  the  cause  of  the 
harmolysis.  The  htemoglobina'mia  of  "  black  water  fever  " 
has  been  the  cause  of  much  discussion  as  to  whether  the 
malarial  parasite  or  the  quinine  is  the  cause,  with  a 
divided  opinion  resulting,  although  undoubtedlj'  cases 
do  occur  in  malaria  without  administration  of  quinine. 
After  removal  of  the  spleen  haemolysis  b_v  the  h;emolymph 
glands  exceeds  that  of  the  primitive  spleen,  causing  an 
excessive  destruction  of  red  corpuscles  (Warthin).  This 
suggests  that  the  spleen  may  normally  dispose  of  some 
ha?molytic  agent  which  acts  either  by  stimulating  pliago- 
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cvtosis  or  by  so  altcriug  the  red  cells  that  they  are  par- 
ticularly susceptible  to  phagocytosis. 

The  lesions  produceci  iu  the  organs  of  animals  injected 
wilh  hivmolytic  agents  are  usually  pronounceil  and  quite 
characteristic.  There  is  often  a  subcutaneous  ivdenia, 
frequently  blood-stained,  and  similar  fluid  may  be  pres 
ent  in  the  serous  cavities.  The  fal  is  yellowish,  and  tlie 
nuiscles  are  daiker  iu  color  than  is  normal.  The  spleen 
is  usually  much  swollen,  .soft,  friidjle,  and  very  dark  in 
color.  The  liver  is  usuall\'  swollen  and -mottled  with  red 
areas  in  a  yellow  background.  The  renal  corte.x  is  dark 
in  color,  even  chocolate-colored,  and  the  pyramids  are 
comparatively  light;  in  the  urine  is  freq\iently  hanno- 
globiu.  In  the  lungs  aie  often  hemorrhages  or  areas 
resembling  small  infarcts.  The  blood  may  be  thin  and 
even  distinctly  transparent.  ]Microscopicall.y  the  red  cor- 
puscles are  found  in  all  conditions  of  degeneration,  and 
ofteu  fused  together.  In  the  liver,  besides  patches  of 
congestion,  fatty  cliauges  are  present  if  the  animal  lives 
long  enough.  Large  phagocytic  cells  packed  with  red 
coipuscles  are  abundant  in  the  spleen,  as  well  as  diffuse 
accumulations  of  blood,  often  fused,  and  pigment  both 
free  and  in  the  cells.  Pigment  also  accumulates  iu  the 
renal  epithelium,  which  also  often  shows  much  disin- 
tegration; congestion  is  prominent  and  hemorrhages  into 
both  interstitial  tissue  and  glomerules  are  frequent. 

B.\CTEHioi.Ysis. — It  is  not  our  purpose  in  this  article 
to  discuss  the  specific  micro-organisms  in  this  relation, 
but  merely  to  indicate  the  relations  of  hsemolysis  and  bac- 
teriolj'sis.  AVhatever  has  been  said  in  jireceding  para- 
graphs about  the  mechanism  of  hemolysis  can  be  tran- 
scribed to  apply  to  bacteria  and  "bacteria-immuno 
serum.  Pfeiffer's  observation  of  the  solution  of  bacteria 
by  serum  of  immunized  animals  was  the  precursor  of  the 
modern  studies  of  hicmolysis  and  the  extension  of  Ehr- 
lich's  theory.  Indeed  the  chief  reason  for  the  great  in- 
terest in  hemolysis  lies  in  the  understanding  that  what- 
ever may  be  learned  about  hemolytic  processes  can  be 
directly  api.ilied  to  the  processes  of  immunity  against 
bacteria.  Therefore  we  understand  that  iu  the  serum  of 
an  animal  immunized  against  bacteria  themselves,  and 
not  merely  tlieir  to.xins,  there  is  present  an  intermediarj- 
bod)'  that  is  specific  for  the  injected  organism.  This 
intermediary  body  attaches  itself  to  the  bacterium  by  one 
ha])tophore  group,  and  with  the  other  anchors  the  com- 
plement of  the  serum  which  then  destroys  the  bacterium. 
Now  as  during  immunization  only  intermediary  bodies 
are  produced  iu  excess,  while  the  complement  is  not  in- 
creased, it  often  may  be  that  defence  may  fail  because  of 
deticiency  in  the  amount  of  complement.  This  possibly 
explains  why  it  has  so  far  been  impossible  to  secure  im- 
mune sera  tliat  will  protect  against  bacteria  as  effectively 
as  antitoxin  protects  against  toxin,  for  with  toxin  no 
complement  is  required.  The  results  of  decreased  com- 
plement content  would  lie  an  increased  susceptibility  to 
infection,  and  this  is  seen  in  snake  bites,  when  the  venom 
uses  up  the  blood  complement  and  the  patient  often  suc- 
cumbs to  bacterial  infection  after  surviving  the  direct 
effects  of  the  poison.  In  chronic  diseases  Longeope 
claims  that  iu  the  later  stages  the  amount  of  complement 
is  much  decreased,  probably  accounting  for  the  occur- 
rence of  terminal  septicaemias. 

It  is  probable  that  hsemolytic  complement  is  quite  dis- 
tinct from  that  causing  bacteriolysis,  and  that  comple- 
ments for  different  bacteria  can  be  separated  from  one 
another  as  well  as  from  the  agglutinins. 

Welch  has  suggested  that  possibly  the  bacteria  in  their 
turn  may  develop  antibodies  to  the  tissues  and  fluids  in 
which  they  are  growing.  If  so,  we  have  a  reasonable  ex- 
planation of  the  devekipment  of  toxic  substances  with 
marked  action  on  specific  cells  of  the  host,  e.g.,  endothe- 
liolysins,  leucolysins,  haemolysins;  and  also  the  peculiar 
manner  in  which  bacteria  often  attack  only  certain  tis- 
sues, e.g.,  multiple  septic  arthritis. 

Cytolysis. — Red  corpuscles  being  merely  a  particular 
sort  of  body  cell  it  might  be  expected  that  lysins  for 
other  cells  could  be  obtained  in  a  similar  manner,  and 
such  is  the  case.     Such  lysins  are  called  by  the  generic 


term  ci/lnlt/Kuin,  or  cytotoxins,  and  are  specifically  indicated 
by  the  name  of  the  cell  concerned,  as  eudotheliotoxins  or 
endotheliolj'sins,  hepatotoxins,  nephrotoxins,  etc.  The 
lysins  or  toxins  iu  this  ease  are  similar  in  composition  to 
the  ha'moljsins,  that  is,  au  amboceptor  and  a  comple- 
ment group,  and  these  groups  are  in  all  respects  similar 
to  the  components  of  the  hicmolysins  except  that  the 
cytophile  group  of  the  amboceptor  is  specific  for  certain 
tissue  cells  rather  than  for  red  corpuscles.  Such  specific 
cellular  toxins  may  be  obtained  by  immunizing  the  ani- 
mals against  the  tissue  which  is  injected  emulsionized 
into  its  peritoneal  cavity ;  but,  as  with  the  ha'molysins, 
the}'  may  occasionally  appear  iu  normal  serums  ()f  va- 
rious sorts  of  animals.  It  is  by  no  means  as  easy  ta 
determine  the  resulls  with  tissue  cells  as  with  red  cor- 
puscles, where  the  liberation  of  the  highly  colored  he- 
moglobin is  easily  deteeteti.  To  some  degree  lytic 
changes  can  be  observed  in  tissue  cells  under  the  micro- 
scope, but  this  is  not  usually  very  satisfactory.  Another 
method  of  observation  consists  in  injecting  the  immune 
serum  into  the  body  of  an  animal,  and  studying  both  the 
symptoms  and  the  anatomic  changes  brought^  about  in 
tills  way.  The  latter  method  hasfound  the  most  general 
application.  A  disturbing  element  in  all  such  experi- 
ments lies  in  the  difficulty  of  securing  tissue  cells  of  one 
kind  alone  for  injecting.  For  example,  when  hepatic-tis- 
sue suspensions  are  injected  there  are  introduced  at  the 
same  time  endothelial  cells,  connective-tissue  cells,  and 
usually  red  corpuscles  and  leucocytes.  Therefore  an  im- 
mune serum  obtained  in  this  way  would  contain  immune 
bodies  for  all  these  cells,  and  it  becomes  impo.ssible  tO' 
ascribe  any  changes  that  follow  its  injection  into  an  ani- 
mal solely  to  effects  of  the  hepatotoxins.  While  there 
are  possible  ways  of  avoiding  many  of  these  difficulties 
they  have  not  been  generality  applied,  and  much  of  the 
earlier  work  is  very  questionable  on  this  account.  At 
the  same  lime  that  C3'tolysins  are  formed  agglutinins  also 
appear,  and  agglutination  of  specific  cells  occurs  as  it 
does  with  bacteria  and  corpuscles.  One  of  the  earliest- 
pieces  of  work  in  this  direction  was  with  sperm  agglu- 
tinins, obtained  by  immunizing  with  sperm.  Such 
serum,  however,  was  not  spermolytic.  In  view  of  the 
elementary  condition  of  cytolytic  investigations,  and  the 
afore-mentioned  sources  of  error  in  much  of  the  work 
that  has  already  been  reported,  I  do  not  feel  justified  in 
this  article  in  more  than  briefly  discussing  the  specific  re- 
sults so  far  obtained.  It  should  also  be  mentioned  that 
recently  some  investigators  who  have  used  care  in  avoid- 
ing h!Bmol3'.sins,  etc. ,  in  preparing  specific  sera  have  not 
been  able  to  obtain  as  marked  results  as  had  been  earlier 
reported. 

LeucvcyMyUc  Serum. — This  may  be  obtained  either  by 
immunizing  with  leucocytes  obtained  from  exudates  or 
from  the  blood,  or  by  using  emulsions  of  lymph  glands. 
The  latter  method  introduces  so  many  cells  besides  the 
lymphocytes  that  it  is  not  desirable.  Specific  leucocyto- 
lytic  sera  agglutinate  leucocytes  and  produce  observalile 
morphologic  changes,  in  the  way  of  solution  of  the  cyto- 
plasm and  cessation  of  anittboid  movements.  Of  the 
leucocytes  the  large  granular  cells  seem  most  affected 
and  the  l3'mphocytes  least.  W'hen  injected  into  the  peri- 
toneal cavity  such  serum  causes  an  apparent  initial  leu- 
copeuia,  and  later  a  decided  leucocytosis  in  the  peritoneal 
fluid.  Corresponding  with  this,  if  bacteria  are  injected 
at  the  same  time  as  the  serum,  resistance  is  found  de- 
creased, but  later  it  is  much  increased.  Such  serum  also 
contains  anticomijlement,  according  to  Wassermann,  in- 
dicating that  the  injected  leucocytes  contain  comple- 
ment. Leucotoxin  obtained  by  inununizing  against  Ij'm- 
pliatic  tissue  is  vei'y  thermolabile,  being  destroyed  by 
55°  C.  for  thirty  minutes,  and  the  serum  can  be  only 
liartially  reactivated  hy  the  use  of  fresh  serum.  Un- 
doubtedl)'  leucotoxic  amboceptors  are  present  in  many 
normal  sera,  and  their  presence  in  the  serum  of  certain 
cold-blooded  animals  and  iu  venom  has  already  been 
shown. 

EndotheUolytic  Serum. — Every  attempt  at  immunizing 
an  animal  with  any  sort  of  fixed  tissue  must  of  necessity 
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involve  the  iujection  of  endothelial  cells  as  well  as  those 
spo'fitic  to  the  tissue  studied.  Therefore  it  is  possible 
that  cytotoxic  serum  so  obtained  will  contain  endothelial 
toxins  and  so  coniplicateauy  results  of  intra  i:itain  experi- 
ments. There  is  every  reason  to  believe  that  endothe- 
liolytic  substances  are  produced  in  this  way.  Ricketts 
found  that  serum  of  animals  immunized  against  lymph 
glands  was  toxic  to  endothelial  cells,  which  was  indi- 
cated by  hemorrhages  at  the  point  of  injection,  and 
marked  desquamation  of  endothelitun  when  tlie  injection 
was  made  into  a  serous  cavity.  In  snake  poisoning  the 
■extensive  hemorrhages  are  also  due  to  an  endothcliolytic 
principle,  called  by  Plexner  ha'jiiori-hiiyiu.  This  is  de- 
stroj'ed  bj'  heating  at  75°  C,  and  is  particularly  abun- 
•dant;  in  fact,  tlie  chief  toxic  agent  in  rattlesnake  venom. 

LymphaliAytic  Serum. — Tliis  serum  has  been  studied 
recently  by  Ricketts  and  by  Flexner,  immunizing  ani- 
mals with  lymph  glands.  As  miglit  be  expected  from 
the  nature  of  the  injected  glands  the  resulting  serum 
contained  endotheliotoxin,  leucotoxin,  hnemolysin,  hffma- 
glutinin,  leuco-agglutinin,  and  precipitins.  When  in- 
jected into  animals  this  serum  had  a  marked  effect  upon 
the  spleen  and  lymph  glands,  producing  great  enlarge- 
ment of  these  .struetilres,  which  were  also  congested. 
The  bone  marrow  was  also  somewhat  affected,  anil  wheii 
marrow  was  used  in  immunizing,  the  mi/elotoxic  serutri 
produced  marked  proliferative  elianges  in  the  lymph 
glands  as  well  as  in  the  marrow.  The  changes  produced 
in  the  leucocytes  were  the  same  as  those  described  for 
leiicotoxic  serum,  indicating  that  the  different  forms  of 
leucocytes  can  combine  with  immune  bodies  produced 
against  lymphocytes. 

Hephrolytic  Serum. — It  has  been  claimed  that  if  a  kid- 
ney is  destroyed  by  ligating  its  vessels  or  ureter  the  re- 
maining kidney  develops  .serious  degenerative  changes, 
which  are  not  present  if  one  kidney  is  entirely  removed. 
This  has  been  attributed  to  the  develoiiment  of  nejihro- 
toxic  substances  produced  in  reaction  to  the  absorption 
of  the  injured  renal  tissue  that  has  been  left  in  the  body. 
Other  methods  of  renal  injury  have  been  thought  to 
produce  similar  effects,  and  serum  of  animals  with  kid- 
ney disease  was  said  to  injure  the  kidneys  of  normal 
animals.  From  this  basis  it  has  been  thought  to  explain 
the  progressive  nature  of  the  chronic  nephritides  as  tlie 
result  of  nephrotoxins  produced  through  the  absorption 
of  the  injured  cells,  and  which  nephrotoxins  injure  still 
other  cells.  Such  a  process,  however,  involves  the  pro- 
duction of  cell  toxins  in  an  animal  toxic  for  its  own  cells, 
that  is  fiutocytoto.riiis  ;  and  as  it  has  so  far  been  practicallj' 
impossible  to  produce  autolysins  of  otlier  sorts,  it  is  not 
altogether  probable  that  tlie  kidney  is  an  exception. 
Furtliermore,  the  latest  writer,  Pearce,  was  imable  to  pro- 
duce isoneplirota.rins,  and  could  not  corroborate  the  results 
said  to  have  been  found  in  the  remaining  kidney  after 
ligating  the  vessels  of  the  other.  lie  did  obtain  an  ac- 
tive heteronephrolysin,  hut  also  found  that  immunization 
with  liver  produced  just  as  actively  nephrolytic  serum 
as  immunization  with  kidney. 

Neurolytic  Serum. — Even  so  highly  specialized  cells  as 
those  of  the  nervous  tissue  seem  to  produce  a  reaction 
with  the  formation  of  immune  bodies.  Perhaps  because 
any  symptoms  produced  by  action  on  the  nervous  sys- 
tem are  so  readily  detected,  and  because  of  tlie  advanced 
condition  of  our  knowledge  concerning  the  minute  struct- 
ure of  ganglion  cells,  the  results  obtained  with  neuro- 
lytic serum  have  been  particularly  striking.  Perhaps 
the  most  positive  results  are  those  of  Ricketts  and  Roth- 
stein,  who  found  that  serum  of  rabbits  immunized 
against  the  brains  or  cords  of  guinea-pigs,  when  injected 
into  the  vessels  of  guinea-pigs  was  highly  toxic,  causing 
death  with  various  symptoms  only  explainable  on  the 
assumption  of  nervous  lesions.  Microscopically  the 
ganglion  cells  showed  marked  changes  in  those  animals 
that  survived  the  injection  long  enough.  All  the  results 
so  far  obtained  liave  been  with  heterogeneous  serum. 
Venoms,  particularly  that  of  cobra,  possess  strong  neu- 
rolytic substances,  that  are  the  chief  toxic  agents  in  mo.st 
of  the  venoms  (the  rattlesnake  excepted).     This  ueuro- 


lysin  can  be  removed  by  saturation  with  nervous  tissue 
from  the  hannolysin.  and  conversely  the  hiemolysin  can  be 
removed  by  saturating  with  r('<I  curpuscles,  thus  corrob- 
orating Wassermann's  exjieriments  with  tetanus  toxin 
and  supporting  Ehrlich's  theory. 

Thyrolytic  Serum-. — There  are  but  few  reports  on  this 
serum,  but  of  these  the  latest,  that  of  Portis,  indicates 
that  after  removal  of  all  luvmolysis  as  a  factor  there  do 
occur  changes  in  the  nature  of  excessive  absorption  of 
colloid,  and  proliferation  after  the  order  of  that  seen  in 
regeneration.  However,  the  clinical  picture  of  thyroid- 
ectomy was  not  produced  in  any  case,  and  the  anatomic 
changes  were  not  great. 

Numerous  reports  may  be  found  indicating  attein]its 
with  varj'ing  success  to  obtain  sera  toxic  for  other  tis- 
sues. Among  them  may  be  mentioned  epithdiolymn  (for 
ciliated  epithelium),  spermatotoxin,  hepcitolysin,  cardio- 
lystn,  spleitolysiu.  and  fyiicytiolysin.  Attempts  at  the 
production  of  immune  serum  with  adrenal  by  Abbott  re- 
sulted only  in  a  scrum  with  great  hannolytic  power,  but 
with  no  particular  effect  on  the  adrenal.  The  principle  in 
all  is  the  .same,  but  the  results  as  a  wliole  are  not  now  in 
a  state  to  warrant  extensive  consideration.  In  general. 'it 
can  be  said  that  it  has  not  been  found  possible  in  this 
way  to  throw  out  of  function  one  ])articular  organ,  with 
or  without  involvement  of  other  structures.  It  must  be 
borne  in  mind  that  we  can  have  grave  functional  dis- 
turbances without  cori'esponding  anatomic  alterations. 
There  is  no  reason  known  why  a  group  of  receptors  ol 
essential  importance  ti>  the  functicinal  manifestations  of 
the  cell  may  not  be  quite  independent  of  vegetative  func- 
tions; and  with  impairment  of  these  alone  there  need  be 
no  visible  cell  changes.  U.  Gideon  Wells. 
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Excellent  reviews  ln'sirintr  iiiuni  tlif-sc  tupic'^,  to  whicli  the  reader  is 
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R^niew  of  Ciini-nt  Tli»-oiii-s  UtiriirdniL^  Iiiiiiiiinlty."  by  James 
mtiiiit', Joiiriiiilof  llvirii-no.  I'-io:^  ii. :  KhrlirliV  '•('rooiiinn  Lecture," 
in  111!'  rro.-ci'iljn'-'s  of  the  jjoviU  Sonciv  of  i.omlon,  I'.iihi.  I.wi. ;  and 
in  the  boiik  liy  Vaiit'liaii  and  .Noyy,  "  Cellular  Toxins."  V.WZ. 

References  to  all  the  later  literature  of  iii'.portiince  will  be  found  in 
the  reviews  of  palliologic  literature  by  Helctoen,  in  Progressive 
Medicine,  each  year  since  ItllHI. 

HEMLOCK,  POISONING  BY.— The  water  hemlock 
(Coiiiii/ii  ■miieiilitliiiii)  is  a  small  iierli,  belonging  to  the 
natural  onler  ['uiheUiferu'.  It  must  not  lie  confounded 
with  the  hemlock  tree  (hemlock  S|iruce),  a  well-known 
product  of  the  forest  regions  of  the  United  States.  Co- 
nium  maculatum  is  indigenous  in  Europe,  but  has  estab- 
lished itself  to  a  limited  extent  in  other  countries.  It  is 
regarded  as  the  ]ioison  which  was  used  by  the  ancient 
Athenians  in  putting  to  death  certain  criminals,  and  has 
become  famous  in  consequence  of  its  use  in  the  case  of 
Socrates. 

The  poisonous  properties  exhibited  by  several  parts 
of  the  plant,  especially  the  fruit,  are  due  to  several  al- 
kaloids, of  which  coni'ne  (sometimes  called  coniin)  is  the 
most  important.  This  is  a  distinct  alkaloid,  forming  a 
series  of  salts,  and  is  one  of  the  few  of  its  class  that  are 
liquid  at  common  temperature  and  do  not  contain  oxygen. 
Its  formula  isCVH,7N.  It  is  a  colorless  liquid,  specific 
gravity  about  0.880,  not  very  soluble  in  water.  It  boils 
at  a  temperature  considerably  above  that  of  water,  and 
has  a  distinct  rotatory  action  on  polarized  light.  Its 
odor  IS  usually  said  to  be  mouse-like,  a  rather  vague  de- 
scription, but  it  cannot  be  more  directly  described,  ex- 
cept to  saj'  that  it  is  strong  and  disagreeable. 

Cases  of  hemlock  poisoning  have  been  mostly  acci- 
dental, parts  of  the  plant  having  been  mistaken  for 
edible  herbs,  such  as  parsley.  The  recorded  eases  give 
diverse  symptoms,  and  it  is  highly  probable  that  mis- 
takes have  been  made  as  to  the  identity  of  the  plants  in 
several  instances.  The  following  summary  represents 
the  marked  features:  Headache,  vertigo,  dilated  pupils, 
a  prickling  .sensation  in  the  extremities,  with  gradually 
developing  paralysis.  This  latter  usually  begins  in  the 
legs.  The  paralytic  condition  extends  to  the  muscles  of 
the  trunk  and  neck,  speech  and  deglutition  become  im- 
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perfect,  iimi  finally  asphyxiation  may  occur  by  failure  of 
tlie  respiratory  muscles.  The  mind  is  not  nuich  impaired 
TMitil  (lie  lates't  stages  of  the  ca.se.  Convulsions  may  oc- 
cur at  an  advanced  slagc.  A  case  may  last  several  hours, 
but  is  likely  to  be  much  more  rapid  in  its  progress,  death 
sometimes  occurring  in  a  few  minutes.  The  poisonous 
dose  is  small,  but  cannot  be  accurately  fi.\ed  from  the 
data  at  hand.  Probably  one  drop  of  coniiue  would  be 
fatal  to  an  a<hdt  in  most  instances  if  treatment  was  not 
promptly  instituted. 

Treatment  must  be  of  the  type  used  for  the  alkaloids  in 
general.  Taunin  and  animal  charcoal  have  some  anti- 
dotal value,  but  the  thorough  wa.sliing  out  of  the  stom- 
ach will  be  found  to  be  of  most  advantage  and  should 
be  institiUed  as  soon  as  possible.  Artilicial  respiration 
niav  lie  rccjiured  in  the  advanced  stages  of  the  case.  The 
marked  paralytic  condition  suggests  the  use  of  strych- 
nine in  very  small  doses  hypodermically,  but  such  treat- 
ment must  be  used  with  cautiou. 

The  detection  of  the  characteristic  alkaloid  isa  difficult 
matter,  but  its  peculiar  odor  will  be  of  value.  More  im- 
portant, from  a  practical  medical  point  of  view,  is  the 
recognition  of  parts  of  the  plant.  Tliese  should  be  care- 
fully examined,  and  compared  with  autlientic  specimens, 
or  mistakes  will  be  made,  for  species  of  Umbellifera'  are 
often  ditlicult  todilferentiate.  The  post-mortem  appear- 
ances are  not  characteristic.  Henry  Leffmann. 

HUNYADI  JANOS  SPRING,  AUSTRIA.— A  mineral 
spring  at  ofeu.  Hungary,  a  ]iart  of  Budapest.  The 
water  bearing  this  name,  so  iuiiversall_v  used,  especiall,v 
in  this  country,  is  one  of  the  "  Hungarian  bitter  waters"; 
others,  almost  as  well  known  and  obtained  from  the  same 
locality,  arc  the  Franz-Josef  and  the  Apenta.  These 
three  are  the  strongest  of  the  bitter  mineral  waters,  and 
are  used  either  as  a  laxative  or  as  a  cathartic,  the  ef- 
fects depending  upon  the  quantity  of  the  water  taken. 
The  active  ingredients  are  the  sulphates  of  sodium  and 
magnesium.  The  following  table  shows  the  proportions 
in  which  they  occur  in  the  various  Hungarian  waters: 
and,  for  purpo.ses  of  comparison,  several  other  waters  of 
like  constituency  are  included. 

One  Litre  of  Water  Contains: 


Sodium  sulphate. 
Grams. 

Magnesium  sulphate. 
Grams. 

Hunyadi  .lamr.-i 

22.55 
23.18 
15.40 
9.59 
6.05 
5.80 

22.35 
24.78 

24  40 

10.85 

Friedrichshall 

5  15 

Kissingen  Bitterquelle — 

5.00 

The  following  is  an  anal^'sis  of  the  Hunyadi  Janos 
water  by  Professor  Bunsen.  One  pint  contains:  Sodium 
carbonate,  gr.  13.20:  ferrous  (oxide)  carbonate,  gr.  0.08; 
calcium  carbonate,  gr.  6.04;  strontium  carbonate,  gr.  0.19; 
sodium  chloride,  gr.  11. .54;  potassium  sulphate,  gr.  1.67; 
sodium  sulphate,  gr.  128.97;  magnesium  sulphate,  gr. 
137.98;  silicious  earth,  gr.  0.09.  Total,  299.76  grains. 
Free  and  partly  combined  carbonic  acid,  8.06  cubic 
inches. 

Other  well-known  waters  of  like  character  are  those  of 
the  Rubiuat  Condal,  Rubinat  Serre,  and  Rubiuat  Llorach 
Springs  in  Spain. 

The  taste  of  these  waters  Is  disagreeably  bitter,  much 
like  a  solution  of  "Epsom  salts,"  although  it  is  said  to  be 
somewhat  modified  by  the  presence  of  free  carbonic  acid 
and  the  other  Siilts;  at  best,  however,  they  are  not  a 
pleasant  drink. 

These  sulphated  bitter  waters  are  much  employed 
either  as  an  occasional  aperient,  or  in  habitual  constipa- 
tion antl  in  dyspepsia  accompanied  by  constipation.  Thej' 
are  also  a  serviceable  laxative  in  small  doses  in  pregnancy, 
arteriosclerosis,  cardiac  disease,  and  other  morbid  condi- 
tions in  which  an  unstimulating  laxative  is  desired.  In 
large  doses  they  are  indicated  where  a  rapid,  full  evacu- 
ation of  the  bowels  is  the  end  in  view.     In  brief,  in  all 


the  innumerable  conditions  in  which  a  "dose  of  salts  "  is 
indicated,  these  bitter  waters,  which  are  practically  a 
solution  of  salts,  can  be  used.  The  usual  dose  of  the 
strong  bitter  waters  is  from  a  half  to  one  wineglassfid 
taken  on  an  empty  stomach.  In  emergency  cases  a  larger 
dose  can  be  taken — from  three-quarters  to  onelumberful. 

Edimrii  0.  Otis. 

IRON,  POISONING  BY.— Metallic  iron  and  those  com- 
pounds of  iron  wliirli  are  insoluble  iu  water  are  not 
poisons.  The  soluble  salts,  however,  though  not  active 
poisons,  have  an  irritant  action,  and  are  capable  of  de- 
stroying life  when  taken  in  large  doses  and  in  a  concen- 
trated state.  The  continued  administration  of  medicinal 
doses  even  produces,  after  a  time,  decided  gastric  dis- 
turbance. It  isjirobable  that  all  the  soluble  preparations 
may  act  as  irritant  poisons  when  administered  in  large 
doses.  The  most  important,  however,  from  a  medico- 
legal point  of  view,  are  ferrous  sulphate  (copperas,  green 
vitriol),  ferricchloride(perchloride),  which  is  used  medic- 
inally in  the  form  of  tincture,  and  the  tannate  in  the  form 
of  ink.  . 

The  salts  of  iron  are  rarely  administered  for  criminal 
purposes.  Most  of  the  reported  cases  of  poisoning  have 
been  tlie  result  of  accident,  or  of  the  use  of  the  sulphate 
or  the  tincture  of  the  chloride  of  iron  iu  attempts  at 
abortion.  The  symptoms  which  follow  the  administra- 
tion of  large  doses  of  the  preparations  named  are  essen- 
tially' similar  to  those  produced  by  the  irritants  in  gen- 
eral. There  are  a  styptic  taste  in  the  mouth,  nausea, 
vomiting,  pain  in  the  stomach  and  intestines,  and  purg- 
ing. The  evacuations  are  black,  owing  to  the  conversion 
of  the  iron  salt  into  a  tannate  by  the  tannic  acid  of  the 
food,  or  into  a  sulpliide  by  the  sulphuretcd  hydrogen 
resulting  from  decomposition  iu  the  intestines.  Irrita- 
tion of  the  genito-urinary  passages  is  sometimes  observed. 
The  tincture  of  the  chloride  of  iron  is  more  corrosive  iu 
its  action  than  the  sulphate,  by  reason,  a|)parently,  of 
the  free  hydrochloric  acid  which  it  frequently  contains. 
Its  injection  into  the  cavities  of  the  bod}',  for  the  pur- 
pose of  arresting  hemorrhage,  has  proved  fatal. 

Tlie  amount  of  any  of  the  preparations  of  iron  required 
to  endanger  life  is  not  accurately  known,  but  appears  to 
be  quite  large.  In  most  of  the  cases  in  which  the  sul- 
phate has  been  taken,  the  amount  was  tinknown.  Re- 
covery has  taken  place  after  a  dose  of  31  gm.  (|i.)of 
the  sulphate  (Christison).  A  case  is  reported  in  which 
48  gm.  (fl  5  iss.)  of  the  tincture  of  the  chloride  of  iron 
proved  fatal  in  about  five  weeks  (Christison).  Recovery 
lias  taken  place  after  doses  of  82-96  gm.  of  this  prepara- 
tion. The  favorable  issue  is  luobably  due,  in  many 
cases,  to  the  early  occurrence  of  vomiting. 

The  results  of  cxperiinentsou  animals  are  not  unifonn. 
Gmelin  states  that  7.7  gm.  (  3  ij.)  of  the  sulphate  of  iron 
administered  to  dogs  by  the  moutli  caused  vomiting  only; 
that  2.6  gm.  (gr.  xl.)  administered  to  rabbits  produced  no 
injury ;  and  that  1.3  gm.  (gr.  xx.)  injected  into  the  veins 
of  a  dog  produced  no  symptom  whatever.  Dr.  Smith, 
however,  states  that  7.7  gm.  will  prove  fatal  to  dogs 
when  administered  by  the  mouth  or  applied  to  a  wound. 

The  post-mortem  appearances  are  those  of  a  simple 
irritant,  and  are  confined,  so  far  as  has  been  observed,  to 
the  stomach  and  u]iper  part  of  the  intestines.  In  acute 
cases  the  contents  of  the  iutestines  will  probably  present 
a  black  appearance,  owing  to  the  presence  of  tlie  tan- 
nate or  the  sulphide  of  iron. 

Iron  is  eliminated  to  some  extent  in  the  urine.  A  small 
amount  onlv  is  absorbed  in  any  event,  the  greater  part 
escaping  in  an  insoluble  form  with  the  f»ces. 

Treatment  consists  in  the  use  of  the  stomach-pump,  or 
of  emetics  if  necessary.  Magnesia  or  dilute  solutions  of 
alkaline  carbonates  should  be  administered  as  antidotes, 
and  tlie.?e  should  be  followed  bv  demulcents. 

William  B.  mil': 

LIPOMA  (Adipoma,  Stcatoma)  is  a  tumor  consisting 
essentially  of  adipo.se  tissue.  Such  growths  belong  to 
the  mature  connective-tissue  tu:;.ors,  and  have  for  their 
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physiological  prototype  the  adipose  tissue  founrl  beneath 
the  skin  and  serous  membranes.  Between  normal  adi- 
pose tissue  and  the  fat  tissue  of  li|iomata  there  are  no 
essential  differences  of  structure.  In  the  majority  of 
lipomata  the  fat  cells  as  well  as  the  fat  lobules  are  "usu- 
ally larger  than  those  of  normal  adipose  tissue  (the  former 
three  to  fovir  times  as  large) ;  but  this  difference  does 
not  hold  good  to  such  an  extent  that  it  can  be  used  as  a 
point  iu  differential  diagnosis.  In  general,  a  lipoma 
presents  the  structural  characteristics  of  a  localized  nia.ss 
of  fat  differing  in  no  respect  from  normal  subcutaneous 
fat.  The  chemical  reactions  of  the  fat  contained  in  lipo- 
mata likewise  correspond  to  those  of  normal  fat. 

Since  the  resemblance  in  structure  to  normal  adipose 
tissue  is  so  very  close,  it  may  .sometimes  be  difflcull  to 
draw  a  Hue  between  a  simple  liypertrophy  of  adipose 
tissueanda  lipoma.  Both  general  and  local  hyperplasias 
of  adipose  tissue  occur  which  are  not  classed  with  lipo- 
mata (general  lipomatosis,  liponiatous  elephantiasis,  the 
deposit  of  fat  about  an  atrophic  kidney  or  between  the 
bundles  of  atrophic  muscles);  but  other  local  hyper- 
plasias of  a  similar  nature  liave  b}'  various  authors  been 
styled  li|)omata.  Thus  the  hyperplasia  of  the  fatty  cap- 
sule of  the  mammary  gland  which  occurs  sometimes  in 
scirrhous  carcinoma  of  this  organ  or  iu  chronic  interstitial 
mastitis  has  been  called  lipviiin  cajmilare,  an  excessive 
deposit  of  fat  beneath  the  epicardium  has  been  styled 
lipoma  cnrdix  mpsuUire,  and  the  ileposit  of  fat  in  the  vil- 
lous fringes  of  the  joints  is  known  as  lipoma  (ir/iorescens, 
althougli  analogous  to  the  fatty  hyperplasia  so  frequently 
seen  in  the  epiploic  appendages  of  the  large  intestine. 
Such  local  fatt\'  liyperplasias  may  be  st_vled  pseiidnlijx)- 
mata.  An  e.xact  use  of  the  term  lipoma  would  limit  its 
application  to  those  formations  of  adipose  tissue  alone  in 
which  an  actual  new  formation  of  fat  tissue  occurs. 
Such  a  criterion  has,  liowever,  but  little  practical  value, 
since  in  tlie  fully  developed  growth  of  fat  tissue  it  may 
be  impossible  to  say  whether  the  latter  has  arisen  from  a 
circumscribed  hyperplasia  or  represents  a  true  neoplasia. 
Tills  difficulty  is  increased  by  the  fact  that  lipomata  are 
iisuall_y  found  in  those  ]iarts  of  the  body  in  which  there 
is  normally  more  or  less  fat  tissue.  A  more  practical 
guide  will  therefore  be  foiuid  in  the  principle  that  the 
term  lipoma  should  be  applied  to  circumscribed  prolifera- 
tions of  adipose  tissue  tchich  shoic  a  certain  anatmnical  and 
phynological  independence  of  the  neighboring  tissue,  even 
when  the  latter  is  fat  tissue. 

Tlie  application  of  the  term  lipoma  made  by  some 
writers  to  tumors  other  than  connective  tissue,  the  cells 
of  which  have  undergone  fatty  degeneration  or  contain 
an  abundance  of  fat,  is  whollj-  incorrect.  The  true 
lipomata  belong  to  the  mature  connective-tissue  tumors 
— that  is,  the  tissue  of  which  they  are  composed  is  of  the 
type  of  adipose  tissue. 

Histogenesis. — The  histogenesis  of  lipomata  is  not 
yet  definitely  known.  Their  very  frequent  development 
in  regions  where  fat  tissue  is  normally  found  has  led  to 
the  belief  that  the  majority  arise  from  a  h3'perplastic 
]iroliferation  of  adipose  tissue  with  new  formatifni  of  fat 
cells  and  fat  lobtdes.  Such  an  explanation  would  hold 
good  even  for  the  lipomata  which  are  sometimes  found 
in  the  submucosa  of  the  gastrointestinal  tract,  since  in 
wcll-noin-islied  individuals  fat  cells  are  usualh'  present  in 
small  numbers  in  this  region,  and  from  these  a  lipoma 
could  take  its  origin.  Another  view  is  that  lipomata 
arise  from  undifferentiated  embryonal  cells  which  have 
persisteii  from  fa>tal  life,  or  are  formed  by  tlie  jirolifera- 
tion  of  connective-tissue  cells.  The  development  of  fat 
tissue  from  these  follows  the  same  course  as  that  of  the 
normal  development  of  fat  cells  from  fa?tal  myxomatous 
tissue.  It  is  not  improbable  that  undifferentiated  "  prim- 
itive fat  organs"  (developing  fat  lobules  in  the  fu'tal 
inesenchyma)  may  persist  quiescent  until  adult  life  and 
laterresume  active  proliferation,  giving  rise  to  localized 
growths  of  fat  tissue  which  in  their  development  would 
be  more  or  less  independent  of  the  normal  laws  of  nutri- 
tion and  cell  growth.  Support  is  given  to  this  theory  by 
the  fact  that  some  lipomata  in  their  growth  appfear  to  be 


entire!}-  independent  of  the  laws  governing  tlie  general 
nutrition  of  the  body,  since  they  continue  to  increase  in 
size  or  at  least  do  not  become  smaller  under  conditions 
of  cachexia,  etc.,  when  the  normal  fat  tissue  is  being  re- 
duced in  amount.  The  fact  that  a  combination  of  myxo- 
matous tissue  and  adipose  tissue  is  frequently  found 
under  pathological  conditions  may  also  be  taken  as  an 
indication  of  the  close  histogenetic  relations  of  these 
tissues.  In  many  lipomata  aivas  of  myxomatous  tissue 
occur,  and  occasionally  the  appearances  presented  sug- 
gest the  development  of  the  fat  tissue  out  of  the  myxo- 
matous. Jloreover,  there  are  rare  forms  of  lipomata  in 
which  the  fat  cells  resemble  those  of  embryonic  adipose 
tissue,  iu  that  the  fat  droplets  are  of  small  siJ;e  and  do 
not  coalesce  into  larger  drops  filling  the  entire  cell. 

A  further  origin  for  lipomata  may  be  found  in  atro- 
phic lymphadenoid  tissue,  a  phj-siological  paradigm 
being  found  in  the  development  of  fatty  marrow  fiom 
the  lymphoid  marrow,  and  the  fatty  transformation  of 
the  thymus,  and  later  in  old  age  tha't  of  the  lymphatic 
glands.  The  relationship  between  lymphoid  tissue  and 
adipose  ti.ssue  is  very  close.  In  the  foetus  the  development 
of  the  lymph  glands  is  eitiier  coincident  with  that  of  the 
.  primitive  fat  organs  or  follows  it ;  iu  the  latter  case  the 
lymphadenoid  structures  (botli  onlinary  lymphatic  and 
hamioly  mph  nodes)  developing  out  of  the  fat  organs.  In 
adult  life  under  certain  conditions  a  new  formation  of 
lymph  glands  takes  place  from  adipose  tissue,  and  in  old 
age  the  lymph  glands  become  to  a  large  extent  replaced 
by  fat  tissue.  Throughout  life  it  is  very  probable  that 
there  is  a  constant  cycle  of  alternation  between  lymphoid 
tissue  and  adipose  tissue.  As  the  result  of  some  disturb- 
ance of  the.se  proces.ses  it  is  possible  that  lipomata  may 
arise,  either  from  atrophic  lymph  glands  or  from  aniage 
of  undifferentiated  cells.  Askanazy  traces  the  origin  of 
multiple  lipomata  in  particular  to  a  replacement  of  lymph 
glands  by  fatty  tissue. 

The  lipomata  of  the  uterus,  kidney -cortex,  brain, 
sj^inal  cord,  etc.,  are  to  be  referred  to  misplacements  of 
aniage  of  fat  tissue  or  of  fibrous  connective  ti.ssue  which 
later  undergoes  a  fatty  metaplasia.  Such  lipomata  are 
to  be  classed  with  the  heterotopons  teratomata.  It 
should  be  borne  in  mind  also  that  lipomatous  masses  not 
infrequently  form  tlie  bulk  of  teratomata  found  iu  other 
regions  as  well. 

Etiology. — As  in  the  case  of  the  other  true  neoplasms 
but  little  is  known  of  the  etiology  of  lipomata.  Some 
of  them  may  arise  as  the  results  of  trauma  or  chronic 
inflammation.  Such  an  origin  has  been  ascribed  to  the 
fatty  tumors  sometimes  found  In  the  hands  of  working 
people  in  the  parts  most  exposed  to  injury.  In  other 
cases  fattj'  tumors  have  been  found  deveio]5lng  from 
scars.  The  fatty  growths  in  the  villi  of  the  joints  are 
usually  associated  with  a  chronic  arthritis.  There  also 
seems  to  be  some  association  between  multiple  lipomata 
and  rheumatoid  affections.  In  the  case  of  the  multiple 
and  symmetrical  lipomata  a  nervous  or  trophic  origin  is 
assumed  by  many  writers.  In  such  cases  other  symp- 
toms suggesting  a  neuropathic  origin  are  not  infre- 
quently present.  According  to  Grosch,  multiple  lipo- 
mata of  tlie  skin  arise  from  a  disturbance  of  fat  secretion 
by  the  skin  glands  due  to  a  trojihoneurosis.  A  connection 
between  lipomata  and  disease  of  the  thyroid  and  h_ypoph- 
ysis  has  also  been  assumed  by  some  authors.  In  the 
majority  of  cases  it  is  very  probable  that  lipomata  are  to 
be  regarded  as  congenital,  that  is,  the}'  arise  from  mis- 
placed aniage.  A  tendency  to  the  development  of  lipo- 
mata appears  also  to  be  inherited  iu  some  families. 

Gross  Appearances. — Ail  lipomata  possess  a  more  or  less 
definite  capsule.  In  the  sharply  circumscribed  forms 
the  capsule  may  be  well  defined,  of  varying  thickness;  in 
the  diffuse  forms  the  capsule  is  not  perfect  and  often 
sends  prolongations  of  connective  tissue  into  the  sur- 
rounding tissues,  which  it  not  removed  may  lead  to  a 
recurrence  of  the  growth.  The  size  of  lipomata  varies 
greatly  :  in  the  kidney,  submucosa  of  the  intestinal  tract, 
etc.,  they  may  be  very  small,  while  in  the  subcutaneous 
tissues  of  the  shoulder  and  back  and  in  the  retroperito- 
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nwil  tissues  tliey  may  give  vise  lo  tumors  weighing  fifty 
poiMids  or  more.  As  a  rule,  tlio_v  do  not  exceed  ten 
Iioiuids  in  weight.  'I'hey  usually  fonulobulated  growths 
of  more  or  less  regular"  eontour.  A  subdivision  of  the 
larger  loliules  into  smaller  ones  gives  the  growth  a  tuber- 
ous ajipearanee.  Lipomata  are  not  infrequently  peduncu- 
lated, iiartieularly  those  found  in  the  submucosa  of  the 
alimentary  tract,  though  even  in  the  skin  the  tumor  may 
oci'asionaily  jiossess  a  relatively  long  and  narrow  pedicle 
{lijiiiniii  jHi'ithiliiiii).  Accessory  nodules  are  rarely  seen 
about  the  main  growth.  In  the  majority  of  cases  lipo- 
mata are  solitary.  Occasionally  they  are  multiple,  and 
in  such  cases  the  tumors  may  be  symmetrically  distrib- 
uted ovcp  the  body.  As  a  rule,  lipomata  are  soft,  clastic, 
and  may  ,sive  a  sensation  of  fluctuation.  Puncture  with 
a  trocar  yields  no  fluid  except  in  those  cases  in  which 
extensive  retrograde  changes  have  taken  place.  The 
absence  of  fluid  on  aspiration  may  therefore  have  a  cer- 
tiiin  diagnostic  value.  The  occurrence  of  retrograde 
changes  may  render  the  growth  either  harder  or  softer. 
As  a  rule,  the  cut  section  of  a  lipoma  presents  a  yellow- 
ish or  whitish,  glistening,  lobulated  surface,  having  the 
characteristic  appearances  of  adipose  tissue.  In  the  ma- 
jority of  cases  the  microscopical  examination  is  hardly 
necessary  for  the  diagnosis. 

Microscopical  Appearances. — As  stated  above,  the  mi- 
nute structure  of  lipomata  corresponds  in  general  with 
that  of  normal  subcutaneous  fat.  Otlier  varieties  of  tis- 
s<ie  may  take  part  in  the  make-up  of  the  growth.  If  the 
fibrous  trabecula;  are  developed  to  such  an  extent  that 
they  form  a  prominent  feature  of  the  tumorthe  latter  may 
he  styled  a  fibroUpoma.  As  the  result  of  the  increased 
consistence  of  such  tumors  they  are  also  called  lipo- 
mti  chirum  or  steatoma.  A  combination  of  myxomatous 
tissue  with  fatty  tissue  gives  rise  to  a  myxolipoma.  Osteo- 
liptiiiKila.  choridrolipi>matii ,  and  myolipnmatu  have  also 
been  described.  An  abundant  blood  supply  with  over- 
develo])ment  and  dilatation  of  the  blood-vessels  gives 
rise  to  the  form  known  as  teleanniectatic  lipomn ;  the 
formation  of  blood  spaces  resembling  those  of  erectile 
tissue  to  the  varietj'  known  as  lipoma  cavernosiiiii.  The 
soft  form  of  fibroma  may  also  be  combined  with  a  lipoma. 
To  very  cellular  varieties  of  a  sarcomatous  nature  the 
term  liposarcoma  may  be  applied.  Such  forms  are  rare, 
sarcoma  developing  less  frequentl3-in  lipoma  than  in  any 
other  benign  connective-tissue  tumor.  In  rare  cases  an 
excessive  formation  of  fat  of  lipomatous  nature  may  lie 
combined  with  sarcoma  or  carcinoma.  Lipomatous  for- 
mations are  not  unconnnon  in  teratomata,  and  may  form 
the  bulk  of  the  tumor.  The  presence  of  other  histologi- 
Ciil  elements  such  as  epithelial  and  nervous  tissues  gives 
a  basis  for  differential  diagnosis.  Varieties  of  lipomata 
have  also  been  described  in  which  the  fat  tissue  presented 
the  appearances  of  embryonic  adipose  tissue. 

Evidences  of  the  growth  of  the  lipoma  may  be  found 
either  in  the  capsule  or  in  centres  of  growth  which  are 
scattered  throughout  the  tumor.  The  new  formation  of 
adipose  tissue  may  therefore  take  place  peripherally  or 
at  different  jilaces  in  the  tumor.  A  fibrous  connective 
tissue  is  usually  first  formed,  and  this  later  undergoes 
metaplasia  into  fat  tissue. 

Maii/ier  of  (rroirth. — According  to  their  manner  of  de- 
?elo]iment  liijomata  may  be  classed  k\s  solitary,  iiinltiple. 
eirciimscribed.  diffuse,  symmetrical,  etc.  The  diffuse  and 
multiple  forms  are  closely  related  on  the  one  hand  to  the 
simjile  liyper]ilasias  of  fatty  tissue  resulting  from  anom- 
alies of  metabolism,  overeating,  etc,  ;  and,  upon  the  other 
hand,  to  the  multiple  fibromata,  chondromata,  osteomata, 
etc.,  which  are  congenital  or  develop  from  misplaced 
anlage. 

The  diffuse  and  multiple  lipomata,  particularly  the 
nyiiiuietrical  forms,  have  in  recent  years  attracted  much 
attention,  and  various  hypotheses  liave  been  advanced  in 
cxjilanatiiin  of  their  origin.  In  certain  cases  there  appears 
to  be  some  definite  connection  between  disturbances  of 
tlie  nervouG  system  and  the  development  of  nudtiple 
lipomata.  Numerous  clinical  observations  show  the  co- 
incidence of  occurrence  of  multiple  lipomata  and  nervous 


conditions.  The  development  of  symmetrical  lipomata 
in  association  with  disturbances  of  sensation  and  motion 
has  been  seen  in  the  lower  extremities  after  injury  to  the 
spinal  column.  Neuralgias,  trophic  disturbances  of  the 
skin,  etc.,  have  been  observed  in  connection  with  multi- 
ple and  symmetrical  lipomata.  It  is  probable  of  coinse 
that  in  some  of  these  cases  the  nervous  disturbances  may 
be  the  result  of  pressm-e  by  the  tumor,  Lipomata  which 
are  themselves  painful  are  also  seen.  In  such  tumors 
tliere  may  be  a  new  formation  of  nerve  fibres,  or  tlie 
tumor  maj'  spring  from  the  connective-tissue  sheaths  of 
the  nerve  trunks  or  the  symptoms  ma.y  be  the  residt  of 
pressure.  An  exact  anatomical  distribution  of  the  tumors 
to  accord  with  the  peripheral  nerves  cannot  ahvays  be 
made  out.  3Iultiple  lipomata  may  also  be  inherited. 
Blaschko  reports  the  case  of  a  family  in  which  the  male 
members  developed  multiple  lipomata  at  the  age  of  pu- 
berty, while  the  females  were  not  aftected.  The  coinci- 
dence of  multiple  lipomata  with  rheumatoid  affections 
has  already  been  mentioned. 

Broca  has  reported  an  extraordinary  case  of  multiple 
lipomata.  In  a  man  of  the  age  of  twenty-five  years  there 
appeared  on  the  right  thigh  a  small  fatty  tumor  which 
in  six  years  attained  a  large  size.  It  was  excised,  found 
to  weigh  five  pounds,  and  to  consist  of  ordinary  adipose 
ti.ssue.  The  patient  remained  well  for  five  months  when 
there  occurred  an  eruption  of  hundreds  of  small  fatty 
tumors  all  over  the  body,  fresh  ones  developing  fiom 
time  to  time  during  a  period  of  forty  years.  At  the  age 
of  seventy  the  man  came  under  Broca's  care  for  treat- 
ment for  dysphagia.  Two  thousand  and  eighty  tumors 
in  size  from  that  of  a  pea  to  that  of  a  walnut  were 
counted  over  the  body,  more  minute  ones  not  being  in- 
cluded. The  original  scar  showed  no  signs  of  disease. 
The  microscopical  examination  of  portions  of  the  growths 
removed  during  life  gave  the  appearance  of  lipofi- 
broma.  Increase  of  dysphagia  caused  emaciation  to 
set  in.  This  at  first  did  not  affect  the  tumors,  but  after 
several  weeks  the  emaciation  became  extreme  and  the 
tumors  diminished.  The  patient  finally  died  of  starva- 
tion. At  autopsy  no  trace  of  fat  was  found  in  the  nor- 
mal fat  depots.  A  large  fatty  tumor  surrounded  the 
oesophagus  for  the  greater  part  of  its  extent,  occluding  the 
lumen;  the  pylorus  was  surrounded  by  a  similar  growth. 
Fatty  growths  were  found  in  the  valves  of  the  heart,  in 
the  deep  tissues  of  the  neck,  in  the  sheath  of  the  carotid 
vessels,  and  in  the  sheaths  of  the  muscles,  as  well  as  in 
the  normal  fat  regions.  Many  of  the  tumors  had  lost 
their  fat,  they  consisted  of  fibrous  tissue;  the  fitliers 
presented  the  appearances  of  fibrolipomata.  It  is  diifi- 
cult  to  explain  such  a  case  as  this  except  on  the  ground 
of  a  congenital  anomaly. 

Site.- — Lipomata  are  found  most  frequently  in  those 
parts  of  the  body  where  fat  tissue  is  most  abundant  nor- 
mally: in  the  subcutaneous,  subserous,  and  submucous 
fat,  and  the  intermuscular  connective  tissue,  and  less  fre- 
quently in  the  kidney,  periosteum,  joints,  tendon  sheaths, 
meninges,  etc. 

Suhcutnneiius. — Circumscribed  lipomata  are  found  more 
frequently  in  the  subcutaneous  tissues  than  elsewhere, 
appearing  as  movable,  lobulated,  elastic  tumors.  The 
neck,  back,  gluteal  region,  thighs,  axilla?,  anterior  ab- 
dominal wall,  arms,  hands,  and  feet  are  mentioned  in  the 
order  of  freqtiency  of  involvement.  Lipomata  of  the 
scalp  and  face  are  rare.  The  palms  of  the  hands  are 
more  often  the  seat  of  fatty  tumors  than  the  soles  of  the 
feet.  In  the  hands  lobules  of  fat  maj'  extend  from  the 
main  mass  of  the  tumor  underneath  the  palmar  fascia. 
Small  lipomata  may  lie  found  occasional Iv  on  the  fingers. 
In  regions  where  the  skin  is  loose  the  lipoma  may  be- 
come pedunculated.  Subcutaneous  fatty  tumors  may 
reach  a  very  large  size.  They  are  simietimes  painful  and 
may  be  as.sociated  with  nervous  symptoms.  Ordinarily 
they  are  painless.  Over  the  large  ones  the  skin  may  be 
stretched  to  such  an  extent  that  it  ma.v  become  very 
atrophic  or  may  undergo  ulceration.  In  this  wa}'  the 
tumor  itself  may  become  infected.  The  loose  nature  of 
the  fattv  tissue  and  the  low  resistance  of  the  surrounding 
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tissue  make  such  an  infection  dangerous,  as  it  is  very 
likely  to  become  phlegmonous. 

Tile  dilTusc  pseudolipoma  of  the  subcutaneous  tissue 
of  the  neck  maj'  be  mentioned  here.  It  is  in  reality  a 
diffuse  fatt}-  hj'perplasia  and  gives  rise  to  the  condition 
known  as  "fatt)'  collar."  The  deeper  fascia  may  also 
lie  involved,  and  the  lipomatosis  may  spread  over  the 
back,  shoulder,  and  trunk.  Similar  fatty  hyperplasias 
may  occur  in  the  subcutaneous  tissue  iu  other  parts  of 
the  body.  In  some  cases  tliey  are  symmetrically  ar- 
langed.  In  the  majority  of  these  cases  there  seems  to  be 
a  deliuite  connection  between  tlie  condition  and  chronic 
alcoholism.  Under  changed  conditions  the  fatty  de])0sits 
become  smaller.  The  diffuse,  multiple,  and  symmetrical 
fatty  deposits  are  therefore  better  classed  as  pseudo- 
lipomata. 

S'ibiiermis.—SmaW  lipnmata  are  not  rare  in  the  sub- 
serous tissues.  Polypoid  fatty  growths  are  occasionally 
seen  in  the  peritoneum,  pericardium,  pleura,  and  the  sj-n- 
ovial  membranes.  "Wlien  possessing  a  definite  pedicle 
the  latter  may  become  twisted  and  atrophy,  or  may  tear, 
setting  the  tumor  free  into  the  serous  cavity  where  it  ap- 
pears as  a  free  mass  of  fat  showing  moie  or  less  calcifi- 
cation. The  subserous  lipomata  ma}-  reach  a  large  size, 
particularly  in  the  retroperitoneal  region,  and  may  be- 
come dangerous  tlirough  the  i)ressure  exerted  upon~ 
important  organs.  Adami  has  discussed  at  length  the 
subject  of  retroperitoneal  lipoma,  collecting  forty  cases 
from  the  literature  and  reporting  several  of  his  own. 
As  a  rule,  the  fatty  tumors  of  this  region  are  slowly 
growing,  but  may  attain  a  very  large  size.  They  are 
usually  situated  more  to  one  side  than  to  the  other,  and 
are  usuallj'  crossed  by  some  portion  of  the  large  intes- 
tine. Since  thej'  give  fluctuation  they  are  generally  at 
■first  mistaken  for  cystic  tumors,  but  puncture  with  the 
trocar  yields  no  fluid.  This  fact  is  the  most  important 
point  iu  the  difl'erential  diagnosis.  Small  fatty  tumors 
are  sometimes  seen  in  connection  with  femoral  and  in- 
guinal hernias,  but  these  are  more  of  the  nature  of  local 
hyperplasias  of  fat  tissue  than  of  true  neoplasms.  Such 
hyperplasias  may  in  themselves  constitute  the  hernia,  and 
may  drag  the  intestiue  down  into  the  sac  (hernial  lipo- 
mata). Similar  hj'perplasias  of  the  epiiiloic  appendages 
may  present  the  appearance  of  pedicled  lipomata.  Sub- 
serous lipomata  of  the  anterior  abdominal  wall  may  some- 
times appear  as  subcutaneous  tumors  as  the  result  of  the 
atrophy  or  displacement  of  the  abdominal  muscles. 
Large  fatty  tumors  of  the  omentum  have  also  been  re- 
ported; in  several  instances  the  growth  presented  the 
character  of  a  my.\olipoma. 

Siilimucuus.  —  Small  pedicled  lipomata  of  the  gastro- 
intestinal submueosa  are  occasionally  found.  They  are 
usually  of  small  size,  and  rarely  give  rise  to  sj'mptoms. 
In  a  few  eases  they  have  been  of  the  size  of  a  man's 
tist,  and  when  situated  at  the  ])ylorus  or  ileoca'cal  valve, 
caused  obstruction.  In  other  cases  they  have  led  to  in- 
tussusception. In  the  submueosa  of  the  respiratory  tract 
fatty  tumors  are  more  rare.  Fatty  polypi  are  sometimes 
seen  in  the  larj-ngeal  and  nasal  mucosa. 

Inlerimtsciihir. — Fatty  tumors  are  occasionally  found 
between  the  muscles,  arising  in  the  intermuscular  con- 
nective tissue.  They  may  reach  a  very  large  size.  Tlie 
myxolipoma  is  the  most  common  form,  and  is  character- 
ized by  a  tendency  to  become  sarcomatous.  They  are 
found  most  frequently  in  the  gluteal  folds,  thigh  mus- 
cles, and  muscles  of  the  neck.  Congenital  lipomata  have 
been  found  in  the  muscles  of  the  anterior  abdominal  wall. 
Enlargement  of  the  sucking  disc  may  give  rise  to  a  lipo- 
matous  tumor. 

Periosteum. — Lipomata  of  the  periosteum  are  rather 
rare.  As  a  rule,  they  also  contain  striped  muscle  fibres, 
and  are  therefore  to  be  regarded  as  heterotopous  tera- 
tomata.  In  some  cases  parosteal  lipomata  have  been  ob- 
served at  birth. 

Joints. — A  diffuse  subserous  hj'perplasia  of  fatty  tissue 
is  not  uncommon  in   the  synovial   membranes  of  the 
joints,  the  knee- and  shoulder-joints  being  most  frequent- 
ly affected.     The  hyperplasia  of  the  villous  fiinges  gives. 
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rise  to  an  arboi-escent  appearance  (liporna  arl/oirsceiii:). 
The  movements  of  the  joints  may  be  affected.  Tliese 
conditions  are  not  to  be  classed  with  the  true  lipomata. 

liitenud  Organ.':. — Lipomataare  found  more  frequently 
in  the  kidneys  than  in  any  other  of  the  inteinal  orj;ans. 
The  tumors  may  arise  either  from  the  fatty  or  fibrous 
capsule,  or  from  the  interstitial  connective  tissue  of  the 


Fk;.  .t1.^8. — Fibrolipoma  of  tlie  Kidney.     (Wartliin.) 

cortex  and  medullary  pyramids.  They  are  usually  of 
small  size,  but  occasionally  become  so  large  as  to  be  of 
clinical  importance.  In  the  capsule  the  tumors  may  rep- 
resent local  fatty  hyperplasias  or  metaplasias;  in  the 
kidney  corte.x  tlie}'  are  probably  heterotopous  terato- 
mata,  though  it  is  possible  that  they  arise  in  some  cases 
directly  from  the  interstitial  connective  tissue  of  the 
organ  or  represent  a  metaplasia  of  a  filiroma  or  of  a  mass 
of  sear  tissue.  Many  growths  described  as  kidney  lipo- 
mata were  in  reality  "adrenal  rests,"  The  writer  has  re- 
ported a  unique  case  of  fibrolipoma  of  this  organ  which 
was  so  large  as  to  cause  serious  clinical  symptoms  and 
to  require  operative  interference.  The  growth,  of  which 
an  illustration  is  here  given  (Pig.  5158).  was  a  lobulated 
mass  fourteen  inches  long,  eight  inches  wide,  and  six 
inchesin  thickness,  weighing  two  pounds.  It  complefel}- 
filled  the  enormously  dilated  pelvisof  the  left  kidnev.  and 
sent  a  round  cord-like  prolongation  down  into  the  dilated 
ureter.  The  only  remains  of  kidney  tissue  wf^rc  found  mi- 
croscopically in  the  cyst  wall  enclosing  the  tumor,  which 
was  entirely  free  except  for  a  pedicled  attachment  pos- 
teriorly. At  this  point  the  tissues  of  the  tumor  passed 
into  those  of  the  cj'st  wall.  Microscopically  the  tumor 
presented  the  structure  of  an  cedematous  fibrolipoma,  its 
surface  being  covered  with  a  layer  of  atrophic  transi- 
tional epithelium  derived  from  the  kidney  pelvis. 
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Liponuita  of  the  heart  are  very  rare.  Tlie  nia.iorit}-  of 
cases  leiiortod  as  siicli  were  most  probably  couditions  of 
excessive  fatty  intiltration.  According  to  Ortli,  small 
lipomata  aresomeliiiies  found  under  the  epicardium  near 
tlie  ape.x.  Albers,  Banti.  Handford,  Pasini,  and  otliers 
have  reported  tlie  occurrence  of  lipomata  arising  in  the 
intermuscular  connective  tissue.  The  cases  described 
as  lipouiatji  of  the  lira-  and  spleen  are  very  doubtful. 
Those  found  upon  the  capsule  of  these  organs  probably 
represent  portions  of  t)nicntuin  or  epiploic  appendages  that 
have  become  loosened.  A  formation  of  adipose  tissue 
may  occur  also  in  old  adhesions.  Lipomata  of  the  orary 
liave  apparently  not  yet  been  observed.  In  the  uterus 
tumors  of  the  nature  of  lipomyoma  or  fibrolipoma  have 
been  seen  in  a  few  cases.  Fatty  tumors  of  the  broud 
liyament  are  very  rare.  Very  large  lipomata  are  occa- 
sionally seen  in  the  tnlra.  They  may  increase  in  size 
during"  pregnancy.  Small  ones  are  found  rarely  beneath 
the  skin  of  the  scrotum.  Connected  with  the  spermatic 
cord  there  are  found  sometimes  lipomata  of  con.siderable 
size.  Some  of  the  smaller  tumors  of  the  cord  described 
as  lipomata  may  have  been  adrenal  tissue  (adrenals  of 
Marchand).  In  the  central  nerraus  system  lipomata  are 
found  rarely.  They  arise  usuallj'  from  the  meninges, 
but  fatty  tumors  have  been  found  in  the  substance  of 
both  brain  and  cord.  In  the  case  of  the  brain,  they  ap- 
pear to  be  found  most  commonly  in  connection  with  the 
corpus  callosum.  They  are  probably  of  the  nature  of 
heterotopous  teratomata.  In  the  complex  teratomata  of 
the  nervous  system  a  large  part  of  the  tumor  mass  may 
be  made  up  of  fat  tissue.  Fatty  tumors  are  also  not  in- 
frequently found  in  the  sacral  and  lumbar  regions  in  con- 
nection with  spina  biiida  occulta. 

lietroyrade  ChanrjeK. — -According  to  Virchow,  it  is  not 
rare  to  find  in  lipomata  isolated  cavities  the  contents  of 
which  are  partly  fluid  and  partly  saponified.  Saponify- 
ing necrosis  of  "lipomata  has  been  reported  by  a  number 
of  ob.servers  ("soap  cysts,"  "butter  cysts").  The  necro- 
tic areas  appear  whitish,  opaque,  and  of  a  cheesy  consist- 
ence. Lime  salts  may  be  deposited  in  such  necrotic 
areas,  and  in  this  way  there  may  be  formed  calcareous 
nodules  throughout  tlie  growth.  A  deposit  of  lime  salts 
may  occur  also  within  the  stroma  of  the  tumor.  In 
some  cases  the  entire  growth  may  become  calcified.  Os- 
sification has  also  been  reported  as  occurring  within 
lipomata.  Liquefaction  of  portions  of  the  fat  tissue  may 
occur.  Through  the  rupture  and  confluence  of  fat  cells 
pseudocysts  filled  with  oil  may  be  formed  (oil  cy^s). 
The  twisting  of  the  pedicle  of  a  polypoid  lipoma  may 
lead  to  the  necrosis  and  sloughing  of  the  entire  tumor. 
Self-healing  may  result  in  this  way.  In  some  cases  a 
serous  atrophy  of  the  fat  tissue  takes  place,  the  tumor 
assuming  the  character  of  an  a-dema  and  partial  lique- 
faction of  the  fat  tissue.  The  fat  may  be  removed  from 
the  cells  and  the  lipoma  changed  into  a  fibroma.  Myxom- 
atous degeneration  converts  the  tumor  into  a  myxo- 
lipoma. This  is  the  most  common  retrograde  change 
occurring  in  fatty  tumors;  and  is  of  the  nature  of  a 
metaplasia.  Retrograde  changes  are  most  common  in 
the  lipomata  of  the  skin,  since  in  this  location  the  tumors 
are  most  exposed  to  injury  and  to  the  possibility  of  in- 
fection. 

Dr.\GNOsrs. — The  nature  of  the  gross  appearances,  the 
clinical  history,  etc.,  make  the  diagnosis  easv  in  those 
cases  in  which  the  tumor  can  be  seen  and  directly  pal- 
pated. The  subcutaneous  lipomata  are  slowly  growing, 
lobnlated,  movable  tumors,  and  give  pseudofluctuation. 
In  the  case  of  large  lipomata  of  the  internal  organs  the 
negative  results  of  aspiration  in  the  case  of  a  fluctuating 
tumor  would  lead  to  the  suspicion  of  lipoma,  particu- 
larly in  the  case  of  retroperitoneal  tumors.  The  presence 
of  inflammatory  changes  and  the  development  of  ca- 
chexia are  suggestive  of  sarcomatous  change.  Neuralgic 
pains  may  be  associated  with  lipomata.  The  symptoms 
in  general  are  dependent  upon  the  position  and  size. 
Lipomata  of  internal  organs  may  give  rise  to  important 
pressure  symptoms.  In  the  great  majority  of  cases,  how- 
ever, the  only  effect  is  a  cosmetic  one.     In  spite  of  the 


great  size  to  which  they  frequently  attain  lipomata  do 
not  usiially  influence  the  general  metabolism  of  the  body. 

Pkogkosis. — The  prognosis  in  lipoma  is  favorable. 
Since  this  form  of  tumor  produces  no  metastases  it  nuist 
be  classed  with  the  benign  neoplasms.  Sarcoma  may 
develop  in  a  lipoma,  but  this  occurrence  is  very  rare, 
more  so  than  in  the  case  of  any  other  of  the  benign  con- 
nective-tissue tumors.  Sarcomatous  change  appears  to 
be  more  common  in  the  case  of  tumors  containing  both 
adipose  and  myxomatous  tissue  (myxolipoma),  the  result- 
ing sarcoma  being  of  the  nature  of  a  myxosarcoma. 
This  change  occurs  most  frequently  in  lipomata  of  the 
intermuscidar  connective  tissue.  The  cases  reported  in 
the  literature  as  metastatic  lipomata  are  undoubtedlj' 
examples  of  .sarcomata  containing  fat  tissue.  No  evi- 
dence exists  of  the  metastasis  of  a  pure  lipoma.  As  a 
rule,  the  growth  of  a  lipoma  is  gradual  and  slow,  with 
per!o<ls  of  apparent  quiescence.  In  the  case  of  infected 
lipomata,  particular!}'  those  of  the  skin,  the  prognosis 
is  more  grave,  since  the  conditions  favor  the  occurrence 
of  phlegmonous  inflammations  with  resulting  septicicmia 
or  pysemia.  Such  compHcations  are,  however,  on  the 
wht)le  rare.  In  the  case  of  large  lipomata  of  internal 
organs  the  prognosis  depends  upon  the  location  of  the 
growth,  the  extent  of  the  pressure  symptoms,  the  organs 
thus  involved,  etc.  The  removal  of  a  lipoma  usually  re- 
sults in  a  cure,  recurrence  being  very  rare. 

TitEATMEKT. — The  treatment  is  purely  surgical.  In 
the  case  of  subcutaneous  lipomata  local  ana'sthesia  is 
usually  snfticieut.  It  should  be  borne  in  mind  that  the 
capsule  should  be  removed  in  all  cases  of  lipoma,  since 
very  often  the  new  formation  of  fat  tissue  proceeds  from 
the  fibrous  capsule.  In  the  case  of  the  diffuse  forms  the 
prolongations  of  fatty  and  fibrous  tissue  extending  into 
the  surrounding  tissues  should  be  dissected  out,  as  from 
these  a  recurrence  may  take  place.  In  those  cases  in 
which  the  tumors  are  covered  by  atrophic  or  inflamed  skin 
the  incision  is  best  made  at  the  base  of  the  growth  and 
not  over  it.  Tearing  should  be  carcfidly  avoided. 
Drainage  is  not  necessary.  The  strictest  aseptic  precau- 
tions should  be  observed  during  the  operation  and  after- 
ward, since  the  condition  of  the  tissues  about  the  growth 
favors  infection  and  the  occurrence  of  phlegmonous  in- 
flammations. Aldred  Scott  Warthin. 

LIVER,  TUBERCULOSIS  OF  THE.— Without  excep- 
tion all  writers  agree  as  to  the  rarity  of  primary  tuber- 
culosis of  the  liver,  a  number  going  so  far  as  to  affirra 
that  an  undoubted  case  of  primary  liepatic  tuberculosis 
has  not  yet  been  reported.  Such  an  apparent  immunity 
on  the  part  of  this  organ  to  tuberculous  infection  cannot 
be  explained  by  any  lessened  opportunities  for  infection, 
as  compared  to  other  organs,  such  as  the  kidneys,  testi- 
cles, etc.,  in  which  a  primarj'  tuberculosis  of  clinical 
importance  is  not  so  rare.  Indeed,  it  would  appear  that 
the  liver  with  its  large  extent  of  vascular  surface  and  the 
relatively  slow  circulation  in  its  blood  spaces  would  stand 
a  very  good  chance  of  infection  from  tubercle  bacilli  that 
liave  gained  a  cryptogenic  entrance  into  the  blood  stream. 
Further,  the  fact  that  tubercle  bacilli  may  be  taken  into 
the  alimentary  canal  in  the  food  and  drink  would  lead  to 
the  supposition  that  the  portal  veins  would  constitute 
one  of  the  avenues  of  tuberculous  infection.  These  con- 
siderations would  make  it  seem  probable  that  primary 
hepatic  tuberculosis  would  occur  more  oftim  than  we 
actually'  find  to  be  the  case.  It  is  the  opinion  of  the 
writer  that  small  healed  primaiy  tubercles  not  infre- 
quently occur  in  the  liver.  As  is  well  known  to  every 
pathologist,  small  nodules  of  hyaline  connective  tissue 
varj'ing  in  size  from  that  of  a  pinhead  to  that  of  a  pea 
are  not  rare  in  this  organ.  By  the  majority  of  writers 
they  have  been  regarded  as  small  fibromata  or  healed 
gummata.  The  fact  that  some  of  these  little  nodules 
consist  of  a  caseous  centre  surrounded  by  a  connective- 
tissue  capsule,  and  that  others  present  an  earlier  stage  of 
caseating  epithelioid  tissue  with  beginning  encapsulation, 
has  led  the  writer  to  regard  the  majority  of  such  nodides 
as  healed  tubercles.     Similar  small  fibroid  nodules  are  also 
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■  frecjueutly  sceu  iu  the  spk-t-u  uiid  kidueys  and  are  simi- 
liirly  iaterpreted.  If  the  probabilities  of  iufection,  the 
uot  infrequent  occurrence  of  healed  tubercles,  and  the 
extreme  rarity  of  primurj-  hepatic  tuberculosis  of  clinical 
importance  be  considered,  it  would  seem  that  the  liver 
possessed  a  relatively  high  resistance  to  tuberculosis. 

Such  a  relative  immunity  undoubtedly  exists  iu  the 
foetal  liver.  A  number  of  cases  have  been  reported  nf 
maternal  tuberculosis  in  which  the  liver  of  the  ftetus 
contained  great  numbers  of  tuliercle  bacilli  (as  shown  by 
staining  and  animal  inoculuti<m)  without  histological 
lesions  of  tuberculosis.  Such  a  case  has  recently  been 
reported  by  the  writer.  The  seven-months  foetus  of  a 
woman  dying  from  acute  miliary  tuberculosis  was  exam- 
ined carefully  for  evidences  of  congenital  tuberculosis. 
The  placenta  presented  a  marked  miliary  tuberculosis. 
Tubercle  bacilli  were  found  iu  the  hepatic  vessels  of  the 
fistus.  and  the  inoculation  of  a  guinea-pig  with  an  emul- 
sion of  fa'tal  liver  gave  positive  results.  Agglutination 
thrombi  were  found  iu  the  liver  capillaries,  but  no  histo- 
logical evidences  of  tuberculosis.  Several  cases,  how- 
ever, have  been  reijorted  of  [jrobable  congenital  tubercu- 
losis in  which  tuberculous  lesions  were  found  in  the 
liver,  the  infection  being  regarded  as  taking  place  through 
the  umbilical  vein  from  the  placenta.  These  cases  are , 
therefore  to  1)0  classed  as  primary  hepatic  tuberculosis. , 

If  primary  tuberculosis  of  the  liver  is  rare,  secondary 
involvement  of  this  organ  is  one  of  the  most  common 
pathological  findings.  Not  only  in  cases  of  acute  miliary 
tuberculosis  are  great  nvunbers  of  tubercles  fountl  in  this 
organ,  but  also  iu  all  advanced  cases  of  chronic  pulmo- 
nary and  bone  tuljerculosis.  Even  in  cases  in  which  the 
disease  of  the  lung  is  uot  very  extensive  scattered  sec- 
ondary tubercles  may  be  found  throughout  the  liver. 
As  a  rule,  these  secondary  tubercles  are  very  small,  and 
as  it  is  rarely  jKissible  to  recognize  them  by  the  naked 
eye  at  autopsy,  they  are  frequently  overlooked.  In  the 
great  majority  of  cases  their  presence  can  be  demon- 
strated only  by  microscopical  exanjinatiou.  The  larger 
ones  (size  of  a  nuistard  seed  to  that  of  a  pea)  arc  grayish, 
semitranslucent,  with  yellowish  opaque  centres.  They 
can  be  best  .seen  in  the  liversof  children  where  they  often 
are  several  millimetres  in  diameter.  The  infection  is  usu- 
ally hoematogeuous,  and  the  microscopical  picture  pre- 
sented is  that  of  a  disseminated  miliary  tuberculosis  of 
the  organ.  Occasionall.y  larger  caseous  nodules  are  found 
in  connection  with  miliary  tubercles,  and  more  rai'ely 
tuberculous  cavities  or  abscesses.  Still  more  rarely  there 
are  found  large  solid  caseous  nodules  in  the  liver  resem- 
bling the  solitaiy  tubercles  of  the  brain.  These  may  be 
mistaken  for  cancer  nodules  or  gunmiata.  Such  large 
nodules  may  not  show  any  especial  connection  with  the 
bile  ducts,  and  it  is  probable  that  in  some  cases  the}'  rep- 
resent primary  tubercles. 

The  number  of  the  miliary  tubercles  may  be  so  great 
that  each  section  may  be  full  of  them;  in  other  cases  it 
may  be  necessary  to  examine  many  sections  before  a 
tubercle  is  found.  In  the  case  of  pulmonary  and  bone 
tuberculosis  and  general  miliary  tuberculosis  the  infec- 
tion of  the  liver  is  usually  through  the  hepatic- arter}- ; 
in  the  case  of  intestinal  tuberculosis  it  may  take  place 
through  the  portal  vein  or  lymphatics.  The  tubercles, 
in  infection  either  through  the  hepatic  artery  or  through 
the  portal  vein,  are  found  chiefly  at  the  perlpherj'  of  the 
lobule  and  in  the  interlobular  connective  tissue.  A  sinall 
number  may  be  found  in  the  intermediate  and  central 
zones  of  the  lobule.  As  the  nodules  increase  in  size  they 
extend  in  from  the  periphery  and  cause  a  destruction  of 
the  liver  cells. 

The  writer  believes  that  in  the  great  majority  of  cases 
the  earliest  step  in  the  formation  of  a  liver  tubercle  is  an 
agglutination  thrombosis  iu  the  liver  capillary.  The 
deposit  and  growth  of  tubercle  bacilli  upon  the  endothe- 
lium of  the  capillary  wall  and  the  consequent  injury  to 
the  endothelial  cells  are  probably  chiefly  responsible  for 
this  thrombosis.  As  a  result  of  the  thrombosis  and  of 
the  injury  to  the  endothelium,  as  well  as  from  the  for- 
mation of  toxins,  the  neighboring   liver   cells  undergo 


degeneratiou  or  necrosis.  There  is  a  collection  of  leuco- 
cytes at  the  affected  point,  and  these  may  also  undei-go 
necrosis.  Following  the  degenerative  changes  there  is  a 
proliferation  of  the  endothelium  and  of  the  neighboring 
connective  tissue  leading  to  the  formation  of  an  epithe- 
lioid tubercle  which  sooner  or  later  shows  a  central  casea- 
tion. The  smallest  tubercles  may  show  no  inflanmiatoi y 
reaction  about  them.  Giant  cells  may  be  present  in  larg'e 
or  small  numbers,  or  may  be  entirely  absent.  They  arise 
from  the  proliferating  endothelial  and  connective-tiissue 
cells,  and  possibly  also  from  the  leucocytes.  As  the 
nodules  increase  in  size  they  may  become  confluent.  As 
the  result  of  an  interstitial  infiltration  about  the  tuber- 
cles the  picture  of  a  diffuse  cirrhosis  may  be  presented, 
newly  formed  connective  tissue  being  found  uot  only 
between  the  lobules,  but  also  growing  into  the  latter. 
The  greater  the  number  of  tubercles  the  closer  the  re- 
semblance to  a  cirrhosis.  An  increase  of  the  small  bile 
ducts  may  be  observed  in  the  neighborhood  of  the  tuber- 
cles. A  true  atrophic  cirrhosis  may  result,  but  usually 
death  occurs  before  this  condition  has  time  to  develoji. 
It  shoidd  be  remembered  also  that  the  tuberculosis  may 
occur  secondarily  in  a  cirrhotic  liver. 

In  very  acute  cases  of  general  miliary  tuberculosis  with 
a  high  degree  of  virulence  the  only  lesions  found  in  the 
liver  may  be  areas  of  focal  necrosis  of  the  liver  cells. 
These  areas  may  be  so  large  as  to  be  easily  .seen  with  the 
naked  eye.  The  blood  spaces  of  the  necrotic  areas  are 
filled  with  fibrin  and  agglutinated  red  cells.  Large  col- 
onies of  tubercle  bacilli  ma_y  be  found  in  the  necrotic  foci. 
No  proliferation  of  the  endothelium  or  connective  tissue 
may  be  present;  giant  cells  are  entirely  ab.sent.  The 
process  can  be  recognized  as  tuberculosis  only  by  stain- 
ing for  tubercle  bacilli.  The  writer  has  seen  two  cases 
of  this  kind  which  were  diagnosed  as  typhoid  fever;  the 
autopsy  showed  large  focal  necroses  in  liver,  spleen,  and 
kidneys,  those  in  the  liver  and  spleen  being  most  numer- 
ous and  largest.  No  epithelioid  proliferation  or  giant 
cells  were  found  about  these  areas,  and  the  tuberculous 
nature  of  the  process  was  recognized  only  on  staining  for 
tubercle  bacilli,  when  each  caseous  focus  was  found  to 
contain  great  numbers  of  tlie  latter.  In  general  miliary 
tuberculosis  of  a  less  virulent  type  small  focal  necroses 
of  this  kind  are  also  fotuid  in  association  with  epitheli- 
oid, lymphoid,  and  caseating  tubercles.  It  is  also  to  be 
noted  that  in  such  cases  the  lesions  in  the  liver  are 
usually  smaller  than  in  other  organs,  and  this  fact  may 
also  be  taken  as  an  indication  of  a  greatev  resisting  power 
on  the  part  of  the  liver  to  tviberculosis. 

In  the  case  of  hepatic  tubercles  occurring  secondar- 
ily to  chronic  tuberculosis  of  other  organs  the  liver  may 
show  such  changes  as  amyloid  and  fatty  infiltration. 
The  latter  change  is  practically  always  present.  In 
chronic  pulmonary  tuberculosis  the  liver  shows  usually 
a  more  or  less  marked  chronic  passive  congestion  (nutmeg 
liver).  In  acute  miliary  infections  the  liver  cells  show 
cloudy  swelling,  fatty  degeneration,  or  simple  necrosis. 

Ilanot  and  Gilbert  distinguish  the  following  forms  of 
Itepatic  tuberculosis: 

1.  Acute  hepatite  tuberculeuse  graisseuse  hypertro- 
phique. 

3.  Subacute.  (a)  Hepatite  tuberculeuse  graisseuse 
atrophique  ou  sans  hypertrophic:  (4)  hepatite  tubercu- 
leuse parenchymateuse  nodulaire. 

3.  Chronic,  (a)  Cirrhose  tuberculeuse;  (b)  foie  gras 
tuberculcux  (without  tubercles). 

A  rare  complication  of  hepatic  tuberculosis  is  second- 
ary carcinoma  of  this  organ.  Several  cases  of  this  kind 
have  been  reported,  and  the  writer  has  seen  a  similar 
case  in  which  both  the  tuberculous  infection  and  the 
metastasis  of  the  carcinoma  were  through  the  portal 
vein. 

More  rare  than  secondary  miliary  tubercles  of  the 
liver  are  larger  caseous  nodules,  the  centres  of  which 
contain  cavities  filled  with  bile-stained  caseous  material. 
These  cavities  may  be  of  the  size  of  a  walnut.  The  proc- 
ess represents  a  tuberculosis  of  the  bile  ducts,  the  walls 
of  which  become  caseous.     The  infection   is  probably 
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lympliogenniis,  aud  has  the  character  of  a  tuberculous 
lieriangiocholitis.  lu  very  rare  cases  the  iafectiou  may 
lake  phice  tlirough  the  bile  ducts  themselves.  In  the 
great  majority  of  these  cases,  however,  tlie  tuberculous 
l)i'ocess  begins  arouiid  the  bile  duct  and  invades  its  mu- 
cosa only  secondarily.  lIiTmatogenous  hepatic  tubercles 
may  or  may  not  be  associated  with  this  condition. 

The  liver  and  the  peritoneum  may  be  involved  at  the 
same  time,  but  this  organ  is  rarely  involved  from  the 
latter  or  from  the  omentum. 

In  experimental  Jiepatic  tuberculosis  in  animals  the 
pioeess  runs  a  more  acute  course,  being  characterized  by 
lai'ger  areas  of  necrosis. 

The  clinical  symptoms  of  hepatic  tuberculosis  are 
slight,  and  the  condition  can  but  rarely  be  distinguished 
from  the  miliary  or  clironic  process  with  which  it  is  as- 
sociated. Tiie  occurrence  of  icterus  or  the  ra|5id  devel- 
opment of  a  painless  ascites  points  to  the  development  of 
tuberculosis  of  t  his  organ.  In  children  the  organ  may  be- 
come enlarged  and  sensitive.         Aldred  Scott  Warthin. 

MICTURITION,     DISORDERS     OF.— Given    normal 

urine  ami  a  n^iinial  genito-iuinary  tract,  micturition  is 
accompanied  aud  followed  bynootlier  sensation  than  one 
of  relief,  and  is  performed  normally  from  four  to  twelve 
times  in  twenty-four  hours,  depending  upon  the  temper- 
ature and  humidity  of  the  air,  the  amount  of  exercise 
taken,  the  intensity  of  the  mental  occupation  and  the 
degree  of  anxiety  which  it  entails,  the  volume  of  water 
drunk,  and — to  a  less  extent — upon  the  kind  of  food  in- 
gested. 

Many  of  the  disorders  of  micturition  are  directly  aug- 
mented or  exaggerated  by  excessive  acidity  of  the  urine 
on  the  one  hand,  or  excessive  alkalinity  on  the  other;  a 
few  of  the  disorders  are  directly  caused  by  these  condi- 
tions. 

With  rare  exceptions  the  several  disorders  are  inter- 
dependent and  correlative.  No  one  disorder  may  be  said 
to  occur  alone. 

For  convenience  in  reference,  the  disorders  of  micturi- 
tion are  given  alphabetically;  but  the  several  possible 
causes  of  each  disorder  are  arranged  as  nearly  as  possible 
according  to  the  relative  frequency  of  their  clinical  oc- 
currence. 

Diminislieil  Stream. — Tliis  disorder  may  be  either  (1) 
temporary,  or  (3)  constant  until  relieved  by  surgical  in- 
tervention. 

1.  When  temporary  or  of  short  duration  a  diminution 
in  the  size  of  the  stream  points  to  a  transient  obstruction, 
e.fi.,  congestion  at  some  point  or  zone  in  the  urethra  or  a 
urethral  spasm. 

As  a  result  of  inflammation,  any  part  of  the  urethral 
canal  may  become  swollen  to  the  extent  of  obstructing 
the  urinary  stream  to  a  greater  or  less  extent.  Thus  we 
may  have  a  diminished  stream  due  to  a  severe  acute  ure- 
thritis affecting  the  anterior  urethra,  with  or  without 
involvement  of  the  posterior  urethra.  It  may  also  be 
observed  in  connection  with  an  acute  prostatitis. 

Anj'  lesion  of  the  urethra — e.rj.,  organic  stricture,  espe- 
cially if  irritable,  or  a  granular  patch — is  capable  of  ex- 
citing urethral  spasm,  especially  in  neurotic  individuals. 
The  diagnosis  must  be  made  partly  by  exclusion,  but 
cl|iefly  by  exploration  of  the  urethra  with  a  bougie-a- 
boule,  sound,  and  endoscope. 

2.  A  diminished  stream  which  either  shows  no  ten- 
<lency  to  grow  larger  or  undergoes  a  progressive  further 
diminution  in  .size,  points  to  an  organic  obstruction.  In 
all  cases  of  this  nature  of  long  standing  the  resulting 
atony  of  the  bladder  plays  an  imjjortant  though  second- 
ary part  in  the  character  of  the  stream. 

Organic  stricture,  when  neglected,  gives  a  stream 
which  tends  constantly  but  slowly  to  diminish  in  size. 
If  the  stricture  be  situated  at  or  near  the  meatus  the 
stre;un  will  be  small  and  scattering,  but  forcible;  if  it  be 
.situated  deeper  within  the  canal,  the  forcible  projection 
will  b(^  lacking.  When  the  stricture  becomes  intlanied 
from  any  cause,  the  diminution  progresses  rapidly  and 
may  persist  until  complete  retention  results. 


Prostatic  enlargement  has  among  its  early  symptoms 
a  diminution  of  the  urinary  stream.  As  micturivion  be- 
gins, the  stream  is  small  and  feeble,  sometimes  dribbling; 
it  then  becomes  larger  and,  except  in  the  later  stages  of 
enlargement  of  the  prostate,  attains  a  fair  volume  and 
force,  only  to  become  again  small  and  feeble  and  usually 
dribbling  as  the  act  is  completed. 

Chronic  contraction  of  the  prostatic  fibres  surrounding 
the  neck  of  the  bladder  gives  the  same  symjitoms  as  does 
commencing  enlargement  of  the  prostate.  In  the  dilfer- 
ential  diagnosis  the  chief  point  is  the  age  of  the  patient; 
in  many  cases  the  diagnasis  cannot  be  made  without  an 
exploratory  perineal  section. 

Periurethral  abscess  may  cause  a  narrowing  of  the 
urethra  and  thus  diminish  the  stream;  when  situated  in 
tlie  bulbous  portion  the  abscess  may  cause  acute  reten- 
tion. 

A  partial  plugging  of  the  urethra  b.y  a  small  calculus 
arrested  on  its  way  from  the  bladder  produces  a  diminu- 
tion of  the  stream  that  becomes  more  marked  as  inllam- 
matorj'  e<mge.stion  advances.  If  tlie  calculus  is  rough 
there  will  follow  an  oozing  of  blood  from  the  meatus, 
unless  the  urethral  mucous  membrane  happens  to  be 
<leeply  cicatricial  at  the  point  of  arrest.  Palpation  along 
the  course  of  the  urethra — per  rectum  for  the  posterior 
portion — rarely  fails  to  detect  the  calculus.  Instrumen- 
tal exploration  usually  is  conclusive. 

A  partial  plugging  of  the  outlet  of  the  bladder  by  a 
pedtmculate  tumor  or  a  small  movable  calculus  will  give 
ri.se  to  a  diminished  stream  accompanied  by  symptoms 
more  or  less  pathognomonic  of  the  lesion  present.  The 
diagnosis  is  materially  aided  by  the  fact  that  immediate 
relief  is  obtained  by  dorsal  decubitus  or  by  the  dislodge- 
ment  of  the  obstruction  by  means  of  a  sound  or  searcher. 

Urethral  polypi  diminish  the  stream  in  proportion  to 
their  size.  Wlien  they  are  veiy  small  there  may  be  no 
symptom  except  liemorrhage. 

Dribbling. — In  addition  to  the  dribbling  that  charac- 
terizes the  first  and  second  forms  of  incontinence,  and 
which  is  sufficiently  described  in  subsequent  paragraphs, 
still  other  types  of  dribbling  may  be  recognized.  Thus 
we  have: 

1.  The  involuntary,  painless  escape  of  a  few  drops  of 
urine  at  the  end  of  micturition. 

2.  The  voluntary,  not  always  painless,  escape  of  a  few 
drojis  of  urine  at  the  beginning  of  micturition. 

3.  The  urine  is  voided  in  drops  throughout  micturition. 

(1)  In  prostatic  enlargement  the  dribbling  of  a  few 
drops  of  urine  at  the  end  of  micturition  is  a  common  and 
early  symptom.  It  is  independent  of  the  degree  of  vesi- 
cal atony  which  may  be  present;  in  fact,  it  may  exist 
without  the  presence  of  any  vesical  atony  whatever. 

In  clironic  urethritis  (anterior  or  posterior  or  both)  the 
dribbling,  when  present,  is  constant  until  the  muscular 
tone  of  the  urethra  has  been  restored. 

In  stricture  of  the  urethra  of  large  calibre  the  final 
drops  of  urine  are  caught  behind  the  stricture  and  drib 
ble  out  into  the  clothing. 

In  chronic  contraction  of  the  prostatic  fibres  surround 
ing  the  neck  of  the  bladder  the  dribbling  at  first  is  an 
intermittent  symptom  ;  later,  it  is  constant. 

(2)  In  prostatic  enlargement  the  voluntary  and  not 
always  painless  escape  of  a  few  drops  of  urine  occurs  at 
the  beginning  of  micturition.  It  is  preceded  by  hesitancy 
and  gradually  gives  way  to  the  full  stream,  which  in 
turn  dies  away  and  ends  with  dribbling. 

(8)  In  filiform  stricture  of  the  urethra,  if  it  has  existed 
for  a  relatively  short  period  of  time,  and  consequently  is 
associated  with  only  slight  atony  of  the  bladder,  the 
stream  is  of  a  diibbling  character,  and  is  produced  witli 
more  or  less  effort. 

In  acute  prostatitis  (including  prostatic  abscess)  and 
in  acute  seminal  vesiculitis  the  urine  is  voided  in  drops 
when  retention  threatens,  either  from  mechanical  ob- 
struction or  as  the  result  of  reflex  irritation. 

Fri'ijiieiicy  and  I'rfiennj  ;  Pain  iind  Tenesmus. — Fre- 
quency of  urination  may  be  normal,  or  physiologic, 
within  wide  limits.     It  is  abnormal,  or  pathologic,  when 
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accompanied  by  urgeucy,  pain  or  tenesmus,  or  when  due 
to  a  tangible,  patliologic  condition  or  to  that  obscure 
pathologic  state  called  a  neurosis.  Frequency  rarely  oc- 
curs without  at  least  a, trace  of  urgency  ;  frequency  and 
urgency  are  practically  never  without  a  degree  of  initial  (U- 
terminal  pain  and  tenesmus.  Frequency  due  to  quan- 
tity alone  is  not  included,  it  being  dependent,  strictly 
speaking,  upon  a  disorder  of  elimination. 

In  acute  posterior  urethritis,  when  this  is  severe,  frc3- 
quency  and  urgency  are  marked;  a  lesser  grade  gives 
only  frequency;  the  mildest  grade  of  all  does  not  occa- 
sion any  disorder  of  micturition.  In  every  case  of  acute 
posterior  urethritis  a  digital  rectal  e.xaniination  should  be 
made  to  ascertain  whether  acute  prostatitis  and  acute 
seminal  vesiculitis  are  present. 

In  chronic  posterior  uretluitis  there  is,  in  most  cases,  a 
very  trilling  frequency  which  shows  a  tendency  to  in- 
crease and  may  liccome  complicated  by  urgency,  as  well 
as  occasionally  by  pain  and  tenesmus,  during  an  exacer- 
bation of  the  local  congestion.  In  a  few  cases  frequency 
is  constant,  and  is  accompanied  by  more  or  less  urgency 
and  slight  initial  and  terminal  pain,  with  very  moderate 
tenesmus. 

In  organic  urethral  stricture  the  frequency  is  due  to 
the  luaiutcnance  of  a  chronic  post<'rior  uit-tliritis.  Usu- 
ally it  is  diurnal  only.  Later  on,  clironic  partial  retention 
is  added,  and,  the  symptoms  becoming  exaggerated  by 
the  congestion  due  to  this  retention,  urgency  and  pos- 
sibly pain  and  tenesmus  develop. 

In  acute  prostatitis  and  acute  seminal  vesiculitis  (in- 
cluding prostatic  abscess)  there  may  be,  in  the  early  stage, 
simply  increased  frequency,  but  usually  both  this  symp- 
tom and  urgency  coexist  from  the  outset,  and  with  them 
are  associated  more  or  less  pain  and  tenesmus.  Very 
rarely  there  is  no  disorder  of  micturition.  Digital  rectal 
examination  affords  the  only  means  of  establishing  the 
diagnosis. 

In  chronic  prostatitis  and  chronic  seminal  vesiculitis 
a  slight,  uncomplicated,  diurnal  increase  in  frequency  is 
a  characteristic  of  the  disease.  It  tends  to  increase  and 
urgency  develops  during  the  occasional  mild  exacer- 
bations to  which  the  coincident  posterior  urethritis  is 
liable. 

In  prostatic  enlargement,  uncomplicated  increase  in 
frequency,  especially  if  nocturnal,  in  a  man  forty -five 
years  of  age  or  older,  who  gives  no  history  of  a  previous 
increase  in  frequenc)',  is  pathognomonic  of  the  early 
stages  of  this  atfection.  The  frequency  increases  with 
the  enlargement,  and  sooner  or  later  becomes  diurnal  as 
well.  Still  later  it  becomes  complicated  by  urgeucy  and 
pain,  and  then  by  tenesmus,  all  of  these  depending  upon 
the  degree  of  prostatitis  and  urethroej'stitis  that  have 
developed,  and  in  some  cases  (especiall.y  those  of  an  ad- 
vanced type)  upon  the  presence  or  absence  of  a  calculus. 

All  varieties  of  acute  cystitis  cau.se  increased  frequency 
of  micturition.  If  the  intlammation  be  severe,  or  if  it 
centre  about  the  neck  of  the  bladder,  as  it  commonly 
docs,  there  will  be  extreme  frequency  with  urgency, 
which  latter  s_vmptom  may  aniovuit  to  a  slight  inconti- 
nence on  occasions.  There  will  also  be  pain  and  tenes- 
mus, the  latter  sometimes  amounting  to  strangury.  As 
a  rule,,  however  temporary  relief  quickly  follows  the 
terminal  pain  and  tenesmus. 

In  chronic  cj'stitis  frequency  of  micturition  may  be 
absent  during  the  quiescent  periods  and  during  mild  ex- 
acerbaticns.  Urgency  is  rare.  Unusual  frequency  with 
urgency,  pain  and  tenesmus,  denotes  a  sharp  exacerba- 
tion. Oft-recurring  exacerl)ations  in  cases  with  little  or 
no  prostatic  enlargement  furnish  strong  presumptive 
proof  of  the  presence  of  a  calculus  in  the  bladder;  and 
when  such  exacerbations  occur  in  cases  in  which  the 
prostate  is  enlarged,  they  indicate  either  that  a  fresh  in- 
fection has  taken  place,  or  that  there  is  a  calculus  in  the 
bladder,  or  both.  When  a  sharp  ha'maturia  accompanies 
the  exacerliations  a  differential  diagnosis  will  be  required 
between  ulceration — simple,  gonorrha>al,  or  tuberculous, 
— a  calculus,  and  a  neoplasm. 

Whenacalculus  is  present  in  the  bladder,  diurnal  rather 


than  nocturnal  increase  of  frequency  is  a  characteristic  of 
the  condition.  Micturition  is  usually  accompanied  by 
pain,  sometimes  also  by  tenesmus,  depending  upon  the 
size  of  the  calculus,  the  character  of  its  surface,  and  the 
degree  of  cystitis.  Thus  the  increased  frequency  may 
become  practically  incontinence.  The  terminal  pain  is 
referred  usually  to  a  point  about  an  inch  back  from  the 
meatus.  When  the  calculus  is  small  and  mobile,  and 
therefore  capable  of  rolling  against  the  vesical  outlet, 
there  occur  sudden  attacks  of  increased  frequency, 
urgency,  pain  and  tenesmus,  witii  a  minimum  of  cys- 
titis. Recumbency  lessens  the  suffering;  occasionally 
it  gives  complete  relief.  Exercise,  especially  that  which 
jolts  the  pelvis,  aggravates  the  symjitoms. 

In  pyelitis,  when  acute  and  of  high  grade,  the  fre- 
(jueucy,  urgency,  pain,  and  tenesmus  referred  to  the 
neck  of  the  bladder,  may  simulate  vesical  calculus. 
Chronic  pyelitis  gives  at  most  a  slight  increase  in  fre- 
ijuency  of  micturition. 

The  presence  of  a  small  tumor  in  the  bladder,  if  it  be 
seated  at  a  point  remote  from  the  outlet,  may  not  affect 
micturition.  In  a  case  of  this  character  an  uncomplicated 
hematuria  is  the  only  symptom  that  would  point  to  the 
presence  of  the  tmnor.  Larger  tumors  produce  increased 
fretiueney  which  is  in  direct  proportion  to  their  size; 
they  also  produce  urgency,  pain,  and  tenesmus,  all  of 
which  symptoms  depend  for  their  severity  upon  the 
location  and  mobility  of  the  tumors.  This  applies  also 
to  polypi  in  the  prostatic  urethra. 

In  ulcer  of  the  bladder,  simple,  gonorrha-al  or  tuber- 
culous, urgeucy  depends  upon  the  proximity  of  the  ulcer 
to  the  vesical  neck.  If  it  be  situated  within  the  neck, 
there  will  be  more  or  less  pain  and  tenesmus,  sometimes 
initial  as  well  as  terminal,  with  more  or  less  hicmaturia. 

In  vesical  tuberculosis  an  otherwise  unaccountable  in- 
crease in  frequenc}',  diurnal  and  nocturnal,  is  an  early 
symptom.  Cystoscopy  often  aids  in  the  diagnosis. 
Later,  the  presence  of  urgency,  pain,  and  tenesmus,  and 
their  severity,  depend  upon  the  proximity  of  the  lesion 
to  the  vesical  neck  and  upon  the  extent  of  the  lesion  in- 
dependently of  its  location.  In  advanced  cases  the  pain 
and  tenesmus  usually  are  very  severe  and  may  be  accom- 
panied by  ha-maturia.  A  negative  examination  for  tu- 
bercle bacilli  in  tlie  urine  is  not  conclusive. 

In  renal  tuberculosis,  renal  calculus,  and  ureteral  cal- 
culus, when  not  complicated  by  cystitis,  these  affections 
may  give  rise  to  an  uncomplicated  diurnal  increase  in 
frequency.  Renal  colic,  due  to  any  one  of  the  above 
causes  or  to  movable  kidney,  may  be  accompanied  by 
reflex  increase  in  frequency,  urgency,  pain,  and  tenes- 
mus. 

Among  the  acute  S3'mptoms  associated  with  intermit- 
tent hydronephrosis  there  is  usually  more  or  less  increase 
in  frequency  of  micturition,  often  accompanied  by  urg- 
ency, pain,  and  tenesmus;  the  severity  of  these  symp- 
toms depending  upon  the  cause  of  the  hydronephrosis. 
As  the  attack  subsides  and  the  pent-up  urine  is  liberated, 
there  is  likely  to  be  a  slight,  uncomplicated,  transient 
increase  in  frequenc}^  due  to  the  sudden  increase  in  the 
quantity  of  the  urine. 

In  tuberculous  prostatitis  the  incipient  stage  and  occa- 
sionally a  more  advanced  stage  give,  as  a  rule,  no  urinary 
symptoms.  When  the  disease  is  well  advanced  it  causes 
increased  frequency  and  more  or  less  urgeucy,  accom- 
panied by  terminal  pain  and  tenesmus  so  sharp  as  to 
simulate  vesical  calculus.  The  diagnosis  is  established 
by  exclusion  and  by  the  discover}'  of  nodules  in  the  pros- 
tate on  digital  rectal  examination.  A  negative  examina- 
tion for  tubercle  bacilli  in  the  urine  is  not  conclusive. 

Increase  in  frequency  of  micturition  occurs  as  a  neu- 
rosis in  young  and  neurotic  individuals,  and  possibly  also 
in  neurasthenic  men.  The  increased  frequency  is  diurnal 
and  may  become  exaggerated  by  the  large  quantity  of 
urine  wiiich  these  patients  sometimes  excrete.  In  some 
cases  any  attempt  to  postpone  the  act  of  micturition 
cau.ses  severe  pain.  The  differential  diagnosis  between 
this  neurosis  and  incipient  vesical  tuberculosis  is  some- 
times difficult  without  the  aid  of  cystoscopy. 
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In  hernia  of  tlie  bladder,  before  cystitis  lias  developed, 
increase  in  frequency  is  the  only  urinary  symptom.  The 
patliognoniouicsignsare:  a  more  or  less  tense,  lluctuating 
tumor  in  llie  usual  site  cf  an  inguinal  hernia;  its  disap- 
pearance under  gentle  manipulation  while  the  patient  is 
recumbent:  his  ability  to  rise  and  void  another  volume 
of  urine,  although  he  emptied  his  bladder  immediately 
before  the  reduction;  and.  finally,  the  reappearance  of 
the  tumor  when  the  bladder  is  distended  with  fluid. 

In  contracted  bladder  the  increa.se  in  frequency  is  as 
pronounced  during  the  night  as  it  is  during  the  da.ytime. 
When  the  contraction  is  due  to  interstitial  changes  fol- 
lowing long-standing  chronic  c^'Stitis  from  any  cause,  or 
when  it  is  due  to  advanced  tuberculosis,  progressive  or 
staticmary,  there  are  increased  frequency,  some  urgency, 
and  more  or  less  terminal  pain  and  tenesmus. 

Two  veiy  rare  conditions — a  congenitally  small  blad- 
der and  an  undeveloped  bladder  due  to  a  long-neglected 
incimtinence  in  childhood  that  has  resulted  in  the  habit 
of  frequent  micturition — give  equal  diurnal  and  noc- 
turnal increase  in  frequency  as  the  only  symptoms  so 
long  as  there  are  no  complications. 

In  chronic  lesions  of  the  spinal  cord,  a  degree  of 
increased  frequency,  which  may  well  be  described  as 
an  irritiibility  of  the  bladder,  is  common  in  the  earliest 
stages.  Later  on.  there  occurs  an  increase  in  frequency 
which  is  dependent  upon  distention  of  the  bladder. 

Ilexildnry  or  Slowness  in  Stiif/inr/  the  Stream. — As  a 
]iure  neurosis  hesitancy  is  very  common;  it  is  seen  in  the 
dillicult)'  whicli  certain  patients  experience  when  they 
attempt  to  urinate  in  a  hurr}-  or  in  the  presence  of 
others. 

In  prostatic  enlargement  hesitancy  is  an  early  and  prac- 
tically constant  sj'mptom.  In  chronic  contraction  of  the 
prostatic  fibres  surrounding  the  neck  of  the  bladder  it  is 
equally  comnifin. 

In  acute  inflammatory  conditions  of  the  urethra  hesi- 
tancy is  due  either  to  urethral  spasm  as  such,  or  to  an 
inhibitory  effect  through  fear  of  the  ardor  nruw. 

Chronic  lesions  of  the  urethra — e.g.,  granulations  or 
an  irritable  stricture — sometimes  produce  a  momentary 
urethral  spasm. 

In  acute  and  chronic  inflammatory  affections  of  the 
prostate  and  seminal  vesicles  hesitancy  ma}'  result  either 
from  the  slight  mechanical  obstruction  offered  f)r  from  a 
slight  urethral  spasm. 

Painful  diseases  of  the  rectum — e.g..  ulcer,  fissure,  or 
inflamed  hemorrhoids — not  infrequently  produce  a  mo- 
mentary urethral  spasm. 

Incontinenee. — Three  forms  are  recognized;  1.  A  con- 
stant, passive,  more  or  less  continuous  flowing  away  of 
the  urine.  3.  An  involuntaiy  escape  of  a  few  drops  of 
urine  on  occasions.  3.  An  inability  to  retain  sufficient 
urine  in  the  bladder  to  constitute  an  act  of  micturition,  or 
the  constant  voluntary — sometimes  involuntary — empty- 
ing of  the  bladder  by  the  expulsion  of  a  few  drops  very 
frequently.  (The  nocturnal  enuresis  of  children  is  not 
included,  as  it  does  not  come  properly  under  the  title  of 
this  article.     See  Enuresis.) 

1.  This  first  form  is  true  incontinence.  Ordinarily  it 
occurs  under  only  two  conditions:  (a)  overdistention  of 
an  atrophic  bladder;  (4)  atony  of  the  vesical  sphincters. 
with  or  without  atrophy. 

Prostatic  enlargement  is  the  most  classic  cause  of  over- 
distention with  atrophy  and  therefore  of  true  incon- 
tinence in  a  man  p.ast  the  age  of  fifty -five.  The  incon- 
tinence is  chiefly,  if  not  whoU)',  nocturnal.  Filiform 
stricture  of  the  urethra,  if  of  long  standing  and  associated 
with  marked  atony  of  the  bladder,  bears  the  same  relation 
to  true  incontinence  in  younger  men.  Here  the  incon- 
tinence is  chiefly  diurnal,  and  often  alternates  with  acute 
retention. 

Among  the  diseases  of  the  spinal  cord  locomotor  ataxia 
(tubes  dorsalis)  and  other  scleroses  often  cause  atony  r>f  the 
bladder,  thus  permitting  overdi.stention  and  true  incon- 
tinence. Spastic  contractions  of  the  vesical  sjihincters 
will  foster  the  overdistention;  sensory  disturbances  caus- 
ing anesthesia  of   the  region  will  augment  the  ineon- 
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tinence.     On  the  other  hand,  the  reverse — viz.,  atony  of 
the  sphincters  and  hypera>sthesia — may  obtain. 

2.  This  form  of  incontinence  presents  many  grades  and 
is  a  symptom  of  several  different  lesions.  The  occasions 
fin  which  it  occurs  are:  exacerbations  in  the  causative 
lesions,  and  any  sudden  unusual  pressure  upon  the  blad- 
der, such  as  takes  place  in  coughing,  sneezing,  jumping, 
or  lifting  a  weight.  The  causative  lesions  are:  chronic 
posterior  urethritis ;  ulcers  near  the  neck  of  the  bladder, 
simple.  gonorrha?al,  or  tuberculous ;  vesical  calctdi ;  vesi- 
cal tuberculosis,  esjiecially  when  affecting  the  neck, 
whether  with  or  without  ulceration;  renal  tuberculosis 
("slight  incontinence  with  frequency,  in  the  absence  of 
other  lesions,  is  strongly  suspicious  of  renal  tuberculsis  "); 
contracted  bladder  due  to  antecedent  extreme  pericystitis 
or  interstitial  cystitis;  chronic  pro.statitis ;  slight  atony, 
or  "relaxation,"  of  the  vesical  sphincters  without  atony 
of  the  bladder. 

3.  This  is  the  least  characteristic  form  of  incontinence. 
It  is  merely  an  extreme  frequency  with  uncontrollable 
urgenc}-,  and  is  therefoi'c  complicated  by  more  or  less 
p.ain  and  tenesmus.  The  lesions  that  cause  it  are:  severe 
acute  posterior  urethritis;  acute  cystitis;  a  large  rough, 
movable  calculus,  or  a  collection  of  facetted  calculi, 
occupying  the  cavity  of  the  bladder  and  partialh'  distend- 
ing it;  a  small,  rough  calculus,  lodged  in  the  prostatic 
urethra;  renal  calculi,  causing  attacks  of  severe  colic. 

Interrupted  Stream. — This  is  also  known  as  the  "stam- 
mering stream." 

The  causes  of  this  disorder  operate  either  (1)  mechani- 
cally, by  intermittent  obstruction,  or  (2)  reflexly,  by  in- 
termittent excitation  of  the  vesical  sphincter.  Under 
the  first  class  are:  Prostatic  enlargement;  chronic  con- 
traction of  the  prostatic  fibres  surrounding  the  neck  of 
the  bladder;  a  small,  rounded,  mobile  calculus;  a  pedun- 
culate tumor;  a  blood  clot.  L'nder  the  second  class  are; 
Acute,  subacute,  and  chronic  urethritis;  stricture  of  the 
urethra,  both  of  large  and  small  calibre;  neurasthenia 
and  neurotic  tendencies. 

Ritention. — Confusion  arises  from  the  use  of  the  word 
retention  when  suppression  is  meant.  Retention  of  urine 
applies  only  to  its  discharge  from  the  blrdder,  while  sup- 
pression of  urine  applies  only  to  its  excretion  by  the  kid- 
ne_vs. 

Retention  is  due  either  to  a  mechanical  ol)struction, 
which  prevents  the  escape  of  urine  from  the  bladder,  or 
to  a  diminished  expulsive  power  on  the  part  of  this 
organ  ;  this  latter  condition  being  due  in  turn  to  impaired 
innervation  of  the  muscle  coat,  or  possibly  to  some  actual 
lesion  of  the  muscle.  In  obstructions  of  long  standing 
the  retention  is  due  to  a  combination  of  both  these  fac- 
tors, f(n-  the  hypertrophy  which  developed  in  the  wall  of 
tlie  bladder  as  a  result  of  its  early  efforts  to  overcome  the 
oljstruction  finally  gives  way  to  an  atrophy,  the  degree 
of  which  is  in  direct  ratio  to  the  chronicity  of  the  obstruc- 
tion. 

I.  Acute  Retention. — The  cause  may  be  (o)  organic 
obstruction;  (h)  spasmodic  obstruction;  (c)  a  combina- 
tion of  both;  (d)  a  sudden  impairment  of  the  bladder 
function,  with  or  without  spasm  of  the  sphincter. 
•  ('0  The  following  are  among  the  more  important  or- 
ganic obstructions:  a  stricture  of  small  calibre,  wJien  in- 
flamed by  sexual  and  alcoholic  excesses,  by  excessive 
coffee  drinking,  or  by  exposure  to  cold  and  wet ;  a  pros- 
tatic enlargement,  when  acutely  congested  or  inflamed — 
a  condition  to  which  it  is  peculiarly  liable  after  any  ex- 
cesses in  vcnery,  eating,  and  drinking,  and  as  a  result  of 
constipation ;  acute  prostatitis,  simple  or  gonorrhoeal, 
especially  when  resulting  in  an  abscess  that  is  pointing 
toward  the  bladder;  a  rupture  of  the  urethra,  complete 
or  partial ;  plugging  of  the  internal  meatus,  e.g.,  by  a 
small,  movable  calculus,  a  pedunculate  vesical  tumor,  or 
a  blood  clot:  and.  finally,  periurethral  abscess,  especially 
wlien  located  in  the  bulbous  portion.  Among  the  rare 
organic  obstructions  should  be  mentioned :  Acute  poste- 
ri(U'  urethritis,  severe  acute  seminal  vesiculitis,  tuber- 
culous prostatitis,  and  papilloma  of  the  urethra. 

(A)  Spasmodic    obstruction — i.e.,    obstruction    c^iused 
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by  spasm  of  tbe  sphincter^occurs  under  the  following 
circumstances:  in  acute  anterior  urethritis,  occurring 
either  independently  or  in  connection  with  an  existing 
urethral  lesion  {e.g.,  astrictureor  a  granular  patch);  when 
the  urethra  is  the  scat  of  a  comparatively  slight  trauma, 
inflicted  by  a  blow,  by  rough  instrumentation,  or  by  irri- 
tating injections;  when  there  are  rectal  lesions,  including 
f»cal  impaction  and  even  constipation  of  only  two  or 
three  days'  standing;  after  operations,  minor  as  well  as 
major,  on  the  urethra  or  on  the  rectum  or  some  contig- 
uous region,  whether  performed  under  local,  spinal,  or 
general  antcsthesia;  in  the  presence  of  shock,  post-opera- 
tive or  traumatic;  as  a  result  of  enforced  postponement 
of  micturition,  especially  if  there  is  present  any  lesion  of 
the  urethra,  prostate,  or  seminal  vesicles;  *  in  exhausting 
diseases,  such  as  typhoid  fever,  pneumonia,  peritonitis, 
and  meningitis;  in  vesical  tuberculosis;  in  pyelitis,  sim- 
ple, gonorrha>al,  tuberculous,  or  due  to  a  calciihis  (the 
last-named  occasionally  causes  acute  retention  instead  of 
the  more  usual  frequency  and  urgency  of  mieturition); 
in  hernia  of  the  bladder — a  rare  occurrence:  and,  hnally, 
in  neuroses  and  neurotic  conditions  in  general. 

(c)  A  combination  of  organic  and  spasmodic  obstruc- 
tions is  observed  in  severe  acute  posterior  urethritis,  when 
tbe  swelling  is  extreme  and  when  spasm  is  e.xcited.  It  is 
also  observed  in  severe  acute  prostatitis  and  in  seminal 
vesiculitis. 

(d)  Sudden  impairment  of  the  bladder  function,  with 
or  without  spasm  of  the  sphincter,  may  be  observed  in 
rupture  of  the  bladder,  whether  intra-  or  extraperito- 
neal, and  also  in  tho.se  injuries  or  diseases  of  the  central 
nervous  system  which  result  in  the  production  of  a  sud- 
den hemiplegia  or  paraplegia,  with  or  without  coma. 

II.  Chronic  Retention. — This  is  either  partial  or  com- 
plete. Chronic  partial  retention  results  when  only  a 
portion  of  the  urine  is  spontaneously  voided,  the  rest 
remaining  in  the  bladder  as  "residual  urine."  Chronic 
complete  retention  exists  when  all  spontaneous  mic- 
turition has  been  lost  and  all  the  urine  has  to  be  drawn 
by  catheter. 

In  i^rostatic  enlargement  there  is  at  first  only  partial 
retention.  This  advances  to  complete  retention  if.  tbe 
true  state  of  affairs  not  being  recognized,  the  bladder  is 
allowed  to  become  atonic  through  overdistention.  Thus 
arise  the  cases  of  chronic  complete  retention  which  have 
apparently  assumed  this  character  from  tlie  outset.  An 
intercurrent  acute  retention  is  often  the  first  symptom  for 
which  the  patient  seeks  advice,  he  having  disregarded  the 
symptoms  of  tlie  partial  retention. 

The  remarks  made  in  reference  to  prostatic  enlargement 
in  a  preceding  jKuagraph  apply  with  equal  appropriate- 
ness to  chronic  contraction  of  the  fibres  surrounding  the 
neck  of  the  bladder.  This  chronic  contraction,  however, 
is  less  freqtient  than  prostatic  enlargement,  and  conse- 
quently it  gives  rise  less  often  to  chronic  complete  reten- 
tion. 

In  filiform  stricture  of  the  urethra  the  chronic  retention 
is  only  partial ;  it  will  disappear  after  appropriate  treat- 
ment of  the  stricture  unless  the  latter  has  been  neglected 
for  many  years. 

In  chronic  lU'ostatitis,  in  tuberculosis  of  the  prostate, 
and  in  vesical  tuberculosis  a  small  quantity  of  residual 
urine  is  an  almost  constant  objective  symptom. 

As  further  causes  of  chronic  retention  may  be  men- 
tioned :  habitual  failure  to  emptj-  the  bladder  completely 
by  reason  of  hurry  or  indifference;  and  frequentlj'  re- 
peated prolonged  postponement  of  micturition,  thus 
causing  frequent  overdistention. 

While  the  retention  which  originates  in  some  chronic 
lesion  of  the  spinal  cord  is  only  partial,  it  is  nevertheless 
characterized  by  a  large  volume  of  residual  urine — from 
five  to  twenty  ounces.  In  the  mild  cases  the  amount  of 
the  residual  urine  will  fluctuate  even  under  the  best  con- 
ditions, often  falling  to  two  ounces.     On  tbe  other  hand. 


'  In  these  cases  the  spasm  is  usually  of  short  duration,  and  it  is 
rarely  lound  necessary  to  resort  to  the  use  of  the  catheter  in  order  to 
secure  relief  for  the  patient. 


the  amount  is  fairly  constant  in  the  more  advanced  cases, 
and  the  retention  is  associated  with  frequency,  or  with 
incontinence,  or  with  both.  Jmnes  Pederseii. 

MOUTH,  DISEASES  AND  INJURIES  OF.— I.  Stoma- 
titis.— "Thisword,  wliicli  liom  its  derivation  signifies  in- 
flammation of  the  mouth,  is  held  to  include  inflammatory 
affections  of  the  cavity  of  the  mouth  as  far  back  as  the 
soft  palate.  Any  abnormal  condition  of  an  inflammatory 
character  which  involves  the  ginus,  the  tongue,  or  the 
inner  surface  of  the  cheeks,  is  included,  therefore,  under 
the  designation  of  stomatitis.  Experience  shows  that 
there  is  little  tendency  toward  limitation  to  any  one  of 
these  structures — usually  the  entire  cavity  of  the  mouth 
partakes  of  the  diseased  condition. 

"The  affections  included  under  this  name  are,  in  great 
part,  limited  to  the  age  of  childhood.  Adults  are  never 
the  subjects  of  certain  forms  of  the  disease,  and  seldom 
suffer  from  any  variety  of  it,  save  as  part  of  some  other 
morbid  condition.  Not  infrequently,  however,  stoma- 
titis is  nothing  more  than  a  part  of  such  general  con- 
dition. Dijihtheria  sometimes  involves  the  mouth  as  well 
as  the  tonsils,  pharynx,  and  palate;  inflammation,  with 
pustulation  in  the  mouth,  may  occur  in  smallpox,  va- 
rioloid, and  varicella;  facial  erysipleas  often  presents  an 
inflamed  condition  of  the  mouth ;  measles,  Rijtheln,  and 
syphilis  are  accompanied  by  characteristic  mouth  affec- 
tions; and  many  drugs,  such  as  mercury  and  iodine,  in 
addition  to  the  mineral  and  other  stronger  acids,  produce 
an  abnormal  condition."  (From  former  edition  of  Ref- 
erence Handbook.) 

It  must  be  remembered  that  in  children  there  is  a  ten- 
dency to  put  anything  and  everything — all  germ-laden — 
into  the  mouth;  hence  one  reason  why  stomatitis  is  so 
much  more  common  at  that  age.  The  troubles  incident 
to  the  period  of  dentition  have  also  a  causal  relation  to 
stomatitis. 

As  remedies  for  stomatitis  in  general,  the  following 
have  been  used.  As  mouth  washes,  in  the  form  of  solu- 
tions: Potassium  permanganate,  gr.  ij.  to  |  i. ;  potas- 
sium chlorate,  gr.  x.-xx.  to  3  i. ;  boric  acid,  saturated  so- 
lution ;  carbolic  acid,  one-per-cent.  solution ;  hydrogen 
dioxide,  1.5  vols,  percent.;  silver  nitrate,  gr.  x.-xx.  to 
3  i.  Also  the  solid  stick  of  silver  nitrate  may  be  em- 
ployed; .and  potassium  chlorate  may  be  given  internallj- 
in  doses  of  gr.  v.-viij.  q.  4  h. ;  in  "the  ca.se  of  children, 
however,  the  latter  remedy  must  be  used  with  care. 
Tonics  of  iron,  quinine,  nux  vomica,  and  cod-liver  oil  are 
required.  The  diet  must  be  liquid,  either  warm  or  cold, 
and  must  be  generous  and  sufficient ;  chipped  ice  and 
iced  water  are  acceptable  to  the  patient.  The  mouth 
must  be  reguliirly  washed  or,  if  that  is  not  possible, 
sprayed.  If  the  gums  are  spongy,  they  should  be  painted 
with  tincture  of  myrrh. 

2.  C.vrARHHAL  Stomatitis. — [Hynoayms:  Acute  sto- 
matitis. Erythematous  stomatitis,  Pultaceous  stomatitis. 
Simple  stomatitis.  Superficial  stomatitis.) 

EtivhKjii. — It  most  commonly  occurs  in  infants  and 
children,  but  it  is  also  found  in  adults.  The  most  com- 
mon cause  is  an  irritant  either  chemical  or  mechanical, 
such  as  overheated  or  too  highly  spiced  food,  acids,  alka- 
lies, very  hot  beverages,  broken  or  carious  teeth,  and  the 
excessive  use  of  tobacco  or  alcoholic  drinks.  In  the  case 
of  infants  irritation  caused  by  a  coral,  by  difficult  denti- 
tion, b_y  a  poorly  developed  or  unclean  nipple,  or  by  a 
feeding  bottle  which  has  not  been  properly  cleansed,  may 
produce  stomatitis.  An  excess  of  sugar  or  starchy  food, 
and  also  exposure  to  cold,  are  causative  factors  in  some 
cases. 

Si/mptoms. — These  are  the  classical  symptoms  of  in- 
flammation; redness,  first  in  patches,  later  more  general; 
swelling,  chiefly  of  lips,  cheeks,  gums,  and  tongue,  the 
latter  often  showing  the  impression  of  tbe  teeth ;  dis- 
ordered secretion — in  the  adult  the  mouth  is  at  first  dry, 
later  there  is  an  increased  flow  of  saliva  with  secretion  of 
considerable  mucus;  at  the  same  time  the  breath  is  fetid, 
and  in  children  there  is  dribbling  accompanied  with  con- 
siderable tenderness,  so  that  the  infant  refuses  to  nurse  or 
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to  allow  the  mouth  to  be  cleansed.  In  adults  the  pain  is 
as  a  rule  slight,  tliougli  it  may  be  considerable,  and,  in 
conjunction  with  the  dryness  of  the  mouth  seen  in  the 
early  stages,  renders  mastication  diflicult.  The  disorder 
usually  fasts  about  a  week.  In  this  form  of  stomatitis 
there  is  no  ulceration. 

Pro(/iit'sii<  is  good  in  acute  cases,  but  infants  are  liable 
to  sulier  from  inanition  owing  to  the  pain  experienced  in 
taking  food.  In  chronic  cases,  generally  due  to  alcohol 
or  tobacco,  tlie  olTen<ling  subsUmce  must  bo  withdrawn. 

Trcidiiicnl  is  chietly  hygienic;  whenever  possible  the 
causes  nuist  be  renioveil  and  strict  cleanliness  insisted 
upon.  In  mild  cases  mouth  washes  of  bora.x,  of  potas- 
sium chlorate,  or  of  sodium  bicarbonate  may  be  useful :  in 
the  severer  forms  silver  nitrate  in  one-per-cent.  solution 
shoidd  be  ajiplicd.  At  the  same  time  general  treatment 
in  the  shape  of  tonics  and  salines  must  not  be  overlooked. 
In  infants  the  feeding  apparatus  must  be  kept  scrupu- 
ously  clean. 

3.  CKori'OUS  OR  MEMBRANOtis  STOMATITIS  IS  an  inflam- 
mation of  the  mouth  with  the  formation  of  a  false 
membrane  of  a  yellowish-white  or  grayisli-white  color. 
The  disease  may  be  diphtheritic  or  it  may  be  due  to  gon- 
orrha'a  or  syphilis:  it  is  also  caused  by  extremes  of  tem- 
perature (as  frost-bite)  and  by  chemical  irritants.  This 
form  of  stomatitis  is  much  the  same  as  diphtheria,  but 
without  the  Klebs-Loeffler  bacillus.  The  pseudo-mem- 
brane is  apt  to  ulcerate  and  become  detached  from  the 
subjacent  tissue  which  then  shows  marks  of  erosion. 

Tredtinent. — If  the  inflammation  is  due  to  diphtheria, 
give  antito.\iu :  in  most  other  cases  the  treatment  is  the 
same  as  in  other  forms  of  stomatitis,  and  consists  of  good 
food,  proper  hygiene,  antiseptic  and  astringent  mouth 
■washes,  tonics,  and  stimulants. 

4.  Ui.CEK.vTiYE  Sto.m.vtitis. — (Si/iwiiyms :  Fetid  stom- 
atitis. Phlegmonous  stomatitis,  Stoniacace,  Putrid  sore 
mouth,  Phagedenic  gingivitis.) 

This  fonn  of  stomatitis  is  a  serious  condition  in  which 
there  is  a  superficial  necrosis  of  the  mucous  membrane  of 
the  mouth,  with  subsequent  ulceration. 

Etiology. — The  disease  is  probably  caused  by  a  micro- 
organism, though  none  has  as  yet  been  isolated.  It  is 
generally  found  in  children  between  the  ages  of  four  and 
fourteen ;  it  may  be  epidemic,  and  is  apt  to  accompany 
or  follow  improper  feeding,  infectious  diseases,  also  poi- 
soning by  mercury,  arsenic,  lead,  or  phosphorus.  Un- 
hygienic surroundings  and  any  local  irritations  are  potent 
factors  in  tiiis  as  in  the  other  forms  of  stomatitis. 

,'<!/ii>ptoniii. — The  gums,  of  tlie  lower  jaw  chietly,  are 
spongy,  i>ainful,  swollen,  and  bleed  readily' ;  later  on,  the 
cheeks  and  lips  become  affected.  The  gums  also  recede 
from  the  teeth,  which  become  looseneil  and  may  fall 
out;  uleersmay  also  occur  round  the  sockets  of  the  teeth, 
and  a  purulent  fluid  forms  between  the  gums  and  the 
teeth,  as  well  as  between  the  teeth.  There  are  profuse 
salivation,  very  fetid  breath,  and  swelling  of  the  neigh- 
boring lymph  glands.  In  chronic  cases  the  periosteum  of 
the  lower  jaw  becomes  involved,  and  areas  of  necrosis 
ensue.  There  is  great  debility,  and  nausea  and  diarrhoea, 
caused  by  swallowing  the  profuse  fetid  .saliva,  are  also 
apt  to  be  present. 

7'rciitiiient  is  on  the  same  lines  as  in  other  forms  of 
stomatitis.  On  account  of  the  disagreeable  odor  of  the 
breath  the  patient  should  be  isolated.  jMouth  washes  are 
retpiired,  but  in  case  potassium  chlorate  is  used  care  must 
be  taken  that  no  untoward  results  occur,  particularly  in 
children.  Hydrogen  peroxide  or  dioxide  makes  an  ad- 
mirable mouth  wash. 

5.  Bedn'ar's  .\i"nTii.«,  also  called  Plaques  ■pteri/f/oi- 
dieii licit,  or  aphtha  of  t/ie  pnlate,  is  a  variety  of  ulcerative 
stomatitis.  It  is  sometimes  of  trauiriatic  origin,  being  due 
to  pressure.  It  occurs  generally  in  bottle-fed  children 
■who  have  unhygienic  surroundings  and  are  liadly  cared 
for,  and  is  cause<l  by  the  pressure  on  the  hard  palate  of 
an  artificial  nipple  or  of  the  nurse's  finger,  or  of  a  swab 
used  in  cleaning  the  child's  mouth.  But  in  breast-fed 
children  it  may  also  be  found;  it  is  then  caused  by  the 
pressure  of  tin;  infant's  tongue  on  the  thin  mucous  mem- 


brane, during  the  act  of  nursuig.  Asa  rule  the  affection 
is  of  a  mild  character,  and  is  found  on  the  hard  palate  near 
the  alveolar  process,  but  in  badly  neglected  cases  the 
tdceratiou  \nuy  be  both  deep  and  extensive.  In  mild 
cases  no  special  treatment  is  required  beyond  the  removal 
of  tlie  cause;  while  in  more  severe  cases  a  five-percent, 
solution  of  silver  nitrate  should  bo  applied. 

6.  ApiiTuors  Stomatitis. — (Synoiii/ii,K  :  Follicular 
stomatitis.  Vesicular  stomatitis.  Herpetic  stomatitis, 
Aphtluv,  Canker.) 

In  this  form  of  stomatitis,  •which  is  more  common  than 
the  catarrhal  variety,  the  mucous  membrane  of  the 
mouth  is  hyperainic  and  is  characterized  by  grajish  or 
yellowish  vesicles  which  are  liable  to  idcerate,  and  are 
chiefly  found  on  the  margin  and  fncnum  of  the  tongue, 
and  on  the  cheeks;  also  on  the  inner  surface  of  the  lower 
lips,  near  the  jiuiction  with  the  gmns. 

Bliolofiy. — It  is  probably  due  to  some  specific  germ, 
but  none  has  j'ot  been  isolated.  It  is  found  most  com- 
monly in  children,  and,  if  not  idiopathic,  is  due  to  im- 
proper food,  indigestion,  one  of  the  fev(.'rs,  lack  of  hy- 
giene and  general  unclcanliness  of  the  moutli. 

Symptoms. — The  child  is  fretful  on  account  of  the  pain ; 
dull  and  feverish;  the  mouth  is  hot;  the  saliva  flows 
freely  and  may  irritate  or  excoriate  the  chin  and  neck. 
The  ulcers  described  above  are  surrounded  b}'  red  areola; 
and  bleed  rcadilj'  if  any  attempt  is  made  to  remove  the 
grayish-white  base.     The  process  lasts  about  a  ■neek. 

Pror/iii/sis  is  good.  The  sores  may  be  treated  with  sil- 
ver nitrate;  local  washes  of  potassium  chlorate  or  potas- 
sium permanganate  should  be  used;  food,  tonics,  and 
stimulants  are  required. 

7.  Pak.asitic  STOM.vriTis. — (Synonyms:  Mycotic 
stomatitis,  Storaatomj'cosis,  Thrush,  Muguet,  Soor. ) 

Thrush  is  one  form  of  parasitic  stomatitis,  but  it  is  the 
most  important  variety.  The  disease  is  due  to  a  vege- 
table parasite,  and  consists  of  white  flake-like  jjatches  on 
the  mucous  membrane  of  the  motith  and  ton,gue.  These 
patches  consist  of  epithelium,  leiicocj'tes,  and  the  spores 
and  filaments  of  a  fungus.  The  fungus  or  mould  has 
been  described  as  oidium  albicans,  saccharomyces  albi- 
cans, o'l'dium  lactis,  mycoderma  viui,  and  monilia  Can- 
dida. The  fungus  displays  remarkable  polymorphism, 
having  a  great  tendcnc}'  to  spore  formation  in  a  .solid 
medium,  and  to  filament  formation  in  a  liquid  medium. 
The  fungus  tends  to  grow  rapidly,  particularly  upon  an 
unclean  surface.  The  spores  lodge  between  the  epithe- 
lial cells;  tlien  separating  the  different  Ia3'ers  and  destroy- 
ing the  superficial  layer  they  penetrate  down  into  the 
connective  tissue.  The  disorder  is  apt  to  become  epi- 
demic in  institutions  where  there  are  many  children,  being 
transmitted  by  unclean  feeding  apparatus.  The  spots  or 
patches  look  like  curdled  milk,  but  are  covered  with  epi- 
thelium and  are  readily  removed  without  bleeding,  being 
thus  differentiated  from  aphthous  or  follicular  stomatitis. 

Eliolorjjj. — The  disorder  is  found  generally  in  child- 
hood, and  occurs  in  the  debilitated  or  uncleanly,  more  par- 
ticularly in  bottle-fed  infants.  It  is  apt  to  follow  ca- 
tarrhal stomatitis;  and  the  gi-owfh  of  the  fungus  is 
favored  by  mouth  breathing  and  by  the  restricted  move- 
ments of  the  tongue  which  are  necessitated  by  many 
forms  of  stomatitis. 

f<yin.ptoni.<i. — The  symptoms  are  as  a  rule  sliglu  and 
lunch  like  those  of  catarrhal  stomatitis.  The  saliva  is 
acid  and  decreased  in  quantity ;  and  the  mouth  is  apt  to 
be  dry. 

7'rea.tment,  as  in  other  forms  of  stomatitis,  consists  id 
absolute  cleanliness,  the  employment  of  mouthwashes  of 
an  antiseptic  character,  the  observance  of  a  proper  hy- 
giene, and  the  administration  of  good  food,  tonics,  and 
stimulants. 

8.  Gangrenous  Stom.\titis. — {Synonyms:  Noma, 
Cancrum  oris.  Water  cancer.) 

Tin's  is  an  uncommon  but  very  formidable  complaint, 
and  is  almost  invariably  found  in  young  children.  It  is 
favored  by  poor  hygienic  conditions,  lack  of  food,  and 
general  enfeebling  diseases.  It  may  follow  an  ordinary 
ulcerative  stomatitis,  but  the  two  conditions  are  very 
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different.  Probably  some  midro-organism  is  the  cause  of 
the  disease,  but  so  far  it  has  not  beeu  isolated.  Cancrum 
oris  must  not  be  interpreted  as  an  ordinary  gangrene  of 
a  local  character,  for  the  blood  supply  of  the  face  is  far 
too  good  to  allow  of  such  a  supposition.  Characteristics 
of  this  disease  are:  (1)  that  it  begins  on  the  inside  of  the 
cheek;  (3)  that  it  is  almost  always  unilateral,  though 
cases  have  been  reporteil  in  which  both  cheeks  were  at- 
tacked ;  (3)  that  it  perforates  the  whole  thickness  of  the 
cheek ;  and  (4)  that  it  is  rapidly  fatal.  At  first  there  will 
be  observed  a  small  red  swelling  on  the  inside  of  the  cheek, 
often  opposite  the  opening  of  Stenson'sduct.  This  small 
swelling  gives  place  to  a  large,  rapidly  growing  ulcera- 
tion aud  is  followed  by  gangrene.  The  destructive  proc- 
ess begins  from  within  and  works  outward.  The  whole 
thickness  of  the  cheek  is  soon  involved;  it  becomes 
brawny,  and  the  outside  is  red  and  glazed ;  perforation 
soon  occurs.  The  breath  is  fetid,  the  teeth  fall  out,  the 
jaw  becomes  necrosetl,  and  the  whole  process  is  marked 
by  the  extraordinary  rapiditj-  with  which  it  advances,  a 
rapidity  so  great  that  in  from  one  to  two  weeks  the  pa- 
tient dies  either  from  exhaustion  or  from  pj'a'iiiia.  "The 
intelligence  remains  generally  undisturbed,  and  the  lilllc 
patients  do  not  seem  to  be  greatly  alarmed,  but  rather 
apathetic.  The  temperature  and  respiration  become  in- 
fluenced principally  because  of,  aud  in  proportion  to', 
the  inflammation  of  the  lungs,  winch  is  frequently  a  pre- 
cedent and  concomitant  condition.  This  associated  pul- 
monary inflanunation  is,  however,  never  of  the  sthenic 
type  of  simple  acute  lobar  pueumonia."  (From  former 
edition  of  ReI'ERKNCK  IIaxduook.)  "Diagnosis  in  the 
later  stage  is  rendered  unmistakable  by  the  ulcer,  nod- 
ule, slough,  and  perforation.  The  early  stage  is  to  be 
distinguished  from  malignant  |uistule  (anthrax).  The 
latter  begins  as  a  pustule  upon  the  outside  of  the  cheek, 
often  at  the  site  of  an  abrasion  ;  it  is  far  more  common  in 
adults,  and  the  anthrax  bacillus  is  discoverable  in  the 
pustuleand  blood.''  (Tliomp.sou's"  Practical  ilcdicine.") 
There  is  very  little  pain,  but  much  prostration,  and  gen- 
erally there  are  nausea  and  diarrha>a. 

The  prognom's  is  bad  ;  different  writers  place  the  death 
rate  at  between  eighty  and  ninety-five  per  cent. 

Treatment  to  be  of  any  use  must  be  vigorous  and  early. 
Free  extirpation  or  the  application  of  the  cautery  should 
l)e  early  resorted  to;  there  should  be  frequent  applica- 
tions of  hydrogen  dioxide,  and  tonics  and  nourish- 
ing food  should  be  administered  every  two  or  thiee 
hours. 

9.  jMercuiiial  Stomatitis.  — •  (Synonym  :  Mercurial 
ptyalism.) 

This  is  an  inflammation  of  the  mucous  membrane  of 
the  mouth  aud  gums,  due  to  the  use  of  mercury;  it  is 
rarely  fouud  in  syphilitics. 

Si/iiijiliiMC. — The  patient  complains  of  a  metallic  taste, 
tendcrnrss  of  the  gums  which  are  also  unusually  red,  and 
increased  flow  of  saliva;  the  tongue  becomes  swollen  aud 
there  is  dilliculty  in  both  mastication  and  deglutition. 
The  salivation  is  apt  to  be  extreme;  and  the  odor  of  the 
breath  is  most  offensive. 

Treatment. — -Those  working  in  mercury  should  cleanse 
both  mouth  and  teeth  fre(]uently;  and  those  taking  the 
drug  should  at  ouce  di-scoiitinue  its  use.  The  best  reme- 
dies are  salines,  alkaline  drinks,  aud  atropine  to  arrest  the 
flow  of  saliva.  During  convalescence  tonics  will  be  re- 
quired. 

10.  Ptyaijsm,  or  Salivation,  and  Xekosto.mia  have 
been  described  in  Vol.  VII.  of  the  Reference  Hand- 
book, under  the  heading  Salirary  Glands.  Diseases  of;  it 
only  remains  here  to  outline  the  treatment  of  the  former 
condition.  When  plyalism  is  produced  by  the  adminis- 
tration of  mercury,  as  is  (or  was)  generally  the  case,  the 
use  of  that  drug  should  be  discontinued,  the  mouth 
should  be  washed  with  astringent  lotions  such  as  alum  or 
potassium  chlorate,  and  potassium  iodide  should  be  given 
internally.  Mercurial  salivation  can  often  be  prevented 
or  diminished  by  devoting  proper  care  and  attention  to 
the  condition  of  the  patient's  mouth  and  teeth;  it  has 
been  asserted  that  the  admiuistralion  of  siuall  doses  of 


potassium  chlorate  in  conjunction  with  the  mercury  will 
also  lessen  the  likelihood  of  salivation.  In  ptyalism  from 
other  causes  the  tincture  of  belladonna  has  been  recom- 
mended in  doses  of  iifx.  t.i.d. 

11.  Angin.\  Ludovici,  or  Ludw'ig'sangina,  is  the  name 
given  to  an  infective  inflammation  of  the  floor  of  (lie 
mouth,  and  of  the  cellular  tissue  beneath  the  deep  cer\  i- 
cal  fascia.  It  generallj-  begins  in  the  submaxillaiy 
glands,  and  is  due  to  an  infection  with  one  or  more  varie- 
ties of  the  pus-producing  bacteria — probably  the  strei)to- 
coccus  p_yogenes — and  is  accompanied  by  much  swelling 
and  infiltration  of  the  mouth,  tongue,  throat,  aud  ueck. 
There  are  severe  pain  and  dysjma'a,  the  latter  being 
often  caused  by  a'dcma  of  the  glottis.  The  patient  tinds 
great  ditliculty  in  opening  his  mouth,  in  talking,  and  iu 
masticating  and  swallowing  his  food.  Sloughing  of  the 
soft  parts  is  apt  to  ensue  and  is  called  eynunche  gaa- 
granosa. 

Prognosis  is  not  good. 

Treatment  consists  in  the  employment  of  antiseptic 
measures  and  in  making  a  prompt  and  free  incision  into 
the  involved  tissue,  generally  in  the  median  line.  Tra- 
cheotoiuy  may  be  denuinded  for  cedema  of  the  glottis. 
Tonics  and  nourishiug  food  are  indicated.  (See  also  Vol. 
VI.,  p.  593.) 

13.  Peri^eche  is  a  contagious  disorder  consisting  of 
fissures  at  the  angles  of  the  mouth.  The  trouble  is  found 
chiefly  iu  children,  and  is  very  painful.  It  is  probably 
caused  by  a  micro-organisiu ;  Le  Maistre  reporting  "a 
streptococcus,  and  Raymond  a  variety  of  staphylococcus 
iu  connection  with  this  disorder.  It  lasts  for  from  ten  to 
twenty  days,  and  is  bilateral,  beginning  at  the  angles  of 
the  mouth,  and  spreading  along  the  border  of  the  lips. 
The  lips  swell  and  are  painful,  and  are  apt  lo  tdcerate. 
The  skin  around  the  mouth  is  not  often  attacked,  but  the 
mucous  membrane  isiuvolved  and  the  epithelium  becomes 
white  aud  sodden  and  is  then  desquamated,  Pain  and 
itching  are  present,  and  the  child  licks  the  parts  to  re- 
lieve the  pain  and  burning;  hence  the  name,  from  the 
French  perlecher  (—  to  lick).  The  disease  is  spreail  Ijy 
drinking-vessels.  Treatment  consists  iu  cleanliness  and 
the  use  of  astringent  lotions  of  alum,  copper  suljjhate,  or 
even  nitrate  of  silver.  A  dusting  powder  of  bismuth 
subnitrate  may  be  used;  and,  as  a  prophylactic  measure, 
children  should  have  their  own  cups  to  drink  out  of. 

13.  Riga's  Disease  occurs  as  a  gray  ulcer  with  an 
irregular  border  situated  under  the  tougue,  near  the  fric- 
num.  It  appears  about  the  period  of  first  dentition,  and 
lasts  for  a  variable  period,  usually  about  a  year.  It  has 
been  found  almost  epidemic,  certaiuly  endemic,  iu  South- 
ern Italy.  Its  origin  is  most  likely  traumatic.  The 
treatment  is  that  of  catarrhal  stomatitis. 

14.  Salivary  Calculus  may  occur  in  the  excretory 
duct  of  any  of  the  salivary  glands,  but  is  most  frequently 
found  in  Wharton's  duct.  It  consists  of  phosphate  and 
carbonate  of  calcium  together  with  sodium  chloride  and 
magnesium.  After  such  a  concretion  is  formed,  it  may 
either  remain  iu  the  gland,  or  be  discliarged  through  the 
duct,  or  it  may  obstruct  the  duct.  In  the  two  former  con- 
ditions it  gives  no  trouble,  but  in  the  last  case  it  gives 
rise  to  pain  and  swelling  of  the  gland  with  which  it  is 
connected;  the  swelling  is  always  increased  on  taking 
food.  Careful  palpation  along  the  course  of  the  duct 
will  help  in  making  a  diagnosis;  and,  except  in  mumps, 
pain  and  swelling  in  a  salivary  gland  should  always  sug- 
gest salivary  calculus. 

Treatment  consists  in  making  an  incision  into  the  duct, 
either  in  the  distended  portion  only,  or  in  its  whole  length 
fi-om  the  outlet  to  the  obstruction.  If  left  untreated  the 
duct  may  burst,  with  formation  of  a  salivary  fistida. 

1.").  Salivary  Fistula  is  au  abnormal  opening  of  the 
duct  of  a  salivary  gland,  and  may  be  either  internal  or 
external,  according  as  it  opens  on  the  inside  of  the  mouth 
or  on  the  outer  surface  of  the  cheek.  Such  a  fistula  is 
due  to  wounds  of  the  duct,  or  to  a  rupture  of  the  duct 
from  suppuration  or  calculi.  The  parotid  gland  is  the  one 
most  commonly  affected.  Internal  salivary  fistula  is  of 
comparativel}'  little  consequence,  as  the  saliva  flows  into 


489 


Ifloiitb. 

Iflultlple  Sclerosis. 


REFERENCE   HANDBOOK  OF  THE  MEDICAL   SCIENCES. 


the  mouth.  But  in  external  fistula  the  flow  of  saliva  on 
the  cheek  causes  considerable  discomfort. 

Tnittinent. — If  a  calculus  is  jircseut  it  must  be  removed. 
Then  find  the  internal  oiicuing  of  the  duct,  and  see  if  it 
is  patent;  if  it  is  not  jiatent,  an  artificial  internal  fistula 
must  be  made;  and  the  edges  of  the  external  fistula  can 
be  touched  with  a  cautery  or  pared,  and  closed  with  a 
twisted  suture. 

10.  ToNGUK-TiK  is  practically  a  congenital  shortening 
of  the  fnenum  lingua'.  The  tongue  cannot  he  protruded 
beyond  I  he  teeth;  and  suction  and,  later,  articulation  are 
iuterfereil  with.  Tlie  proper  treatment  is  division  of  the 
fnenum.  generally  on  the  notched  shield  which  forms  the 
handle  of  a  grooved  director.  Care  m\ist  be  taken  to 
avoid  wounding  the  ranine  arteries.  Blunt-pointed  scis- 
sors shoidd  be  used,  and  the  points  directed  toward  the 
floor  of  the  mouth  and  away  from  the  under  surface  of 
the  tongue.  Often  the  frs'num  is  simply  nicked  with  the 
scissors  and  the  operation  completed  with  the  finger  nail. 

IT.  PyoKitnui.^  Ai.veoi,.\kis,  or  Rigg's  disease.  In 
this  condition  there  is  found  a  shrinkage  of  the  gums  and 
alveolar  border,  together  with  separation  of  the  gums 
from  the  teeth,  which  become  loosened  and  may  fall  out. 
It  is  due  to  an  inflammatory  condition  of  the  gums  com- 
bined with  bacterial  infection  and  an  excess  of  tartar. 
General  cleanliness  is  indicated,  with  removal  of  the  tar- 
tar; antiseptic  and  astringent  mouth  washes  and  general 
tonics  sliould  also  be  prescribed.  Treatment  may  liave 
to  be  continued  for  a  long  time  as  the  condition  is  often 
intractable ;  and  the  patient  may  expect  to  lose  some  of 
his  teeth. 

18.  Alveolar  Abscess  is  the  result  of  inflammation 
and  suppuration  in  connection  with  the  fang  of  a  carious 
tooth.  It  may  occur  in  either  .iaw.  Pus  forms  in  the 
socket  of  the  tooth  and  either  finds  its  way  out  by  the 
side  of  the  tooth  or  through  the  gums,  in  which  latter 
case  it  is  called  a  gumboil  or  parulis;  occasionally  it 
strips  the  periosteum  from  the  bone  and  forms  an  abscess 
of  large  size,  and  may  even  produce  necro.sis  of  the  ,iaw. 
The  first  indications  of  the  trouble  are  pain  antl  a  feeling 
as  if  the  tooth  were  a  little  longer  tlian  normal.  If  the  ab- 
scess is  allowed  to  remain,  there  may  be  severe  constitu- 
tional symptoms.  Incision  is  indicated,  and  if  it  be  delayed 
the  tooth  becomes  loosened  and  exfoliation  of  the  peri- 
osteum with  necrosis  may  occur.  In  the  upper  jaw  pus 
from  a  neglected  alveolar  abscess  may  burrow  into  the 
antrum  of  Highraore  and  set  up  suppuration  there,  or  it 
may  discharge  b}'  way  of  the  nose.  In  the  lower  jaw  the 
pus  may  travel  downward  and  point  and  burst  in  the 
neck. 

Treatment  consists  in  disinfection  of  the  mouth,  incision 
of  the  gum,  and  extraction  of  the  tooth.  As  a  projihy- 
lactic.  children  should  lie  taught  to  use  a  tootii-brush, 
and  their  teeth  should  be  regularly  attended  to  b}'  a  com- 
petent dentist. 

19.  Epulis. — This  term  is  applied  to  a  tumor  growing 
from  the  fibrous  tissue  of  the  gum  or  from  the  alveolar 
periosteum.  The  name  is  derived  from  ejti  and  -6  ovXov, 
and  means  literall)'  a  tumor  situated  "on  the  gum." 
There  are  two  varieties :  the  simple  or  fibromatous,  and  the 
malignant  or  myeloid.  They  generally  attack  the  lower 
jaw. 

Simple  or  fibromntmis  epvlis  appears  as  a  rounded, 
smooth  mass,  sometimes  lobidated  or  sessile;  it  is  firm  or 
elastic  to  the  touch,  and  of  a  color  varying  from  pinkish 
to  deep  red.  It  is  generally  due  to  carious  teeth  and  is 
more  apt  to  be  formed  on  the  outer  border  of  the  gums, 
tliough  it  may  appear  between  two  teeth,  causing  more 
or  less  displacement,  and  also  on  tiie  inner  surface  of  the 
gum.  It  is  covered  with  epithelium,  and  may  contain 
a  few  spicules  of  bone  derived  from  the  maxilla.  The 
presence  of  the  latter  is  much  more  common  in  the  malig- 
nant or  myeloid  variety. 

Treatment  consists  in  the  free  removal  of  the  tumor 
together  with  any  teeth,  stumps,  or  bone  that  may  ap- 
pear to  liave  some  causa!  relation  to  the  growth.  It  is 
well,  therefore,  to  extract  a  tooth  on  each  side  of  the 
epulis,  to  cut  through  the  whole  thickness  of  each  al- 
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veolus  vertically  with  a  sluall  saw,  and  then  finally  to 
join  these  incisions  at  their  lower  ends  by  a  horizontal  in- 
cision made  with  a  chisel.  Tlius  the  continuity  of  the 
jaw  will  remain  notwithstanding  the  fact  that  a  quad- 
rangidar  piece  of  bone  has  been  removed. 

Mali;itaint  or  Mydoid  Epulis. — This  is  really  a  myeloid 
sarcoma  and  springs  from  the  alveolar  process.  The 
chief  di.stinctiou  between  these  two  varieties  is  pathologi- 
cal;  the  clinical  jiicture  being  much  the  same  as  in  the 
simple  variety,  except  that  the  nuicous  membrane  cover- 
ing the  tiunor  is  more  apt  to  ulcerate,  and  there  is  always 
a  connection  with  tlie  underlying  bone.  The  treatment, 
too,  is  the  same,  onlj'  the  malignant  variety  sometimes 
requires  very  energetic  and  radical  treatment. 

20.  Wounds  and  In.iuhies  of  the  Mouth  have,  for 
the  most  part,  the  same  features  as  are  presented  in 
wounds  and  injuries  elsewhere.  The  blood  supply  of  the 
mouth  being  particularly  aliundant,  there  is  apt  to  be 
profuse  hemorrhage,  but  tliis  same  abtuidant  blood  sup- 
ply causes  the  processes  of  repair  and  healing  to  be  very 
rapid.  Hemorrhage  from  the  mouth  is  due  to  wounds, 
injuries,  purpura,  biting  the  tongue,  plethora,  scurvy, 
and  the  nemorrhagic  diathesis :  it  is  best  controlled  by  the 
ap|)licatiou  of  cold  or  pressure.  In  slight  cuts  of  the 
lips  a  little  cotton  soaked  in  collodimn  makes  a  good 
protective  and  also  stops  the  bleeding.  In  wounds  of 
the  mouth  we  must  remember  that  the  liuccal  cavity 
alwa3's  contains  bacteria  capable  of  producing  infection, 
and  therefore  asepsis  is  not  attainable;  but  antiseptic 
mouth  washes  should  be  used  as  frequentlj'  as  possible. 

21.  Burns  and  Scalds  of  Tiiii:  Mouth. — These  arc 
general!}'  caused  by  accident,  and  are  due  to  hot  liquids  in- 
troduced into  tlie  mouth,  to  chemicals  (acids  and  alkalies), 
or  to  inhalation  of  liot  air  or  steam.  They  are  most  com- 
monly met  with  in  children,  owing  to  their  greater  lia- 
bility to  drink  out  of  the  spout  of  a  kettle  or  teapot. 
Adults  are  more  likely  to  suffer  in  explosions,  under 
which  circumstances  they  may  inhale  steam  or  ignited 
gas.  The  inside  of  the  mouth  and  pharynx  are  involved, 
andcedemaof  the  glottis  is  a  probable  complication.  The 
symptoms  are  inten.se  burning  pain,  dyspncra.  suffocat- 
ing cough;  the  lips  and  mucous  membrane  of  the  mouth 
are  either  white,  sodden,  pulTy,  and  blistered,  or  tlie 
mouth  may  escape  and  show  little  or  nothing  of  the  hurt. 
In  this  latter  event  the  glottis  may  be  scalded,  when  tlie 
ed.ges  of  the  epiglottis  will  be  scorched  and  the  larynx 
also  involved. 

Treatment  is  the  same  as  that  for  burns  in  otlier  parts 
of  the  body;  (1)  conaiitntioual .  to  combat  shock  and  to 
keep  up  the  patient's  strength ;  and  (2)  locnl.  in  the  form 
of  mild  antiseptic  immtli  waslies  and  cool  mucilaginous 
drinks.  For  a>dema  of  the  glottis  tracheotomy  may  be 
required.  There  maj-  be  cicatricial  contractions  resulting 
in  great  deformity,  and,  for  the  relief  of  this  deformity, 
extensive  plastic  operations  are  often  performed. 

22.  Errors  op  Development. — The  chief  of  these  are 
harelip  and  cleft  palate,  both  of  which  are  considered  in 
other  parts  of  the  Reference  Handbook.  Among 
the  other  defects,  of  whicli  mention  may  be  made  here, 
are  the  following : 

Asloim'a,  orabsence  of  the  mouth ;  this,  of  course,  is  in- 
compatible with  life. 

Atrcnid  oris  differs  from  the  above  in  tliat  tliere  is  a 
buccal  cavity,  but  no  external  opening.  This  defect  is 
generally  combined  with  other  errors  of  development. 
The  line  of  the  closure  is  more  or  less  apparent,  and  the 
membrane  may  lie  thin  or  tough  and  den.sc.  As  in  simi- 
lar conditions  elsewhere  incision  is  required,  but  care 
must  be  talsen  lest  the  freshened  edges  grow  together 
again. 

Micrnstomiii,  or  congenitallj'  small  mouth,  is  a  milder 
form  of  atresia  oris,  and  is  due  to  the  fact  that  the  parts 
tliat  form  the  lijis  have  fused  to  a  greater  extent  than 
normal,  thus  causing  stenosis  of  the  buccal  orifice.  Tlie 
moutli  may  be  so  small  that  the  infant  cannot  nurse.  In 
such  a  case  it  must  be  enlarged  sulticiently  and  the  mu- 
cous and  cutaneous  borders  stitched  together. 

Macrvslomia,  or   congeuitally  large    mouth,   is   gene- 
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rally  unilateral,  and  is  said  to  occur  more  frequently  in 
females.  It  is  found  in  connection  with  otiicr  develop- 
mental errors,  and  is  usually  due  to  the  non-union  of  the 
mandibular  and  ma.xillary  processes,  or  to  the  persistence 
of  the  lachrymal  fissure.  The  treatment  consists  in  par- 
im;'  and  uniting  the  edges  of  the  cleft  sutliciently  to  re- 
duce tlie  mouth  to  normal  dimensions. 

S.  J.  E.  Scott. 

in  preparing  this  article  use  lias  been  made  of  the  following :  The 
former  edition  of  the  Referexce  H.ixnBooK;  Ziemssen's 
"Cyclopaedia";  Reynolds' "System  nf  Medicine";  Pepper's  " Sys- 
tem of  Medicine";  AlUmtt's  "System  "f  .Medicine";  Keating's 
'"  Cyclopasdia  of  the  Diseases  of  Cliildien  "  ;  TUompson's  "  Practical 
Medicine." 

MULTIPLE  (CEREBRO-SPINAL)  SCLEROSIS.— (Syu 

onyiiis:  Disseminated  stli-rosis;  Insular  sclerosis. ) 

Definition. — This  disease  may  present  manifold 
symptoms,  the  most  common  of  which  are  paresis,  with 
muscular  rigidity  and  exaggerated  tendon  reflexes  as  in 
silastic  paralysis,  tremor  brought  on  by  voluntary  move- 
ments, nystagmus,  scanning  speech,  amblyopia,  apoplec- 
tiform attacks,  and  impaired  intellect.  The  anatomical 
basis  of  the  disea.se  consists  of  disseminated  patches  of 
sclerosed  tissue  in  various  parts  of  the  central  and  per- 
ipheral nervous  systems. 

Etiology. — An  Jiereditary  influence  has  been  traced  in 
a  few  instances.  Charcot  states  that  tlio  disease  occurs 
most  frequently  in  females,  but  a  number  of  other  ob- 
servers do  not  concur  with  him  in  this  view.  It  occurs 
most  frequently  between  the  ages  of  tifleen  and  thirty ; 
occasionally  in  young  children ;  rarely,  if  at  all,  after 
forty. 

Traumatic  influences,  such  as  blows  on  the  head,  con- 
cussion of  the  whole  bodj',  exposnie,  hardship,  over- 
work, and  profound  emotional  disturlmnce,  may  all  be 
mentioned  as  occasional  exciting  causes.  In  a  number 
of  instances  the  disease  developed  after  the  existence  of 
an  acute  disease,  typhoid  fever,  variola,  etc. 

Symptoms.  —The  area  of  diseased  tissue  may  be  located 
in  any  part  of  the  nervous  system  and  there  may  be  quite 
a  number  of  affected  areas.  Furthermore,  the  disease 
may  be  of  various  degrees  of  severity,  and  the  syiuptoms. 
which  are  but  the  expression  of  the  locality  and  intensity 
of  the  disease,  may  make  the  most  varied  clinical  picl  nies. 
There  may  be  an  entire  absence  of  symptoms  of  di.scase 
of  the  nervous  system,  although  nodules  of  sclerosed 
nerve  tissue  are  found  post  mortem ;  or  the  disease  may 
simulate  various  dilferent  organic  or  functional  nervous 
diseases.  But,  nevertheless,  the  sclerosis  seems  to  have 
a  predilection  for  certain  parts  of  the  nervous  .sy.stem, 
and  we  find,  accordingly,  in  many  cases  similar,  and  al- 
most characteristic,  clinical  manifestations.   . 

A  cerebral  and  a  spinal  foriu  of  multiple  sclerosis  are 
sometimes  spoken  of,  but  usually  lioih  brain  and  cord 
become  involved  in  the  disease,  though  it  may  have  been 
present  in  tlie  one  some  tiiue  before  it  developed  in  the 
other.     Generally  the  spinal  coid  is  first  affected. 

The  disease  usually  begins  ver}'  insidiously  and  is  slow 
in  its  progress;  in  rare  instances  it  has  an  abrupt  begin- 
ning, perhaps  is  ushered  in  by  an  apoplectiform  attack. 
The  earliest  symptoms  may  be  of  cerebral  origin,  such 
as  headache,  vertigo,  ataxic  gait,  and  slight  psychic  dis- 
turbances ;  or  there  may  be  a  slight  tremor  in  oiie  or  lioth 
hands;  but  more  frequently  the  symptoms  are  those  of 
spastic  paralj'sis. 

At  first  there  is  weakness  of  one  leg,  then  of  both,  at- 
tended by  soiue  difficulty  in  walking.  Gradually,  with 
increasing  paresis  of  the  limbs,  there  appear  muscular 
rigidity,  especially  brought  on  by  active  or  passive  move- 
ments, exaggerated  tendon  reflexes,  spastic  gait,  and, 
finally,  rigid  contractures  of  the  limbs.  The  paresis, 
and,  to  a  less  extent,  the  muscular  rigidity,  etc.,  at  a  later 
period  affect  the  upper  extremities,  and  to  these  is  sub- 
sequently added  another  motor  symptom— one  of  the 
most  prominent  and  characteristic  of  this  disease — the 
so-called  intention  tremor,  . a. f,,  tremor  during  the  per- 
formance  of  a  voluntary  act.     Before   it   is  otherwise 


noticeable,  it  may  be  observed  in  the  handwriting  or 
other  delicate  movements  of  the  fingers,  especially  if  the 
act  is  slowly  performed.  Tlie  writing,  if  carefully  ob- 
served, will  be  seen  to  be  full  of  small  mdeutatious  which 
occur  with  great  regularity,  indicating  that  the  tremor  is 
rhythmical.  When  the  tremor  is  well  marked  any  vol- 
untar}-  movement  will  cause  it  to  appear,  and  it  may  be 
seen  to  some  extent  during  rest.  A  common  method  of 
eliciting  the  symptom  is  (o"ask  the  patient  to  put  a  glass 
of  water  to  his  lips.  The  tremor  increases  and  the  oscil- 
lations of  the  hand  are  greater  as  the  latter  approaches 
the  mouth.  The  trembling  may  become  so  violent  that 
all  the  water  is  thrown  out  of  the  glass.  When  the  pa- 
tient is  sitting  quietly  either  there  is  no  tremor,  or  slight 
movements  of  the  head  and  trunk  may  be  observed.  If 
he  now  perform  a  voluntary  act,  as  lifting  an  arm,  the 
tremor  in  the  head  and  trunk  increases  at  the  same  time 
that  theie  is  tremor  of  the  acting  member.  When  he  at- 
tempts to  walk  there  may  be  such  violent  tremor  of  the 
limbs  and  trunk  as  to  make  walking,  or  even  standing, 
aliuost  impossible.  On  the  other  hand,  when  the  patient 
lies  down  and  every  part  is  well  supported  no  tremor 
appears.  None  is  observed  during  sleep.  It  is  increased 
by  emotional  excitement. 

All.  the  voluntary  muscles  may  be  thus  affected,  the 
head  as  well  as  the  trunk  and  limbs.  Trinnor  in  the  face 
is  less  commonly  seen,  though  there  may  be  irregular 
movements,  choreic  in  chai'acter. 

The  distinctive  features  of  the  tremor  are  that  it  is 
rhythmical,  and  that  it  occurs  only  witli  miLscular  efforts. 
A  very  few  cases  have  been  rejjorted  in  which  it  con- 
tinued even  in  rest,  but  such  cases  are  exceedingly  rare. 
The  tremor  is  not  found  in  all  cases.  It  probably 
depends  on  the  locality  of  the  disease.  It  also  disappears' 
in  any  part  when  the  "latter  has  become  completely  para- 
lyzed. 

The  tremor  can  usually  be  easily  distinguished  from 
that  of  other  diseases.  In  paralysis  agitans,  in  the  be- 
ginning (and  it  is  only  then  that  the  two  diseases  could 
easily  be  confounded),  only  a  few  fingers  are  aft'ected, 
and  the  oscillations  are  fine  "and  very  rapid.  At  tlie  same 
time  the  tremor  has  somewhat  the  character  of  coordi- 
nated movements.  Thus  the  movement  of  the  thumb 
upon  the  fingers  has  been  likened  to  that  of  counting 
money,  rolling  pills,  etc.  The  tremor  of  multiple  scle- 
rosis is  large  and  coarse,  with  no  appearance  of  coordi- 
nated action.  In  paralysis  agitans,  furthermore,  the 
tremor  is,  to  some  extent,  controlled  by  voluntary  move- 
ment, and  increases  with  rest,  and  the'liead  is  very  rare- 
ly atfected.  When  the  tremor  is  violent  it  maj'  have  the 
appearance  of  the  movements  of  chorea.  But  the  latter 
occur  during  repose  as  well  as  during  volitional  acts, 
and  they  cause  an  intended  movement  to  be  made  very 
irregularly;  on  the  other  hand,  in  multiple  sclerosis  the 
general  direction  of  any  movement  is  maintained,  but  the 
line  of  movement  is  an  undulating  one,  the  undulations 
playing  equally  up  and  down  along  the  central  line  of 
direction. 

The  next  two  symptoms  seem  to  be  similar  in  character 
to  the  tremor.  The  first  is  nystagmus,  a  very  common 
symptom,  and  of  value  in  diagnosis.  When  not  other- 
wise noticeable,  it  may  be  made  manifest  by  movements 
of  the  eyes,  strong  convergence,  or  forced  movements  in 
some  direction.  The  other  symptom  is  scanning  speech. 
Other  changes  of  speech  are  .sometimes  present,  but  this 
is  the  most  common  and  most  characteristic,  and,  there- 
fore, of  high  diagnostic  value.  The  speech  is  slow  and 
dragging,  each  syllable  being  pronounced  se)iarately  as 
in  the  .slow  scanning  of  verse,  and,  therefore,  termed 
scanning  speech.  If  the  patient  attempts  to  speak  more 
ra]iidh',  his  words  are  likely  to  be  so  jumbled  together 
as  not  to  be  at  all  understood.  The  voice  is  monotonous 
to  the  highest  degree.  There  is  often  tremor  of  the  lips 
at  the  same  time,  and,  on  laryngoscopic  examination, 
there  has  been  found  to  be  diminished  tension  of  the  vocal 
cords. 

Other  ocular  S}'mptoms  besides  nystagmus  are  fre- 
quently found.     Double  vision,  due  to  paralysis  of  some 
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of  the  external  muscles  of  the  eye,  occurs,  just  as  in 
locomotor  ataxia,  either  as  a  transient  symptom  at  an 
early  period  of  the  disease,  or  as  a  permanent  condition 
at  a  later  stage.  Amblyopia  is  also  a  common  symptom. 
Generally  there  is  only  impaired  vision,  not  complete 
blindness.  The  ophtlialmoscoiic  reveals,  in  these  cases, 
a  discoloration  of  the  discs,  due  to  a  degree  of  atrophy  of 
the  optic  nerves. 

Headache  and  vertigo  are  often  present,  hoth  in  the 
early  and  in  the  later  stages  of  the  disease.  The  vertigo 
often  occurs  in  paroxysms.  Occasionally  it  is  due  to  the 
double  vision,  but  more  frequently  it  is  quite  indepen- 
dent of  the  lattrr  eondilion. 

The  mental  .symptoms  often  play  an  important  role. 
Sight  i)sychic  symptoms  may  be  manifested  in  the  be- 
giimiug  of  the  disease  if  the  latter  first  affects  the 
brain,  but  the  graver  symptoms  are,  usually,  late  mani- 
festations. Change  in  dis|iosition,  irritabilit}',  loss  of 
sell-control,  a  tendency  to  laugliing  and  crying,  are  com- 
mon conditions.  A  certain  impairment  of  intellect — 
weakened  memorj',  a  degree  of  apathy,  etc. — is  also  not 
uncommon.  But  a  high  degree  of  dementia  is  rare.  It 
is  likely  to  occur  only  when  the  disease  begins  at  an  early 
age  and  there  is  arrested  development  of  the  brain,  or 
wlien  the  pathological  process  is  very  acute.  Different 
forms  of  insanity  are  sometimes  observed,  most  frequent- 
ly melancholia,  occasionally  delusional  insanity. 

Apoplectiform  seizures,  like  those  seen  in  general  pa- 
ralysis, are  important  symptoms.  They  occur,  according 
to  Charcot,  in  one-fifth  of  all  cases.  After  slight  pro- 
dromal symptoms,  headaches,  etc.,  coma  develops  within 
a  few  hours,  the  temperature  lapidly  rises,  often  reaching 
104'  or  105'  F. ,  and  at  the  same  time  the  face  is  flushed 
and  the  pulse  rapid.  Hemiplegia,  with  flaccidity  of  the 
paralyzed  muscles,  is  soon  observed.  Within  a  day  or 
two  consciousness  returns,  the  temperature  falls,  and, 
within  a  comparatively  brief  period,  the  paralysis  disap- 
pears. Such  attacks  may  occiu-  every  few  months,  or 
very  rarely.  They  usually  leave  the  patient  in  a  perma- 
nently worse  condition,  thus  marking  the  progress  of  the 
disease.  Sometimes  the  patient  dies  in  the  attack. 
These  seizures  are  very  much  like  those  of  apoplexy,  but 
post-mortem  examinations  reveal  no  anatomical  basis  for 
them. 

In  the  fore.going  have  been  given  the  most  common 
.symptomsof  multiple  sclerosis,  thosefouud  in  the  major- 
ity of  cases.  But,  on  account  of  the  distribution  of  the 
diseased  areas,  various  other  symptoms  may  be  mani- 
fested. Thus  the  disease  may  attack  the  posterior  col- 
umns of  the  cord,  and  ataxia,  pain,  aua?sthesia,  para's- 
thesia,  etc.,  will  be  piesent;  or  it  may  involve  the  gray 
matter,  when  atrophy  and  paralysis  of  muscles  will 
ensue.  Or  the  di.sease  may  involve  the  whole  thickness 
of  the  cord  and  produce  the  symptoms  of  transverse 
myelitis.  When  the  posterior  as  well  as  the  antero-lat- 
eral  columns  are  affected,  many  of  the  appearances  of 
spastic  paralysis  are  likely  to  be  absent,  especially  the 
exaggerated  tendon  reflexes.  Symptoms  referable  to  the 
bladder  and  to  the  rectal  and  genital  functions  are  also 
likely  to  appear.  If  the  disease  involve  the  nuclei  of  the 
facial,  hypoglossal,  and  pueumogastric  nerves,  the  ordi- 
nary .symptoms  of  labio-glosso-laryngeal  paralysis  will 
be  manifested,  and  vai'ious  local  cerebral  sj'mptoms  may 
appear,  according  to  the  location  of  the  foci  of  disease. 

The  course  of  the  di.scase  is  a  very  chronic  one.  Char- 
cot has  divided  it  into  three  stages — a  division  applicable 
to  those  cases  which  present  the  common  clinical  picture. 

The  first  stage  is  from  the  beginning  of  the  disease  to 
the  period  of  complete  disability  from  paralysis  and  con- 
tractures of  the  limbs.  This  stage  may  last  for  finm  two 
to  six  years  or  longer.  The  symptoms  are  very  slow  in 
their  progress.  They  begin  as  spinal  or  cerebral,  but 
both  sets  of  symptoms  appear  before  this  stage  is  termi- 
nated. There  is  often  an  arrest  of  the  symptoms,  or  even 
improvement,  which  indefinitely  prolongs  this  stage,  and 
may  give  rise  to  delusive  hopes  of  complete  restoration 
to  health. 

The  second  stage,  that  of  the  fully  developed  disease. 


may  last  also  for  from  two  to  six  years.  There  seems  to 
be  little  change  in  the  patient  during  this  period,  and, 
thougli  entirely  helpless,  he  seems  not  to  suffer  in  geu- 
ei'al  health. 

The  third  stage  is  that  of  decline.  The  general  health 
is  affected,  there  are  loss  of  appetite,  wasting,  etc.  Cys- 
titis, decubitus,  pyicmia,  etc.,  may  hasten  the  end.  Or 
the  latter  may  be  due  to  an  increase  in  the  bulbar  .symp- 
toms, or  to  an  apoplectiform  attack.  Jlore  frequently 
a  fatal  termination  is  caused  by  an  intercurrent  affection 
— pneumonia,  typhoid  fever,  or,  above  all,  phthisis. 

The  average  length  of  the  disease  is  from  six  to  eight 
years.  In  rare  cases  it  terminates  in  a  j'ear  or  two;  oc- 
casionally it  lasts  twenty  years. 

MoRBtD  Anatomy. — The  pathological  changes  can 
usually  be  seen  by  the  naked  eye.  They  consist  of  nu- 
merous patches  or  nodules  of  sclerosed  tissue  scattered 
throughout  the  nervous  system.  The  nodules  vary  in 
.size  from  merely  nn'croscopical  proportions  to  an  object 
as  large  as  a  chestnut  or, larger;  they  are  rounded  or  ir- 
regular in  shape,  and  may  often  be  seen  on  the  surface  as 
slight  prominences  or  depressions,  but  are  found  in  larger 
number  when  sections  of  the  brain  and  cord  are  made. 
Their  color  is  mostly  of  a  gray  or  reddish-gray ;  they  are 
translucent,  and  have  a  firm,  often  cartilaginous,  consist- 
ence. Slany  of  the  nodules  are  of  the  same  color  as  the 
surrounding  tissue,  and  are  only  distingiiishcd  by  their 
consistence.  In  rare  instances  a  few  may  be  softer  than 
the  normal  tissue,  probably  indicating  recent  disease; 
most  of  the  nodules,  on  the  other  hand,  are  firmer  than 
the  normal  tissue,  doubtless  being  of  very  old  standing, 
for  such  cases  come  to  the  post-mortem  table  only  after 
the  disease  has  existed  a  longtime.  The  nodules  seem  to 
be  quite  distinctly  circumscribed,  but  the  micro.scope  re- 
veals the  fact  that  they  merge  imperceptibly  into  the 
healthy  ti.ssue.  They  are  also  quite  distinct,  as  a  rule, 
though  occasionallj'  they  blend  into  one  another.  In 
rare  instances  there  has  been  found,  in  both  the  brain 
and  the  spinal  cord,  a  diffuse  sclerosis  which,  to  some  ex- 
tent, has  united  the  scattered  nodules.  On  the  other 
hand,  secoudarj'  degeneration  seems  rarely,  if  at  all.  to 
develop  from  the  disseminated  disease. 

The  number  of  nodules  found  in  a  single  instance  may 
be  very  small,  or  may  run  into  hundreds.  Their  distri- 
bution in  the  cord  is  very  irregular.  In  some  sections 
they  may  be  found  in  the  anterior,  in  others  in  the  pos- 
terior, columns;  in  still  others  in  the  gray  matter,  or  they 
may  involve  all  these  parts  in  the  same  section.  Usually 
a  large  number  of  nodules  are  found  in  the  medulla, 
pons,  and  crura  cerebri.  It  is  very  rare  that  these  parts 
are  found  free  from  disease.  In  the  hemispheres  the 
walls  of  the  ventricles,  corpus  callosum,  and  centrum 
ovale  are  favored  seats  of  the  disease.  In  the  latter  two 
localities  the  nodules  are  often  quite  large.  Usually 
nodules  are  also  found  in  the  large  ganglia,  while  the 
cortex  generality  escapes.  But  few  nodules  are,  as  a 
rule,  found  in  the  cerebellum,  and  these  in  tlie  central 
white  matter.  Similar  nodules  may  be  found  in  the 
nerves,  most  frequently  in  the  optic  nerves,  but  occasion- 
ally in  the  hypoglossal,  the  nerves  of  the  C3'e,  and  the 
roots  of  the  sjiinal  nerves. 

The  microsco|iical  ajipearauces  are  those  of  interstitial 
myelitis.  The  nodules  are  mostl_v  new  connec^tive  tissue 
composed  of  very  fine  wavy  tibrilla;.  But  in  this  new 
tissue  the  axis  ej'linders  of  the  nerve  fibres  can  usually 
be  found  in  large  numbers,  thougii  their  medullary 
sheaths  have  disappeared.  This  is  especially  true  of  the 
nodules  in  the  spinal  cord. 

At  one  of  the  meetings  of  the  Society  of  German  Natu- 
ralists and  Physicians,  Adamkiewicz  expressed  the  opin- 
ion that  the  disease  is  not  interstitial,  but  develops 
primarily  in  the  nervous  tissue,  beginning  in  the  medul- 
larj'  sheaths  of  the  nerves.  He  bases  his  opinion  upon 
results  obtained  by  a  new  method  of  staining  the  nervous 
tissue.  His  view  is  altogether  at  variance  with  that 
formerly  held,  anil  may  be  looked  upon  with  doubt,  at 
least  until  further  corroboration  is  forthcoming. 

MoKBiD   PiiYsiOf.ooy. — Many   of    the    .sj'mptoms  are 
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easily  explained  by  tbe  lesions  found:  psjchic  symptoms 
by  disease  of  tbe  bemispberes,  bulbar  symptoms  by  le- 
sions of  tbe  medulla,  muscular  atroiiby  by  lesions  in  tbe 
anterior  cornua,  ana-stbesia  and  ataxia  b_v  disease  of  tbe 
posterior  eolumus,  spastic  paralysis  by  disease  of  tbe  an- 
tero-lateral  columns — in  some  instances  cerebral  lesions 
may  produce  the  same  symptoms, — wbile  amblyopia  and 
some  ctber  symptoms  are  often  due  to  nodules  in  the 
nerves  themselves. 

Tiie  long  retention  of  tbe  axis  cylinders  accounts  for 
the  usual  presence  of  paresis  rather  than  paralj'sis,  for  tbe 
ana-stbesia  being  slight,  for  tbe  amblyopia  rarely  advanc- 
ing to  complete  blindness,  etc.  (In  locomotor  ataxia  there 
are  also  numerous  axis  cylinders  in  tbe  sclerosed  area, 
and  tbe  symptoms  usually  point  to  oulj'  a  partial  loss  of 
function.)  Charcot  attributes  the  tremorto  tbe  same  con- 
dition. He  .supposes  that  the  axis  cylinders  continue  to 
carry  voluntary  impulses,  but,  because  they  are  bared  of 
their  medullar}-  sheaths,  they  carry  them  in  an  irregular, 
jerking  manner,  and  hence  tbe  oscillations  in  the  volun- 
tary movements.  While  this  must  be  considered  a  mere 
theory,  we  can  speak  with  more  positiveness  of  the  loca- 
tion of  the  lesion  as  a  cause  of  the  tremor.  It  seems  to 
be  due  to  nodules  in  the  medulla  and  pons,  or,  at  least,  in 
the  basilar  portions  of  tbe  brain.  In  a  few  cases,  in 
which  the  disease  was  limited  to  the  cord,  no  tremor  was 
observed.  On  the  other  hand,  when  tremor  was  observed 
during  life  nodules  were  always  found  in  the  medulla 
and  pons;  when  it  was  not  observed, these  parts  were  not 
affected  to  any  extent. 

With  a  considerable  degree  of  doubt,  we  may  attribute 
the  nystagmus  to  lesions  in  the  corpora  quadrigemina,  the 
scanning  speech  to  lesions  in  the  medulla,  the  vertigo  to 
lesions  in  the  medulla  or  cerebellum.  A  satisfactory  ex- 
planation of  the  apoplectiform  attacks  has  not  yet  been 
given. 

Di.\GNOSls. — In  some  instances  a  diagnosis  is  made  with 
tbe  greatest  ease,  in  others  it  is  almost  impossible  to  make 
a  diagnosis.  Tbe  most  common  clinical  picture — paresis 
of  tbe  extremities  with  exaggerated  tendon  reflexes,  in- 
tention tremor,  nystagmus,  scanning  speech,  amblyopia, 
etc. — is  so  characteristic  that  it  cannot  be  mistaken.* 
But  some  of  tbe  most  characteristic  symptoms  may  be 
wanting,  and  then  tlie  diagnosis  is  mucii  more  ditbcult. 
In  this  case  the  indications  of  multiplicity  of  lesions  and 
the  ver3'  chronic  course  of  tbe  malady  must  be  the  guides 
to  diagnosis.  When  the  disease  is  limited  to  tbe  spinal 
cord  one  can  scarcely  do  more  than  guess  in  distinguish- 
ing it  from  other  forms  of  myelitis.  In  such  cases  one 
must  be  on  the  lookout  for  cerebral  symptoms.  Optic 
atrophy  is  often  a  valuable  diagnostic  symptom,  not  only 
in  this  instance,  but  in  excluding  hysteria  or  other  func- 
tional diseases  which  may  simulate  multiple  sclerosis. 

When  tbe  sclerosis  affects  only  the  brain  it  may  present 
some  of  the  manifestations  of  brain  tumor.  Here,  too,  tbe 
indications  of  a  multiple  lesion  and  the  very  slow  course 
of  the  disease  may  clear  up  the  diagnosis.  But  there 
is  another  important  distinction,  in  that  brain  tumors 
produce  to  a  large  extent  general  sjinptoms,  those  of  in- 
tracranial pressure,  such  as  severe  headache,  convulsions, 
and  double  optic  neuritis:  while  sclerosis  produces 
merely  local  .symptoms,  those  indicating  the  loss  of 
function  of  tjie  part  affected  li\'  tbe  disease. 

The  tremor  of  alcoliol,  lead,  and  mercurial  poisoning 
might  be  mistaken  for  this  disease,  but  concomitant 
symptoms  and  tbe  history  of  a  cause  will  establish  the 
diagnosis.  Tbe  tremor  of  paralysis  agitans,  with  which 
this  disease  was  formerly  confounded,  is  easil.y  distin- 
guished b}'  the  appearance  of  the  tremor,  its  being  con- 
trolled to  some  extent  by  voluntary  effort  and  increased 
during  rest,  and  its  very  rarely  affecting  the  muscles  of 
the  head  and  neck.     Furthermore,  paralysis  agitans  is 

*  Schuler  reported  a  ca.'^p  of  tumor  of  the  rip:ht  hemisphere,  in  the 
neighborhood  of  thp  ishirn!  nf  Reil,  whioli  produced  the  typical  clini- 
cal picture  of  miiltiiile  sc  ii-rosi.s,  and  Westphal  reported  two  cases 
with  similar  histories,  in  wtiich  no  patholo^cal  changes  were  found 
post  mortem.  But  these  are  such  rare  occurrences  as  not  materially 
to  impair  the  diagnostic  value  of  this  clinical  picture. 


rarely  found  in  persons  under  forty  years  of  age,  while 
multiple  sclerosis  rarely  occurs  after  thirty,  and,  apart 
from  the  tremor,  the  symptoms  of  the  two  diseases  are 
qtiite  different. 

Prognosis. — Charcot  believes  that  the  disease  may 
sometimes  be  cured,  but  tbe  opposite  view  is  geneially 
entertained,  though  its  arrest  and  even  impi'ovement 
for  a  number  of  years  have  been  observed.  It  usually 
luns  a  ver}'  protracted  course.  When  at  its  inception  it 
manifests  itself  in  various  parts  of  the  nervous  system 
at  the  same  time,  it  is  likely  to  run  a  more  rapid  course. 
Tbe  occurrence  of  apoplectiform  .seizures,  cystitis,  bulbar 
symptoms,  etc.,  indicates  the  approach  of  a  fatal  termi- 
nation. 

Tre.^tment. — The  same  treatment  is  applicable  as  in 
other  forms  of  chronic  nT\'elitis.  (See  Sfiital-  Cm-i!  Dimnses 
inVol.  Vll.)  ■  Philip  Zenner. 

NERVI. — The  town  of  Nervi  stands  upon  a  narrow, 
shelf-like  plateau  which  intervenes  between  the  base  of 
an  outlying  spur  or  side  range  of  the  Ajrennines  and  the 
shore  of  the  Mediterranean  Sea,  at  a  point  some  six  miles 
distant  from  Genoa,  in  a  southeasterly  direction.  The 
general  trend  of  the  coast  line  along  what  is  known  as 
tlie  Riviera di  Levante,  or  Eastern  Riviera,  between  Genoa 
and  Spezia,  is  from  northwest  to  southeast;  but,  as  in 
the  case  of  the  Western  Riviera,  tbe  regularity  of  the  line 
is  frequently  interru])ted  by  the  occuri'euce  of  bays, 
which  are  guarded  bj'  rocky  headlanils,  jutting  into  the 
sea  from  the  main  chain  of  the  Apennines,  just  as  similar 
headlands  along  the  Western  Riviera  reach  down  to  the 
sea  from  the  Maritime  Alps.  The  scenery  along  this 
coast  is  consequently  very  similar  to  that  of  tbe  Western 
Riviera,  and,  as  tbe  writer  can  testify  from  personal  ex- 
perience, it  is  exceedingly  picturesque  and  beautiful. 
The  width  of  tbe  little  plateau  upon  which  Nervi  is 
built  does  not  exceed  a  quarter  of  a  mile;  ils  elevation 
above  sea-level  is  very  inconsiderable,  and  probably 
does  not  exceed  one  hundred  feet.  The  shore  line  at 
Nervi  runs  nearly  due  east  and  west;  the  spur  or  side 
chain  of  the  Apennines  already  mentioned,  consisting  of 
'three  separate  mountain  peaks,  extends  parallel  with  the 
shore,  immediately  back  of  the  town.  The  most  wes- 
terly and  terniinal  peak  of  this  side  range  is  only  about 
seven  hundred  or  eight  hundred  feet  high,  and  it  is  cov- 
ered to  its  top  with  a  growth  of  olive  ti'ees;  the  other 
two  peaks  are  much  higher  (about  twenty-five  hundred 
feet),  and  their  summits  consist  of  bare  rock. 

The  town  of  Nervi  has  a  population  of  a  little  over 
three  thousand,  and  it  is  built,  in  the  straggling  fashion 
so  familiar  to  ti'avellcrs  who  have  visited  the  Italian 
coasts,  along  the  old  Genoa  and  Spezia  post  road.  At 
this  point  tbe  road  does  not  skirt  the  shore,  but  bugs  the 
base  of  the  bills,  so  that  the  town  stands  close  under  the 
shelter  of  their  steep  slope,  and  is  effectually  protected 
from  northerly  winds.  From  easterly  winds  it  is,  in 
common  with  all  points  along  the  Eastern  Riviera,  pro- 
tected in  great  measure  by  the  main  chain  of  the  Apen- 
nines. The  northeast  wind  is  not  effectually  kept  out, 
but  gains  access  through  gaps  in  the  bills,  and  is  some- 
times strongly  felt  at  Nervi.  "The  northwest  wind," 
says  Dr.  Sparks,  "isalsonot  unknown,  and  Dr.  Thilenius 
says  of  it,  "  The  most  dangerous  wind  and  the  wind 
which  is  always  the  most  violent,  is  the  cold,  cutting, 
dry,  and  bitter  northwest. '  "  The  warm,  damp,  relaxing 
"  scirocco  "  wind,  blowing  from  tbe  southeast,  is  also  of 
frequent  occurrence. 

Tbe  rainfall  at  Nervi  is  heavier  than  along  the  West- 
ern Riviera.  The  average  fall  in  each  of  the  six  colder 
months  of  the  year,  derived  from  seven  yeai'S  of  observa- 
tion, is  quoted  by  Dr.  Sparks  from  Dr.  Thilenius  as  fol- 
lows: November,  6  inches;  December,  4.88 inches;  Janu- 
aiy,  4.78  inches;  February,  3.23  inches;  March,  4.49 
inches;  April,  2.20  inches.  In  tbe  winter  of  1876-77  the 
number  of  rainy  days,  including  days  on  which  slight 
sliowers  occurred,  during  tbe  months  of  December,  .Jan- 
uary, February,  and  JIarch,  was48.  At  Mentone,  during 
the  same  period,  27  such  days  occurred  (Sparks).     This 
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season  is  sjtokt'n  of  by  Dr.  Sparks  as  a  comparatively  dry 
one.  The  winter  of  1874-75,  on  tlie  otlier  liand,  ajipears 
to  have  been  at  Nervi  an  o.xceptioually  wet  one,  fur  Dr. 
SparlvS  quotes  Dr.  Thilenius  to  tlie  effect  that  during 
that  season  "it  rained  almost  incessantly  for  three 
months,  day  and  night,  and  the  air  was  so  saturated  with 
raoistui'e  tliat  there  was  scarccl.y  any  diflerence  between 
the  wet- and  dry-bulli  tlierniometers."  In  the  compara- 
tively dry  seasons  of  1875-7(1  and  1876-77  the  mean  rela- 
tive hnmidity,  measured  by  August's  psychrometer,  and 
quoted  by  Dr.  Sparks  front  Dr.  H.  J.  Thomas,  of  Badeu- 
Weiler,  was  as  follows: 


Dec. 

Jau. 

Feb. 

Marcli. 

April. 

187.5-76 

64.0 
75.0 

60.0 
63.3 

64.8 
61.4 

66.7 
68..5 

72.7 

1878-77  

Dr.  Kisch'  gives  the  mean  relative  humidit)'  of  Nervi 
as  62.9  to  66.6  per  cent.  So  far  as  these  figures  go,  they 
appear  to  indicate  greater  dryness  of  the  atmosphere  at 
Nervi  than  exists  at  Mentoue,  yet  Drs.  Weber'  and 
Sparks  '  both  pronounce  the  climate  of  Nervi  to  be  moist- 
er  than  that  of  ^lentoue. 

At  Genoa,  which,  it  will  be  remembered,  is  only  six 
miles  distant,  the  mean  relative  humidity  is  decidedly 
less  than  it  is  at  Jlentone,  and  during  the  prevalence  of 
northerly  winds  it  falls  very  low  indeed,  below  twent}' 
per  cent. ;  occasionally  as  low  as  eight  or  nine  per  cent. 
On  the  other  liand,  when  the  "scirocco"  blows,  the  air 
at  Genoa  becomes  very  moist.  Dr.  Hann,  in  his  "Hand- 
buchder  Klimatologie,"  gives  the  mean  relative  humidity 
of  Genoa,  for  the  live  months  November  to  March,  as 
fifty-seven  per  cent.  Now  the  free  exposure  of  Nervi  to 
the  moisture-laden  southerly  winds  and  its  shelter  against 
the  cold,  drying,  northerl)'  winds  characteristic  of  the 
Genoa  climate,  would  no  doubt  combine  to  effect  a  great 
modification  of  the  mean  of  humidity  at  the  former  place 
when  compared  with  that  of  the  latter;  a  modification, 
namely,  in  the  direction  of  a  higher  percentage  of  satu- 
ration. Yet,  taking  into  account  the  close  proximity  of 
Nervi  to  Genoa,  and  the  relative  humidity  jigiiri'S  for' 
Nervi  given  in  Dr.  Sparks'  book,  it  seems  not  impos- 
sible that  tliis  writer  and  Dr.  AVeher,  in  pronouncing  the 
Nervi  winter  climate  nioister  than  that  of  Mentone,  have 
confounded  the  two  factors  of  rainfall  and  humidity. 
The'  rainfall  of  Genoa  is  far  greater  than  it  is  along  the 
Western  Riviera;  the  mean  relative  humidity  is,  on  the 
other  liand,  very  considerably  less :  and  no  better  exam- 
ple than  this  feature  of  the  Genoa  climate  can  be  adduced 
in  support  of  what  has  already  been  said  in  the  article  on 
Climitte  (first  edition),  viz.,  that  "The  liumidity  of  the  at- 
mosphere can  by  no  means  be  measured  by  the  amount  of 
the  rainfall."  Probably  the  variations  in  the  atmospheric 
humidity  at  Nervi  are  much  greater  in  amount  and  more 
frequent  in  occurrence  than  the}'  are  at  Mentone.  "  In 
spite  of  its  raininess,"  .says  Dr.  Sparks,  "the  soil  of  Nervi 
— clay  slate — is  favorable  to  its  rapid  drying." 

As  to  the  winter  temperature  of  Nervi,  it  appears  to  be 
about  the  same  as  that  of  Mentone.  Dr.  Kisch  ^  tells  us 
that  the  temperature  of  the  two  places  is  similar  in  re- 
spect toils  mean  and  to  its  variations.  The  observations 
of  General  Brocchi,  during  the  years  1849-64,  give  tlie 
mean  temperatures  of  November  and  December  for  tliir- 
teen  years,  and  tiiose  of  January,  February,  March,  and 
April  for  fourteen  years;  they  are  quoted  by  Dr.  Spaiks  ' 
as  follows:  November,  55.31°;  December,  47.84°;  Jan- 
uary, 46.36°;  February,  47.8°;  March,  49°;  April,  58.1°. 

The  absolute  reliability  of  these  figures  is  not  vouched 
for  by  Dr.  Sparks,  as  he  explains  that  he  "knows  noth- 
ing of  the  arrangement  of  the  instruments  or  hours  of 
reading." 

The  following  table,  sliowing  a  comparison  of  the 
Nervi  and  Mentone  temperatures  for  a  .single  winter,  is 
quoted  frcnn  Dr.  Sparks'  book,  its  figures  being  derived 
from  ealculatiiiDs  by  Dr.  Sparks,  based  upon  observations 
published  by  Heir  Schulze,  in  his  work  on  the  health  re- 
sortSK)f  the  Riviera,  and  of  Middle  and  Lower  Italy. ■• 


Tkmpkh.vturks  at  Nkrvi  and  at  Me.ntoxe,  Winter  of  1874-75. 
(Sparks.) 


Nov. 

Dec. 

Jan. 

Feb. 

March. 

Mean  temperature  at  8  a.m. 

56,0 
54.0 

.59.5 
59.3 

70.5 
70.5 

44.0 
46.0 

52.0 

48.2 

56.5 
53.6 

.56.0 
64.0 

41.0 
42.0 

51.0 
50.5 

58.0 
56.0 

66.0 
64.0 

44.0 
48.0 

44.0 
44.5 

50.3 
59.0 

61.0 
55.0 

36.0 
36.0 

49  0 

Mean  temperature  at  2  p.m. 

Nervi 

Mputone 

55.4 
57  5 

Maxiirium  temperature. 

64.0 
66  0 

Minimum  tempei'ature. 

44  0 

48  0 

The  following  data  for  mean  temperature  at  8  I'.ji.  and 
for  absolute  minimum  temperature  at  Nervi,  during  the 
mouths  of  December,  1876,  and  January,  February,  and 
^Mareh,  1877,  are  quoted  by  Dr.  S])arksfrom  an  article  by 
Dr.  H.  J.  Thomas  in  the  Berliner  klinische  Woche.nschrifi. 
The  figures  for  the  mean  temperature  are  as  follows; 
December,  51.5";  January,  49.3°;  February,  47.2°; 
March,  47.4°  F.  The  minimum  temperature  observed 
was  35.2°  on  JIarch  2d,  1877.  It  is  worthy  of  note,  in 
connection  with  this  last-quoted  figure,  that  a  minimum 
temperature  of  25.5°  was  recorded  in  the  "  West  Baj'  "  of 
Mentoneduriug  this  same  moutli.  Moreover,  if  one  may 
judge  from  a  table  of  monthly  highest  and  lowest  tem- 
peratures at  Mentone  which  is  given  by  Dr.  Sparks  in 
his  account  of  that  place,  it  woidd  appear  that  this  winter 
season  of  1876-77  was  not  an  unusually  warm  one  on  the 
Western  Riviera,  and  that  Marcli,  1877,  was  exceptionally 
cold  ;  and  it  is  reasonable  to  infer  that  sucli  was  also  the 
case  along  the  Eastern  Riviera.  If  sucli  was  the  case,  and 
if  Dr.  Thomas'  observations  were  made  under  like  con- 
ditions with  those  of  Messrs.  Freeman  and  Andrews  at 
Mentone,  the  greater  mildness,  or,  at  least,  the  greater 
equability  of  the  Nervi  as  compared  with  the  Mentone 
climate  would  be  illustrated,  although  not  accurately 
measured,  by  these  two  figures  alone. 

On  tlie  other  hand.  Dr.  Thomas'  8  p.m.  figures,  when 
compared  witli  the  daily  mean  figures  of  Dr.  Brocchi. 
already  quoted,  show  a  decided  discrepancy  between  the 
two  sets  of  observations,  especially  if  we  assume,  on  the 
authority  of  the  Mentone  figures,  that  at  Nervi  the  win- 
ter of  1876-77  was  no  warmer  tlian  the  average. 

It  is  to  be  regretted  that  no  fuller,  more  extended,  and 
more  accurate  observations  respecting  the  various  climatic 
factors  of  tlie  place  have  as  yet  been  made  and  recorded 
at  Nervi.  Nevertlieless.  so  far  as  temperature  is  con- 
cerned, the  climate  is  undoubtedly  a  mild  one,  and  almost 
identical  in  this  respect  with  that  of  the  Western  Riviera. 
As  remarked  by  Dr.  Sparks;  "In  spite  of  the  want  of 
really  scientific  observations  on  the  climate  of  Nervi, 
there  is  no  doubt  of  the  mildness  of  its  climate.  The 
abundant  subtropical  vegetation,  and  the  growth  of 
standard  lemon  trees,  is  a  proof  of  this."  The  following 
quotation  from  an  article  by  Dr.  Edward  Haugliton  (Lon- 
don Lancet,  December  13th,  1884)  is  interesting  as  illus- 
trating the  agency  of  mountain  shelter  in  the  production 
of  Nervi's.mild  winter  temperature.  In  Februarj-,  1884, 
this  gentleman  visited  Genoa,  Pegli,  and  Nervi,  all  on 
the  same  day,  for  the  express  purjjose  of  making  obser- 
vations on  this  point.  "The  result," as  he  tells  us,  "was 
that  tlie  wind,  which  was  bitterly  cold  at  Genoa,  was 
much  milder  at  Pegli,  especially  in  the  valley  behind  the 
town,  while  it  was  perfectly  calm,  and  even  warm  at 
Nervi,  so  long  as  the  headlands  which  protect  the  place 
were  not  rounded  by  the  visitor."  The  same  point  is 
further  exemplified  in  a  striking  manner,  although  on  a 
small  scale,  in  what  Dr.  Sparks  tells  us  concerning  a 
sheltered  coast- walk  at  Nervi  itself;  and  everywhere 
along  tliis  part  of  the  Italian  coast  we  find  that  shelter 
from  cold  wind  and  exposure  to  the  sun  combine  in  vary- 
ing degrees  to  cause  marked  elevation  of  temperature, 
even  "in  the  dead  of  winter."  At  Nervi  the  railway 
runs  between  tlie  town  and  the  sea.     "  Below  the  rail- 
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wa)'.  and  just  before  the  rocky  shore  takes  its  deep 
descent  into  tlie  sea,  a  jiatli  a  few  feet  wide  lias  been  cut 
along  the  edge  of  the  rock  for  tlie  use  of  the  coast 
guardsmen,  and  as  it  accurately  follows  the  indentations 
of  the  coast  line,  and  is  absolutely  protected  from  the 
north  liy  high  garden  walls,  or  by  part  of  the  rocky 
slope,  or  the  railway  embankment,  while  it  gets  all  the 
southern  sun  in  its  full  force,  it  is  naturally  au  excellent 
promenade  for  invalids.  Here  they  can  walk  or  sit,  or, 
if  they  choose,  at  certain  points  descenil  close  to  the  sea, 
and  enjoy  a  temperature  of  64°-68°  F.,  while  in  the  Higii 
Street  of  Xervi  the  thermometer  at  the  same  time  is  n<it 
higher  than  43°  or  44'.  Naturally  great  care  is  necessary 
to  be  provided  with  plenty  of  wraps  to  put  on  when  le- 
turning  from  the  shore  to  the  town." 

Of  amu.semeuts  for  the  invalid  there  appears  to  be  a 
great  dearth  at  Nervi,  and  the  facilities  for  the  making 
of  excursions  in  the  immediate  neighborhood  are  exceed- 
ingly limited.  "The  neighborhood  of  Nervi,"  says  Dr. 
Sparks,  "offers  but  a  limited  field  for  excursions  owing 
to  the  nearness  and  steepness  of  the  high  hills  at  the  back 
of  the  town.  There  is  no  drive  along  the  shore  close  to 
Nervi,  though  further  west  the  road  at  some  places  near- 
ly overhangs  the  sea.  .  .  .  For  amusements  of  all  kinds, 
except  rod-tishing,  Nervi  presents  little  opportunity." 

[There  are  three  tirst-class  hotels  at  Nervi  and  various 
pensions.  A  train  runs  every  quarter  of  an  hour  to  and 
from  Genoa.  "The  mild  but  tonic  climate  of  Nervi  has 
for  some  years  been  attracting  every  season  an  increasing 
number  of  visitors."'  English  phvsicians  are  to  be 
found  at  Nervi.— £.  0.  0.] 

Concerning  the  class  of  invalids  who  should  bo  recom- 
mended or  pernntted  to  pass  a  winter  at  Nervi,  it  is 
impossible  to  decide  with  any  degree  of  ]irecisiou  until  a 
longer  and  more  thorough  series  of  meteorological  ob.ser- 
vations  shall  have  given  us  a  more  accurate  knowledge 
of  the  local  climatic  peculiarities.  For  the  present  it  can 
only  be  said  that  the  general  features  of  the  climate  are 
those  of  the  Italian  Riviera,  and  that  the  local  modifica- 
tions are  such  as  render  the  climate  less  exciting  than  that 
of  the  Western  Riviera  resorts.     Huntington  liichards. 

Rekkre.n-ces. 

'  The  Riviera,  by  Edward  J.  Sparks,  M.A.,  B.M.,  Oxon. 

'  Ziemssen's  Handburh  rtiT  allp.  Therapie  und  Klimatotherapie. 

3  Eulenburff's  ReaI-F.n<-yrli,|i;nli<\  urt.  Nervi. 

*  Die  kliinatisclien  (.'ururb-  \Wv  Itn  it-ra,  Mittel-  und  Unter-Iialiens. 

'  Tbe  Riviera,  liy  C.  1!.  lilack,  V,M. 

NEURENTERIC  CANALS. -It  is  now  known  that  dui-- 
ing  the  very  early  stages  of  the  development  of  many 
vertebrates  thei'e  is  an  open  communication  between  the 
posterior  portion  of  the  medullary  canal  (spinal  cord)  and 
the  entodermic  or  intestinal  canal.  To  this  communica- 
tion the  name  of  neui'enteric  canal  has  been  applied. 
The  original  opening  of  the  archenteron  is  known 
as  the  blastopore  (see  Vol.  II. ,  p.  4).  In  mammals, 
as  in  other  amniota,  it  is  represented  by  the  pos- 
terior opening  to  the  extei'ior  of  the  notochoidal 
canal.  It  has  uoav  been  observed  in  various  ver- 
tebrates that  as  the  neural  ridges  or  medullary 
plates  develop  backward  they  terminate  against 
the  sides  of  the  blastopore,  which  acquires  an  elon- 
gated form.  By  their  further  growth  the  medul- 
lary plates  close  over  across  the  long  blastopore, 
in  such  a  manner  as  to  divide  it  into  an  anterior 
portion  and  a  posterior  portion.  The  posterior  portion 
remains  permanently  open  in  certain  amphibia  and  thus 
gives  rise  to  the  anus,  or  it  may  close  over  (Fig.  5159,  bl., 
and  subsequently  open,  thus  giving  rise  indirectly  to  the 
anus.  The  antei'ior  portion  is  an  opening  enclosed  within 
the  medullary  plate  or  groove,  and  may  remain  open 
until  after  the  groove  has  closed  to  form  a  canal  (Figs. 
51.59,  5160,  ne),  the  true  neurenteric  canal,  which  estab- 
lishes a  direct  communication  between  the  neural  and 
entodermal  tubes.  It  has  been  observed  in  man  (Fig. 
5161,  Neil.  c).  It  might  with  propriety  be  termed  the 
canal  of  Kowalewsky,  from  its  discoverer.     Kowalew- 


sky  first  found  it  in  amphioxus,  and  subsequently  de- 
monstrated its  occurrence  in  various  fish  tj'jies. 

The  canal  lies  in  front  of  the  true  or  secondary  blasto- 
pore and  traverses  the  notochoid.  According  "to  Dur- 
ham,-' it  can 
be  well  seen 
in  longitudi- 
nal sections 
o  f  earl y 
stages  of  the 
frog  (Fi  g . 
51.59)  as  a 
short  canal, 
nc,  opening 
widely  into 
the  entoder- 
mal cavit}'. 
Compare  also  Got- 
te's''"  description  of 
the  neui-enteric  ca- 
nal in  Bombiuator. 
It  was  discovei'ed 
by  Gasser  *  in  goose 
embryos.  Braun^ 
has  shown  that  both 
canals  may  be  pres- 
ent in  various  bird 
embryos  at  a  stage 
when  there  are  six 
or  eight  pairs  of 
myotomes  and  the 
development  of  tlie 
tail  is  just  begin- 
ning, i'he  neuren- 
teric canal  lies  a 
short  distance  in 
front  of  the  blasto- 
poric,  which  is  the 
larger  of  the  two. 
The  two  canals  ap- 
pear in  some  spe- 
cies at  the  same  time,  or  in  other  species  at  slightly 
different  stages.  The  posterior  canal  is  more  often 
obliterated  in  birds  tlitm  the  anterior.  In  the  duck  and 
in  Motacilla  flava  the  canals  are  separated  both  in  the 
times  and  positions  of  their  occurrence ;  in  the  Australian 
paroquet  they  are  both  present  contemporaneously, 
although  the  neurenteric  passage  becomes  open  earli- 
est. Fig.  5160  represents  a  transverse  section,  which 
passes  through  the  neurenteric  canal  of  the  paroquet. 
In  the  common  fowl  the  blastoporic  canal  appears  not 


Fig.  5159,— Longitudinal  Se<'tion  of  a  Froc's 
Ovum  shortly  after  the  Cli).sure  of  the 
Medullary  (;roove.  The  blastoporic  canal, 
hl.^  is  only  partially  cut,  but  was  found 
open  In  neigliliortiiK  si'ctiniis,  (After 
Durham.)  Mil.  Miilullary  canal;  hi.. 
blastopore  :  Vit.,  yi.Ik  fnrmin^r  the  ttoor  of 
the  entodermic  cavity,  Eiit. ;  uc,  neu- 
renteric canal. 


Fig.  5160.— Transverse  Section  of  an  Embryo  Paroquet  (Melopsit- 
tacus)  to  show  the  Anterior  or  True  Neurenteric  Canal.  Ec,  Ec- 
toderm; M]i.  myotome;  Md.,  medullary  canal;  CT.,  uotochord 
pierced  by  the  short  neurenteric  canal,  ne. ;  Ent..  entoderm  ;  mew., 
mesoderm,     (.\fter  Max  Brauu.) 

to  be  open  at  any  period   after   the   formation   of  the 
primitive  streak. 

Aiiotlier  canal,  which  was  first  satisfactorily  described 
by  Brauu, ^  occurs  in  older  embryos.  The"Enddarm" 
of  Gasser  and   KOUiker  becomes  the  "  Schwanzdarm " 
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Fig.  5101.— Hecoiistniction  of  a  Human  Em- 
bryo 1.54  mm.  Long.  Tlie  amnion  has  been 
opened  to  sbow  the  dorsal  surface  of  the 
embryo.  Yk,  Yolk  sac;  Am,  amnion  ;  MuLpl. 
medullary  plate;  /•',  dorsal  furrow;  Ncu.e, 
neurenteric  canal ;  Pr.ijr,  primitive  groove  ; 
B.st,  body  stalk.  ( Af I  er  Count  Spee. )  ( From 
MInot's  ■'  Embryology,"  Blakiston,  Phila., 
1903.) 


(post-anal  gtit,  Balfour')  of  older  embryos,  which  soon 
becomes  divided,  at  least  in  birds,  into  adilated  terminal 
portion  and  a  narrower  neck  communicating  with  the 
intestine  proper.     The  posterior  section  then  subdivides, 

and    its   narrow 
Yk  end    segment 

lengthens  out 
and  unites  with 
the  sjiinal  cord. 
Tills  canal  we 
may  designate  as 
Braun's  canal. 
It  is  not  improb- 
able that  it  is 
b  o  m  o  1  o  g  o  ti  s 
with  the  amnio- 
allantoic  canal 
of  G  a  s  s  e  r  ,  ' 
which  Rauber'* 
has  nicknamed 
the  Cochin  Chi- 
na Ciinal,  after 
the  breed  of 
hens  in  which  it 
seems  most  con- 
stant. In  the 
one  case  we  may 
suppose  the  ca- 
nal to  open  af- 
ter, in  the  other 
before,  the  clos- 
ure of  the  pos- 
terior end  of  the 
m  e  d  u  1  1  a  r  y 
groove.  If  the 
homology  is  cor- 
rect it  may  be 
further  said  that  the  canal  is  identical  with  Kupffer's 
myclo-allantoidean  canal;  it  cannot  be  brought  into  rela- 
tion with  the  development  of  the  allantois,  as  believed 
by  Kupffer,"*  as  the  aliantois  and  Enddarm  are  both 
formed  before  the  canal  appears. 

The  significance  of  the  three  canals  is  obscure.  The 
middle  one  seems  unquestionably'  the  temporarily  open 
secondary  blastopore.  The  first,  or  Ga.sserian  canal,  is 
distinct  from  the  blastojioric,  as  the  two  coe.\ist,  and  it 
seems  desirable  that  this  canal  alone  should  be  called 
neurenteric.  As  to  its  origin  or  significance  nothing  defi- 
nite can  be  said,  but  it  may  be  suggested  that  it  was  the 
excretory  opening  of  the  central  canal  of  the  spinal  cord 
and  tliat  the  cilia  of  the  canal  served  to  expel  the  fiuid 
(compare  Balfour  '.-').  This  may  have  been  the  condilion 
in  the  earliest  vertebrates,  and  the  neurenteric  canal  now 
persists  as  a  rudimentary  organ.  As  to  the  morphologi- 
cal or  physiological  interpretation  of  the  tliird  or  Braun's 
canal  no  satisfactory  suggestion  has  been  made. 

It  seems  not  impossible  that  a  persistent  neurenteric 
canal  may  occur  as  an  excessively  rare  anomaly  in  the 
adult.  Charles  Sedgwick  Mirwt. 

Literature. 

The  literature  of  the  neurenteric  canals  is  all  comparatively  recent, 
and  is,  for  the  most  part,  included  in  essays  dealing  with  other  em- 
bryolof^ical  subjects.  Great  coufusinn  lias  arisen  from  the  failure  to 
distiuLniish  the  several  canals,  'the  reader  will  find  his  way  most 
readily  by  consulting  Orst  the  text-books  of  Balfour,  ^,  ^ ;  second,  the 
article  of  Braun.s  ;  and  third,  Rauber's  note,'^  although  Rauber's 
terminology  is  eccentric  and  perplexing. 

'  Balfour,  F.  M.;  On  the  Early  Pevelopment  of  the  Lacertilia,  etc. 
Quart.  .louni.  Microsc.  Sci.,  xix.  (1S79);  also  in  his  Works,  i.,  p,  614, 
with  I'late  29. 

2  Ualfour:  Comparative  Embryology,  vol.  ii.,  pp.  367-269. 

'  Braun,  M. :  Die  Entwickel'ung  des  Wellenpapageis;  11.  Theil, 
Si'uiper's  Arbeiteu,  v.,  l'ii.v:ill,  Taf.  x.-.\iv.  (a  valuable  but  excessively 
ditluse  article.  The  most  impcirtaut  passages  on  the  neurenteric 
canals  are  on  pp.  296.  3(11,  and  :1US). 

*  Durham,  Herbert  E. :  Note  on  the  Presence  of  a  Neurenteric  Canal 
in  Rana.    Quart,  .lourn.  Micrnsc.  Science,  xxvi.,  .509-510.  Plate  xxvii. 

<•  Foster  and  Balfour:  Fleiiieiitsof  Embryoioiry.  second  iMliiinn.  ls.s:3. 

*■'  Gasser :  Der  I'lUniiiv^ti-cifi-n  bei  \'ogid-Eiiihi>nnru,  Ciissel,  1  79. 

'  Gasser:  Beitriige  zur  Kt-iiiitniss  iler  Vot'clkeimscheibe.  Uis  und 
Brauue's  Archlv,  1H.S2,  :i.59  :!y8. 

'a  GOlte:  Entwickeluiigsgeschichte  der  Unke. 


*  Heape,  Walter :  The  Early  Development  of  the  Mole  (Talpa 
Europa).  The  formation  of  the  geraiinal  layers,  and  early  develop- 
ment of  the  medullary  groove  and  notocliord.  Quart.  Journ.  Microsc. 
Sci.,  xxvi.,  18Si,  412-4.52,  Plate  xxviil.-xxxi. 

»  Hoffmann,  C.  K. :  Die  Bildung  des  Mesoderms,  die  Anlage  der 
Chorda  dorsalis.  u.  die  Entwickelung  des  Canalis  neurentericus  bei 
Vosrcl-Eiiibrvonen,  p.  10!i,  5  Tafeln.  Amsterdam,  ISSl.  (Abstr.  in 
Ibilliiianu  u.  Scliwalbe's  .laliresliHr..  |ss:i.  44x'-444.) 

1"  Kuptler,  C. :  Die  Gastrnlatinn  an  den  meroblastischen  Eiern  der 
Wirbelthiere  nnd  die  IJcdi-uImiL'  drs  Primitivstreifs.  Arch.  Anat. 
u.  Physiol.,  Anat.  Abtli..  Iss:;,  I  :iii,  Tuf.  i.-iv.  Fortsetziing,  139-1.56. 
Taf.  viii.-lx.;  2te  Fiiitsetzung.  \XiS,.  1-40,  Taf.  i.-ii. 

''  Lieberkiihn,  N. :  Ueber  die  Chorda  bei  Siiugethieren.  His  imd 
Braune's  Archlv,  1S82,  399-438,  Taf.  xx.-xxi.  Fonsetzung,  18)13,  435- 
452.  Taf.  xix. 

"  Rauber.  A. :  Noch  ein  Blastoponis.  Zool.  Anzeiger,  vl.,  1883, 143- 
147,  and  163-167  (c/.  his  earlier  papers  on  the  Blastoporic  Canal, 
Zool.  Anzeiger.  11.,  1897,  p.  499,  and  in.,  l.'^SO,  p.  180), 

13  Strahl :  Ueber  Canalis  neurentericus  und  Allantois  bej  Lacerta 
viridls.    His  u.  Braune's  Arch.,  188:3,  32:3-:ilO,  Taf.  xiv. 

PERITONITIS.— (Peritona'itis,  luflammatio  peritonei.) 
The  peritoneum  is  a  thin  membrane  of  connective  ti.ssue 
extremely  rich  in  blood-vessels  and  lymphatics,  and  is 
covered  by  a  single  layer  of  flattened  endothelial  (meso- 
tlielial)  ceils  (often  called  epithelial).  These  cells  are 
chiefly  polygonal,  but  the  cell  outlines  are  often  very 
irregulai',  serrate,  or  wavy.  By  treatment  with  silver 
nitrate  or  by  intra  vitam  staining  with  methylene  blue, 
the  cement  lines  between  the  cells  can  be  made  out;  and 
by  especial  methods  of  technique  the  so-called  intercellu- 
lar protoplasmic  bridges  connecting  tlie  cells  may  be 
demonstrated.  The  connective-tissue  layer  consists  of 
an  interlacing  network  of  fibrous  connective-tissue  bun- 
dles, numerous  elastic  fibres,  and  connective-tissue  cells. 
Through  this  there  runs  a  very  abundant  capillary  and 
lymphatic  network  having  a  free  anastomosis.  The 
majority  of  writers  bold  that  the  lymphatics  communi- 
cate directly  with  the  peritoneal  cavity  by  means  of  small 
openings  between  the  mesothelial  cells,  known  as  stoma- 
ta.  Some  of  these  writers  regard  the  endothelial  lining 
of  the  lymph  spaces  of  the  peritoneal  basement  membrane 
as  continuous  with  the  lining  of  the  peritoneal  cavity. 
This  is  not  the  case,  however,  and  the  mesothelial  ceils 
form  a  probably  unbroken  laj'er  over  both  the  blood 
and  the  lymphatic  vessels,  the  processes  of  absorption 
and  secretion  being  carried  on  through  the  two  laj'ers  of 
cells,  endothelial  and  mesothelial.  The  absorjjtion  capac- 
ity of  the  peritoneal  surface  is  very  great,  being  fully 
equal,  in  the  case  of  experiments  with  certain  poisons,  to 
that  of  direct  intravenous  injections.  Gases,  fluids,  and 
even  morphological  elements  maj'  be  quickl}'  removed 
from  the  peritoneal  cavity.  On  the  other  hand,  the 
secretory  activitj'  of  the  immense  vascular  surface  of  the 
jieritoneum  is  very  great,  and  in  disturbances  of  the  vas- 
cular secretion  an  immense  amount  of  extidate  may  pass 
through  the  peritoneum  into  the  peritoneal  cavity.  The 
endothelial  and  connective-tissue  cells  of  the  basement 
membrane  respond  very  quickly  to  "  irritation  "  of  any 
kind,  and  fibroblastic  activity  is  set  np  more  quickly  in 
the  peritoneum  than  anywhere  else  in  the  body.  The 
course  of  peritoneal  inflammations  is  considerably  modi- 
fied \iy  these  factors. 

The  peritoneum  lines  the  entire  abdominal  cavity,  and 
is  reflected  over  the  organs  contained  within  it.  Over 
the  organs  it  forms  the  .serous  coat  or  capsule  (tinrica 
gerosa).  The  membrane  is  attached  to  the  underlying 
parts  b}'  a  subserous  coat  of  adipose  tissue,  connective- 
tissue  bands  and  elastic  fibres.  Overthe  organs  the  sub- 
serosa  is  but  slightly  developed.  The  anatomical  rela- 
tions of  the  peritoneum  to  the  abdominal  wall,  its 
investiture  of  the  abdominal  organs,  the  intimate  rela- 
tions of  the  peritoneal  cavity  to  the  female  genital  tract, 
etc.,  in  connection  with  its  very  vascular  structure, 
peculiarlj'  predispose  this  membrane  to  the  occurrence  of 
inflammatoi'}'  processes.  Such  a  predisposition  is  shown 
by  the  fact  that  jieritonitis  is  one  of  the  most  common 
and  important  clinical  conditions.  It  is  also  one  of  the 
most  serious.  The  high  mortality  of  acute  general  peri- 
tonitis makes  it  one  of  the  most  dreaded  affections. 
Even  in  these  days  of  aseptic  surgery  when  so  many 
operative  procedures  liave  been  divested  of  their  chief 
dangers,  peritonitis  still  remains  to  the  abdominal  sur- 
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gfdii  aiul  gynecologist,  one  of  tlic  complications  most 
feared  and  most  carefully  to  be  avoided. 

Tiie  occurrence  of  peritonitis  is  not  dependent  upon 
climatic,  seasoual,  or  meteorological  influences.  Females 
are  more  frequentlj'  affected  than  males,  this  fact  Ijeing 
dependent  upon  the  important  role  which  diseases  of  the 
female  genital  tract  play  in  the  causation  of  peritonitis. 
It  is  therefore  seen  more  often  during  the  years  of  se.xual 
activity,  but  may  occur  at  any  age.  It  is  of  not  iufre- 
qneut  occurrence  in  j'oung  children.  The  relation  of 
jieritonitis  as  a  complication  to  many  of  tile  acute  infec- 
tions makes  its  ticcurreuce  to  a  certain  degree  associated 
with  epidemics  of  these  diseases.  Alcohol  is  regarded 
as  a  prcdis]iosing  factor. 

Etiology. — Peritonitis  may  be  jrrinuiry  or  secimdary. 

Primary  peritonitis  is,  if  we  except  the  surgical  form, 
of  much  more  lare  occurrence  than  the  secondary.  It  is 
usually  fniiimiilic,  more  rarely,  idinpatliic,  spontaneous,  or 
rfieiimatic. 

7'riitimatii-  peritonitis  is  most  commonly  due  to  per- 
forating wounds  of  the  abdomen.  Abdominal  injuries 
in  wliich  the  wall  is  not  penetrated  rarely,  if  ever,  direct- 
ly cause  peritonitis.  Nevertheless,  blows,  kicks,  falls, 
etc.,  are  often  adduced  as  causes  of  peritonitis.  The 
more  severe  the  injury,  the  more  likely  is  the  occurrence' 
of  peritonitis.  Hemorrliage  into  the  peritoneal  cavity 
is  usually  followed  by  inflammation  of  the  peritoneimi. 
Likewise,  trauma  may  indirectlj' cause  peritonitis  through 
the  perforation,  laceration,  tearing,  or  bruising  of  tlie 
stomach  or  intestines,  rupture  of  the  gall  bladder,  pan- 
creatic duct,  urinarj'  bladder,  etc.,  these  lesions  permit- 
ting the  entrance  of  micro-organisms  into  the  peritoneal 
cavity.  The  perforation  of  the  a>sophagus  or  stomach  by 
the  careless  passage  of  a  soiuid  or  stomach  tvibe  may  also 
he  a  cau.sal  factor  in  the  production  of  peritonitis. 

Operatire  or  surr/iral  peritonitis  may  be  mentioned  in 
this  connection.  Before  tlie  days  of  antisepsis  and  ase]i- 
sis  a  large  proportion  of  laparotomies  were  fatal  from  the 
peritonitis  following  the  operation.  Even  at  the  present 
day  tlie  chief  anxiety  attending  operations  involving  the 
peritoneal  cavit}'  is  the  po.ssibility  of  peritonitis.  The 
va^t  improvement  in  surgical  technique  has,  however, 
greatly  reduced  the  number  of  cases  of  postoperative 
peritonitis,  and  in  certain  operations  in  which  there  is, 
with  proper  methods,  no  opportunity  for  infection  the 
j)eiitoneal  cavity  is  opened  with  a  certain  degree  of  im- 
)iunity.  The  occurrence  of  surgical  peritonitis  is  depend- 
ent upon  .several  factors:  the  character  of  the  operation 
and  the  possibility  of  infection  during  the  operative  pro- 
cedures, the  amount  of  damage  done  to  the  peritoneal 
tissues,  the  state  of  the  general  resistance  of  the  mem- 
brane to  infection,  etc.  Surgical  perito^iitis  is  due  to  the 
introduction  of  liaeteria  into  the  peritoneal  cavity.  But 
not  all  bacteria  wljicli  gain  an  entranceinto  the  peritoneal 
cavity  set  up  an  inflammation  there.  It  has  been  shown 
experimentally  that  rather  large  quantities  of  bacteria, 
even  of  the  pus  cocci,  may  be  introduced  into  the  peri- 
toneal cavity  of  animals  without  causing  jieritonitis,  the 
bacteria  entirely  disappearing  after  a  short  time.  The 
presence  of  a  tissue  lesion,  even  though  very  slight,  or 
the  simultaneous  introduction  into  the  cavity  of  irritating 
substances,  furnishes  the  conditions  requisite  for  the 
growth  of  the  bacteria  and  for  the  production  of  an  in 
flammation.  The  peritoneum  therefore  when  uninjured 
must  possess  a  certain  protective  jiower  against  bacteria. 
This  resistance  is  found  to  be  lowered  in  the  case  of 
hemorrhage  into  the  cavity,  after  the  removal  of  ascitic 
fluid,  and  in  cases  of  pseudomy.xoma  peritonei.  The 
general  condition  of  tlie  body,  conditions  of  intoxication, 
cachexia,  etc.,  also  play  a  role  of  impfirtance.  Fatal 
peritonitis  may  follow  the  tapping  of  the  abdomen  in 
Hscites,  the  small '  number  of  bacteria  introduced  liy 
means  of  a  septic  trocar  being  sutticient  to  overcome  the 
lessened  resistance.  "When  modern  methods  of  asepsis 
are  properlj'  carried  out  the  dangers  of  surgical  peri- 
tonitis are  relatively  slight  in  all  cases  in  which  the  con- 
tamination of  the  peritoneum  with  septic  material  can 
be  avoided.  Even  when  this  contamination  does  occur, 
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the  modern  procedures  of  thorough  irrigation  have  great- 
ly reduced  the  chances  of  infection. 

The  existence  of  a  pirituiiitis  rlieumaiicd  (refrigiratoria^ 
has  been  denied  by  many  writers.  AVhile  tlie  effects  of 
cold  as  a  factor  in  the  etiology  of  peritonitis  w'ere  former- 
ly greatly  exaggerated,  there  can  be  no  doubt,  from  the 
large  number  of  observations  made  by  reputable  clini- 
cians, that  attacks  of  peritonitis  may  follow  the  sudden 
chilling  of  the  overheated  body,  prolonged  exposure  to 
cold  or  wet,  lying  upon  the  cold  damp  ground,  etc.  The 
effects  of  such  cliilling  of  tlie  bod_y  are  especially  notice- 
able when  the  abdominal  vessels  are  overfilled  with  blood 
Iphi/sioloffiealcouf/cstion).  In  women,  particular!}' in  girls 
at  the  time  of  puberty,  a  wetting  or  chilling  of  the  body 
at  the  menstrual  period  is  not  infrequently  followed  by 
peritonitis.  In  all  of  these  cases  the  effect  of  the  re- 
frigeration is  not  directly  to  excite  the  peritonitis,  but  to 
render  the  membrane  less  resistant  to  infection.  The 
chilling  plays  the  same  role  here  as  in  the  case  of  the 
mucous  membranes.  Diplococci  have  been  demonstrated 
in  the  exudate  of  cases  of  so-called  rheumatic  peritonitis; 
and  it  is  very  probable  that  all  such  cases  are  infections 
following  and  dependent  upon  a  lessened  resistance  of 
the  body. 

Cases  of  idiopntliie  or  sponianeons  peritonitis  have  also 
been  reported  clinically. 

Tlie  autopsy  findings  in  such  cases  show  the  presence 
of  an  infection  proceeding  from  the  female  genital  tract, 
the  appendix,  or  some  other  of  the  abdominal  organs. 
Such  cases  occur  most  fretpiently  in  females  and  in  very 
young  persons.  In  the  former  tlie  infection  is  nearly 
always  secondarj'  to  some  unsuspected  condition  of  the 
internal  genitals.  The  gonococcus  plays  an  important 
role  in  such  cases,  particularly  in  very  young  girls.  It 
has  been  said  that  the  peritonitis  apparenth"  arising 
spontaneously  in  young  girls  is  usually  gonococcal,  a 
gouoiThceal  infection  of  the  genital  passages  existing  at 
the  same  time.  In  young  male  children  cases  of  appar- 
ent spontaneous  peritonitis  are  usually  found  to  be  due 
to  appendicitis.  Further,  spontaneous  cases  of  peri- 
tonitis have  been  found  at  autopsy  to  be  ambulatory 
typhoid,  acute  tuberculosis  of  the  peritoneum,  etc.  On 
the  whole  it  may  be  said  that  the  existence  of  a  true  idio- 
pathic peritonitis,  while  probable,  has  not  yet  been  defi- 
nitely demonstrated.  A  cryptogenic  harnatogenoiis  infec- 
tion "of  the  peritoneum  is  of  course  possible  and  certainly 
occurs  in  tuberculous  peritonitis,  but  has  not  yet  been 
shown  iiositively  to  occur  in  the  case  of  the  pyogenic 
organisms. 

Likewi.se  the  existence  of  a  toxic  peritonitis,  though 
assumed  by  some  writers,  has  not  been  demonstrated. 
The  occurrence  of  so-called  nepliritic  or  unvmic  peritonitis 
seen  in  the  late  stages  of  Bright 's  disease  is  to  be  regarded 
as  of  the  nature  of  a  terminal  infection,  and  similar  to  the 
•pericarditis  and  pleuritis  occurring  in  the  same  disease. 
The  occurrence  of  peritonitis  in  association  with  or  fol- 
lowing various  forms  of  intoxication  is  to  be  explained  in 
the  same  way  as  the  rheumatic — the  lessened  resistance 
of  the  body  tissues  and  the  pathological  alterations  of 
the  body  juices  predispose  to  infection. 

Since  primary  inflammations  of  the  pericardium  and 
pleura  are  of  relatively  more  frecpieut  occurrence,  the 
greater  rarity  of  ]iriniary  peritonitis  may  be  explained  by 
the  assumption  that  the  peritoneum  possesses  a  greater 
resistance  and  protective  power  than  the  other  serous 
membranes.  This  relative  greater  immunity  of  the  peri- 
toneal cavity  has  been  demonstrated  experimentally. 

Secokd.\I!Y  Peritonitis.  — It  should  be  noted  at  this 
point  that  various  writers  upon  the  subject  of  peritonitis 
are  not  agreed  in  their  conceptions  of  primary  and  sec- 
ondary peritonitis.  In  a  very  liroad  sense  the  term 
])riniarj'  may  be  applied  to  those  forms  of  peritonitis 
which  are  not  secondary  to,  or  do  not  occur  in  association 
with,  any  other  acute  or  chronic  disease,  hence  not  metas- 
tatic: aiid,  further,  which  do  not  arise  bj' contiguity  from 
any  of  tlie  organs  or  structures  covered  by  the  perito- 
neum. Terminal  infections  .should  then  be  classed  as 
secondary  rather  than  as  primary.     A  number  of  recent 
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■writers,  notably  Flexuer,  in  retaining  the  old  classiflca- 
tiou  of  primary  and  secondary  ])critonitis,  make  a  much 
narrower  application  of  the  tL'rm ■■iironddri/ as  applyingto 
peritonitis.  Accoriliiig  to  Flexuer,  by  secondary  peri- 
tonitis we  should  understand  tliose  conditions  wliich  fol- 
low operations  upon  the  peritoneum  or  the  contiguous 
viscera,  and  those  in  wliich  the  abdominal  cavity  becomes 
intiaraeil  through  the  msdiatiou  of  disease-contained  vis- 
cera. By  priniiiry  peritonitis  .should  be  understood  an 
inflammation,  usually  diffuse,  of  the  serous  cavit3%  oc- 
curring without  the  mediation  of  any  of  the  contained 
organs  and  independently  of  any  surgical  operation  upon 
these  parts.  Such  a  primary  peritonitis  may  arise  as  an 
independent  affection  or  develop  in  the  course  of  infec- 
tious diseases  in  distant  parts  of  the  body.  The  micro- 
organisms causing  the  intlanimation  may  be  brought  by 
the  blood  or  lymph  current  or  may  pass  through  the  in- 
tact intestinal  wall.  Flexner  would  therefore  class  as 
primary  not  only  the  terminal  infections  of  the  perito- 
neum occurring  in  the  course  of  chronic  diseases,  but  also 
those  forms  of  metastatic  peritonilis  in  which  the  micro- 
organisms come  through  the  blood  or  lymph  without  the 
mediation  of  some  diseased  organ  or  part.  The  reason 
given  for  this  more  ai'bitrary  and  narrower  use  of  the 
term  secondary  and  the  wider  application  of  the  term 
primary  is  that  pathogenic  micro-organisms  may  reach 
the  healthy  peritoneum  without  setting  up  an  iuHamma- 
tion.  but  that  "only  an  already  inflamed  peritoneum  can 
be  excited  to  peritonitis  through  the  agency  of  patho- 
genic niicro-orgaaisms. "  Used  in  this  way  the  terms  pri- 
mary and  secondary  indicate  the  character  of  theafTection 
rather  than  the  source  of  the  cause  or  the  manner  in  which 
the  peritonitis  arises.  Since  such  a  usage  may  be  con- 
fusing, the  writer  has  preferred  to  adhere  to  the  more 
commonly  accepted  use  of  the  terms  as  given  above, 
viz.,  primary  peritonitis,  an  inflammation  of  the  perito- 
neum arising  primarily  and  independently  of  other  proc- 
esses, as  the  result  of  chemical  or  mechanical  irritation 
eras  a  direct  or  cryptogenic  infection,  or  as  the  result  of 
a  lessened  resistance  of  tlie  peritoneum  due  to  trauma, 
toxic  conditions,  or  altered  conditions  of  the  peritoneiun 
caused  by  foreign  bodies,  presence  of  fluid,  etc.,  anal- 
ogous to  primary  infections  in  other  parts  of  the  b<idy ; 
secondary  peritonitis,  an  inflammation  of  the  peritoneum, 
secondary  to  some  other  process,  arising  by  contiguity  or 
metastasis,  or  occurring  as  a  terminal  infection.  Even 
with  this  broader  standard  of  classification  no  hard-and- 
fast  lines  can  be  drawn.  Inasmuch  as  cases  of  primary 
peritonitis  are  rare,  and  as  the  peritoneum  possesses  a 
normal  resistance  against  pathogenic  micro-organisms, 
practically  all  cases  of  peritonitis  are  secondary. 

In  the  great  majority  of  cases  secondary  peritonitis 
arises  through  an  extension  of  an  inflanunatory  process 
from  some  contiguous  viscus  or  part.  There  is  no  organ 
or  tissue  in  direct  contact  with  the  peritoneum  from 
which  such  an  extension  may  not  occur.  The  possibili- 
ties are  so  numerous  that  it  is  neeessarj'  to  refer  here  only 
to  the  most  common  or  im])ortant.  Tlie  extension  to  the 
peritoneum  may  or  may  not  be  accompanied  by  perfora- 
tion into  the  peritoneal  cavity.  In  the  latter  case  the 
resulting  inflammation  is  known  as  a  perforative  peri- 
tonitis. 

Perforative  Peritonitis. — This  is  tlie  most  common  form 
of  secondary  peritonitis.  It  may  result  from  the  perfo- 
ration into  the  peritoneal  ca%'ily  tif  an  infected  wound  of 
the  abdominal  wall  or  of  a  viscus  (traumatic  or  opera- 
tive), or  from  the  perforation,  as  the  result  of  inflamma- 
tory processes,  of  the  wall  of  the  stomach,  intestine,  gall 
bladder,  pancreatic  duct,  urinary  bladder,  uterus,  tubes, 
blood-vessels,  Ij-mph  vessels,  etc.  Abscesses  of  the  ab- 
dominal vi.scera,  echinococcus  cysts,  tumors,  burrowing 
suppurative  processes  in  the  retroperitoneal  tissues,  etc., 
may  also  give  rise  to  perfcn-ative  jieritoiiitis.  It  is  hardly 
expedient  lo  enumerate  here  all  the  possibilities  whereby 
a  perforative  ]ieritonitis  may  arise,  and  only  those  of 
greatest  clinical  importance  will  be  mentioned.' 

In  the  case  of  I  lie  *^*H;^(c7t  perforative  peritonitis  may 
be  caused  by  carcinoma,  gastric  ulcer,  abscess,  phleg- 


monous gastritis,  action  of  corrosives,  foreign  bodies, 
etc.  In  the  f«toi«nfs  ulcers  (typhoid,  dj'senteric,  catar- 
rhal, tuberculous,  .syphilitic,  carcinomatous,  etc.).  new 
growths,  foreign  bodies,  parasites,  gall  stones,  fa'Cal  con- 
cretions, fa;cal  obstruction,  intussusception,  ileus,  hernial 
incarceration,  etc.,  may  lead  to  perforative  peritonitis. 
Perforation  of  a  suppurating  appendix  is  one  of  the  most 
common  causes  of  ])eritonitis. 

In  the  case  of  the  spleen  perforative  peritonitis  may  be 
caused  by  splenic  infarcts,  abscesses,  echinococcus  cyst? 
acute  splenic  tumor  leading  to  rupture  of  the  organ,  rupt- 
ure of  a  dilated  splenic  vein,  metastatic  tumors,  etc.  In 
the  lirer  the  same  condition  ma}'  result  from  abscesses, 
echinococcus  cysts,  rupture  of  bile  passages,  biliary  con- 
cretions, new  growths,  etc.  Rupture  of  the  yull  Madder 
or  cnmmiin  duct,  ulcerative  processes  in  the  walls  of  the 
gall  bladder  or  ducts,  presence  in  these  of  concretions, 
etc.,  may  likewise  lead  to  perforative  peritonitis.  This 
ma}'  be  caused  also  by  pancreatic  concretions,  abscesses 
and  tumors  of  the  pancreas,  hemorrhagic  and  i^urulent 
pancreatitis,  etc.  Fat  necrosis  may  or  may  not  be  asso- 
ciated with  the  peritonitis  dependent  upon  pancreatic 
conditions. 

Perforative  peritonitis  may  also  arise  in  connection  with 
abscesses  and  tumors  of  the  kidneys  or  adrenals,  kidney 
tubercles,  echinococcus  cysts,  renal  calculi,  purulent 
pyelitis,  peri-  and  paranephritic  abscesses,  etc.  Ulcera- 
tive and  phlegmonous  processes  of  the  urinary  bladder, 
new  growths  of  the  bladder,  cancer  o£  the  litems,  puru- 
lent and  gangrenous  conditions  of  the  uterine  wall, 
purulent  salpingitis,  tubal  pregnancy,  tubo-ovarian  ab- 
scess, ovarian  tumors,  rupture  of  Graafian  follicle  and 
ovarian  cysts,  supiiurative  processes  of  the  retroj.ierito- 
neal  and  mesenteric  lymph  glands,  thrombophlebitis,  and 
tlirombo-arteritis  of  the  abdominal  vessels,  rupture  of 
abdominal  aneurisms,  rupture  of  the  thoracic  duct  or 
dilated  lympharics.  subperitoneal  tumors  and  abscesses, 
psoas  abscess,  carious  and  purulent  processes  in  the 
spinal  column  and  pelvic  bones,  etc.,  may  all  lead  to 
perforative  peritonitis.  In  rare  cases  purulent  processes 
proceeding  from  the  mediastinum,  pleura,  pericardium, 
lungs,  diapliragm,  thoracic  vertebnc,  etc.,  may  rupture 
into  the  peritoneal  cavity  and  there  excite  an  inflam- 
mation. 

In  the  case  of  perforative  peritonitis  there  will  bo  found 
in  the  peritoneal  cavity,  in  addition  to  the  iuflammatory 
exudate,  various  substances  of  very  different  nature  ac- 
cording to  the  location  of  the  perforation  and  the  char- 
acter of  the  contents  of  the  cavity  communicating  with 
the  peritoneal  sac.  Stomach  contents,  fscces,  fiscal  con- 
cretions, bile,  biliary  concretions,  pancreatic  juice,  urine, 
\irinary  calculi,  foreign  bodies,  parasites,  blood,  chyle, 
mucin,  pseudomucin,  colloid,  etc.,  may  be  mixed  with 
the  exudate.  According  to  the  character  and  amount  of 
the  substances  thus  entering  the  cavity,  and  according  to 
the  character  and  amount  of  the  peritpneal  exudate  the 
appearances  seen  at  operation  or  autopsy  will  differ 
greatly. 

Some  writers  distinguish  a  secondary  perfm'atire  peri- 
tonitis, grouping  under  this  head  those  conditions  in 
which  the  exudate  of  a  purulent  peritonitis,  originally 
not  perforative,  gains  entrance  to  some  neighboring 
organ,  and  through  it  finds  an  exit,  as,  for  example, 
through  the  stomach,  intestine,  pleura,  abdominal  wall, 
etc.  Such  cases  should  more  properly  be  styled  per- 
foratiny  peritonitis. 

Peritonitis  Arisiny  hy  Cnntigvity. — Peritonitis  may 
arise  secondarily  by  the  direct  extension  of  inflammation 
caused  primarily  b}'  wounds  (oi)erative  or  traumatic)  of 
the  abdominal  or  pelvic  wall,  gastric  ulcer,  gastric  eau- 
cer,  phlegmonous  gastritis,  toxic  gastritis,  duodenal  ul- 
cer, intestinal  ulceration  (typhoid,  dysenteric,  catarrhal, 
tuberculous,  syphilitic,  carcinomatous),  new  growths  of 
the  intestine,  coprostasis,  intussusception,  ileus,  hernial 
incarceration,  presence  of  intestinal  concretions,  parasites 
and  foreign  bodies,  typhlitis,  appendicitis,  proctitis, 
liver  abscess,  new  growths  of  liver,  hepatitis,  augiochn- 
litis,  inflammatory  processes  due  to  eehinococcus.  biliary 
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concretions,  etc.,  pancreatitis,  pancreatic  abscesses  and 
presence  of  pancreatic  concretions,  splenic  abscess  and 
infarction,  hydatid  disea.se  of  spleen,  kidney  abscess, 
peri-  and  i)araneiiliritic  abscesses,  inflammatory  processes 
cansed  by  renal  calculi,  pyelitis,  ureteritis,  cystitis,  in- 
flammations of  ovary,  tubes,  uterus,  vagina,  prostate, 
retroperitoneal  or  mesenteric  glands,  psoas  abscess, 
congestive  abscesses  of  spinal  column  or  pelvic  bones, 
inflammations  of  abdominal  or  pelvic  vessels,  suppurating 
buboes  in  the  inguinal  region,  inflammatory  processes  of 
the  mediastinum,  a?sophagus,  pleura,  pericardium  and 
diaphragm,  etc.  In  the  case  of  inflammatory  processes 
in  the  pleural  cavity  (tuberculous,  empyema,  etc.)  the 
peritoneum  is  not  infrequently  involved,  inasmuch  as  the 
lymph  vessels  of  the  diaphragm  form  a  direct  connection 
between  the  pleural  and  peritoneal  cavities. 

Next  to  the  gastro-intestinal  tract  the  female  genital 
tmct  is  the  most  frequent  source  of  peritoneal  infection. 
In  women  genital  peritonitis  is  bj'  far  the  most  conuiion 
form  of  the  affection.  During  the  puerperium  or  as  the 
result  of  attempts  at  abortion,  operative  procedures,  in- 
tra-uterine  injections,  etc.,  the  genital  tract  may  be 
directly  infected;  less  frequently  the  infection  occurs  at 
other  times,  as  for  instance  at  the  menstrual  period.  The 
resulting  endometritis,  metritis,  parametritis  or  salinn- 
gitis  may  extend  to  the  peritoneum  and  excite  perilo- 
nitis.  Purulent  processes  of  the  endometrium  may  ex- 
tend directly  up  the  Fallopian  tulx'S.  In  other  cases  the 
extension  of  purulent  processes  from  the  vagina  or  uterus 
may  take  place  through  the  Iym]iliatics  or  blood-vessels. 
Large  abscesses  of  the  uterine  wall  or  tube  may  break 
directly  into  the  peritoneal  cavity.  Further,  cases  of  sip- 
liarently  primary  peritonitis  have  been  reported  as  occur- 
ring in  pregnancy  without  any  association  with  rupture 
of  fhe  uterus  or  other  complications  of  pregnancy.  The 
discovery  at  autopsy  of  the  existence  of  extensive  renal 
changes  makes  it  probable  that  such  cases  of  peritonitis 
are  secondary  to  the  ue]iliritis. 

Goiiorr/iiia  of  the  female  genital  tract  is  also  an  impor- 
tant factor  in  the  production  of  peritonitis  (sec  l)elow). 
It  must  be  noted  further  that  in  many  cases  of  seiitic 
puerperal  peritonitis  the  uterus  and  tubes  .serve  as 
avenues  of  entrance  to  the  agents  of  infection  while  re- 
maining lliemselves  in  a  normal  condition. 

An  especial  factor  in  the  juoduction  of  peritonitis  of 
the  female  genital  tract  is  that  offered  fjy  the  twisting  of 
the  pedicles  of  ovarian  cystomataor  of  subserous  uterine 
myolibromata.  Asa  result  of  the  shutting  off  of  the  cir- 
culation from  the  tuiuor,  the  tissues  of  the  latter  undergo 
necrosis,  and  the  necrotic  material  offers  a  most  favorable 
field  for  infection,  particularly  from  tlie  intestine.  Such 
infections  are  very  likely  to  result  in  a  gangrenous  peri- 
tonitis. In  ease  infection  of  the  dead  tumor  tissue  does 
not  occur  anon-infectious  peritonitis  ma}-  result,  the  dead 
tumor  acting  as  an  irritating  foreign  body.  A  very  viru- 
lent peritonitis  may  be  thus  excited,  the  exudate  as  well 
as  the  necrotic  tumor  containing  no  micro-organisms. 
Dermoid  cysts  ajipear  to  be  especially  susceptible  to  in- 
fection after  twisting  of  their  pedicles. 

The  rupture  of  an  uninfected  ovarian  cystoma  and  the 
discharge  of  a  thin  .serous  fluid  into  the  jieritoneal  cavity 
rarely  excite  a  peritonitis,  the  fluid  being  quickly  ab- 
sorbed. The  absorption  power  of  the  peritoneum  under 
such  circumstances  is  very  great.  Only  those cystomata 
containing  a  firm  jelly-like  substance  (mucin,  p.seudo- 
muein,  colloid)  are  dangerous,  since  the  cyst  contents 
cannot  be  easily  absorbed  and  act  upon  the  peritoneum 
as  foreign  bodies,  leading  to  an  organization  and  vascu- 
larization of  the  material  (aseptic  peritonitis,  pseudo- 
myxoma peritonei).  It  should  be  remembered,  howe\er, 
that  in  such  cases  secondary  peritonitis  is  very  likely  to 
occur  owing  to  the  tliminished  resistance  of  the  perito,- 
neum;  consequently  a  combination  of  pseudomyxoma 
and  an  acute  or  subacute  peritonitis  is  not  infrequent. 
Operation  with  the  removal  of  the  jelly-like  cj'st  contents 
from  the  peritoneal  surface  after  organization  has  Ijcgun 
is  especially  likely  to  be  followed  by  infection  of  the  raw 
surface  thus  exposed.     In  the  case  of  the  rupture  of 


cysts  containing  chemically  irritating  nrntcuaK  pancrea^He, 
ct/nts,  chyle  eyalu),  a  non-infectious,  acute,  and  verj'  viru- 
lent peritonitis  may  be  set  a\i. 

Secondary  peritonitis  isalso  not  infrequently  associated 
with  metastatic  carcinoma  (peritonitis  earcinomatom)  and 
tubercidosis  of  the  peritoneum  {peritonitis  tubcrcuhinri). 
These  conditions  will  be  discu.ssed  below. 

In  the  Hi-lite  infections  peritonitis  is  occasionally  met 
with  as  a  complication.  In  septicemia  and  pija>mia  peri- 
tonitis is  a  very  frequent  complication.  It  occurs  less 
often  in  pneumonia,  smallpox,  varicella,  measles,  scarlet 
fever,  elipthcria,  erysipelas,  malaria,  relapsing  fever,  etc. 
From  the  increasing  number  of  cases  reported  pnetimonia 
seems  to  be  somewhat  particularlj-  associated  with  jieii- 
tonitis,  and  the  pneumococcus  has  recently  been  found 
in  the  peritoneal  exudate  of  a  number  of  cases.  The  peri- 
tonitis miiy  be  secondary  to  the  pulmonarj-  symptoms  or 
luay  appear  to  be  the  primary  condition,  the  peritonitis 
manifesting  itself  before  the  pulmonary  affection.  It  is 
probable  that  such  cases  represent  a  general  infection  by 
the  pneunioeoccus.  the  localization  varying  in  different 
cases.  They  may  therefore  be  classed  as  peritonitie  piien- 
monia,  in  analogy  to  the  types  known  as  cerebral  and 
gastric.  Pncumococcic  peritonitis  may  also  be  secondary 
to  pncumococcic  pericarditis,  empyema,  and  arthritis. 
The  occurrence  in  various  parts  of  the  body  of  multiple 
metastatic  abscesses  containing  peumococci  is  evidence 
of  the  pya'mic  nature  of  the  process. 

According  to  Bednar  peritonitis  may  develop  after 
vaeeination. 

Metastatic  peritonitis  occurs  in  malignant  endocarditis 
and  in  pyiemia.  The  primary  focus  may  occur  in  any 
part  of  the  body,  and  may  be  of  very  slight  extent. 
Peritonitis  has  followed  the  infection  of  a  circumcision 
wound,  and  very  slight  lesions  in  other  parts  of  the  body 
have  led  to  the  same  fatal  termination.  It  is  not  uncom- 
mon in  such  cases  to  find  all  the  serous  membranes  in- 
volved— an  acute  panserositis:  meningitis,  pleuritis,  peri- 
carditis, and  arthritis  as  well  as  peritonitis.  Peritonitis 
may  also  develop  during  the  cour,se  of  acute  articular 
rhemnatiitni.  Tlie  exact  relation  of  the  two  conditions  is 
unknown ;  the  peritoneal  inflammation  is  either  meta- 
static or  dependent  upon  a  lessened  resistance  of  the 
membrane  to  cryptogenic  infections.  Likewise  acute 
peritonitis  is  sometimes  associated  with  acute  nepihritis. 
It  is  possible  that  in  these  cases  the  intoxication  plaj-s 
some  jiart  in  the  development  of  the  process,  most  prob- 
ably by  lowering  the  resistance  of  the  meiubrane.  The 
exudate  in  these  cases  is  u.suallj'  serous,  and  bacteria  can- 
not always  be  obtained  from  it  by  culture  methods ;  hence 
some  writers  regard  these  forms  of  peritonitis  as  of 
chemical  origin  and  primary. 

Terminal  Peritonitis. — Peritonitis  also  occurs  not  infre- 
quently as  a  terminal  infection  in  chronic  valvular  dis- 
ease, arteriosclerosis,  chronic  nephritis,  cirrhosis  of  the 
liver,  amyloid  disease,  tumor  cachexia,  scorbutus,  etc. 
The  peritoneum  alone  of  the  serous  membranes  may  be 
affected,  or  the  pericardium  and  the  pleura  may  also  be- 
come inflamed.  Jlicro-organisms  are  usually  present  in 
the  exudat<^  In  those  cases  in  which  they  are  not  found 
it  is  possible  that  they  were  present  earlier  in  the  disease, 
and  later  disappeared.  It  is  of  course  possible  that  the 
peritonitis  in  some  of  these  cases  may  be  toxic  or  chemi- 
cal, but  it  is  more  likely  that  the  general  intoxication  has 
lowered  the  resistance  of  the  membrane  and  crj-ptogenic 
infection  has  occurred. 

There  is  also  a  close  relationship  between  sypJiilis  and 
peritonitis.  Acute  peritonitis  not  infi-equently  develops 
in  the  early  stages  of  acquired-  syphilis,  but  is  usually  a 
.secondary  infection.  It  is  not  known  whether  an  actual 
s.vphilitic  peritonitis  exists,  though  it  is  very  probable 
tiiat  it  does,  inasmuch  as  a  so-called  idiopathic  peritonitis 
is  of  common  occurrence  in  syphilitic  new-born.  In  the 
tertiary  stage  of  acquired  syphilis  evidences  of  local  peri- 
tonitis are  connnon  enough  at  autopsy.  Chronic  peri- 
hepatitis and  chronic  perisplenitis  are  more  common  in 
syphilitics  than  in  non-syphilitics. 

Foreign  bodies  (concretions,  parasites,  forceps,  needles. 
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liairs,  etc.)  when  aseptic  produce  a  Incal  encapsulating 
pei'itonitis  Wlicu  septic  tiiey  may  excite  a  diffuse 
purulent  or  fibrinous  process.  Free  bodies,  such  as  fat 
tissue,  blood  clots.  jMcces  of  fibroid  tumors,  etc.,  may 
bec<nne  calcitied  or  encapsulated,  .setting  up  a  local  adhe- 
sive peritonitis.  In  i.rti-d-ntei-hic  prer/iiaiici/  lieniorrliage 
into  the  peritoneal  cavity  following  the  rupture  of  IJie 
sac  may  e.xciteau  inten.sc  iieritoneal  irritation  even  in  the 
absence  of  infection.  In  such  cases  the  blood  itself  must 
e.\ert  a  chemical  irritation  upon  the  peritoneum,  or  irri- 
tating toxins  aie  contained  or  developed  witliin  it. 

Finally,  during  i/i'm-iitcruie  injictiiDis  iri'itating  sub- 
stances may  lie  forced  through  the  tulies  into  tlie  peri- 
toneal cavity  and  excile  a  toxic  inflammation.  Such 
cases  may  occasionally  be  properly  classed  -with  the 
primary  forms  of  peritonitis,  but  inasmuch  as  some  in- 
ilannnatory  condition  of  the  uterus  or  tubes  is  usually 
present  it  becomes  difficult  to  say  to  what  extent  the  in- 
jection is  alone  responsible  for  the  peritonitis. 

Panmites. — A  number  of  observers  have  noted  at  au- 
topsy tlie  presence,  in  the  peritoneal  cavity,  of  intestinal 
worms  in  association  with  a  perforative  peritonitis.  In 
some  cases  the  jiei'toration  has  been  regarrled  as  caused 
by  the  parasite  (usually  the  common  round  worm),  the 
peritonitis  following  tlie  perforation,  tSonie  of  the  re- 
ported cases  are  very  doubtful.  Katsiu'ado  several  years 
ago  reported  two  cases  of  purulent  peritonitis  which  lie 
regarded  as  caused  by  round  worms.  A  very  careful  ex- 
amination, both  at  the  time  of  operation  and  at  the  au- 
topsy, failed  to  reveal  any  other  cause  for  the  peritonitis. 
In  both  cases  the  atl'ection  ran  a  veiy  severe  course.  Osier 
and  other  recent  writers  accept  the  view  that  Axcniis  lum- 
hiicoides  may  penetrate  the  intestinal  wall  and  excite 
peritonitis.  The  Amceha  colt  has  been  found  in  the  exu- 
date of  peritonitis. 

Under  rare  conditions  peritonitis  may  follow  other  con- 
ditions not  mentioned  above.  As  stateil  before  i  t  is  liardly 
feasible  to  enumerate  all  the  possibilities,  but  the  most 
common  and  important  sources  of  secondary  peritonitis 
have  been  given;  and  if  tlie  extensive  anatomical  rela- 
tions of  the  membrane  are  borne  in  mind  it  will  usually 
not  be  diUleult  lo  trace  to  its  source  any  secondary  peri- 
tonitis that  may  be  encountered. 

B.\CTEi!ioLO(iY. — Inasmuch  as  the  great  majority  of 
cases  of  jieritonitis  are  caused  bj'  bacteria  the  bacteri- 
ology of  peritonitis  becomes  a  matter  of  very  great  im- 
portance. In  recent  years  a  number  of  important  investi- 
gations have  been  carried  out  along  this  line,  but  much 
work  yet  remains  to  be  done  before  we  shall  possess  a 
fully  satisfactory  knowledge  of  the  subject.  It  has  been 
demonstrated  that  very  different  forms  of  bacteria  may 
be  found  in  the  exudate  of  peritonitis.  In  the  majority 
of  ca.scs  there  is  a  mixed  infection,  several  varieties  of 
pathogenic  bacteria  being  present,  or  a  number  of  va- 
rieties of  pathogenic  and  non-pathogenic  bacteria  7nay  be 
found  together.  According  to  Tavel  and  Lanz  the  ha'ina- 
togenous  cases  of  peritonitis  are  mono-infections,  wliile 
those  arising  by  contiguity  from  a  neighboring  diseased 
organ  are  usually  poly-infections.  It  is  probalile  that  in 
some  at  least  of  the  cases  of  mono-infection  the  single 
variety  found  may  liave  crow-ded  out  other  varieties 
which  were  originally  present.  This  is  particularly  like- 
ly to  have  been  the  case  in  those  in.stanccs  in  which  the 
onlv  micro-organism  present  is  a  harmless  saprophyte. 
In  those  cases  in  which  the  exudate  is  sterile  tliere  isalso 
the  iiossiiiility  llial  the  original  pathogenic  bacteria  caus- 
ing the  iuHammation  have  died  out. 

The  pathogenic  bacteria  most  frequently  found  in  peri- 
tonitis are  the  ,Stre]>torocevii  pj/or/eneit,  IStdphylnrijrcus 
aureus,  Staplii/lococcvs  iilfiiis,  Bacterium  coU  commune, 
IHphcoccui  piwuniDiiiiv,  Bacillus  pyocntineiis,  and  the 
Oonococcus.  (Tuberculosis  of  the  peritoneum  will  be 
considered  sejiarately.)  Less  frequently  found  are  the 
liacdlus  ///p/fasus,  Jjucf/lus  (tero(jenty  ciip^uhttus.  Bacillus 
pruhus.  Bacillus  liictis  aeror/enes,  Micrococcus  tctraf/euus, 
and  a  number  of  unidentified  pathogenic  and  non-patho- 
genic bacteria. 

In  perforative   peritonids  the  Bacillus    coli  co)iimuiiis 


usually  predominates;  in  puerperal  peritonitis  the  chief 
role  is  played  by  the  Slnplococcus  pijofiriiis  ;  while  in 
those  cases  of  peritonitis  which  apparently  arise  spontane- 
ouslj'  the  Pneumococcus  or  the  Gonococeus  is  ihe  chief  ex- 
citing factor.  In  all  those  cases  of  jieritonitis  in  which 
the  infection  comes  from  without  the  fiora  resembles  tha' 
of  ordinary  surgical  infections,  except  for  the  prominent 
part  played  by  the  colon  bacillus.  In  those  cases  which 
arise  by  contiguity  from  some  one  of  the  neighboring 
oi'gans  the  staphylococcus  plays  a  chief  role,  except  in 
the  case  of  intestinal  infection  in  which  the  colon  bacillus 
alone  or  combined  with  the  former  is  usually  found. 

Much  discussion  has  taken  place  as  to  the  pathogenic 
role  of  the  colon  bacillus  in  peritonitis.  The  jiyogenic 
properties  of  this  organism  have  been  quite  generallj' 
accepted,  and  there  can  be  no  doubt  of  the  existence  of  a 
primary  colon-bacillus  peritonitis.  In  the  majority  of 
cases  in  which  the  colon  bacillus  is  found  pyogenic  cocci 
are  also  present,  and  it  is  probable  that  in  some  of  the  in- 
stances in  which  this  organism  alone  was  found  in  tlie 
exudate  it  liad  overgrown  the  cocci,  Barbacci  in  experi 
mental  work  upon  dogs  found  that  the  colon  bacillus  often 
outgrew  the  pyogenic  cocci.  Infections  of  the  perito- 
neum with  the  colon  bacillus  occur  through  the  bladder 
and  female  genital  tract  as  well  as  directly  from  the  in- 
testine. There  are  still  .several  questions  to  be  settled 
before  the  exact  pathogenic  value  of  the  colon  bacillus 
can  be  fixed.  Its  relations  to  the  pyogenic  cocci  need  to 
be  more  definitely  determined  in  regard  totlie  part  played 
b}'  each  as  primary  excitants  of  inflammation.  Further, 
many  of  the  cases  regarded  as  colon-bacillus  infections 
were  dia.gnosed  as  such  from  the  results  of  the  bacterio- 
logical examination  made  at  autopsy  some  hours  after 
death.  As  the  colon  bacillus  may  enter  the  peritoneal 
cavity  after  death  and  increase  there,  overgrowing  other 
bacteria,  it  is  uecessarVj  in  order  definitely  to  determine 
the  relation  of  this  organism  to  a  peritonitis,  to  make  bac- 
teriological examinations  of  the  peritoneal  exudate  dur- 
ing life. 

An  effort  has  been  made  by  a  number  of  writers  to 
make  a  bacteriological  classification  of  peritonitis. 
Freund  divided  all  cases  of  peritonitis  into  three  classes; 
one  due  to  pyogenic  organisms,  one  to  fsecal  bacteria, 
and  the  third  to  toxic  substances.  Bumm  distinguished 
a  septic,  aseptic,  and  a  specific  peritonitis.  The  septic 
he  divided  into  a  streptococcus  peritonitis  and  a  putrid 
Jieritonitis,  the  latter  not  caused  by  any  one  form  of  bac- 
teria but  by  a  multijjle  infection.  Theasejjtic  jjcritonitis 
he  regarded  as  duo  to  mechanical,  thermal,  or  ciiemical 
influences  alone  without  bacterial  agency.  In  the  class 
of  specific  peritonitis  he  jilaced  tuberculous  and  gonor- 
rhoea! Jieritonitis.  Tavel  and  Lanz  have  offered  a  more 
complex  classification  based  upon  the  anatomical  origin 
of  theinfection.  sjiecial  kinds  of  jieritoneal  infection  being 
derived  from  the  stomach  and  intestine,  the  gall  bladder 
and  liver,  the  female  genital  tract,  the  kidneys,  urinary 
bladder,  etc.,  other  forms  still  being  derived  from  hema- 
togenous infections  and  ojierations. 

Flexner  has  reported  a  series  of  observations  upon  one 
hundred  and  six  cases  of  peritonitis  studied  from  the 
bacteriological  jjoint  of  view.  The  material  was  ob- 
t;iined  at  autojisy,  cover-glass  and  aProbic  cultures  being 
carried  out.  Few  anaerobic  cultures  were  made  and  the 
jiathogcnic  properties  of  the  bacteria  isolated  were  tested 
but  rarelv.  In  spiteof  this  incompleteness  of  the  investi- 
gation the  results  are  of  interest.  Twelve  of  the  cases 
presented  the  character  of  a  jirimarv  jieritonitis  accord- 
ing to  Flexner's  definition.  In  all  these  cases  there  was 
a  jirevious clucinic  disease.  In  two  cases  no  micro-organ- 
isms were  found  ;  in  nine  cases  there  was  a  single  infec- 
tion, and  in  one  case  a  multiple  infection.  The  Strepto- 
coccus pi/of/eites  was  found  five  times,  four  times  alone,  and 
once  in  association  with  the  colon  bacillus;  the  Staphylo- 
coccus aureus  and  albus  twice,  the  Micrococfus  laiiceolatus. 
Bacillus  profeus.  Bacillus  jiyocyaneus.  and  an  unidentified 
bacillus  occurred  twice  each. 

The  secondary  cases  Flexner  divides  into  two  classes; 
e.i'of/euous  jieritonitis  and  enelor/enous  jieritonitis.     In  tlie 
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former  tlii'  infection  entered  from  without  (wound  infec- 
tion); in  tbe  hitter  the  bacteria  came  in  part  or  wholly 
from  the  intestinal  tract.  Thirty-four  cases  of  the  ex- 
ogenous form  were  examined.  Of  these,  2-5  were  mono- 
infeclious.  nine  were  multiple.  The  following  tables  are 
taken  from  Flexiicr's  article  (Phikulelphia  Meilirnl  Jour 
ml.  1898>: 

MiCRO-ORfiA.MSMS  FOIXD  IX  CASKS  OF  EXOGEXOUS  PEKITOXITIS. 


Total 
number  of 

ciises. 

Alone. 

13 

.5 
2 

1 
11 

n 
(1 

Colliliincd. 

Stapbyloccucus  aureus 

Stapliylococcus  alhiis 

Streptijf'urrus  pvi  iL't'nes 

1.1 

;! 

Ill 

:i 
1^ 

3 

3 

1 

Microcin'ciis  lanct'olaUls 

i 
1 

Bacillus  pvorvanell.s  

0(?) 

COMBINATIONS.  Number  of 

cases. 

SUiphyincocous  aureus  and  Streptococcus I 

Staphyldcni'cu.s  all  "US  and  SIr<'i)to(;(n-cus 1 

Staphyl'i*''"'''us  all'us  ami  Ilarillus  pmit-us 1 

j^taphylMi-uccus  all>us  and  l^ardUis  run  cuniinuiiis 1 

strvptn<-in'rus  and  Harjllus  cdii  coTiiinunis 1 

Strvprd'ocias,  Hacillus  pyn(>atifus  and  Coli  communis 1 

SIreptncucru.s  and  HariDiis  py<  icy  uncus ] 

MkToc(wcus  lanceolalus  and  liacillu<  coli  communis I 

Micrococcus  lanceolatus  and  liquefying  l)acillus I 

Of  60  cases  of  ciulogcnnns  purilouitis  5S  gave  positive 
hacterioloirical  results.  Siiiirie  infeclioiis  oceiinwl  in  21 
cases  of  these,  ami  multiple  infections  in  37. 

Bactkkia  Found  in  Cases  of  Kndo«enous  Peritonitis. 


Alone,    j  Combined. 


Bacillus  coli  communis 

Streptococcus  pyotrenes 

StaphylncMc-us  alhus 

Stapbylococcu.s  aureus 

Micrococcus  lanceolatus 

Bacillus  proteus 

Bacillus  aerojfenes  capsulatus. 

Bacillus  pyocyaneus 

Bacillus  t\  pliosus 

Unideutillctl 


T 

9 

38 

9 

1 

32 

4 

2 

2 

3 

1 

2 

4 

1 

3 

4 

3 

2 

8 

2 

8 

3 

0 

3 

3 

0 

3 

3 

0 

3 

COMBIXATIONS.  Number  of 

times. 

Streptococcus  and  Bacillus  coli  comimniis Ifi 

Streptococcus,  Bacillus  aerogenes.  and  Bacillus  coli 3 

Streptococcus  and  Bacillus  aerogenes  capsulatus 1 

Streptococcus  and  Stapliyli  'coccus  aureus 1 

Streptococcus  aud  Bacillus  typhosus 2 

Streptococcus  and  Stapbylococcus  aureus.  Bacillus  typhi, 

proteus  and  coli 1 

Streptococcus  and  Bacillus  proteus 1 

Streptococcus  and  unidcntitled  nrpinism 1 

Bacillus  coli  and  Mi.rn.dccus  l:iii<-eolatus 3 

Bacillus  coli  and  Bacillus  py<»cvaneus 3 

Bacillus  coll  and  Bacillus  aerogenes  capsulatus 2 

Bacillus  coli,  Staphylococcus  aureus,  and  Bacillus  aerogenes 

capsulatus 1 

Staphylococcus  albus  and  orange  sarcina 1 

Staphylococcus  albus  and  unidentified  organism I 

The  comparison  of  the  table  in  tbe  exogenous  and  en- 
dogenous forms  is  of  interest.  It  will  be  seen  that  mul- 
tiple infections  are  relatively  more  frequent  with  the 
endogenous  form,  and  that  the  vai'iety  of  bacteria  is 
much  greater.  The  streptococcus  takes  the  place  which 
the  staphylococcus  holds  iu  the  exogenous  cases  and  the 
colon  bacillus  plays  a  much  more  important  role.  The 
small  part  which  the  pathogenic  staphylococci  seem  to 
play  in  endogenous  peritonitis  is  of  clinical  importance, 
inasmuch  as  the  streptococcic  infections  may  be  as.so- 
ciated  with  metastasis.  The  infections  in  the  exogenous 
cases  resemble  those  of  ordinary  surgical  or  traumatic 
infections.  Basing  his  conclusions  upon  the  observa- 
tions, Flexncr  would  distinguish  three  forms  of  peri- 
tonitis: a  primary  or  idiopathic  form  restricted  to  a  small 
Eumberof  terminal  infections;  a  second  variety  analogous 


to  surgical  infections;  aud  a  third  variety  dependent 
upon  disease  of  an  intraperitoneal  organ,  whereby  micro- 
oi-ganisms  and  other  extraneous  substances  gain  entrance 
to  tlie  peritoneal  cavity,  break  down  its  resistance,  and 
lead  to  infection. 

Piioiiiioeoccic  Peritonitis. — Cases  of  peritonitis  due  to 
llie  piienutDmrriix  have  been  described  liy  Frouimel, 
Fraenkel,  Charrier.  Veillon,  Beco,  Bryant,  Comby,  Brun. 
Burckhard,  and  others.  Brun  reports  fourteen  cases  of 
pneumococcus  peritonitis  in  children.  The  majority  of 
the. cases  of  peritoneal  infection  with  tin;  pneumococcus 
occur  in  young  girls.  The  avenue  of  infection  is  thiough 
the  genilal  ti-act.  The  peritonitis  may  or  may  not  be  as- 
sociated with  inflammations  of  other  seious  membranes. 
The  infection  is  frequenlly  localized  in  the  pelvis.  The 
prognosis  is  favorable  in  those  eases  in  which  the  exu- 
date becomes  encysted  by  adhesions,  but  metastases  and 
localizations  of  the  micro-organism  in  other  parts  of  the 
body  may  occur.  The  dilfusc  form  is  usually  fatal.  In 
the  case  of  operative  jirocedures  in  pueiunococcus  py«- 
salpinx  the  greatest,  care  must  be  taken  to  prevent  infec- 
tion of  the  peritoneum  since  the  peritonitis  thus  exciled 
is  usually  very  virulent.  Pneumococcus  peritonitis  may 
also  result  from  exten.sion  or  perforation  iu  the  case  of  a 
pneumococcus  api)endicitis.  The  relation  to  pneumonia 
and  arthritis  has  been  mentioned  above.  It  is  of  impor- 
tance in  the  diagno.sis  of  this  condition  to  bear  in  mind 
the  fact  that  afier  death  the  pneumococci  may  entirelj' 
disappear  from  the  peritoneal  exudate,  the  colon  bacillus 
or  some  other  oi'ganism  being  left.  Cases  have  been  re- 
])orted  in  wliich  Ihe  examination  of  the  pus  from  the 
])critoneal  cavity  during  life,  or  soon  after  death,  showed 
the  presence  of  pneumococci  in  great  numbers,  while  ex- 
aminations made  twenty-six  to  forty-eight  hours  later 
showed  only  the  presence  of  intestinal  bacteria. 

GonorrlKviil  Peritonitis. — The  occurrence  of  an  acute 
general  peritonitis  caused  by  the  Gonococcvs  is  now  firm- 
ly established,  and  the  condition  is  probably  not  infre- 
quent in  women  alfected  with  giuiorrhcea  of  tbe  internal 
genitals.  Werlheim  in  opiiositiou  to  Bumm  was  the  lirst 
to  niaintaiu  that  gonococci  may  multiply  witliin  tbe  peii- 
toneal  cavity  and  excite  tliere  an  inflammation  which  may 
spread  over  the  entire  peritoneum.  An  increasing  num- 
ber of  such  cases  is  being  reported.  The  view  of  Bunun 
aud  others,  that  the  Oonococciis  finds  no  favoi'able  soil 
upon  serous  surfaces,  and  that  its  giowtli  upon  the  peri- 
toneum is  slight  and  localized  has  been  completely  over- 
thrown by  recently  reported  cases.  Tbe  infection  of  the 
peritoneum  with  the  Gonococciis  occurs  chiefly  in  women, 
although  ca.ses  of  gonorrhtt'al  peritonitis  in  men  have 
been  reported  by  Jadassohn,  Horowitz,  von  Zeissl,  and 
others.  In  the  female  the  infection  usually  proceeds 
from  the  tubes.  In  the  case  of  an  infection  of  the  woman 
with  very  virulent  gonococci  there  may  develop  suddenly 
a  most  severe  general  peritonitis.  The  passage  into  the 
peritoneal  cavity,  from  the  mouth  of  the  tube,  of  pus  ricJi 
in  gonococci  always  excites  a  general  peritonitis;  if  the 
flow  is  small,  and  if  but  few  gonococci  are  present  in  the 
pus,  or  if  these  are  reduced  in  virulence  a  local  peritonitis 
is  usually  set  up.  Gonocoecic  peritonitis  is  relatively 
mon^  fi-e(|Uently  a  complication  of  gonorrlMcal  vaginitis 
and  vulvitis  in  young  girls.  Such  cases  are  unfortunale- 
ly  not  rare  in  some  of  our  lai'ge  cities.  The  belief  held 
by  certain  of  the  lower  classes  that  gouorrha?a  in  the 
adult  may  be  cured  by  rubbing  the  male  organ  over  the 
external  genitals  of  young  girls  is  probably  responsible 
for  some  of  these  cases.  The  peritoneal  affection  may 
appear  as  a  mild  or  severe  acute  general  peritonitis,  or  it 
may  run  a  latent  course  as  a  chronic  inflammation.  The 
prognosis  in  these  cases  is  always  serious.  Recovery 
may  be  followed  by  sterility. 

Patiioi.ogv. — The  pathological  changes  found  in  the 
peritoneum  in  inflammation  of  this  membrane  are  essen- 
tially the  same  as  those  occurring  in  inflammatory  proc- 
esses of  the  pleura  and  pericardium.  According  to  the 
duration  of  the  inflammation  there  may  be  distinguished 
an  acute,  subacute,  or  chronic  peritonitis.  According  to 
the  extent  of  the  membrane  involved  a  peritonitis  may  be 
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local  or  circumscribed,  general  or  diffuse.  A  localization 
of  tlie  inlianimution  in  tlic  pt'lvis  is  generally  spoken  of 
n&  n  peli'ic  pei'iloiiilis,  in  tlie  neigliboiiiood  of  the  appen- 
dix aspen-appeiulieeaf,  over  the  spleen  and  liver  as  y/</7- 
Sjileiiitin,  perihepuiitis,  etc.  According-  to  the  nature  of 
the  exudate  there  may  he  distinguished  a  wroim,  JiOrinous, 
purulent,  /teiiiorr!iii//ic,  and  a  putrid  or  gangrenous  peri- 
tonitis. Besides  these  pure  types  a  variety  of  comhina- 
tions,  such  as  sero-tibrinous,  sero-puruleut,  fibrino-puru- 
lent,  serohemorrhagic,  etc.,  occur. 

Within  certain  limits  the  anatomical  picture  presented 
in  all  cases  of  jieritouitis  is  essentially  the  same,  but  the 
appearances  seen  at  autopsy  or  operation  may  vary  great- 
ly according  to  the  chrouicity,  severity,  and  extent  of  the 
iiiflammatiou,  the  amount  and  charactei'  of  the  exudate, 
etc.  The  picture  of  a  severe  acute  general  pcritunitis  is, 
however,  very  characteristic.  The  abdomen  is  distended 
and  tympanitic  over  the  dome  and  didl  over  the  flanks. 
When  the  cavity  is  opened  the  distended  coils  of  intestine 
rise  up  through  the  opening,  and  an  escape  of  gas  may 
take  place,  even  in  non-perforative  peritonitis.  The 
serous  surfaces  are  cloudy,  in  slight  cases  having  the  aji- 
pearance  of  glass  which  has  been  breathed  ujiou.  Both 
the  parietal  peritoneum  and  the  outer  surface  of  the  coils 
may  be  more  or  less  reddened,  injected,  or  even  show 
ecchymoses.  AVhen  the  coils  are  lifted  up  and  separated 
tile  reddened  areas  appear  to  be  arranged  in  Ixinds  along 
the  intestine.  As  a  rule  these  reddened  banils  correspond 
to  the  spaces  between  the  coils  at  those  places  at  which 
the  sides  of  the  coils  do  not  t<iuch.  The  vessels  of  the 
serosa  of  these  spaces  are  usually  markedly  hypera'Uiic, 
while  at  those  points  at  which  the  coils  do  touch  the  ves- 
sels are  less  congested.  According  to  Wilks  and  Moxon 
these  spaces,  which  are  triangular  on  cross  section,  form 
a  system  of  communicating  tubes  through  which  the 
exudate  may  spread  ;  and  because  of  the  lower  resistance 
over  these  free  surfaces  absorption  of  the  exudate  is  car- 
ried on  here  to  a  greater  extent  than  elsewhere  over  the 
peritoneal  surface.  The  loss  of  lustre  and  tlie  cloudiness 
of  the  serous  surfaces  are  due  partly  to  tlie  degeneration 
and  desquamation  of  ilie  endothelium,  and  partly  to  a 
layer  of  fibrin  which  is  deposited  over  the  surface.  The 
latter  may  vary  greatly  in  amount;  in  some  cases  the 
fibrin  film  may  be  so  thin  that  it  can  be  seen  only  as  a 
slight  cloudiness  when  examined  by  oblique  light,  or  it 
may  be  made  evident  by  rubbing  ofi:  the  delicate  coating 
with  a  damp  cloth  or  by  scratching  the  serosa  with  the 
edge  of  the  knife.  In  other  cases  the  serosa  may  be  cov- 
ert'd  with  a  thick,  grayish,  yellowish,  yellowish-gray  or 
reddish-gray  exudate  which  may  extend  over  the  coils  in 
a  sheet,  or  in  strings  or  bands  of  varying  size,  or  appear 
as  flakes  scattered  over  the  dull,  lustreless  surface.  The 
fibrin  may  bind  the  coils  more  or  less  firmly  together;  in 
acute  cases  such  adhesions  are  easily  separated  by  the 
fingers,  but  in  older  cases  the  adhesions  become  organized 
to  a  greater  or  less  extent,  and  so  firm  that  they  cannot 
be  torn.  The  spleen  and  liver  ma_y  become  entirely  cov- 
ered by  fibrinous  sheets,  or  tags  and  flakes  of  fibrin  may 
be  scattered  over  their  capsules.  The  amount  of  fibrin 
may  be  much  greater  in  some  parts  of  the  cavity  than  in 
others,  and  by  causing  adhesions  between  neighboring- 
structures  may  shut  off  portions  of  the  cavity  and  confine 
the  fluid  exudate  to  certain  regions. 

Free  fluid  is  usually  present  in  the  dependent  portions 
of  the  cavity,  in  the  flanks,  pelvis,  and  the  pockets  be- 
tween the  coils.  The  amount  varies  greatly,  sometimes 
many  litres  (20-40)  causing  a  great  distention  of  the 
abdomen,  while  at  other  times  only  a  small  amount  is 
present.  The  fluid  is  always  more  or  less  cloudy  or 
opaque,  but  varies  in  character  according  to  the  nature 
of  the  exudate,  the  character  of  the  infection,  the  occur- 
rence of  perforation,  etc.  It  may  be  .serous,  purulent, 
hemorrhagic,  fibrinous,  putrid,  etc.  In  the  great  major- 
ity of  cases  it  is  fibrino-purulent,  a  pure  purulent 
character  rarely  occurring,  although  a  purulent  charac- 
ter usually  predominates.  Rarely  is  it  serous  or  sero- 
purulent.  Il  is  very  often  putrid  (perforative  peritonitis!. 
and    is  then   sanious,    greenish,    or   grayish,    having   a 


gangrenous  odor,  and  may  contain  gas  bubbles.  Except 
in  the  case  of  tuberculosis  or  carcinoma  a  hemorrhagic 
exudate  is  very  rare.  The  distribution  of  the  exutlate  is 
generallj'  very  irregular  owing  to  fibrinous  adhesions.  l! 
usually  collects  in  greatest  amounts  in  the  pelvis,  flanks, 
splenic  and  hepatic  regions,  and  in  the  deeper  parts  of 
the  two  hypochondriac  regions.  It  often  becomes  encap 
sulated  by  fibrinous  adhesions  between  the  coils  them- 
selves, or  between  these  and  the  abdominal  wall  <ir  some 
one  of  the  abdominal  organs.  The  omentum  often  plays 
an  important  part  in  the  encapsulation  of  exudates  "of 
small  size  in  the  appendix  region  and  in  the  neighbor- 
hood of  jierforating  ulcers  of  the  intestine.  Large  collec- 
tions of  exudate  are  often  found  between  the  liver  and 
the  diaphragm ;  when  of  a  purulent  character  and  encap- 
sulated from  the  other  portions  of  the  cavity  the  con- 
dition is  often  spoken  of  as  a  sulidiaphragmatic  abscexn. 
Gas  is  particularly  likely  to  collect  in  this  region.  In 
some  cases  the  liver  may  be  pressed  tightly  against  the 
diaphragm,  its  diaphragmatic  surface  flattened  and  dry. 
The  exudate  often  follows  along  the  tubular  spaces  be- 
tween •■he  coils,  so  that  the  exudate  from  a  pelvic  peri- 
tonitis may  pass  under  the  lower  coils  of  the  ileum  into 
the  c:ecal  region  and  ui-)ward  along  the  ascending  colon 
to  the  right  hypocliondrium,  then  along  the  lesser  curva- 
ture of  the  stomach  to  the  c-ardiac  end.  In  these  regions 
the  exudate  may  collect  in  large  amounts,  w-hile  else- 
where in  the  cavity  there  may  be  scarcely  a  trace  of  peri- 
tonitis. Not  infrequently  the  exudate  may  become 
completely  shut  off  from  the  cavity  by  fibrinous  adhe- 
sions, which,  becoming  organized,  finally  form  a  fibrous 
connective-tissue  capsule  enclosing  tlie  exudate,  which  is 
either  absorbed,  organized,  or  undergoes  inspissation  or 
calcification.  As  mentioned  above,  the  omentum  plays 
an  important  role  in  such  encapsulations,  which  are  most 
often  .seen  in  the  neighborhood  of  the  appendix  and  the 
female  pelvic  organs.  In  the  case  of  a  perforative  peri- 
tonitis the  exudate  may  contain,  in  addition  to  the  purely 
inflammatory  products,  also  stomach  or  intestinal  con- 
tents, bile,  urine,  etc. 

In  the  more  severe  cases  the  entire  intestinal  wall  may 
be  involved,  becoming  swollen,  o?dematous,  and  easily 
torn.  Even  in  the  light  cases  the  subserosa  is  o'dema- 
tously  swollen  and  may  be  easily  stripped  off  from  the 
muscularis.  The  muscle  coats  may  be  completely  para- 
lyzed; hence  the  occurrence  of  marked  tj'mpanites,  gen- 
eral or  local.  On  opening  the  stomach  and  intestines  the 
mucosa  is  usually  found  to  be  pale,  swollen,  and  (edema- 
tous. Likewise  the  superficial  portions  of  the  liver, 
spleen,  gall  bladder,  etc.,  are  (edematous  and  swollen, 
often  apjiearing  as  if  macerated.  The  gall  bladder  and 
the  lower  edge  of  the  liver  in  particular  may  show  an 
extreme  o?dema.  The  tissues  of  the  mesentery  are  swol- 
len, moist,  and  more  easily  torn  than  normally.  The 
mesenteric  and  retroperitoneal  glands  are  usually  pale, 
soft,  and  enlarged.  Even  the  muscles  of  the  abdominal 
^vall  may  be  jiale  and  fcdeniatous,  and  the  jiarietal  jieri- 
t  oueuni  can  be  easily  stripped  from  its  attachments.  The 
omentum  is  swollen,  injected,  and  (edematous.  It  is  very 
frequently  rolled  up  into  a  thick  mass,  but  in  the  case  of 
surgical  or  perforative  peritonitis  it  is  usually  more  or 
less  adherent  to  the  site  of  injury.  It  may  be  covered 
with  a  thick  layer  of  fibrin  and  may  aid  in  the  encapsula- 
tion of  the  exudate.  The  diaphragm  is  usually  pushed 
up  to  the  third  or  even  .second  rib;  the  lungs  show  par- 
tial atelectasis,  particularly  the  lower  lobes;  and  the  heart 
is  pushed  upward  and  more  or  less  to  one  side. 

Although  the  changes  just  described  appl.V  to  the  great 
majority  of  cases  of  peritonitis,  yet  the  limit  of  variation 
is  great,  in  so  far  as  the  appearances  presented  by  in- 
dividual cases  are  concerne(l.  A  \nnti  serous  peritmiitis 
( lieritonitis  wra««)  is  relatively  infrequent.  Some  fibrin 
is  almost  always  present,  so  that  the  exudate  should  be 
more  properly  termed  serofibrinous.  The  fluid  exudate 
is  yellowish,  slightly  cloudy,  and  contains  but  few  cells, 
but  fibrin  flakes  are  found  "floating  in  it.  Over  the  peri- 
tdueum  there  is  usually  a  delicate  film  of  fibrin.  A  pure 
Ji/iriiiiHis  peritonitis  is  not  common  as  a  general  process, 
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but  is  often  seen  as  a  local  peritonitis.  The  serosa  is 
cloud}',  dry  {peritonitis  sicca)  and  covered  with  sticky 
fibrin. 

When  the  number  of  cells  in  the  exudate  is  so  great  as 
to  cause  a  turbidity,  the  peritoniti.s  may  be  styled  piirvleiit 
(peritonitis  pnrulenta).  A  pure  purulent  peiitouilis  is 
also  rare,  the  character  of  the  exudate  bciug  usually  that 
of  a  fibrino-pnrulent  inflammation.  The  coils  are  usually 
fastened  together  by  masses  of  fibrin,  -while  in  the  pockets 
between  them  a  relatively  pure  purulent  exudate  is 
found,  usually  in  large  amounts  (20-30  litres).  The  so- 
called  pe)'(7o«!7(8  vh-erosa  is  a  misnomer,  the  ai)pearauces 
of  ulceration  over  the  surfaces  of  the  abdominal  organs 
and  the  parietal  layer  of  the  peritoneum  being  dueto  a 
loss  of  substance  tiirough  erosion  and  pressure.  In  such 
cases  the  purulent  exudate  may  perforate  into  the  stom- 
ach, intestine,  ureter,  bladder,  uterus,  or  through  the 
diaphragm  or  abdominal  wall  {secondary  perforati re  peri- 
tonitis). In  the  last-named  case  the  perforation  is  usually 
located  at  the  navel.  This  event  happens  more  frequent- 
ly in  children  than  in  adults. 

In  the  case  of  putrid  jxritonitis  the  exudate  has  a  foul 
odor  and  is  irritating  totlieskin  of  the  operator  or  pro.sec- 
tor.  In  color  it  varies  from  dirty-green  to  brownish. 
The  fibrin  of  the  exudate  and  the  serosa  itself  ma\'  be 
likewise  dark-colored.  Gas  may  be  present  in  the  cavity,, 
and  the  odor  of  hydrogen  sulphide  is  often  very  pro- 
nounced even  when  no  perfoiatiou  has  occurred,  lu  the 
■case  of  a  perforation  of  stomach  or  intestine  food  remains 
or  f;ieces  may  be  found  in  the  exudate.  Brownish  masses 
are  also  sometimes  juesent:  on  microscopical  examina- 
tion they  are  found  to  consist  of  colonies  of  bacteria. 

An  SiCuie  hemorrhagic  peritonitis  is  rare.  It  is  usually 
associated  with  carcinoma  or  tuberculosis,  but  occurs 
jilso  in  morbus  maculosus  Werlhofii  and  in  scurvy. 
Through  the  presence  of  liydrogen  sulphide  in  the  exu- 
date the  blood  pigment  maj'  become  converted  into  a 
hydrogen-sulphide  compound,  giving  a  gray  or  slate 
<;olor  to  the  exudate  and  serosa  ( psendomelanosis).  Fried- 
reich has  tlescribed  an  especial  form  of  hemorrhagic  peri- 
tonitis under  the  name  of  hematoma  peritonei.  In  such 
cases  the  peritoneal  surface  is  covered  with  lasers  of 
blood  clot  which  are  becoming  organized,  the  condition 
being  analogous  to  the  subdural  hfematoma. 
-  Circumscribed  periionitis  presents  practically  the  same 
appearances  as  the  general  form,  except  in  being  localized 
through  the  rapid  formation  of  tirm  adhesions  which  pre- 
vent the  inflammation  from  spreading  {peritonitis  adhce- 
siiia).  These  adhesions  may  quickly  become  organized. 
Circumscribed  peritonitis  occurs  most  often  as  a 
perityphlitis  (peri-appendiceal)  dependent  upon  per- 
foration of  the  appendix,  and  as  a  pelvic  peritonitis 
<pelveo-peritouitis)  due  to  diseased  conditions  of  the  ute- 
rus and  its  appendages.  It  may  be  caused  also  bj-  per- 
forative processes  (ulcer,  new  growths,  etc.)  of  stomach, 
intestine,  gall  bladder,  etc.,  b_y  splenic  infarction,  hepatic 
abscess,  and  other  local  inflammations  of  the  intraperi- 
toneal organs.  The  so-called  subdiaphragmatic  abscess 
is  an  encapsulated  purulent  peritonitis.  Similar  encysted 
collections  of  exudate  may  be  found  in  any  part  of  the 
peritoneal  cavit}-,  but  are  more  frequent  in  the  regions 
named.  Gonococcic  peritonitis  is  usually  circumscribed 
in  the  pelvis.  The  part  which  the  omentum  plays  in  the 
encapsulation  of  a  local  peritonitis  has  been  mentioned 
above.  Through  its  aid  many  cases  of  perforation  peri- 
tonitis, particularlj-  in  the  case  of  the  appendix,  are 
restricted  to  a  narrow  area.  The  frequency  with  which 
iiMiental  adhesions  are  formed  about  the  appendix,  tubes, 
]>erforatiug  ulcers,  new  growths,  etc.,  is  evidence  of  its 
very  great  service  in  limiting  peritonitis. 

Compilicalions. — The  complications  of  acute  peritonitis 
are  many  and  important.  Perforation  of  the  peritoneal 
exudate  into  some  viscus  or  through  the  abdominal  walls 
has  been  mentioned.  Oecasionalh'  the  pus  may  break 
through  into  two  neighboring  coils  of  intestine  at  the 
same  time,  giving  rise  to  the  so-called  fistulm  bimncoscB. 
Fatal  hemorrhage  may  follow  perforation  into  an  ab- 
dominal blood-vessel.     Metastasis  may  occur  and  a  gen- 


eral pyiemiamay  result.  It  is  not  uucommou  in  the  case 
of  a  severe  acute  general  peritonitis  to  find  at  autopsy  a 
beginning  pleuritis,  pericarditis,  or  meningitis.  Soiiie- 
times  all  the  serous  membranes  may  be  equally  involved 
(panserositis).  Such  pathological  findings  are" seen  most 
frequently  in  puerperal  peritonitis. 

Microscopical  Appearances. — Sections  through  an  acute- 
ly inflamed  peritoneum  present  changes  which  are  anal- 
ogous to  those  of  iuflammations  of  other  serous  mem- 
branes. The  surface  of  the  membrane  is  covered  with  a 
more  or  less  thick  layer  of  fibrin  containing  a  varving 
nutuber  of  leucocytes".  The  latter  usually  show  karyor- 
rhe.xis,  the  diffusion  of  the  chromatin  throughout" the 
fibrin  causing  the  latter  to  stain  bluish.  Beneath  the 
exudate  tlje  endothelium  is  degenerated,  necrotic,  or  des- 
quamated. The  connective  tissue  of  the  basement  mem- 
brane is  ocdematous  and  infiltrated  with  leucocytes.  The 
lymphatics  are  greatly  dilated  and  contain  "fibrin  and 
large  numbers  of  leucocytes.  The  blood-vessels  are  also 
greatly  congested  and  filled  with  leucocytes.  The  endo- 
thelial cells  of  both  lymph-  and  blood-vessels  are  usually 
somewhat  swollen.  Scattered  hemorrhages  of  small  siz"e 
may  also  be  found.  The  subserosa  is  usually  actively 
involved,  the  connective  tissue  being  cedematous  and  in- 
filtrated with  leucocytes;  the  vessels  are  congested  and 
small  hemorrhages  niay  occur.  Fibrin  threads  may  be 
found  iu  the  intercellular  spaces  of  both  serosa  and  "sub- 
serosa. The  muscularis  is  involved  to  a  much  less  ex- 
tent. Its  vessels  are  congested  and  the  intermuscular 
connective  tissue  is  more  or  less  cedematous  and  contains 
an  increased  number  of  leucocytes.  In  severe  cases  the 
.nerve  cells  of  the  intestinal  wall  may  present  various 
changes,  such  as  vacuolation,  hydropic  degeneration, 
chromatolysis,  etc.  In  the  later  stages  of  the  inflamma- 
tion evidences  of  proliferation  are  found  in  the  endothe- 
lial cells  of  the  blood-  and  lymph-vessels  and  iu  the 
connective-tissue  cells  of  the  serosa  and  subserosa.  Fi- 
broblasts wander  out  into  the  fibrin  of  the  exudate  and 
a  new  formation  of  capillaries  takes  place.  Even  in  at- 
tacks of  peritonitis  lasting  but  five  to  seven  days  the 
organization  of  the  exudate  may  have  advanced  consider- 
ably. Iu  the  further  progress  of  the  disease  connective- 
tissue  adhesions  and  false  membranes  maj-  be  formed,  or 
marked  thickenings  of  the  [leritoueal  surfaces  may  result. 
Should  complete  healing  take  place  the  newly  formed 
connective  tissue  becomes  scar-like  and  hyaline,  aud 
marked  retractions  of  the  omentum  and  mesenterj-  may 
be  caused.  The  remains  of  old  organized  fibrinous  exu- 
dates are  most  frequently  seen  in  the  form  of  tendinous 
patches  or  small  pearly  nodules  over  the  surface  of  the 
spleen,  liver,  or  intestine.  Extensive  thickening  of  the 
pelvic  ])eritoneum  ma}'  result  from  the  healing  of  cir- 
cumscribed peritonitis  in  this  region.  During  the  stage 
of  active  fibroblastic  proliferation  such  a  large  mass  of 
granulation  tissue  may  be  formed  that  in  the  case  of  a 
circumscribed  peri-appendiceal  peritonitis  a  tumor  may 
be  produced  which  may  be  mistaken  clinically  for  a  ma- 
lignant neoplasm,  aud  even  when  examined  microscopi- 
cally might  be  mistaken  for  a  sarcoma.  Such  tumor-like 
masses  may  also  be  found  in  the  omentum.  Should  heal- 
ing take  place  the  tumor  may  gradually  contract  aud 
finally  entirely  disappear  ("disappearing  tumor").  The 
presence  of  exudate  not  yet  organized,  the  large  number 
of  polymorphonuclear  leucocytes  showing  karyorrhexis, 
the  hypertrophic  character  of  the  endothelium  of  the 
numerous  capillaries,  the  presence  of  many  plasma  cells 
and  phagocytes,  the  development  in  areas  of  a  fibrous 
intercellular  substance,  etc.,  are  among  the  points  to  be 
considered  in  making  a  microscopical  diagnosis  of  tissue 
renroved  from  such  tumor-like  formations. 

Subacute  Peritonitis. — In  cases  running  a  slower  course 
the  amount  of  exudate  is  usually  less  than  in  the  acute 
forms,  although  in  some  cases  in  which  it  is  more  serous 
in  character  the  amount  may  be  very  large.  The  adhe- 
sions are  firmer,  organization  having  jsrogressed  to  a 
greater  extent.  The  serosa  is  thickened,  roughened,  and 
wholly  lustreless,  and  is  often  grayish  or  slate-colored. 
The  injection  of  the  blood-vessels  is  much  less,  and  there 
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is  also  less  aHlema  of  the  subsenisa.  Exaocrbations. 
which  are  very  likely  to  occur,  give  the  ai)]iearauces  of 
au  acute  inliaiiunatiou.  Microscopically  the  exudate 
covering  the  serosa  is  found  to  be  partly  organized,  and 
there  is"a  tibroblastie  increase  of  tissue.  The  cells  of  the 
exudate  may  show  fatty  or  hydropic  degciieraliou. 

Chronic  Pi'n'ltmitiK.—VUvonU:  peritonitis  may  follow 
an  acute  process  or  it  may  develop  insidiously.  The 
changes  seen  in  chronic  peritonitis  are  essentially  the 
same  as  in  the  afute  process,  the  chief  difference  being 
in  the  more  advanced  organization  of  the  exudate  with 
resulting  tirm  adhesions  and  formation  of  false  mem- 
branes, tendinous  patches,  etc.  When  numerous  adhe- 
sions are  formed  the  condition  is  termed  jicn'toiiiliti 
chronim  ml/idnird.  The  capsule  of  the  liver  and  spleen 
may  be  greatly  thickened  and  hyaline  (chronic  perihepa- 
titis, chronic  perisiilenitis).  Scar-like  thickenings  and 
retractions  of  the  omentiun  and  mesentery  may  be  found 
{pei-itonitis  rhmnira  retmhcns),  and  in  the  former  there 
may  he  produced  tumor-like  masses  of  granulation  tissue. 
It  is  usually  rolled  up  above  the  level  of  the  umbilicus. 
Marked  deformities  of  the  intestine  and  intraperitoneal 
organs  may  be  produced  by  the  contraction  of  the  new- 
formed  connective  tissue  ( peritonitis deformana).  Partial 
or  complete  stenosis  of  the  intestine,  common  duct,  ure- 
ters, tubes,  etc.,  maj'  result  from  the  contraction  or  pull 
of  band -like  adhesions.  Incarceration  of  portions  of  the 
intestinal  coils  in  hernia-like  sacs  formed  by  adhesions 
may  also  occur.  Inasmuch  as  exacerbations  are  not  in- 
frequently seen  in  chronic  peritonitis  the  jiicture  of  a 
recent  exudation  may  be  added  to  that  of  au  older  proc- 
ess. The  haiiiiitoma  peritonei  of  Friedreich  mentioned 
above  is  associated  particularly  with  a  rare  form  of 
chronic  hemorrhagic  peritonitis.  Chronic  peritonitis  maj' 
be  local  or  general ;  the  former  is  the  more  common.  Tlie 
inflammation  may  be  dry,  or  a  sero-libriuous  exudate  may 
be  present ;  less  frequently  the  exudate  is  hemorrhagic  or 
purulent. 

Local  chronic  peritonitis  is  seen  most  often  in  the 
hejiatic  region  (cirrhosis,  gall-stones,  syphilis,  etc.),  in 
the  splenic  region  (perisplenitis),  and  in  the  pelvis  of  the 
female.  In  prostitutes  a  local  chronic  pelveo-peritonitis 
is  nearly  always  present  in  the  form  of  adhesions.  The 
appendix  region,  the  neighborhood  of  gastric  and  intes- 
tinal ulcers,  hernial  sacs,  etc.,  are  also  frequent  seats  of 
chronic  peritonitis. 

Attention  has  recenth'  been  directed  to  the  condition 
designated  '^c/ironic  multiple  sero>iitis"  or  '^miilti/ile  pro- 
gressive /rynloserositis"  which  is  characterized  by  a  slow- 
ly progressive  hyperplasia  of  the  serous  membranes  with 
secondary  hyaline  changes.  In  the  case  of  the  perito- 
neum the  condition  is  usually  most  marked  over  the  cap- 
sule of  the  liver  or  spleen  (chronic  perihepatitis,  chronic 
perisplenitis).  The  thickened  and  hyaline  capsule  pre- 
sents an  appearance  i-esembling  the  icing  of  a  cake 
(" Zuckergussleber "  of  Curschmann,  "iced  liver").  An 
obliterative  pericarditis  or  pleuritis  may  or  may  not  be 
coincident  with  the  peritoneal  condition.  The  "capsules 
of  the  liver  and  spleen  ma}-  be  involved  at  the  same  time 
or  either  one  may  alone  show  the  change,  or  the  con- 
dition may  bedill'use  throughout  the  entire  extent  of  the 
peritoneum,  or  it  may  occur  as  a  part  of  a  multiple  affec- 
tion of  the  serous  membranes.  When  affecting  chiefly 
the  liver  capsule  the  condition  may  be  the  result  of  "a 
local  chronic  peritonitis,  an  acute  or  subacute  hepatitis, 
chronic  mediastinopericarditis,  or  a  chronic  obliterative 
pleuritis.  It  may  also  be  a  part  of  a  Glissonian  cirrhosis, 
perhaps  associated  with  syphilis  or  tuberculosis.  The 
affection  of  the  splenic  capsule  is  usualh-  the  result  of  a 
local  chronic  peritonitis,  or  is  associated  with  syphilis 
or  tuberculosis.  Chronic  hyaloserositis  is  essentially  a 
hyperplastic  inflammation,  and  is  probably  due  to  anin- 
fection  with  micro-organisms  of  a  low  virulence.  In  the 
majority  of  cases  it'is  probably  tuberculous.  Micro- 
scopically the  thickened  splenic  or  hepatic  capsule  con- 
sists of  laminated  hyaline  connective  tissue,  usually  poor 
in  cells,  hut  occa.sionally  containing  groups  of  leucocytes 
or  areas  of  unorganized  "fibrin.    In  some  cases,  at  least,  the 


organization  of  a  fibrinous  exudate  with  subsequent  hya- 
line change  of  the  new  connective  tissue  plays  an  impor- 
tant, if  not  the  chief,  part  in  the  production  of  the  con- 
dition. 

Peritonitis  Carciiinmatosn. — Scirrhous  carcinoma  of  the 
stomach  or  gall  bladder  may  give  rise  to  secondaries  scat- 
tered ditfusely  throughout  the  peritoneum.  The  mem- 
brane at  the  same  time  presents  the  appearance  of  a 
chronic  hyaloperitouitis,  the  entire  serosa,  intestinal  and 
parietal,  as  well  as  the  hepatic  and  splenic  capsules,  l;eing 
greatly  thickened,  dense,  and  hyaline.  Such  a  condition 
may  very  easily  be  mistaken  for  a  simple  chronic  perito- 
nitis, inasmuch  as  appearances  suggesting  malignanc}' 
may  not  be  visible  to  the  naked  eye.  The  diagno.sis  in 
some  cases  can  be  made  only  on  microscopical  examina- 
tion, since  the  primary  growth  may  consist  only  of  a 
dense  thickening  of  the  pyloric  end  of  the  stomach  or  of 
the  gall-bladder  wall  ancl  may  not  be  recognized  from  the 
gross  appearances.  iMicroscopically  the  hyaline  connec- 
tive tissue  of  the  thickened  peritoneum  is  seen  to  contain 
small  nests  and  cords  of  epithelial  cells,  corresponding  to 
those  of  the  carcinnniatiius  iiililtralinn  at  the  primary  seat. 
It  is  well  to  bear  in  mind  the  fact  that  the  mesenteric  and 
retroperitoneal  lymph  glands  may  contain  large  nests  of 
cancer  cells,  so  that  the  tliagnosis  of  scirrhous  carcinoma 
may  be  more  easily  arrived  at  by  the  examination  of  these 
glands.  The  peritoneal  condition  may  therefore  be  re- 
garded as  of  the  nature  of  a  diffuse  carcinomatosis  with 
secondary  inflammatory  changes.  More  or  less  fibrinous 
exudate  may  be  present  over  the  surface  of  the  thickened 
membrane,  and  some  free  fluid  may  be  present  in  the 
cavity. 

Expterinuntitl  Peritonitis.— A.  number  of  important  e.\- 
perimental  studies  of  peritonitis  have  been  carrietl  out  by 
different  observers^  particularly  with  reference  to  the  etio- 
logical factors  of  peritonitis.  The  part  pla3'ed  by  va- 
rious bacteria  and  by  such  predisposing  factors  as  chemi- 
cal irritation,  cold,  etc.,  has  been  studied  with  the  gain  of 
much  important  knowledge.  Other  writers  have  recently 
studied  the  character  of  the  cells  fovuul  in  the  peritoneal 
exudate.  Beatlie  has  made  experimental  investigations 
along  this  line.  After  the  inieetion  of  bacteria  into  the 
peritoneal  cavity  various  cells  appear  in  the  exudate. 
Polymorphonuclear  leucocytes  appear  in  great  numbers 
on  the  peritoneal  surface,  and  are  fovmd  abundantly  in 
from  six  to  liftj-four  hours  after  the  injection.  In  fatal 
cases  they  increase  up  to  the  time  of  death  of  the  animal, 
but  in  non-fatal  cases  they  diminish  in  from  forty-eight 
to  sixty  hours.  They  act  as  the  chief  bacterial  phago 
cytes.  Mononuclear  phagocytes  are  also  found  at  all 
stages,  but  are  most  abundant  from  thirty-si.x  hours  on- 
ward. They  are  derived  from  the  endothelium  of  the 
serous  membrane,  of  blood-vessels,  lymph  vessels,  lymph 
spaces,  etc.  They  possess  ama'boid  motion,  and  are 
especially  phagocytic  to  other  cells,  but  may  also  take 
up  bacteria.  Great  numbers  of  these  cells  are  always 
fotmd  on  the  omentum,  and  Beattie  regards  them  as  tlie 
most  important  cells  of  the  peritoneal  exudate.  The 
presence  of  large  numbers  of  these  cells,  if  they  give 
evidences  of  active  function,  is  a  favorable  sign.  Since 
the  omentum  furnishes  large  numbers  of  the  mononuclear 
cells  in  peritonitis  this  organ  must  be  regarded  as  an  im- 
portant agent  in  protecting  the  body  from  infection  by 
wav  of  the  peritoneum.  Both  the  polymoi-plinnuclear 
and  mononuclear  phagocytes  are  destroyeil  in  the  peri- 
toneal sac,  the  former  being  largely  ingested  by  the  lat- 
ter. In  the  case  of  peritonitis  associated  with  secondary 
carcinoma  of  the  peritoneum  tumor  cells  may  be  foiuid 
in  the  exudate  in  addition  to  the  polymorphonuclear  and 
mononuclear  phagocytes.  As  a  ride  the  cancer  cellscan- 
not  be  distinguished  from  the  latter;  but  if  numer- 
ous cell-division  figures  arc  present,  especially  aty|iieal 
forms,  it  is  very  likely  that  such  cells  come  from  a  new 
growth. 

Symptoms. — Acvte  General  Peritonitis. — Peritonitis  in 
the  great  majoiity  of  cases  being  a  secondary  disease  the 
symptoms  are  modified  to  a  greater  or  less  extent  by 
the  original  trouble.     The  onset  in  particular  is  modified. 
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Perforative  peritonitis  may  occur  siulcieuly  in  a  person 
apparently  in  perfect  health.  Not  infrequently  the  first 
intimation  of  the  existence  of  a  gastric  or  intestinal  ulcer 
is  the  peritonitis  following  a  perforation.  In  the  case  of 
perforative  appendicitis  the  onset  may  be  equally  sud- 
den. On  the  other  hatid,  the  symptoms  of  perforative 
peritonitis  may  be  ob.scured  in  the  case  of  intestinal  tu- 
berculosis, typhoid  fever,  intestinal  obstruction,  etc.,  by 
the  severe  local  or  general  symptoms,  A  circumscribed 
peritonitis  may  also  become  gradually  changed  into  a 
general  condition,  the  change  in  symptoms  not  being  so 
pronounced  as  to  be  noted.  For  example,  a  localized 
purulent  perityphlitis  or  a  purulent  puerperal  pelveo- 
peritonitis  may  become  generalized.  A  i)neumococcie 
peritonitis  occurring  in  association  with  pneumonia  or 
meningitis  may  have  its  onset  obscured  by  the  general 
sj'mptoms. 

In  spite  of  these  exceptions  nearly  every  case  of  acute 
general  peritoniti.s  runs  a  clinical  course  so  typical  and 
characteristic  that  the  recognition  of  the  condition  be- 
comes a  matter  attended  bj'  little  or  no  difficulty. 

Prodrinncl  symptoms  may  or  ma}'  not  occur.  In  the 
former  case  they  consist  of  chills,  prolonged  and  repeated 
chilly  sensations,  fever,  loss  of  appetite,  nausea,  vomit- 
ing, thirst.  diarrhn:>a  or  constipation,  llatulence,  etc. 

Pain  is  the  earliest  detinite  svmptoin,  and  tew  cases  of 
acute  peritonitis  exist  without  it.  In  patients  who  are 
extremely  weak  or  whose  minds  are  clouded,  no  com- 
plaint of  pain  may  be  made,  and  the  condition  may  in 
this  way  escape  notice.  lu  nearly  every  case,  however, 
the  pain  becomes  the  most  marked  and  important  symp- 
tom. It  maj-  be  local,  often  referred  to  the  regirm  of  tlie 
umbilicus,  but  later  usually  extends  over  the  eutireahdo- 
men.  The  localization  of  the  pain  at  the  onset  of  the 
disease  may  have  some  diagnostic  value  in  indicating  the 
possible  source  of  the  inflammation,  as,  for  example,  in 
the  case  of  ga.stric  ulcer  or  a  perforating  appendicitis. 
The  pain  is  usually  excruciating  in  character,  and  may  be 
constant,  or  it  may  occur  with  short  remissions  followed 
by  exacerbations.  Colic-like  paroxysms  sometimes  occur. 
The  abdomen  is  extremely  sensitive,  so  that  even  gentle 
palpation,  or  even  the  weiglit  of  the  bed  clothes  can 
hardly  be  borne.  The  patient  assumes  a  position  which 
relieves  the  tension  of  the  abdominal  muscles,  lying  on 
the  back  with  thighs  drawn  up  and  shoulders  elevated. 
Such  a  position  may  be  maintained  for  days  and  weeks  as 
long  as  the  condition  lasts.  The  pain  is  increased  by 
deep  inspirations,  voluntary  moveinents,  and  probably 
also  by  intestinal  peristalsis.  The  patient  fears  particu- 
larly such  movements  as  vomiting,  coughing,  sneezing, 
defecation  and  urination,  etc.  The  character  of  the  pain 
is  sometimes  described  as  burning,  boring,  tearing, 
lancinating,  etc.,  without  much  light  being  thrown  upon 
the  conditions  causing  the  especial  character.  The  pas- 
sage of  gas  through  the  coils  probalily  pla_vs  an  impor- 
tant part  in  producing  tlie  painful  attacks.  Though  in 
the  majority  of  cases  the  pain  is  most  severe  below  the 
umbilicus,  in  cases  of  perforation  of  the  stomach  the 
pain  may  be  referred  to  the  shoulders,  back,  or  chest. 
Ill  the  earlier  stages  of  peritonitis  following  appendicitis 
the  pain  may  sometiiues  be  referred  to  the  testicle  or  the 
penis.  Mackenzie  believes  that  the  pain  which  is  caused 
by  pressure  over  the  abdomen  is  entirely  due  to  muscular 
and  cutaneous  h}-pera?sthesia,  the  peritoneum  itself  being 
]  devoid  of  sensory  nerves.  The  board-like  hardness  of 
the  abdominal  muscles  in  peritonitis  he  holds  to  be  the 
result  of  a  violent  stimulation  passing  from  the  affected 
organs  of  the  peritoneal  cavity  to  the  spinal  cord,  where 
the  irritation  spreads,  affecting  not  only  the  centres  of 
the  sensory  nerves,  but  also  those  of  the  muscular 
nerves.  When  the  patient  is  at  perfect  rest  the  pain  may 
be  slight  or  may  even  entirely  di.sappear. 

The  respiration  is  very  superficial,  rapid,  and  wholly 
costal  in  type.  The  speech  usually  becomes  an  almost 
imperceptible  whisper,  occasionally  hoarse  and  high- 
pitched,  resembling  the  so-called  vox  choleriea.  When 
the  attack  is  fully  established  the  patient  presents  a  very 
characteristic  appearance,  the  expression  is  an.xious,  the 


face  pinched  and  the  eyes  are  sunken,  tlie  Hippocratic 
fades  being  seen  in  this  affection  more  often  than  in  any 
other  disease  except  cholera.  The  severity  of  the  pain  is 
usually  expressed  by  the  patient's  face;  in  severe  cases- 
the  eyes  are  glassy  and  staring.  Consciousness  remains 
preserved  usually  until  the  last;  rarely  there  is  delirium, 
coma,  or  convulsion  at  the  cud. 

The  abdomeu  quickly  becomes  distended,  the  disten- 
tion becfuning  gradually  more  and  more  marked,  and 
sometimes  reaches  such  an  extent  that  it  seems  that  the 
abdominal  wall  must  give  way.  The  skin  over  the 
abdomen  is  smooth,  shining,  thinned,  the  superficial 
veins  appearing  as  blue  lines.  Fresh  linene  albicantiaj 
may  be  seen  over  tlie  surface.  The  abdominal  muscles 
are  stretched  and  often  of  a  board-like  hardness.  The 
distention  is  due  to  the  intestinal  tympanites,  which  is 
sometimes  so  great  that  complete  paralysis  of  the  intesti- 
nal musculature  results.  The  distended  coils  of  intestine 
can  sometimes  be  traced  through  the  abdominal  wall. 
The  more  lax  tlie  abdominal  wall  before  the  beginning 
of  the  peritonitis  the  greater  will  be  the  distention; 
hence  the  distention  is  most  marked  in  the  puerperal 
cases.  When  the  abdominal  muscles  are  well  developed 
and  the  abdominal  wall  is  ten.se,  the  convexity  may  not  be 
.great.  In  some  cases  the  wall  may  be  as  hard  as  a  lioard 
and  flat  or  even  somewhat  concave.  In  the  latter  case 
the  diagnosis  may  be  very  ditlicult.  In  the  later  stages 
the  abdominal  distention  is  increased  by  the  fluid  exu- 
date. 

Vomiting  is  an  almost  constant  symptom  in  peritonitis. 
It  usually  begins  early  in  the  disease  and  causes  great 
pain.  At  first  the  vomitus  cou.sists  of  food  remains,  later 
it  consists  chiefly  of  a  yellowish  bile-stained  fluid,  and 
tinallj'  becomes  greenish.  Occasionally  the  vomitus  is 
brownish-black  and  possesses  a  slight  faecal  odor.  The 
attacks  may  be  spontaneous  or  follow  the  taking  of  food. 
In  the  former  case  the  vomitus  cousists  usually  of  green- 
ish mucus.  Eructations  of  gas  usually  accompany  the 
vomiting.  The  frequency  and  intensity  of  the  vomiting 
vary.  In  .soiue  cases  nothing  can  be  retained  upon  the 
stomach,  juid  the  patient's  strength  is  very  quickly  lost. 
The  cause  of  the  vomiting  is  not  clear;  it  is  probably 
partly  reflex  and  partly  due  to  pressure  upon  the  stom- 
ach. In  those  cases  in  which  the  vomitus  has  a  itecal 
character  the  autopsy  usually  discloses  no  intestinal 
obstruction.  It  is  therefore  probable  that  the  condi- 
tion is  due  to  the  paralysis  of  the  intestinal  muscu- 
lature and  to  the  pressure  upon  the  intestine.  Toward 
the  close  of  the  attack  the  vomiting  may  be  replaced  by 
painful  hiccoughs,  which  are  a  source  of  great  torture  to 
the  patient.  It  is  probable  that  this  is  due  to  the  in- 
volveiuent  of  the  peritoneal  surface  of  the  diaphragm. 
In  those  cases  in  which  the  vomiting  is  kept  up  to  the 
end  some  of  the  vomitus  usually'  enters  the  respiratory 
tract  and  may  give  rise  to  an  aspiration  pneumonia  or 
gangrene  of  the  lung. 

Peritonitis  not  infrequently  begins  with  diarrTiaa, 
which  in  some  cases  is  associated  with  tenesmus,  or  as- 
sumes a  dysenteric  character.  The  paralysis  of  the  in- 
testinal musculature  soon  leads  to  constipatimi.  so  that 
this  condition  becomes  an  almost  constant  feature  of  the 
disease. 

The  tongue  is  usually  coated,  grayish-white  or  Wown; 
in  cases  of  obstinate  vomiting  it  may  be  clean  and  red  or 
fissured.  A  very  disagreeable  foetor  is  usually  present, 
sometimes  almost  faecal  in  character. 

After  the  chill  the  body  temperature  usually  rise.s, 
reaching  l(ii°-lOo°  F.  or  higher,  but  later  usually  falls. 
The  type  of  the  fever  is  very  varied  ;  it  may  be  contin- 
uous, "intermittent,  or  remittent.  The  skin  may  be 
cool,  while  the  rectal  temperature  is  high.  In  the  case 
of  collapse  the  temperature  may  fall  even  to  subnormal, 
and  the  body  may  be  covered  with  an  abundant  cold 
perspiration."  Just  before  death  the  temperature  may  rise 
again  and  reach  a  very  high  point. 

The  pi/hr  is  usually  very  frequent,  the  increase  in  rate 
being  out  of  proportion  to'  the  fever,  120-140  per  luinute 
not  being  uncommon.     The  pulse  is  at  the  same  time 
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small  ami  soft,  and  in  very  severe  cases  may  become  im- 
perceptible. 

'I'lie  uumber  of  trspiratirtii.t  is  increased,  30-40  per 
minute.  The  increased  rate  is  due  partly  to  the  fever, 
partly  to  the  high  jiositiou  of  the  diaphragm,  and  partly 
to  the  pain  att'ending  abdominal  brealhiug.  As  men- 
tioned above,  tlie  type  is  costal  and  the  breathing  super- 
ficial. The  cessation  of  movement  of  the  diaphragm  is 
regarded  as  a  bad  sign,  some  writers  considering  the 
prognosis  hopefid  as  long  as  an  insjiiratory  excursion  of 
the  diaphragm  can  be  felt,  this  being  taken  as  a  sign  that 
the  peritonitis  is  not  wholly  dilfuse. 

The  .v»/;/«c//i'c  symptoms  are  chiefly  pain,  uncontrollable 
thirst,  shortness  "of  breath,  and  au.xiety. 

Perriission  gi\-es  a  tympanitic  tone  over  the  distended 
intestine.  Dulness  over  the  dependent  portions  is  usually 
not  made  out  until  after  considerable  exudate  has  col- 
lected. AVheu  the  tympanites  is  very  marked  a  large 
amount  of  eiTusion  may  be  present  without  its  being 
detected  on  percussion.  A  change  of  level  of  the  dul- 
ness with  change  of  position  does  not  always  take  place; 
the  adhesions  between  the  coils  preventing  the  movement 
of  the  exudate.  Moreover,  there  is  usuallv  too  much 
pain  to  permit  of  a  careful  examination.  The  liver  dul- 
ness is  diminished,  the  upper  border  being  pushed  up- 
ward to  the  lifth  or  fourth  rib.  Tht?  splenic  dulness 
cannot  usually  be  made  out.  'The  heart  is  pu.shed 
upward,  the  ape.x  beat  dislocated  upward  and  to  the  left. 
The  movements  of  the  heart  in  the  intercostal  spaces  are 
more  prominent  than  normal. 

Auscultation  of  the  abdomen  does  not  throw  much  light 
upon  the  condition.  Gurgling  and  splashing  sounds  may 
be  heard  in  the  intestines.  Occasionally  friction  sotmds 
may  be  heard,  but  these  are  not  so  common  as  in  pleuritis 
or  pericarditis.  In  pneumoperitonitis  splashing  sounds 
may  be  produced  by  shaking  the  patient.  The  heart 
sounds  may  have  a  metallic  resonance  in  the  case  of  ex- 
treme tympanites.  The  pulmonary  second  sound  is  usu- 
ally accentuated. 

The  urine  is  ustially  diminished  in  amount,  dark, 
strongly  acid,  of  high  specific  gravity,  and  sometimes 
contains  a  small  amount  of  albumin.  The  amount  of 
iudican  present  may  be  much  greater  than  usual. 

Certain  writers  claim  that,  there  is  a  local  increane  of 
temperature  in  the  abdominal  wall,  and  that  this  fact 
constitutes  an  important  iliagnostic  factor.  The  normal 
temperature  of  the  surface  of  the  abdomen  is  about 
35.5°  C. 

In  the  case  of  pneumoperitoneum  duQ.to  perforation  or 
to  formation  of  gas  within  the  cavity  the  hepatic  dulness 
is  obliterated.  The  liver  dulness  nuiy,  however,  disap- 
pear when  there  is  no  gas  in  the  cavity ;  but  if  the  pa- 
tient is  placed  upon  his  left  side  a  clear  j'lercussiou  tone 
will  be  heard  at  the  seventh  or  eighth  rib  in  the  right  axil- 
lary line  in  the  case  of  pneumoperitoneum.  In  other 
cases  dulness  will  be  found  at  this  region.  The  disap- 
pearance of  the  liver  dulness  anteriorly  when  pneumo- 
peritoneum does  not  exist  is  due  to  the  tilting  backward 
of  the  organ  and  the  presence  between  it  and  the  ab- 
dominal wall  of  a  loop  of  distended  intestine. 

The  course  of  an  acute  general  peritonitis  is  usually 
very  rai)id.  The  most  severe  cases  may  terminate  fatal- 
ly within  thirty-six  to  forty-eight  hours,  while  the  aver- 
age case  usually  lasts  five  or  six  days.  Since  the  etio- 
logical factors  vary  so  greatly  no  absolute  statements 
can  be  made  regarding  the  clinical  course.  The  perito- 
nitis occurring  as  the  result  of  gastric  or  intestinal 
perforation  is  usualh'  quickly  fatal,  but  much  is  to  be 
hoped  from  the  surgical  treatment  of  these  cases.  Puer- 
peral septic  peritonitis  is  likewise  usually  fatal.  Pneu- 
raoeoccic  peritonitis  is  also  likely  to  terminate  more  or 
less  quickly  in  the  death  of  the  patient.  The  peritonitis 
which  occurs  in  connection  with  arthritis,  as  well  as  in  all 
other  cases  in  which  tlie  exudate  is  serous  or  sero-fibrin- 
ous,  is  much  more  likely  to  end  in  recovery. 

In  the  fatal  cases  deat/i  may  occur  suddenly  as  if  from 
shock;  or  in  the  case  of  extreme  tympanites  the  high 
position  of  the  diaphragm  may  cause  death  from  sufto- 


catiou.  In  some  cases  the  final  picture  is  that  of  a  gen- 
eral sepsis  or  pysmia.  In  the  great  majority  of  cases 
the  pulse  becomes  more  rapid,  the  vomiting  persists,  the 
bodil_y  powers  are  quickly  exhausted,  and  the  patient 
dies  with  symptoms  of  collapse.  In  such  cases  the  tem- 
perature usually  becomes  subnormal  as  the  enti  ap- 
proaches. 

In  other  cases  of  less  frequent  occurrence  the  disease 
may  drag  itself  out  over  weeks  and  months,  assuming 
the  characteristics  of  a  subacute  or  chronic  process.  Va- 
rious complications  may  occur  during  such  a  prolonged 
course.  Rupture  of  the  exudate  into  the  gastro-intes- 
tinal  tract  or  through  the  abdominal  wall,  etc.,  is  most 
likely  to  occur  in  such  cases.  In  the  event  of  such  per- 
foration into  the  stomach,  pus  will  be  found  in  the  vomi- 
tus;  when  into  the  Intestine  the  pus  will  appear  in  the 
stools;  when  into  the  urinary  tract  the  urine  will  show  a 
sediment  of  pus;  when  into  the  respiratory  tract  the 
sputum  will  be  abundant  and  purulent.  In  the  event  of 
a  rupture  tlirtmgh  the  abdominal  wall  redness,  swelling, 
and  cfdema  will  first  apiiear  at  the  affected  spot,  the  skin 
becomes  thinned,  fluctuation  occurs,  and  pus  finally 
seeps  through  small  fissures,  or  an  opening  of  large 
size  may  be  formed,  through  which  the  pus  may  be 
forced  in  streams  during  coughing,  etc.  The  navel  is 
the  most  common  seat  of  perforation.  In  some  cases  the 
pus  burrows  beneath  the  skin  for  some  distance  before  it 
finalfy  breaks  through.  In  other  cases  some  of  the  ex- 
udate may  be  absorbed  or  encapsulation  may  take  place. 
Exacerbations  are  frequent  and  death  may  take  place 
finally  from  general  marasmus.  General  drops}',  bed- 
sores, albuminuria,  etc.,  characterize  the  course  of  such 
cases. 

In  the  mild  cases  of  general  peritonitis  following  labor, 
abortion,  or  menstruation  recovery  may  occur.  Even 
in  those  cases  in  which  the  disease  runs  a  rapid  and 
favorable  course  disturbances  of  the  digestive  tract  usu- 
ally develop,  and  the  patient  may  die  later  from  intestinal 
obstruction  caused  by  the  contraction  of  adhesions.  A 
favorable  prognosis  should  not  be  too  hastily  given  in 
such  cases.  Nevertheless,  complete  recovery  may  result 
after  a  year  or  longer,  even  in  very  severe  cases. 

Acute  Circumscribed  Peritonitis. — The  local  symptoms 
of  this  form  are  similar  to  those  of  the  general  process, 
but  are  more  limited.  The  vomiting  is  not  so  severe  or 
so  persistent  as  in  the  general  intiammation.  Though 
the  general  weakness  is  marked  the  .symptoms  of  collapse 
do  not  occur  to  the  same  extent  as  in  general  peritonitLs. 
An  irregular  fever  is  Osually  present,  running  a  course 
suggesting  that  of  a  pya'mic  aflection.  The  condition  is 
usually  very  chronic.  Manj-  patients  die  from  general 
debility.  Spontaneous  evacuation  of  the  encapsulated 
exudate  may  take  place  through  perforation  into  the 
gastro-intestinal  tract,  pleura  and  lungs,  abdominal  wall, 
etc.  Should  the  jjerforation  take  place  into  the  remain- 
ing portion  of  the  peritoneal  cavity  the  peritonitis  may 
become  diffuse.  .According  to  the  location  of  the  inflam- 
mation (perisplenitis,  perihepatitis,  perityphlitis,  peri- 
metritis, peripancreatitis,  perigastritis,  epiploitis,  mescn- 
teritis,  etc.)  various  symptoms  may  arise  through  the 
disturbance  of  ftmction  of  the  affected  organ.  Pain  is 
usually  felt  in  the  affected  region.  The  physical  signs 
are  local  tumor,  dulness,  fluctuation,  peritoneal  friction, 
etc. 

Of  the  various  forms  of  acute  circumscribed  peritonitis 
the  condition  known  as  subphrenic  aiiscess  deserves  espe- 
cial attention.  It  is  due  to  an  encapsulated  collection  of 
purulent  exudate  between  the  upper  surface  of  the  liver, 
stomach,  or  spleen,  and  the  diaphragm.  Owing  to  the 
paralysis  of  the  diaphragm  the  tumor  may  rise  high  into 
the  thorax  and  may  be  mistaken  for  a  jileural  effusion, 
especiallj'  since  a  secondary  jilcuritis  is  usuall)'  present. 
Hepatic  abscess,  splenic  infarction,  splenic  abscess,  rupt- 
ure of  echinococcus  cysts,  and  gall  stones  are  the  more 
common  causes  of  the  condition,  but  it  is  not  a  rare  com- 
plication of  perforating  appendicitis. 

Perforation  Peritonitis. — The  peritonitis  due  to  ]ier- 
f  oral  ion  may  be  local  or  general.     It  may  run  a  very 


506 


REFERENCE  HANDBOOK   OF  THE  IIEDICAL  SCIENCES. 


Perltouitis. 
PerHoiiill*. 


acute  course,  but  -nhen  circumscribed  is  more  lilcely  to 
be  chrouic.  In  tlie  case  of  the  suddeu  perforation,"  as, 
for  example,  of  the  stomach,  intestine,  cystic  tumor,  etc., 
the  patient  may  feel  a  sharp  tearing  sensation,  as  if 
something  had  given  way  within  the  body.  The  sever- 
est symptoms  of  collapse  may  immediatelj' result.  The 
abdomen  may  be  contracted,  hard  as  a  board,  and  even 
scaphoid.  The  .slightest  touch  causes  extreme  pain. 
Death  may  take  place  ^^■ithin  a  few  hours.  lu  other 
cases  the  entrance  into  th^  peritoneal  cavity  of  stomach 
contents,  faeces,  bile,  etc.,  excites  a  general  peritonitis 
with  symptoms  as  described  above.  In  the  case  of  per- 
foration of  the  gastro-intestinal  tract  gas  may  also  enter 
the  cavity,  and  the  picture  of  a  pneumoperitonitis  be 
presented.  The  liver  and  splenic  areas  of  dulness  are  ob- 
literated unless  these  organs  have  become  attached  to  the 
anterior  abdominal  wall  by  means  of  adhesions.  Suc- 
cussion  sounds  may  be  produced,  and  the  respiratory 
sounds  may  acquire  an  amphoric  quality. 

Puerperal  Peritonitis. — This  dreaded  complication  usu- 
ally appears  at  from  the  third  to  the  fifth  day  after  labor. 
Safet}-  from  the  condition  is  usuall}'  assumed  if  the 
woman  reaches  the  end  of  the  second  week  without  its 
occurrence.  The  pain  is  usually  much  less  intense  than 
in  the  other  forms  of  general  peritonitis,  and  the  tym- 
panites more  marked.  Chills  occur  more  frequently  than 
in  other  forms  and  diarrha>a  is  almost  always  present, 
the  discharges  often  becoming  bloody  and  of  the  charac- 
ter of  a  dysenterj'.  The  vomiting  is  especially  obstinate. 
The  lochia!  discharges  often  become  offensive.  The 
peritoneal  exudate  is  usually  more  abundant  and  more 
purulent  in  character  than  in  other  forms,  and  not  infre- 
quently becomes  putrid.  The  mortality  is  great,  death 
Utking  place  with  symptoms  of  general  sepsis  usually 
between  the  fifth  and  twelfth  days. 

hifaittile  Pevitonitix. — Fatal  peritonitis  occurs  between 
the  seventh  and  ninth  months  of  intra-uterine  life. 
Syphilis  is  the  chief  etiological  factor.  Infection  of  the 
umbilicus  may  lead  to  a  perituiiitis  neonatorum.  The 
children  of  mothers  suffering  from  puerperal  sepsis  are 
especially  likely  to  become  infected.  In  addition  to  the 
local  symptoms  of  distention,  pain,  etc.,  there  is  usually 
a  picture  of  general  sepsis  or  pj'S'mia.  The  condition  is 
almost  alwaj's  fatal.  A  peritonitis  may  also  develop  in 
infants  and  young  children  (peritonitis  infantium)  as  the 
result  of  syphilis,  or  of  infection  with  pyogenic  organ- 
isms, the  pncumococcus,  gonococcus,  etc.  In  the  great 
majority  of  cases  peritonitis  in  young  children  is  the  re- 
sult of  appendicitis.  In  peritonitis  which  occurs  in  young 
girls  the  possibility  of  a  gouococcic  infection  should 
always  be  borne  in  mind  and  the  genital  passages  ex- 
amined for  the  existence  of  such  disease.  Non-gonococ- 
cal  vulvo-vaginitis  rarelj'  spreads  to  the  peritoneum. 
Pneinnococcic  peritonitis  Ls  more  common  in  girl  than 
in  boy  infants.  The  infection  is  probably  through  the 
genital  tract.  The  onset  is  usually  very  sudden,  with 
abdominal  pain,  fever,  and  vomiting.  The  course  of  the 
affection  is  very  similar  to  that  of  pneumonia,  the  active 
symptoms  subsiding  in  from  seven  to  ten  days,  but  the 
abdomen  remains  distended,  and  later  the  presence  of  an 
exudate  becomes  manifest.  The  prognosis  in  the  cases  of 
general  infection  is  not  good,  but  when  the  inflammation 
is  localized  in  the  pelvis  it  is  more  favorable. 

Chronic  Peritonitis. — In  the  majority  of  eases  chronic 
diffuse  peritonitis  is  the  sequela  of  an  acute  inflamma- 
tion, although  such  an  occurrence  is  relatively  rare. 
Usually  no  sharp  line  can  be  drawn  between  the  two; 
thesymptomsof  an  intense  acute  process  gradually  abate 
and  are  replaced  b}'  those  of  a  chronic  type.  In  some 
cases  the  chronic  inflammation  develops  as  the  sequela  of 
a  number  of  acute  attacks;  in  others  the  onset  is  slow 
and  insidious.  The  pain,  abdominal  tenderness,  and  dis- 
tention are  never  so  marked  as  in  the  acute  cases.  The 
distention  is  usually  moderate  and  often  asymmetiical, 
certain  coils  of  intestine  being  especially  prominent. 
Sometimes  the  abdomen  is  fiat  or  even  scaphoid,  the  walls 
are  hard  and  Ijoard-like.  On  palpation  the  thickening 
of  the  omentum  and  mesentery,  as  well  as  the  fibrous 


adhesions  between  the  coils,  may  be  made  out  as  tumor- 
like  masses  or  as  uneven  prominences.  When  an  effu 
siou  is  present  palpation  may  be  negative.  A  friction 
rub  may  occasionally  be. felt.  In  some  cases  the  abdo- 
men may  be  so  tense' that  nothing  can  be  felt  through  it. 
Cases  of  chronic  peritonitis,  not  due  to  tuberculosis  or 
complicated  with  other  conditions,  do  not  usually  show 
much  exudation.  The  course  is  very  protracted.  Re- 
covery may  follow  the  absorption  and  organization  of 
the  exudate,  or  its  escape  by  perforation  from  the  cavity. 
Death  usually  results  from  general  marasmus.  The 
healing  of  the  inflammation  may  be  followed  later  by 
stenosis  and  intestinal  obstruction,  which  may  result 
fatally.  Occlusions  of  the  connnon  duct  by  thecontrac- 
tion  of  adhesions  may  cause  a  chronic  obstructive  jaun- 
dice. 

A  peculiar  form  of  chronic  serous  peritonitis  occurs  in 
children,  appearing  under  the  form  of  a  chronic  ascites. 
It  occurs  most  frequently  between  the  ages  of  two  and 
ten,  and  in  girls  at  the  age  of  puberty.  The  abdomen  is 
distended  by  the  exudate,  which  is  usually  quite  abun- 
dant, serous  in  character,  and  freely  movable.  The 
affected  children  are  anaemic,  more  or  less  weak,  but  do 
not  lose  much  in  weight  and  do  not  suffer  jiain.  The 
lower  extremities  may  become  (edematous.  The  exudate 
mayapparently  entirely  disappear  and  then  return.  The 
course  may  last  many  months  and  may  terminate  in  com- 
plete recovery.  The  exact  nature  of  the  affection  is  un- 
known. Trauma,  inflammation  of  the  gastro-intestinal 
tract,  lymph  glands,  and  genital  tract,  etc.,  have  been 
adduced  as  etiological  factors.  It  is  possible  that  the 
condition  represents  an  infection  of  the  peritoneum  with 
tubercle  bacilli  of  low  virulence.  In  the  fatal  cases  death 
results  from  an  increasing  marasmus. 

TuBEKCi'Losis  OF  THE  Pehitonbu.m. — Tubcrodous 
disease  of  the  peritoneum  is  of  especial  interest  because 
of  its  peculiar  clinical  course  and  the  fact  that  the  con- 
dition may  undergo  spontaneous  healing  after  lapa- 
rotomy. A  distinction  is  drawn  by  some  writers  be- 
tween pure  tuberculosis  of  the  peritoneum  and  a 
tuberculous  peritonitis;  but  such  a  distinction,  while 
based  upon  pathological  grounds,  has  but  little  practical 
value,  the  first  condition  rarely  presenting  clinical  .signs. 

Simple  tuberculosis  of  the  peritoneum  without  accom- 
panying inflammation  or  exudation  is  usually  secondary 
to  an  acute  miliar}-  or  chronic  puhnonarj'  tuberculosis. 
It  may  be  secondar}'  also  to  tuberculosis  of  the  bronchial 
or  subperitoneal  Ij'mph  glands,  gsnito-urinarv  tubercu- 
losis, tuberculosis  of  the  pleura,  adrenal  bodies,  etc.  In 
the  great  majoritv  of  cases  the  infection  of  the  perito- 
neum proceeds  from  tuberculous  idcers  of  the  intestine  or 
caseating  mesenteric  glands.  In  rare  cases  it  may  be 
primarj".  Small  grayish  tubercles  are  found  scattered 
over  the  peritoneimi.  On  microscopical  examination 
they  consist  of  epithelioid  cells  and  numerous  giant  cells 
containing  tubercle  bacilli.  Caseating  centres  may  be 
seen  in  the  larger  ones;  but  inflammatory  changes  in  the 
neighboring  peritoneum  are  usually  wanting.  The  tu- 
bercles are  almost  always  more  numerous  in  the  omen- 
tum. AVhen  very  small  the  tubercles  may  not  be  recog- 
nized at  operation  or  autopsy ;  the  larger  ones  are 
recognized  by  their  grayish  color  and  yellowish  centres. 
Though  often  very  numerous  the  tubercles  are  usuallj' 
circumscribed.  There  are  no  sj'mptoras,  the  condition 
usuallv  being  discovered  at  autopsy,  or  in  the  event  of  a 
laparotomy. 

Tuberculous periionitis — ^tuberculosis  with  inflammation 
and  exudation — -exists  in  a  great  variet}-  of  forms  which 
have  been  variously  classified  by  dift'erent  authors.  The 
most  common  forms  are:  acute  miliary  tuberculosis  with 
sero-fibrinous  or  sero-hemorrhagic  exudation;  chronic 
tuberculous  ascites  with  small  tubercles  which  show  little 
caseation;  chronic  fibro-casemis  tuberculous  peritonitis  viith. 
purulent  or  fibrino-purulent  exudate;  chronic  hyperplas- 
tic tuberculous  peritonitis  ;  chronic  fibroid  tuberculosis  with 
little  or  no  exudation,  the  serous  surfaces  being  fastened 
together  by  adhesions. 

The  appearances  at  autopsy  or  operation  may  vary 
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greatly.  lu  the  majority  of  cases  two  types  ijredonii- 
iiate;  "the  iid/nsirf  I'oriii  and  that  with  free  fluid  e.vudate. 
Tlie  former  is  the  more  common.  The  coils  and  the 
abdominal  organs  are  matted  together  and  to  the  parietal 
peritoneum  by  numerous  tirm  adhesions,  in  which  there 
are  fonnil  nuineroiis  tubercles  or  caseous  masses.  The 
spaces  between  the  adhesions  are  tillc'd  with  a  purulent, 
tibiino-purulent,  or  hemorrhagic  exudate,  or,  if  perfora- 
tion into  the  bowel  hasoecuri-ed,  with  exudate  contain- 
ing fa'cal  material.  Sueli  perforation  is  not  uncommon 
and  fa'cal  fistuhe  may  l)e  formed.  The  adhesions  be- 
tween the  liver  and  spleen  and  the  diaphragm  are  usually 
very  tirm.  The  omentum  is  thickened  and  rolled  up,  and 
its  boundaries  are  lost  in  the  general  adhesions.  In  many 
cases  it  is  almost  impossible  to  orient  the  abdominal 
organs,  everything  being  so  densely  bound  together  by 
adhesions,  all  free  surfaces  being  covered  with  a  thick 
yellowish  or  grayish  layer  of  flbriuo-puruleut  exudate. 
In  the  second  type  the  peritoneal  surface  is  covered  or 
strewn  with  numerous  tubercles  which  are  more  or  less 
confluent.  Caseation  is  usually  advanced  to  a  greater  or 
less  extent.  In  the  later  stages  the  entire  peritoneum 
becomes  covered  with  a  layer  of  tuberculous  granulation 
tissue  containing  caseous  centres.  Adhesions  are  not 
numerous  and  the  peritoneal  cavity  contains  a  large 
amount  of  serous  or  sero-librinous  exudate. 

In  the  chronic  fibroid  form  the  peritoneum  is  thickened 
and  hyaline;  adhesions  are  numerous,  but  there  is  little 
or  no  fluid  exudate.  The  surface  of  the  thickened  peri- 
toneum is  usually  covered  with  a  fibrinous  layer.  Cir- 
cumscribed tubercles  may  be  entirely  absent,  likewise 
caseation.  The  spleen  and  liver  may  be  covered  with  a 
thick  hyaline  layer,  the  appearances  in  general  resem- 
bling tliose  of  hyaloserositis,  as  mentioned  above,  or  the 
condition  may  be  mistaken  for  scirrhous  carcinoma.  t_)n 
microscopical  examination  ttibercles  are  found  eiubedded 
in  the  masses  of  fibroid  ti.ssue.  These  usually  contain 
but  few  bacilli.  In  the  chronic  fibro-caseous  form  large 
caseating  mas.ses  may  be  found  in  the  adhesions  or  in  the 
peritoneal  surface.  Tlie  chronic  liyperplastic  form  is 
characterized  by  the  formation  of  tumor-like  masses  of 
tuberculous  granulation  tissue.  The  mesentery  may  be- 
come enormously  thickened,  and  the  condition  may  be 
mistaken  for  a  new'  growth.  A  hyperplastic  tubercu- 
losis of  the  intestinal  wall  is  usually  found  in  association 
with  such  cases.  Such  tumor-like  masses  are  encoun- 
tered most  fre((uently  in  the  right  iliac  region.  Tuber- 
culous tumor  bke  masses  may  also  be  found  in  the  omen- 
tum. 

Tuberculous  peritonitis  occurs  at  all  ages,  but  is  most 
common  in  middle  adult  life.  The  majority  of  cases  ap- 
pear to  occur  in  females,  although  many  statistics  show 
a  majority  of  males  affected.  Children  are  not  infre- 
quently affected.  According  to  Osier  the  condition,  in 
America,  is  more  frequently  found  in  negroes  than  in  the 
white  race.  In  tlie  female,  tuberculous  peritonitis  is 
more  frequently  associated  with  tuberculosis  of  the  tubes; 
in  children  the  infection  usually  comes  from  the  intes- 
tines. The  condition  not  infrequently  occurs  as  a  termi- 
nal infection  in  hepatic  cirrhosis. 

The  symptoms  of  tuberculous  peritonitis  vary  greatly. 
The  condition  may  be  entirely  latent,  and  discovered  oidj' 
by  accident.  In  other  cases  the  symptoms  may  be  so 
severe  as  to  suggest  intestinal  obstruction.  In  many  in- 
tances  the  onset  is  like  that  of  an  acute  general  perito- 
nitis. Other  cases  still  resemble  typhoid  fever  and  may 
be  mistaken  for  this  disease.  The  clinical  picture  varies  to 
such  an  extent  that  no  very  general  description  can  be 
given.  Ascites  is  usually  present,  though  the  amount  of 
exudate  may  be  small.  In  the  acute  caseslhe  abdomen  may 
be  distended  by  tympanites,  and  meteorism  is  also  of  fre- 
quent occurrence  in  the  late  stages  of  the  adhesive  form. 
Fever  is  always  present,  though  sometimes  light.  It  luay 
be  remittent,  intennittent,  or  continuous,  and  may  reach 
103'  -104  F.  A  subnormal  temperature  is  not  uncommon 
in  the  chronic  cases,  the  temperature  for  days  in  some 
cases  riuming  95°-97'  F.  Tlie  patient  may  appear  well 
nourished  or  may  be  emaciated  and  cachectic.     Gastro- 


intestinal disturbances  are  the  rule,  and  the  bowels  are 
either  constipated  or  loose.  The  skin  sometimes  shows 
pigmentation,  and  the  condition  may  be  mistaken  for 
Addison's  disease.  The  two  conditions  may,  however, 
exist  together.  In  those  cases  in  which  the  tuberculous 
peritonitis  is  secondary  to  chronic  tuberculosis  elsewhere 
the  symptoms  of  tlie  former  may  be  overshadowed  by 
those  of  the  primary  affection.  An  important  local  sign 
in  tuberculous  peritonitis  is  the  presence  of  tumor-like 
masses  in  the  abdomen.  These  may  be  due  to  omental 
thickening,  encapsulated  exudation,  thickening  of  the 
intestinal  coils,  enlargement  of  the  mesenteric  glands, 
caseating  ma.sses,  nodules  of  tuberculous  granulation 
tissue,  etc.  A  friction  rub  may  often  bo  felt  over  the 
tumors.  The  omentum  is  frequently  rolled  up  and 
thickened,  forming  a  nqie-like  tumor  lying  transversel3' 
across  the  abdmneii  above  the  level  of  the  umbilicus.  In 
connection  with  the  symptoms  this  local  sign  is  of  great 
importance  in  the  diagnosis  of  tuberculous  peritonitis. 

The  disease  pursues  a  varied  course.  Spontaneous 
healing  may  occur.  In  the  severe  acute  cases  death  may 
take  place  suddenly  as  in  acute  general  peritcmitis  not 
due  to  tuberculosis.  In  the  clironic  cases  the  patient 
may  gradually  become  marasmic  and  die  from  general 
w'eakness.  The  course  of  the  affection  is  subject  to  va- 
rious complications  wliicli  ma}'  bring  about  a  fatal  termi- 
nation. Obstruction  of  the  intestine  from  the  contrac- 
tion of  adhesions,  perforation  of  the  exudate  into  neigh 
boring  organs,  fatal  hemorrhage,  etc.,  are  the  most  com- 
mon of  these.  Death  may  take  ]ilace  from  the  primary 
tuberculosis,  or  a  general  miliary  tuberculosis  may 
terminate  the  case.  The  prognosis  in  tuberculous  peri- 
tonitis has,  however,  been  greatly  modified  b)' the  results 
of  laparotomy. 

I)i-\GXOsis. — The  diagnosis  of  acute  general  peritonitis 
is  usually  very  easj'  in  those  cases  in  which  there  is  a 
characteristic  picture  of  abdominal  tenderness  and  dis- 
tention, vomiting,  and  collapse.  The  starting-point  of 
the  inflammation  is  often  very  evident  in  cases  in  which 
a  primary  condition,  such  as  typhoid  fever,  gastric  ulcer, 
puerperal  infection,  etc.,  has  already  been  recognized. 
Careful  inquiry  and  search  for  such  a  cause  should 
always  be  made.  A  history  of  previous  attacks  suggest- 
ing appendicitis,  of  pelvic  disease,  gastric  ulcer,  etc.,  aids 
greatl)'  in  establishing  the  starting-point.  Such  a  cause 
cannot  always  be  easily  determined.  Since  man\'  cases 
are  first  seen  only  after  the  tenderness  and  distention  arc 
marked,  the  physical  examination  cannot  always  be  as 
thoroughly  carried  out  as  is  desirable.  In  such  cases  the 
pelvic  organs  should  be  examined  thoroughly.  In  some 
cases  the  diagno.sis  becomes  very  dilticult,  since  similar 
symptoms  may  be  produced  by  other  conditions.  Acute 
enterocolitis,  acute  intestinal  obstruction,  intestinal  ul- 
cers, acute  hemorrhagic  pancreatitis,  ruptured  tubal  ges- 
tation, embolism  of  the  superior  mesenteric  artery,  rupt- 
ure of  an  abdominal  aneurism,  etc.,  may  present  the 
picture  of  peritonitis  so  that  it  may  be  imjiossible  to  .say 
whether  the  latter  condition  has  been  set  up  or  not.  A 
diagnosis  of  peritonitis  may  be  given  under  these  con- 
ditions when  no  evidences  of  it  can  lie  found  at  autopsy. 
The  mistake  may  be  easily  made  in  those  cases  of  typhoid 
fever  in  which  the  tj'mpanifes,  alidominal  pain,  and  con- 
stitutional symptoms  are  very  marked.  The  presence  of 
parasites  in  the  intestinal  tract  may  also  give  rise  to 
sj'mptoms  suggesting  peritonitis.  In  those  cases  in 
which  the  local  symptoms  are  not  marked,  while  the 
general  collapse  is  severe,  the  diagnosis  may  be  entirely 
missed. 

The  diagnosis  of  circumscribed  peritonitis  is  almo.st 
whollj'  dependent  upon  the  recognition  of  the  condition 
from  which  the  inflammation  proceeds.  This  cannot 
always  be  accomplished,  and  it  is  often  necessary  to 
study  the  case  for  some  time  before  a  diagnosis  can  be 
made.  The  condition  is  most  often  mistaken  for  a  tu- 
mor. On  the  other  hand,  the  distended  bladder  and 
pregnant  uterus  have  been  mistaken  for  peritonitis.  In 
doubtful  cases  aspiration  of  local  tumors  should  always 
l)e  carried  out. 
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The  diagnosis  of  chronic  peritonitis  is  sometimes  very 
difficult  in  so  far  as  a  differentiation  between  simple 
chronic  jjeritonitis  and  tuberculous  peritonitis  is  con- 
cerned. It  may  be  borne  in  mind,  however,  that  the 
former  condition  is  very  rare.  In  those  cases  in  which  it 
is  a  sequela  of  an  acute  process  tlie  previous  liistory  of 
Ihc  case  usually  clears  up  the  matter,  but  in  those  cases 
in  which  the  disease  develops  gradually  and  insidiously 
the  determination  of  tlie  nature  of  the  process  may  be 
verj-  difficult.  The  patient's  family  and  individual  his- 
tory must  be  considered,  a  careful  examination  of  the 
thorax  and  genitals  must  be  made,  the  abdomen  aspi- 
rated, and  the  exudate  examined.  A  hemorrhagic  ex- 
udate favors  tubercidosis.  Carcinoma  may  be  diagnosed 
by  the  finding  in  the  exudate  of  small  bits  of  tumor  tis- 
sue or  cells  containing  atypical  division  figures.  The 
exudate  shoidd  also  be  stained  for  tubercle  liacilli,  and 
animal  inoculations  may  be  made.  The  tuberculin  test 
may  also  be  given.  The  occuneuce  of  pulmonary,  pleu- 
ritic, or  genitourinary  tuberculosis  makes  it  almost  cer- 
tain that  the  jieritoneal  condition  is  likewise  tuberculous. 
In  children  the  symptoms  of  the  condition  known  as  tabes 
iiit'Scittenca  are  chiefly  due  to  the  tuberculous  peritonitis 
present.  Tulierculous  peritonitis  is  often  a  terminal 
event  in  hepatic  cirrhosis. 

Blood  Ejiimiiiiitioii. — The  red  cells  are  usually  dimin- 
ished in  all  forms  of  peritonitis,  to  a  slight  or  moderate 
degree  in  acute  forms,  Itut  in  the  chroine  cases  the  au*- 
mia  may  be  marked.  During  the  acute  febrile  stage  the 
leucocj'tes  are  usuall}'  slightlj'  increased.  In  purulent 
peritonitis  the  leueocytosis  may  be  more  marked,  but 
sometimes  is  not  present  or  the  leucocytes  may  even  be 
diminished.  In  perforative  peritonitis  the  beginning  of 
tlie  inflammation  may  be  marked  by  a  leueocytosis.  In 
typhoid  fever  jierforation  ma,v  be  marked  by  an  increase 
of  the  polymorphonuclear  leucocytes,  or  the  percentage 
of  these  may  rise  without  an  increase  in  the  total  num- 
ber, or  the  leucocytes  may  not  be  affected.  Likewise  in 
appendicitis  a  very  high  leueocytosis  is  suggestive  of  a 
beginning  peritonitis.  In  tuberculous  peritonitis  with- 
out obstruction  and  secondary  infection  with  pyogenic 
organisms,  the  leucocyte  count  is  usually  low.  As  a 
rule  leueocytosis  in  this  disease  is  a  sign  of  a  compli- 
cation. 

Hyi^terical  Peritonitis. — Cases  have  been  I'eported  of 
liysterical  conditions  in  which  all  tlie  symptoms  of  peri- 
tonitis were  simulated :  sudden  on.set,  abdominal  disten- 
tion, pain  and  tenderness,  vomiting,  symptoms  of  col- 
lapse, etc.  Fever  may  also  be  present.  The  cases 
usually  give  a,  history  of  recurrent  attacks  without  ap- 
parent cause.  Other  hysterical  symptoms  may  be  want- 
ing so  that  a  mistaken  diagnosis  may  easily  be  made. 

TuEAT.MEXT. — The  treatment  of  acute  peritonitis  has 
been  much  discussed  in  recent  years,  particidarlj'  from 
the  o|)erative  side,  and  as  a  result  of  improved  surgical 
methods  the  prognosis  in  this  so  frequently  fatal  con- 
dition has  been  greatl_y  improved.  There  is  much  con- 
flicting opinion  as  to  the  exact  details  of  the  treatment, 
and  various  writers  even  disagree  as  to  more  essential 
points.  A  survey  of  tlie  literature,  however,  seems  to 
indicate  that  the  principle  of  early  surgical  interference 
is  gaining  groiuid.  As  a  prophylactic  measure  in  the 
case  of  an  impending  jierforatiim  operation  has  in  some 
quarters  met  with  notable  success.  With  iini)rovement 
of  the  surgical  teclmiquc  much  may  be  hoped  from  the 
early  surgical  treatment  of  cases  of  acute  general  peri- 
tonitis, and  it  is  not  improbable  that  this  disease,  at 
)iresent  so  dreaded,  may  be  divested  of  much  of  its  im- 
]iortaiice. 

The  older  treatment  may  be  summed  up  as  follows: 
rest,  opium  or  morphine,  local  applications,  hot  or  cold, 
local  application  of  leeches,  milk  diet,  ice,  small  quan- 
tities of  soda  water,  etc.  In  cases  of  distention  the 
intestines  were  sometimes  tapped  with  a  fine  trocar. 
The  intestinal  tube  was  also  used  to  remove  gas  from  the 
large  bowel.  JIuch  discussion  has  also  been  waged  over 
the  use  of  salines  in  this  condition,  some  authorities  ad- 
vocating them  as  an  aid  to  the  removal  of  the  exudate. 


others  condenmiug  such  use  on  the  ground  of  danger  in 
the  case  of  intestinal  lesions. 

While  in  general  the  above  outline  of  treatment  is  still 
carried  out  in  many  cases,  important  modifications  have 
been  made,  and  the  surgical  treatment  is  coming  more 
and  more  to  the  foreground.  Jlikulicz,  Kronlein. 
Oberst,  Wagner,  Trever,  Pean,  and  Kijrte  were  among 
the  first  to  advise  lajjarotomy  for  geueral  peritonitis. 
jMany  other  writers  have  recently  followed  in  their  lead. 
The  operative  treatment  in  general  consists  of  opening 
the  abdomen,  removing  the  exudate  as  completely  as 
possible,  the  so-called  "toilet  of  the  peritonemn,"  and 
after-drainage.  The  earlier  in  the  disease,  esjiecially  in 
the  case  of  perforative  peritonitis,  the  more  likely  is  the 
operation  to  be  successful.  Authorities  differ  in  their 
views  as  to  the  value  of  washing  out  the  peritoneal  cav- 
ity. Some  recommend  very  highly  the  use  of  large 
quantities  of  sterile  physiological  salt  solution,  all  parts 
of  the  abdomen  being  thoroughly  flushed.  This  seems  a 
rational  proceeding,  and  from  the  published  reports  a 
number  of  cases  liave  uudoubteilly  been  saved  by  it. 
Appropriate  general  treatment  is  of  course  given,  intra- 
venous saline  injections  being  freely  used  during  the 
after-treatment.  lu  those  cases  in  which  adhesions  have 
already  formed  the  washing  out  of  the  exudate  is  more 
difficult  and  less  perfect.  This  fact  is  therefore  the  chief 
reason  for  ojierating  as  earlj'  in  the  disease  as  possible. 
Mikulicz  advises  several  incisions  for  the  purpose  of 
draining  and  flushing  localized  collections  of  extulate. 

On  the  other  hand,  Krogius  does  not  advise  the  flush- 
ing out  of  the  cavity,  apparently  for  the  reason  that  he 
does  not  think  it  accomplishes  the  desired  purpose.  He 
recommends  tlie  dry  absorjitiou  of  the  exudate,  all  parts 
of  the  peritoneal  surface  being  thoroughly  mopjied  with 
sterile  gauze  compresses  and  particular  attenticm  being 
paid  to  the  pelvis  and  the  sid>phrenie  space.  In  order  to 
renderall  parts  of  the  jjeritoneum  accessible  he  makes  two 
incisions  through  the  abdominal  wall,  one  along  the  lateral 
border  of  the  right  rectus,  the  other  along  the  lateral 
border  of  the  left.  If  the  exudate  in  the  pelvis  cannot 
lie  removed  through  these  openings,  he  advises  a  counter- 
opening  in  the  posterior  wall  of  the  fornix  vagina?  in 
women,  aud  a  parasacral  opening  in  males.  After  cleans- 
ing the  peritoneum  as  perfectly  as  pi Lssible,  large  Miku- 
licz iodoform  tampons  are  placed  in  the  jielvis  aud  in 
the  upper  and  lower  portions  of  the  abdominal  cavity. 
These  become  offensive  in  a  few  days  and  are  renewed, 
the  outer  dressings  being  frequently  <'lianged.  In  addi- 
tion he  uses  intravenous  saline  injections,  intestinal  irri- 
gation, and  morphine  when  necessary.  TJie  occurrence 
of  secondary  collections  of  exudate,  particularly  .sub- 
phrenic abscess,  should  be  watched  for  and  when  found 
they  should  be  op.eiied  and  cleansed.  Although  these 
principles  are  applied  chiefly  to  perforative  peritonitis 
occurring  in  appendicitis  they  may  be  utilized  in  the 
treatment  of  all  fcu'ms  of  acute  general  peritonitis. 

The  surgical  treatment  is  particularly  ajiplicable  to 
local  circumscribed  peritonitis.  The  encapsulated  ex- 
udate .should  be  evacuated  by  incision  or  puncture,  and 
the  cavity  washed  and  treated  as  a  chronic  abscess  cavity. 
The  details  concerning  drainage,  packing,  after-treat- 
ment, etc.,  must  be  left  to  the  judgment  of  the  operator. 

In  the  case  of  subphrenic  abscess  an  incision  may  be 
made  at  the  edge  of  the  ribs,  or  the  transpleural  route 
may  be  followed  by  resecting  several  ribs.  In  the 
chronic  forms  with  multiple  adhesions  relatively  little 
can  be  expected  from  ojierative  ju'ocedures. 

In  the  case  of  tuberculous  peritonitis  laparotomy  is  at 
present  the  onlv  method  of  treatment  olTering  hope  of 
improvement  or  cure,  and  is  universally  advised  for  this 
condition.  The  fact  that  a  tuberculous  peritonitis  may 
spoutaneously  heal  after  la]iarotomy  was  accidentallj' 
discovered  by  Spencer  Wells  in  1863.  So  much  has  been 
written  ujion  this  subject  that  the  reader  is  referred  to 
some  one  of  the  recent  monographs  relating  to  it.  The 
relation  between  the  laparotomy  and  the  cure  of  the 
tuberculosis  is  wholly  unknown,  although  numerous 
theories — effects  of  daylight,  evaporation,  irritation  of 
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tlie  peritoneal  surface,  promotion  of  liciiltliy  granulation- 
tissue  torniation,  iuerease  of  the  jieritoneal  resistance. 
liyperleucoeytosis.  increased  bactericidal  action  of  the 
exudate,  etc. — have  been  advanced  in  cxjilanation.  Sur- 
geons differ  very  much  in  the  details  of  technique  iu 
their  operations  upon  sucli  cases.  Some  open  tlie  abdo- 
men and  remove  Ihe  exudate  with  dry  sponges:  others 
Hush  with  warm  physiologi<al  salt  sojvition;  others  still 
wash  out  tlie  cavityWith  solutions  of  .salicylic  aciil.  etc. 
Tlierc  is  also  a  dilference  of  method  in  regard  to  the  re- 
moval of  the  organs  (tubes,  lymph  glands,  etc.)  pri- 
marily alfected.  In  general  it  may  be  stated  that  lapa- 
rotoiny  is  indicated  in  all  cases  of  tuberculous  peritonitis 
in  w'hich  the  general  condition  of  the  patient  permits,  or 
in  wliich  tliere  is  no  evidence  of  cerebral,  jndmouary,  or 
extensive  glandular  or  bone  tuberculosis.  The  medicinal 
treatment  of  tuberculous  peritonitis  is  advised  iu  some 
cases,  the  administration  of  iodoform  as  well  as  its  use  bj- 
inunction  having  been  reported  as  resulting  in  cures. 
Cases  of  cure  have  also  been  reported  as  following  the 
use  of  tuberculin. 

Very  recently  a  number  of  writers  have  been  advising 
conservatism  in  the  treatment  of  acute  general  peritonitis 
by  operation.  Those  who  advocate  a  medicinal  metljod 
iiiodify  the  older  methods  by  giving  no  food  by  the 
mouth,  emploj'ing  rectal  feeding,  allowing  no  ice,  check- 
ing thirst  b}'  wet  gauze  to  lips  and  by  rectal  injections, 
giving  no  cathartics,  administering  small  doses  of  mor- 
phine, and  applj'ing  continued  cold  to  f  lie  abdomen.  Tliis 
treatment  is  based  upon  the  theory  that  the  peritoneal 
exudate  itself  may  weaken  the  virulence  of  or  destroy 
the  germs  gaining  entrance  to  the  cavity.  Alcohol  has 
been  strongly  advised  in  the  treatment  of  puerperal  peri- 
tonitis, large  and  frequent  doses  Ix'ing  given. 

The  injection  of  purgatives  directly  into  the  intestinal 
canal  has  been  advised  and  as  strongly  condemned. 

Some  surgeons  advise  against  operation  in  sthenic  cases 
of  perforative  peritonitis  without  symptoms  of  sepsis, 
on  the  ground  that  spontaneous  resolution  may  occur. 
There  is,  however,  a  great  danger  that  such  cases  may 
under  the  influence  of  morphine  be  allowed  to  drift  along 
until  too  late. 

Hot  vaginal  douches  haie  been  strongly  recommended 
in  cases  of  pelvic  peritonitis.  If  the  external  genitals  are 
protected  injections  of  waterat4tV  C.  may  be  given  with- 
out discomfort.  The  pelvis  should  be  elevated,  and 
about  4-5  litres  of  water  used  for  the  irrigation  daily. 
Tampons  of  glycerin  or  potassium  iodide  with  glycerin 
are  applied  after  the  irrigation.  Stratz  in  particular 
claims  good  results  from  the  application  of  this  method 
in  pelvic  peritonitis  associated  with  pyosalpinx. 

The  statistics  of  the  results  of  the  treatment  of  acute 
general  peritonitis  by  operation  are  very  encouraging. 
Krogius  in  his  monograph  published  in  1901  has  made  an 
elaborate  study  of  the  results  of  operation  in  general 
peritonitis  following  appendicitis.  The  percentage  of 
cures  ranged  from  28.5  to  46. 

Surgical  interference  in  the  case  of  impending  perfora- 
tion of  gastric  or  intestinal  ulcers,  appendicitis,  rupture 
of  sac  in  ectopic  gestation,  salpingitis,  necrotic  ovarian 
cystomata  or  subserous  uterine  fibromata,  hemorrha.eic 
pancreatitis,  etc.,  has  proved  of  the  very  greatest  value 
as  a  prophylactic  measure.  With  improved  methods  of 
diagnosis  much  may  be  hoped  for  b\'  the  further  develop- 
ment of  such  prophylactic  operations. 

The  literature  of  peritonitis  is  enormous.  Collections 
of  liibliograpliy  will  be  found  iu  the  article  by  Doderlein 
in  Veit's '' flandbueh  der  Gynakologic,"  and  in  the  one 
by  Eiclihorst  in  Eulcnburg's  "  Real-Encyclopiidie."  An 
exhaustive  review  of  the  literature  of  peritoniMs  from  the 
year  1885  to  1900  is  given  by  von  Bruns  (Cent.  f.  ally, 
path.  Anat.,  1901.)  Aldml  Scott  Warthin. 

PHYSICIAN,    RELATION    OF,    TO    THE    LAW.— In 

this  we  have  a  subject  of  much  interest  and  imjiortance, 
yet  one  that  is  too  little  known  among  the  profession  at 
large.  Experience,  while  a  valuable''teacher,  is,  where 
the  law  is  concerned,  a  very  expensive  one;  so  it  is  the 


duty  of  ever}-  practitioner  to  familiarize  himself  with  the 
laws  having  a  medical  aspect,  remembering  that  lixal, 
not  national,  statutes  prevail. 

In  several  States  medical  jurisprudence  is  one  of  the 
subjects  of  examination  as  conducted  by  tlie  State  Hoard 
of  Examination  and  Registration,  and  is  given  eipial 
importance  with  the  other  branches,  as  it  should  be,  for 
there  is  no  more  pitiful  sight  than  to  see  a  medical  wit- 
ness, bright  in  other  .subjects,  held  up  to  ridicule  by  at- 
torneys because  of  ignorance  of  the  legal  requirements 
of  the  particular  case  in  question. 

Judges  throughout  the  L'nion  try  to  sustain  the  same 
rulings  along  general  lines,  hut  it  is  impossible  to  lay 
down  tixed  rules  for  all  sections  of  the  country  in  au 
article  of  tliis  nature,  as  the  wording  of  the  statutes  dif- 
fers iu  almost  every  State;  hence  they  are  capable  of 
various  interjiretations. 

License  to  Practise. — In  many  of  the  States  good  laws 
have  been  enacted  requiring  that  the  applicant  for  license 
present  a  diploma  from  a  recognized  scliool,  showing  the 
necessary  training  to  qualify  him  for  the  work  which  he 
desires  to  imdertake.  Some  States,  in  addition  to  the 
presentaUon  of  a  diploma,  require  an  examination  before 
a  State  or  local  board,  and  will  admit  no  one  to  the  pr.ac- 
tice  of  medicine  and  surgery  until  a  certificate  of  quali- 
tication  is  issued  to  the  applicant  by  the  Board  of 
E.xaminers. 

After  the  applicant  has  received  the  necessary  State 
documents  it  is  his  duty  to  present  the  same  and  his 
diploma  for  record  to  the  "clerk  of  the  county  in  which  he 
desires  to  locate.  In  case  of  removal  from  one  county  to 
another  the  papers  must  be  again  recorded  in  the  oihce 
of  the  county  clerk.  The  law  must  be  complied  with  in 
every  particular,  else  non-recognition  will  result  if  lie 
should  be  called  into  court. 

If  one  is  located  near  a  county  or  State  line,  cases 
can  be  attended  in  the  adjoining  county  or  State  without 
a  record  in  the  same,  provided  tlie  practitioner  be  legally 
recognized  in  the  coimtyand  State  iuwiiich  he  is  located. 

In  ca.sc  of  change  of  location  to  another  State  all  the 
local  laws  must  be  investigated  and  fully  complied  with, 
the  physician  going  before  examining  boards  if  neces- 
sary-. 

As  a  measure  cannot  be  made  retroactive,  those  who 
have  qualified  under  former  acts  are  entitled  to  all  tlie 
rights  and  benetits  of  the  law  existing  at  the  time  of 
their  qualification.  In  many  of  our  "Western  and  South- 
ern Statesare  tobefound  legal  practitioners wiio  received 
their  medical  training  as  members  of  a  hospital  corps  dur- 
ing the  civil  w-ar,  or  as  a]iprentices  of  physicians  who 
established  themselves  in  a  legal  way  under  the  very  lax 
laws  that  formerly  covered  the  practice  of  medicine  in 
these  localities.  Many  of  these  men,  being  keen  obser- 
vers, anil  having  had  the  advantages  of  short  post-grad- 
uate courses,  do  much  good. 

Different  Schools. — Under  the  law  the  members  of  the 
different  schools  have  equal  rights.  Each  is  allowed  to 
practise  the  method  in  wliich  he  has  been  trained,  and  ho 
can  recover  by  law  such  fees  as  he  can  prove  that  he  has 
earned,  even  if  men  of  other  schools  testify  that  the  l  reat- 
ment  given  was  not  all  that  it  should  have  been.  Deci- 
sions have  been  rendered  in  several  States  granting 
freedom  of  practice  to  osteopaths  when  it  was  fully 
demcuistrateil  that  their  principles  in  the  handling  of  in- 
fectious and  malignant  cases  were  faulty. 

Miilpractice. — In  order  to  recover  in  a  malpractice  suit 
it  is  necessary  to  prove  that  the  attending  ])liy.sician  or 
surgeon  did  not  use  or  display  ordinary  skill  in  handling 
the  case  in  question.  This  ruling  gives  a  widi' latitude 
in  arriving  at  what  constitutes  " ordinary  skill."  A  city 
practitioner,  with  vast  opportunities  in  hospital  work,  is 
expected  to  have  greater  .skill  than  the  man  in  country 
practice  whose  opportunities  are  necessarily  limited. 

A  recent  ruling  of  the  Superior  Court  of  Cincinnati  set 
aside  a  judgment  rendered  in  favor  of  the  plaintiff  by  a 
lower  court,  on  the  ground  that  expert  tcsiimouy  had 
not  been  introduced  to  show  that  the  attending  phy.sician 
had  failed  to  use  or  display  ordinary  skill  and  care  in  the 
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liaudling  of  tliis  particular  case.  TJiis  ruling  is  most 
wise  aud  will  no  doubt  be  the  cause  of  much  less  annoy- 
ance, to  say  nothing  of  loss  of  time  and  money,  to  the 
profession  generally,  as  unscrupulous  attorneys  have  in 
recent  yeai's  been  filing  suits  against  physicians  who 
were  fortunate  enough  to  possess  funds  or  property,  in 
the  hope  of  blackmailing  by  a  so-called  compromise, 
realizing  that  the  majority  of  men  would  rather  pay 
them  a  fee  than  stand  suit  under  the  older  rulings. 

LiUe  others  under  the  law  the  physician  is  liable  for 
damages  if  he  is  careless  and  neglectful  in  his  worU. 
When  he  is  employed  to  treat  a  case  the  contract  is  im- 
plied, and  the  person  or  persons  employing  the  medical 
man  are  to  imderstand,  when  the  case  is  accepted,  that 
ordinary  skill  is  to  be  shown. 

Siiggetitiee  T/icmpeiitim. — -This  subject,  which  has  at- 
tracted considerable  attention  in  recent  years,  is  one  that 
has  its  legal  complications  if  carried  too  far. 

A  Cincinnali  physician  was  recently  indicted  on  the 
charge  of  obtaining  money  under  false  pretense  as  a  re- 
sult of  erroneous  ideas  as  to  the  scope  of  this  line  of 
treatment.  A  woman  who  had  been  under  the  care  of  a 
number  of  physicians  for  some  time,  going  lir.st  to  one 
and  tlieu  to  another,  decided  to  make  another  change  and 
called  in  the  man  in  question.  After  going  into  her  his- 
tory, perliaps  realizing  that  his  predecessors  had  done  air 
that  was  possible  in  a  strictly  medical  way,  he  decided 
that  hers  was  a  go<id  case  for  suggestion,  and  to  this  end 
informed  her  that  she  had  a  tumor  which  it  would  be 
necessary  for  him  to  remove.  The  patient  consented  and 
was  removed  to  a  hospital  for  the  operation.  As  an  en- 
dometritis existed,  the  womb  was  curetted,  and,  after 
the  effects  of  the  anaesthetic  had  disappeared,  the  pa- 
tient was  informed  that  the  operation  was  successful. 
The  attending  phy.siciau  reported  that  the  recovery 
was  rapid,  and  that  the  patient  had  fully  recovered  from 
all  pre-e.xisting  symjitoms.  Aflcr  a  time  the  imtient 
asked  to  be  shown  the  tumor  which  had  been  removed. 
Several  excuses  were  offered,  but  the  patient  was  per- 
sistent; so,  to  continue  the  suggestion,  the  woman  was 
shown  a  piece  of  beef  so  arranged  as  to  resemble  a  tumor. 
In  some  manner  it  was  suggested  that  a  section  be  made 
and  studied  by  a  pathologist  to  ascertain  tlie  nature  of 
the  growth.  This  suggestion  was  acted  upon  and  the 
"tumor"  was  sent  to  a  well-known  man  for  examination 
and  report,  with  the  result  that  criminal  proceedings 
were  begun  against  the  too  ardent  advocate  of  sugges- 
tion. 

In  all  cases  in  which  suggestion  is  likely  to  benefit, 
metnbersof  the  family  should  be  consulted  and  their  con- 
sent and  co-operation  obtaiued.  If  actual  deception  is 
considered  necessary  a  consultation  should  be  arranged, 
all  the  facts  bearing  on  the  ca.se  reduced  to  writing,  and 
the  document  signed  by  the  attending  physician,  the  con- 
sultant, and  some  responsible  member  of  the  family,  and 
then  carefully  filed  for  reference. 

In  all  cases  of  suggestion  the  charges  made  for  service 
rendered  must  be  in  accordance  with  the  work  actually 
performed,  else  fraud  will  be  claimed  and  established. 

Cases  Haiiiifj  a  Legal  Aspect. — All  cases  of  this  nature 
should  be  considered  in  every  possible  detail,  and  full 
notes  should  immediately  be  made  and  recorded  in  a  per- 
manent form  for  future  references.  A  judge  is  always 
of  the  opinion  that  a  doctor  should  notice  everything, 
and  if  lie  fails  in  his  examination  on  the  witness  stand, 
the  public  is  ready  to  censure  him  and  the  opposing  at- 
torneys make  light  of  his  ability  in  their  arguments. 

If  a  physician  is  called  to  see  an  individual  dying  as 
the  result  of  accident,  assault,  or  attempt  at  self-destruc- 
tion, who  is  capable  of  making  an  ante-mortem  state- 
nient,  he  should  insist  that  the  latter  be  reduced  to  writ- 
ing, signed  and  witnessed.  Before  his  statement  is  taken 
the  patient  must  be  informed  that  death  is  certain  to  fol- 
low, as  dying  declarations  are  of  great  legal  importance, 
and  this  point  must  always  be  made.  The  simple 
.statement  of  an  injured  person  who  may  be  of  the  opin- 
ion that  recovery  will  follow,  is  of  verylittle  value. 

When  viewing  a  dead  body  the  physician  should  note 


its  position,  not  alone  as  regards  the  relation  of  its  mem 
bers  and  the  surface  on  which  it  lies,  but  also  as  regards 
its  relation  to  all  surrounding  objects.  Very  careful  in 
spection  must  be  made  of  the  surface  of  the" body  and  of 
ail  wounds,  scars,  marks,  livid  spots,  and  other  abnormal 
conditions;  they  should  be  measured  and  the  results 
should  be  recorded,  together  with  exact  descriptions  and 
a  statement  of  their  anatomical  relations. 

As  rigor  mortis  is  of  value  in  determining  the  state  of 
health  at  the  time  of  death,  this  feature  must  not  be  over- 
looked. A  note  must  also  be  made  in  regard  to  the  fol- 
lowing: Whether  the  surface  of  the  body  is  livid  or 
pallid,  what  expression  the  face  bears;  whether  the  body 
is  warm  or  colcl,  as  revealed  by  the  temperature  of  the 
mouth  or  the  axilla;  the  exact  time  at  which  the  body 
was  seen  ;  the  condition  and  nature  of  the  clothing;  the 
contents  of  the  pockets  ■  whether  there  was  any  jewehy ; 
at  what  time — giving  hour  and  place— the  person  was 
last  seen  alive,  and  whether  he  or  she  was  alone;  if  vom- 
ited matter  is  present,  collect  some  of  it  for  chemical 
analysis;  note  the  presence  or  absence  of  weapons, 
drugs,  Ijottles,  or  other  possible  clews. 

If  a  post-mortem  examination  is  necessary  to  establish 
the  cause  of  death,  every  vital  organ  should  "be  thorough- 
ly examined.  The  stomach  and  intestines  should  be  ex- 
amined for  inflammation,  aud  if  such  areas  are  found  the 
exact  seat  and  possible  nature  must  be  detei'mined.  The 
contents  sliould  be  collected  for  examination.  The 
amount,  odoi-.  color,  and  other  characteristics  are  to  be 
Doted.  If  death  b}'  poisoning  is  suspected,  the  stomach, 
liver,  intestiijes,  and  kidneys  should  be  removed  for  a 
chemical  examination.  All  ves.sels  used  for  the  collection 
of  vomit,  or  of  other  fluids  and  organs  removed,  must  be 
known  to  be  perfectly  clean  and  not  to  have  been  where 
contamination  with  arsenic,  strychnine,  or  mercurj-  could 
have  been  possible.  Note  whether  the  rectum  is  empty 
or  filled  with  frcces;  the  latter  condition  indicating  that 
purging  could  not  have  taken  place.  Carefully  examine 
the  lips,  mouth,  pharynx,  larynx,  oesophagus,  and  trachea 
for  evidences  of  the  corrosive  aetijon  of  poison. 

Note  whether  there  is  an  abnormal  amount  of  fluid  in 
the  pleural  cavity,  pericardium,  cranium,  or  spinal  canal. 
Thoroughly  investigate  the  action  of  the  valves  of  the 
heart. 

In  cases  in  which  death  has  resulted  from  the  slow  ac- 
tion of  poisou  it  is  important  to  investigate  the  changes 
which  may  have  taken  place  in  the  kidneys  and  liver. 
In  all  cases  of  death  from  an  unknown  cause  the  best 
way  of  arriving  at  a  definite  conclusion  as  to  whether 
death  was  due  to  natural  or  to  violent  means  is  by  the 
slow^  process  of  exclusion.  Full  notes  along  this  line 
will  make  the  position  of  the  medical  witness  secure,  as 
he  is  then  prepared  to  meet  the  attack  of  aitorneys  when 
by  cross-examination  they  try  to  make  the  point  that 
death  could  have  resulted  from  other  cau.ses. 

When  the  medical  man  is  called  upon  to  make  an  ex- 
amination of  a  body  that  has  been  buried,  it  is  necessary 
that  the  body  be  identified  by  some  one  who  can  positive- 
ly state  that  the  body  in  question  is  the  one  ordered  ex- 
amined, else  the  point  will  be  made  and  sustained  that  it 
is  possible  that  the  wrong  body  was  exhumed. 

Criminal  Assault. — This  is  a  subject  often  brought  to 
the  attention  of  the  medical  witness,  especially  in  the 
case  of  children  below  the  age  of  ten.  Noma  pudendi, 
when  discovered  by  those  in  charge,  is  often  thought  to 
be  the  result  of  an  assault,  and  the  atHicted  child,  not 
understanding  the  true  nature  of  the  questions  asked, 
will  make  admissions  that  result  in  serious  charges  being 
preferred  against  an  innocent  person.  The  other  extreme 
is  to  be  considered  at  all  times  in  connection  with  assault, 
as  in  rare  cases  only  the  most  careful  examination  will 
reveal  physical  signs;  for  wounds  and  abrasions  of  the 
hymen  and  vagina  heal  rapidlj'. 

Casper  '  reports  a  case  in  which,  on  examination  eleven 
days  after  the  assault,  no  signs  of  the  outrage  ccmld  be 
observed. 

The  leucorrhcea  common  in  childhood  is  often  the 
cause  of  rape  charges.     Children  of  a  scrofulous  habit 
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limy  present  iioints  of  iilceraliou  about  the  vagina  and 
vulva,  acconipaniwl  by  a  piinilcnl  vasiual  discharge,  so 
lliat  in  any  ease  the  presence  or  absence  of  gonooocci 
must  first  "be  determined  and  deductions  made  accord- 
ingly. 

A  child,  as  a  rule,  makes  little  or  no  resistance  at  the 
time  of  assault;  so  the  biuises  and  other  marks  of  vio- 
lence usually  observed  in  older  females  are  absent  and  the 
case  resolves  itself  into  ascertaining  the  cause  of  abnormal 
condilions  about  the  genital  tract. 

As  false  charges  are  sometimes  preferred  by  older 
feinaliiS,  it  should  always  be  the  rule  to  look  upon  all 
cases  from  this  point  of  view  when  beginning  the  exanu- 
nation.  If  marks  of  violence  are  shown,  ascertain  the 
time  of  the  alleged  assault,  and  observe  whether  the 
wounds  or  bruises  are  older  than  the  time  indicated;  also 
obt.iin  all  the  facts  as  to  the  manner  of  the  assault,  and 
note  whether  the  marks  of  violence  presented  could  have 
resulted  in  the  manner  described. 

When  an  examination  of  the  genital  tract  is  made  it 
must  be  remembered  that  thehymen  isat  times  destroyed 
as  the  result  of  a  purulent  discharge,  and  also  that,  in 
some  women,  it  is  destroyed  at  the  beginning  of  the  men- 
strual period.  On  the  other  hand,  the  presence  of  an  in- 
tact hymen  is  not  a  positive  sign  that  penetration  has  not 
taken  place.  The  imjiortant  thing,  in  such  eases,  is  to 
determine  whether  or  not  the  vaginal  canal  has  been 
dilated. 

In  the  event  of  a.ssavdt  on  a  married  woman,  or  on  one 
who  is  not  a  virgin,  evidences  of  injury  to  the  genital 
tract  may  or  may  not  exist.  If  the  assailant  is  alone  in 
his  deed,  marks  of  violence  are  always  to  be  fountl  about 
the  person  of  the  victim,  often  including  the  vulva  and 
vagina,  for  the  resistance  offered  causes  undue  force  to 
be  used  in  iieuetrating.  If  the  assailant,  however,  has 
assistance,  either  manual  (u-  in  the  form  of  drugs,  no 
signs  of  assault  may  be  present.  Wliere  drugs  have  been 
administered,  their  character  must  be  discovered,  if  pos- 
sible, and  their  jihysiological  action  fully  investigated,  in 
order  that  it  ma_y  be  shown  that  hallucinations  have  not 
led  to  the  making  of  tlic  charge.  The  hallucinations 
produced  by  the  administration  of  ana'Sthetics  f(')r  slight 
operations  have  resulted  in  dentists  being  accused  of 
raiie. 

A  case  of  extreme  interest  is  that  of  a  young  woman 
who  was  violated  while  a.sleep.  She  had  returned  from 
a  long  walk  with  her  accepted  admirer,  had  drunk  a  glass 
of  ale,  then  had  fallen  asleep  in  his  presence,  and  the  as- 
sault followed.  Owing  to  the  fact  that  she  was  an  un- 
usually heavj-  sleeper,  the  ]iain  produced  by  laceration 
of  the  hymen  and  distention  of  the  parts  had  not  been 
sufficient  to  awaken  her.  An  examination  by  a  compe- 
tent medical  man  revealed  the  usual  physical  signs  of 
lecent  defloration,  and  the  assailant  admitted  his  guilt 
when  charged  with  the  crime. 

The  medical  witness  is  usually  concerned  in  cases  of 
young  children  and  the  feeble-minded;  the  testimony 
of  the  victim  (onnnonly  establishing  the  charge  in  adult 
cases. 

Criminal  Abortiun. — While  we,  as  a  rule,  divide  the  ex- 
pulsion of  the  foetus  before  the  normal  termination  of  in- 
tra-uterine  life  into  abortion,  miscarriage,  and  jiremature 
delivery,  the  law  regards  all  under  the  one  head. 

It  is  the  duty  of  the  medical  witness  to  distinguish  be- 
tween natural  and  violent  abortion,  and,  if  the  cause  be 
violence,  to  ascertain  whether  it  was  criminal  or  acci- 
dental in  character.  Criminal  abortion  may  be  produced 
l)y  mechanical  means  or  by  the  use  of  drugs  acting  upon 
the  uterus.  When  m''clianical  means  are  used,  marks  of 
the  violence  can  usually  be  demonstrated  on  the  mother 
and  on  the  expelled  fn^tus,  unless  the  work  has  been  done 
by  one  thoroughly  familiar  with  the  anatomy  of  the 
parts,  and  who  exercises  great  care  when  he  introduces 
the  instrument  for  the  purpose  of  rupturing  the  mem- 
branes. 

The  use  of  medicinal  .substances,  by  profoundly  shock- 
ing the  system  and  in  this  indirect  way  aflecting  the 
uterus,  at  times  produces  abortion.     When  seen  the  pa- 


tient is  usually  giddy,  nauseated,  and  purging.  Drugs, 
even  ergot,  can  be  expected  to  cause  an  evacuation  of 
the  uterus  only  after  the  third  month  of  gestation,  the 
muscle  fibres  not  being  well  enough  developed  prior  to 
this  time  to  rcsjiond;  in  fact,  it  is  rare  that  the  effect  can 
be  obtained  until  the  fifth  month  of  pregnane}'  is  reached. 

The  diagnosis,  shortly  after  evacuation,  is  rendered 
easy  Ijy.a  careful  examination,  which  should  always  be 
made,  as  cases  of  feigned  abortion  are  on  record  and 
similar  ones  will  no  doubt  occur  again. 

When  a  physician  is  called  to  see  a  case  in  which  the 
evacuation  of  the  uterus  seems  imperative,  he  should  re- 
(juest  a  consultation,  and  a  full  and  complete  history 
should  be  obtained  and  reduced  to  writing,  if  abortion  is 
decided  upon. 

Iiijaiitii'idc. — By  this  term  we  mean  the  murder  of  a 
new-born  child.  In  perhaps  noclassof  cases  is  the  medi- 
cal expei't  so  handicapped  as  in  this.  IMany  children  die 
shortly  after  birth,  yet  live  long  enough  for  well-known 
evidences  of  this  fact  to  exist,  and  the  question  to  be  de- 
termined is  whether  death  was  d\ie  to  natural  causes  or 
to  violence.  Harks  of  injury  may  show  on  almost  any 
part  of  ilie  body  of  the  infant  and  be  due  to  forces  acting 
at  tlie  time  of  deliver}'.  The  first  question  that  presents 
itself  when  one  views  a  dead  infant,  is  what  is  its  age; 
and  in  this  connection  it  must  be  remembered  tliat  the 
younger  in  uterine  age  the  infant  is,  the  greater  the  dan- 
ger of  death  at  birth  or  shortly  after. 

The  child  should  be  weighed  and  measured  and  all 
details  in  regard  to  its  degree  of  development  should  be 
recorded,  especial  care  being  taken  to  note  the  size  of  the 
head  as  compared  with  that  of  the  trunk,  the  degree  of 
ossification,  the  color  and  thickness  of  the  skin,  and 
whether  the  surface  of  the  brain  is  smooth  or  already 
presents  C(Mivolutions.  If  the  child  is  fully  developed  it 
must  be  dctennined  whether  it  lived  to  bieathe  and 
whether  it  was  born  alive;  for,  it  must  be  remembered, 
a  child  may  breathe  and  yet  be  born  dead.  Experiments 
have  taught  us  that  in  a  still-born  child  the  forcing  of 
air  into  its  lungs  in  an  attempt  at  resuscitation  will  jiro- 
duce  the  same  condition  as  that  of  a  child  who  was  born 
alive  but  breathed  only  feebly.  It  is  only  after  all  these 
details  have  been  most  carefully  observed  that  the  phy- 
sician may  feel  warranted  in  forming  a  trustworthy  opin- 
ion. In  atelectasis  the  child  may  be  born  alive  and  exist 
for  some  hours,  yet  the  lungs  will  sink  in  water,  even 
when  divided  into  small  portions. 

In  those  infants  wlio  have  lived  long  enough  to  feed, 
the  presence  of  food  or  other  foreign  substances  in  the 
stomach  proves  that  the  child  was  alive  at  birth,  and  if 
death  is  the  result  of  poisoning,  the  appearance  of  the 
gastric  mucous  membrane  or  the  usual  chemical  analysis 
will  reveal  the  cause  of  death.  It  must  be  remenilicred, 
however,  that  it  is  possible  for  an  infant,  still-born,  to 
have  amniotic  fluid  or  other  contents  of  the  parturient 
canal  in  its  stomach  as  the  result  of  an  effort  to  breathe, 
the  material  having  been  drawn  into  the  mouth  during 
such  effort  and  then  swallowed  before  death  ensued. 

Death  from  suffocation  is  very  common  in  the  new- 
born; it  may  be  due  to  some  malformation,  to  weakness, 
to  the  blocking  of  the  air  passages  with  mucus  or  other 
substances,  or  to  the  effects  of  too  heavy  covering. 
Where  destruction  is  intended  and  a  damp  cloth  or  other 
impermeable  material  is  ]ilaced  over  the  mouth  and  nos- 
trils, death  will  result;  and  if  theact  has  been  done  with- 
out the  emiiloyment  of  undue  pressure,  the  medical  wit- 
ness will  be  at  a  lo.ss  to  state  whether  the  child  was  born 
alive  or  dead,  his  opinion  Ijeing  po.ssibly  in  favor  of  the 
latli'r  view. 

Jiiiili  Eei^onh. — The  medical  attendant  should  write 
down  at  the  time  the  exact  date  and  hour  of  birth,  the 
sex  of  the  child,  (he  state  of  its  development  and  all 
characteristic  marks,  and  he  sliould  place  this  record  on 
tile  for  reference.  In  many  legal  battles  such  a  record 
has  been  of  value  in  determining  the  right  of  inheritance 
and  has  aided  in  dealing  justice  where  fraud  has  been 
attempted.  ]\Iale  children  have  been  substituted  for 
female,  living  children  for  those  born  dead,  and  a  perfect 
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cliild  for  a  monster  who  would  not  be  recognized  as  a 
legal  lieir. 

lni<<(nity. — Under  this  heading  we  shall  not  consider 
those  cases  in  which  the  insanity  is  marked  by  hallucina- 
tions and  impairment  of  all  functions,  but  preferably 
those  in  wliich  only  a  careful  stud}-  will  enable  the  medi- 
cal witness  to  determine  whether  the  patient  in  question 
is  or  is  not  sane,  and  those  who  are  feigning  insanity. 

No  definite  law  can  be  laid  do\vn  as  to  w'hat  constitutes 
insanity;  all  symptoms  must  therefore  be  carefully 
studied  and  deductions  drawn  from  them  for  the  benetit 
of  the  court. 

Persons  displaying  unnecessary  hatred  to  those  about 
them  are  often  presented  for  examination  as  to  their  san- 
ity, as  this  characteristic  is  offered  in  evidence  in  case  of 
riiminal  proceedings  against  them;  but  unless  it  can  be 
shown  that  there  is  some  impairment  of  the  faculties  of 
attention,  comparison,  and  volition,  the  individual  can- 
not be  adjudged  insane.  The  faculties  should  be  ex- 
amined when  the  patient  is  not  conscious  of  the  object 
of  the  visit  made.  Ordinary  subjects  of  general  conver- 
sation should  be  used  in  this  examination  and  mental 
note  made  of  any  and  all  irregularities,  which  can  be  re- 
duced to  writing  as  soon  as  possible  after  the  examination 
is  concluded.  During  the  examining  visit  some  subject 
should  be  introduced  which  requires  that  the  patient 
shall  write  a  letter  of  his  own  composition  which,  in 
genuine  cases  of  insanity,  will  give  evidence  of  the  con- 
dition that  can  readily  be  demonstrated.  Patients  of  this 
nature  shoulil  be  repeatedly  examined,  as  many  of  them 
present  lucid  intervals. 

Perhaps  the  most  common  condition  in  which  the  aver- 
age practitioner  is  called  to  testify  is  that  of  setting  aside 
a  will,  the  charge  usually  being  made  that  at  the  time  of 
execution,  or  possibly  of  alteration,  the  patient  was  not 
of  sound  mind.  When  attending  a  case  in  what  appears 
111  be  the  last  illness,  the  physician  should  note  carefulh- 
the  patient's  mental  condition  from  visit  to  visit,  and  he 
should  preserve  a  record  of  these  observations,  in  order 
that  he  may  be  able,  if  called  as  a  witness,  to  state 
whether  the  supposed  irregularities  were  due  to  a  weak- 
ened mental  condition  or  to  an  eccentric  disposition. 

In  the  case  of  criminals  for  whom  is  entered  a  plea  of 
insanitj',  a  careful  study  of  their  history  and  the  facts 
and  conditions  of  the  crime  committed  will  usually  clear 
up  the  medical  aspect  and  enable  the  physician,  when  on 
the  witness  stand,  to  be  sure  of  his  ground. 

A  sane  person  will  be  found  to  have  a  motive  for  the 
crime,  be  it  plunder  or  revenge;  he  is  often  assisted  in 
the  crime  and  will  at  first  usually  deny  guilt,  except  in 
cases  in  which  the  motive  for  the  crime  is  notoriety,  as 
in  the  assassinations  of  Presidents  Garfield  and  McKinley. 
An  insane  person  will  have  no  motive,  or  only  a  fancied 
one,  for  the  commission  of  the  crime,  and,  instead  of  one 
victim,  as  would  be  the  case  if  the  murderer  were  a  sane 
person,  he  will  often  kill  several,  perliaps  those  most  near 
and  dear,  and  will  make  no  attempt  to  cover  u])  his  tracks 
or  deny  the  act. 

Life  Insurance. — Where  life  insurance  is  concerned,  the 
medical  witness  is  of  importance  in  determining — for  the 
'satisfaction  of  the  heirs  of  the  deceased,  of  the  company 
.  carrying  the  liability,  and  of  the  court,  if  legal  action  has 
been  started — as  to  whether  death  was  the  result  of 
natural  or  of  violent  means.  In  the  case  of  a  natural 
death  it  is  important  to  learn  how  long  the  individual 
had  suffered  from  the  disease  that  caused  death,  and 
■whether  or  not  there  were  predisijosing  chronic  patho- 
logical conditions  existing  prior  to  the  issuance  of  the 
policy  covering  the  case  involved.  On  the  other  hand, 
if  death  resulted  from  violence,  it  is  necessary  to  ascer- 
tain whether  the  cause  was  criminal,  accidental,  or  sui- 
cidal. 

Accident  insurance  having  now  become  an  extensive 
husiuess  the  attention  of  the  profession  is  frequently 
called  to  cases  that  require  the  utmost  care  in  arriving  at 
a  definite  opinion.  Diabetic  ulcerations  are  stated  to  be 
the  result  of  trauma  (a  wound  received  in  a  barroom 
fight  or  an  injuiy  caused  by  a  fall) '  or  a  syphilitic  ulcer- 
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ation  is  claimed  to  be  the  result  of  a  burn,  and  so  on 
through  the  entire  list  of  diseased  conditions  that  pro- 
duce lesions  which  can  be  charged  to  an  accident. 

Shrewd  criminals  often  conceive  unique  plans  for  de-' 
frauding  insurance  companies,  and  the  medical  witness 
must  always  be  on  the  alert  for  such  surprises.  Post- 
mortem examinations  should  alwajs  be  iu.sisted  upon 
when  a  case  is  not  absolutely  clear. 

Partnership, — Agreements  are  often  entered  into  by 
membersof  the  medical  profession  for  mutual  benefit  and 
afirm  name  selected.  The  basis  forscttlement  is  decided 
upon  and  division  madeaccordinglj-,  but  no  legal  respon- 
sibility is  assumed  by  one  for  the  other,  and  each  mem- 
ber of  the  firm  is  alone  responsible  for  errors  made  in  his 
professional  work.  Should  the  firm  enter  jointly  into 
outside  investments,  they  then  become  liable  under  the 
law  to  the. same  extent  as  do  the  regular  conmiercial 
unions. 

Fees. — The  question  of  fees  has  ever  been  a  hard  one 
for  the  medical  profession.  The  courts  have  ruled  that 
no  one  is  so  good  a  judge  as  to  the  number  of  visits  nec- 
essary to  be  made  in  a  given  case  as  the  medical  attendant, 
and  lie  can  so  render  an  account.  In  several  States  fee 
bills  have  been  enacted  regulating  the  maximum  amount 
•to  be  charged  for  certain  classes  of  work.  As  nearly 
ever}'  case — especially  those  wherein  the  amount  of  the 
bill  rendered  is  claimed  to  be  exorbitant — possesses  cer- 
tain complications,  it  is  not  hard  for  expert  opinion  to 
prove  to  the  court  or  jury  that  the  fee  charged  is  not  ex- 
cessive. By  far  the  most  common  question  that  arises  in 
this  connection  is  not  the  amount,  but  who  shall  pay  the 
fee.  A  prominent  Cincinnati  surgeon  recentU'  sued  a 
corporation  for  services  rendered  an  employee  and  lost 
his  case,  the  court  ruling  that  the  defence  had  proven 
that  the  individual  who  employed  the  doctor,  although 
he  was  connected  with  their  concern,  had  no  authority 
to  make  contracts,  and  was  simply  acting  as  a  messenger 
for  the  injured  per.son,  and  that  the  patient  must  be 
looked  to  for  liquidation  of  the  account. 

When  answering  calls  where  it  is  probable  that  the 
individual  requiring  the  service  will  be  unable  to  pa\'  for 
the  same,  the  physician  should  ask  some  one  in  authority 
to  become  responsible.  It  is  not  sufiieient  for  a  person  in 
authority  simply  to  ask  the  medical  mau  to  assume 
charge  of  a  case,  he  must  also  agree  to  settle  for  the  ser- 
vice rendered;  otherwise  liabilitj-  can  be  denied  and  this 
defence  will  be  sustained  by  the  court.  In  nearly  all 
sections  of  the  United  States  this  ruling  has  prevailed 
where  medical  men  have  been  called  to  attend  an  injured 
passenger  or  employee  by  local  agents,  conductors,  and 
other  minor  officials  of  railway  companies.  The  same 
ruling  applies  in  cases  in  which  parents  have  requested 
attendance  upon  their  children  of  legal  age;  the  patient 
being  considered  liable  while  the  parent  is  looked  upon 
as  a  simple  messenger  without  liability.  In  the  ease  of 
the  wife,  legally  absent  from  home,  the  husband  is  held 
to  be  responsible  for  medical  attention  rendered;  if,  on 
the  other  hand,  she  is  not  legally  absent,  she  alone  is 
considered  responsible. 

Consent  of  Patient.— In  cases  of  injury,  or  in  those  iu 
which  it  has  been  determined  that  an  operation  is  neces- 
sary, it  should  always  be  the  rule  to  obtain  the  consent 
of  "the  patient  to  do  whatever  is  necessary  after  adminis- 
tration of  the  ana'stlietic.  In  case  the  patient  is  not  in  a 
condition  to  understand,  or  if  the  patient  is  a  minor,  then 
the  consent  of  a  responsible  member  of  the  family  or 
guardian  should  be  obtained.  Occasionally  one  meets 
with  cases  in  which  the  individual  claims  to  prefer  death 
to  the  loss  of  a  limb,  and  if  he  still  persists  in  this  view 
after  all  the  facts  are  set  forth,  his  wish  must  be  re- 
spected. It  is  needless  to  say  that  every  avenue  for  a 
malpractice  attack  must  be  carefully  guarded  either  by 
securing  in  advance  reliable  disinterested  witnesses  or  by 
resigning  the  case  if  another  practitioner  can  be  found 
who  is  willing  to  assume  charge. 

Consent  procured  by  misiepresentation has  no  standing 
in  law. 

Mr.  Benjamin  Vaughan  Abbott,  in  his  excellent  article 
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on  this  subject  in  the  first  edition  of  tlie  Handbook,  cites 
a  case  of  much  interest,  as  follows:  "A  lady  became  sus- 
picious that  a  housemaid  in  her  employ  had  become  preg- 
nant, taxed  her  -ivitli  it,  and  gave  )ier  notice  of  dismissal. 
She  denied  it.  The  lady  sent  for  lier  family  physician 
and  ordered  the  girl  to  go  to  her  room  and  submit  to  an 
examiuation.  The  girl  prcitcsted,  but  went  to  the  room 
followed  by  the  physician.  She  objected  to  each  of  the 
doctor's  requirements,  as  to  removing  lier  clothing,  etc. 
However,  she  obeyed,  remonstrating  all  the  while,  and 
the  usual  examination  was  made,  residting  in  the  doctor 
being  .satisfied  that  the  charge  was  groundless.  But  the 
mistress  dismissed  her,  notwithstanding.  A  lawsuit  was 
.  brought  on  belialf  of  the  girl  against  the  physician,  for 
damages  for  assault.  The  case  was  several  times  dis- 
cussed in  court,  with  the  final  result  in  the  physician's 
favor.  The  courts  considered  that  although  the  girl  re- 
tnonstrated,  yet  as  she  went  to  her  room,  undressed,  and 
lay  down  to  be  examined,  all  without  being  forced,  the 
examination  did  not  take  place  in  a  legal  sense  without 
lier  consent.  It  was  a  case  of  reluctant  obedience  to 
arbitrary,  wrongful  command,  as  distinguished  from  a 
forcible  compulsion  which  she  was  powerless  to  resist." 

Emerrieiicie.i. — While  there  is  no  definite  law  covering 
the  rights  of  the  profession  at  large  in  emergencies,  the 
courts  would  no  douljt  sustain  any  action  necessary 
for  the  well-being  and  safety  of  tiie  public.  Health 
otficers  are  given  a  wide  latitude  in  all  matters  of  public 
hygiene  and  safety  and  should  always  be  appealed  to  if 
po.ssible. 

Relation  of  Physician  and  Patient. — The  relation  of 
patient  and  physician  is  acknowledged  by  law  to  be 
most  intimate.  Any  abuse  of  this  confidence  on  the  part 
of  the  physician  would  in  all  probability  render  him 
liable  in  a  suit  for  damages.  Abbott'-  reports  a  case 
trom  the  Michigan  courts  in  which  a  physician  was  as- 
sessed damages  for  allowing  a  non-medical  man  to  be 
present  and  render  slight  assistance  at  an  obstetrical 
case,  notwithstanding  the  fact  that  the  physician  showed 
that  circumstances  required  his  being  accompanied  by 
the  man  in  question,  and  that  there  was  no  other  protec- 
tion from  the  prevailing  storm  than  the  room  in  which 
the  woman  was  confined. 

In  damage  suits  the  ruling  has  been  made  that  the  at- 
tending physician  may  testify  as  to  what  the  patient  said 
regarding  the  manner  in  which  the  accident  occurred,  it 
being  held  that  the  law  in  its  strict  sense  refers  to  those 
things  necessary  for  the  physician  to  know  regarding 
family  history,  habits,  etc.,  for  the  proper  treatment  of 
the  case,  and  not  to  voluntary  admissions  made  during 
the  vi.sit.  This  ruling  would  not  hold  in  criminal  eases 
if  the  patient  should  admit  that  a  wound  had  been  re- 
ceived while  doing  a  dishonest  act.  Here  the  ruling  has 
been  made  that  this  is  imparted  in  confidence  and  must 
not  be  revealed  under  any  circumstances.  On  the  other 
hand,  the  law  will  not  protect  a  third  party,  guilty  of 
crime,  but  will  allow  the  testimony  of  the  attending  phy- 
sician to  assist  in  conviction.  To  illustrate,  we  will  con- 
sider the  case  of  a  young  woman  dying  as  a  result  of 
criminal  abortion.  Here  all  the  facts  were  given  tlie  at- 
tending ph3'sician  as  a  dying  statement.  This  was  ad- 
missible as  evidence  to  aid  in  the  conviction  of  those  re- 
sponsible for  her  condition.  In  the  case  of  State  vs. 
Pierson,  the  latter  was  charged  with  having  caused  the 
death  of  one  Withey  by  the  administratiim  of  arsenic. 
In  this  case  the  physician  who  attended  Withey  in  his 
last  illness  was  allowed  to  testify  as  to  what  he  saw  and 
heard.  This  was  sustained  by  the  Court  of  Appeals 
under  the  ruling  that  the  law  was  to  protect  the  patient 
and  physician  in  legitimate  communications,  not  to  shield 
criminals. 

Wills. — It  is  not  often  that  the  physician  is  concerned 
in  the  drawing  of  such  documents,  and  it  should  be 
avoided  if  possible,  especially  if  complicated  details  are 
to  be  arranged  or  the  doctor  is  to  be  a  beneficiary'.  In 
cases  of  emergency  it  may  be  necessary  for  the  attending 
physician  to  draw  up  the  will,  in  which  case  any  simple, 
but  clear,  form  will  be  sufiicient.     Have  the  instrument 


signed  and  witnessed  by  tliree  or  more  competent  indi- 
viduals and  deliver  the  document  into  safe  hands. 

Mark  A.  Brown. 

'  Taylor's  Medie:il  .lurisprudence. 

=  Abbott:  Rkkkkknck  Handbook  of  the  Medical  Sciences, 
Vol.  v.,  [iaffe67:i  iliM  I'lliiion. 

PHYSICIANS:  RELATIVE  NUMBER  AS  COMPARED 
WITH  EXISTING  POPULATIONS.— The  relative  num- 
ber of  physicians  in  any  country  or  pci]iulation  depends 
upon  many  circumstances  and  conditions,  such  as  the  laws 
governing  the  practice  of  medicine,  the  progress  of  medi- 
cal education,  the  prevalence  of  empiricism,  and  many 
other  social  conditions. 

In  some  countries  the  number  may  be  ascertained  from 
the  figures  of  the  census;  in  others,  as  in  Germany,  from 
careful  enumerations  of  the  medical  profession  made  by 
the  Government. 

In  the  United  States  at  the  present  time  certain  medi- 
cal directories,  issued  at  frequent  intervals,  contain  this 
information,  with  an  approximate  degree  of  accuracy. 

The  following  tables  present  the  numbers  of  physicians 
per  10,000  of  the  population  in  each  of  the  United  States 
in  the  two  years  1898  and  1902: 

Ratio  op  Physicians  to  the  Population  in  the  United  States 
IN  1898  AND  IN  1902  in  Groups. 


States 
and  'territories. 


Ratio  of 
phvsieians 

to  the 

population, 

1898. 


Illinois 

Arizona 

Missouri 

Colorado 

Tennessee 

Massacluisetts . . 
New  Hampshire 

Maryland 

New  York 

Te.xas 

Aikansiis 

Maine 

Kentucky  

Nevada 

Michigan 

United  States 

Connecticut 

Rhode  Island 

Oregon 

West  Virginia  .. 
Pennsylvania... 

Oklahoma 

Florida 

Delaware 

Montana 

Idahi> 

Kanstis 

Virginia 

Georgia 

New  Jersey 

Alaliama 

Washington 

Wisconsin 

Lonisiana 

Mississippi 

Utah 


Minnesota 

Wyoming 

Nebraska 

South  Carolina  . 
North  Carolina  . 

North  Dakota... 
South  Dakota ... 
New  Mexico.... 


23.8  I 

2J.7  I 

81.4  1- 

211.8  I 

2(1.3  I 

19.3 
lil.l 
19.0 
18.7 
18.6 
18,.5 

is.l 
17.9 
17.7 
17..". 

n.2 

lli.8 
16.5 
16.:3 
16.0 
15.4 
1,'>.2 
15.3 
U.9 
14.9 
14.9 
14.4 
14.4 
14.3 
14.0 

i;i.8 

13.6 


More 
than  30. 


States 
and  Territories. 


13.3  to 
20. 


13.3  1 

13.3 

13,1 

11.9 

11.3  i- 

11.3 

11.0 

10.9 

10.3 

10 
to  13.3. 


9.6] 
9.4  I 
3.3  1-   Stoic. 


8.7 
8.5. 

m 

7.3  i 


Less 
than  8. 


California 

Colorado 

Vermont 

Indian  Territory 

Oklahoma 

Missouri 

Ohio 


Arkansas 

Indiana 

Maine 

Iowa  

Kansas  

Illinois 

Tennessee 

Maryland 

New  Hampshire 

Michigan 

Massachusetts.. . 

Texas 

New  York 

Kentucky  

Nevada  

United  States. 
Pennsylvania  . . . 

Oregon 

Rhode  Isliuid  ... 
WesI  \iiginia  ... 

ConutTtiiiit 

Washington 

Delaware 

Arizona 

Nebraska 

Georgia 

Idaho 


Ratio  of 
physicians 

to  the 

population, 

1903. 


Montana 

Florida 

Wyoming 

Alabama 

New  Jersey    . . 
South  Dakota  . 

Virginia  

Wisconsin 

Utah 

Alaska 

Minnesota 

Louisiana 

Mississippi 


North  Dakota . . 
New  Mexico  . . . 
North  Carolina. 
South  Carolina . 


1.3.3  to 
20. 


36.1  1 
33.4  I 

|i-2  I     More 

30.3  I 

30.3  J 

19.71 

19.7 

18.8 

18.4 

18.4 

18.3 

18.2 

18.1 

17.8 

17.6 

17.3 

17.2 

16.9 

1B.3  } 

16.3 

15.9 

15.4 

15.3 

15.3 

15.1 

1.5.0 

14.9 

14.7 

14.5 

14.3 

14.3 

13.4  J 

13.3 
13.1 
13.0 
13.2 
12.1 
12.1 
12.0 
11.5 
10.7 
10.7 
10.6 
10.6 
10.1  J 

9.31 


f  tol3.S. 


8.2 
8.1 


StolQ 


Allowance  has  been  made  In  the  foregoing  tables  for  Increase  o( 
population. 

Examination  of  the  foregoing  table  shows  that  the 
ratio  of  ph3'sicians  in  the  United  States  has  increased 
from  15.4  per  10,000  inhabitants  in  1898  to  15.9  in  1903. 
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The  ratio  liad  increased  in  eacli  of  29  States  and  Terri- 
tories, and  Iiad  decreased  in  19.  Alaska  and  tlie  Indiiiii 
Territory  are  included  in  the  second  list,  but  not  in  the 
first. 

The  States  in  which  either  the  increase  or  decrease  ap- 
pears to  have  been  excessive  are  Iowa  and  Arizona,  with 
decrease  of  22  and  24  per  cent,  respectively,  and  Kan.sas, 
Wyoming,  Oklahoma,  Nebraska,  and  South  Dakota  with 
increase  of  35.  38,  43,  55,  and  57  per  cent,  respectivelj-. 

The  map  or  chart  shown  lierewith  was  constructed  for 
the  year  1S98  and  jiresents  the  ratio  of  pliysicians  to  the 
population  by  means  of  different  shadings,  black  indi- 
cating the  highest  ratio. 

The  information  obtained  from  these  figures  must  be 
deemed  to  be  only  approximately  accurate,  since  the  two 
essential  factors,  namely,  the  directory  list  of  physicians 
and  the  census  enumeration  of  tlie  population,  with  the 
necessary  estimates  for  intercensal  years,  cannot  be  re- 
garded as  strictly  correct  in  a  rapidly  growing  country 
like  the  United  States,  subject  to  tjie  constant  change 
which  attends  the  migration  of  pojjulation,  not  only 
from  foreign  countries  to  the  United  States,  but  also 
from  one  State  to  another. 

In  general,  however,  the  figures  for  the  larger  States, 
and  for  the  New  England,  Middle,  and  Southern  States, 
embraced  in  all  the  groups  except  the  first,  may  be  con- 
sidered to  be  fairly  trustworthy. 


and  in  Porto  Rico  and  the  Philippines  less  than  1  per 
10,000. 

The  relative  number  of  physicians  in  other  countries  is 
generally  less  than  it  is  in  the  United  States.  Printing* 
published  the  following  figures  in  1901  for  the  principal 
European  countries: 

Number  of  physicians  and  surgeons  to  each  10,000  in- 
habitants: In  Germany,  5.1;  in  Austria.  4.1;  in  Hun- 
gary', 3.8;  in  Italj',  6.3;  in  Switzerland,  6,1:  in  France, 
3.9;  in  Spain,  7.1;  in  Belgium.  5.2;  in  England.  6.1;  in 
Scotland,  7.7;  in  Ireland,  5.6;  in  Deiunark.  6.4;  in  Nor- 
way, 5.3;  in  Sweilen,  2.7;  in  Russia  (Euro])ean).  2.7. 

The  number  of  homffiopathic  phjsiciaus  in  the  prin- 
cipal states  of  the  German  Empire  were  as  follows: 

In  Wiirttemberg  30  or  3."  per  cent,  of  the  whole  number 

of  physicians. 
In  Russia    136  or  0.9  of  one  per  cent,  of  the  whole  numlier. 
In  Baden       8  or  0.9  of  one  per  cent,  of  the  whole  number. 
In  Sa.xony    1.5  or  0.8  of  one  per  cent,  of  the  whole  number. 
In  Bavaria  16  or  0.6  of  one  per  cent,  of  the  whole  number. 

At  the  last  enumeration  of  pln'sicians  in  the  German 
Empire,  the  whole  number  of  homeopathic  physicians 
in  the  empire  was  stated  to  be  240,  or  less  than  1  per 
cent,  of  the  whole  number  of  practitioners,  which  was 
27,374. 

The  number  of  physicians  in  Germany  has  increased 
both  absolutely  and   relatively,  from  13,728,  or  3.2  pri 


.siered  Physician. 


Fig.  516:?.— Ratio  of  Physicians  to  the  Population  in  the  United  States,  per  UMJOO  Inhabitants 

in  1898. 


The  figures  for  the  Philippine  Islands,  Hawaii,  and 
Porto  Rico  are  not  given  in  the  table,  since  they  can 
hardly  be  regarded  as  valutible  for  piirposes  of  com- 
parison.    The  ratio  in  Hawaii  is  stated  to  be  5  per  10,000. 


10,000  inhabitants  in  1876,  to  27,374,  or  5.1  per  10,000.  in 
1900.  t 


•Zeitschr.  f.  Socialwissensch..  1901,  Bd.  4.  Hft. 
+  Rheinischer  Kurier,  1901,  No.  415. 
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lu  the  whole  of  Prussia  there  were  registered  in  1900 
16.100  pliysicians,  956  dentists,  and  3,118  apothecaries.* 
•  Piinzing  also  states  that  iiuackery  has  gained  so  strong 
a  foothold  in  Germany  as  to  demand  energetic  measures 
for  its  suppression.  Weavers,  barbers,  shoemakers,  and 
persons  of  other  ordinary  occupations  are  often  found 
l)ractising  as  physicians. 

The  relative  number  of  quacks  in  1898  in  the  principal 
German  stales  were  as  follows-  In  Saxofay,  10.4  per 
10,000;  in  Wt'irttemberg,  5.5;  in  Prussia,  5.3;  in  Bavaria, 
4.5;  in  Baden.  2.9;  in  Hesse.  '2.9;  in  Alsace-Lorraine,  1.3. 

The  veterinary  surgeons  in  Germany  at  the  last  enu- 
meration were  3,813  iu  number,  and  when  compared 
with  the  class  of  patients  whose  ills  they  are  called  upon 
to  relieve,  were  found  to  be  in  the  proportion  of  1  to 
every  1,240  horses  and  every  5,677  head  of  cattle. 

The  proportion  of  physicians  iu  the  cities  is,  as  might 
be  expected,  much  greater  than  that  of  the  rural  districts. 
For  example  in  Germany  in  1876,  in  the  cities  and  towns 
having  more  than  5,000  inhabitants  in  each,  the  ratio  of 
physicians  was  7.5  to  each  10,000  inhabitants,  and  in  the 
rural  districts  only  1.8  per  10,000.  These  figures  had  in- 
creased respectively  to  8.4  and  2.4  in  1898. -f 

The  ratios  of  physician's  iu  the  great  cities  of  Europe 
and  the  United  States  were  as  follows  during  the  years 
named:  London  (1895),  13.8  per  10,000  population; 
Paris  (1896),  9.7;  Berlin  (1900)  14.1;  Vienna  (1896),  13.0; 
Brussels  (1897),  14.7;  Budapest  (1896),  16.4;  Madrid 
(1899),  24.4;  New  York  (1901),  17.1;  Chicago  (1901), 
20.5;  Pliiladelphia  (1901),  21.8;  St.  Louis,  26.3;  Boston, 
26.8;  Baltimore,  23;  Cleveland,  31.9;  Buffalo.  19.6:  San 
Francisco,  31.5.  Samuel  W.  Abbott. 
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PITYRIASIS  ROSEA.— Pityi'visis  rosea  is  a  disease  of 
the  skin  characterized  by  the  development  of  symmetri- 
cally distributed  patches,  roundish  orcircinate  in  outline, 
slightly  scaly  and  of  a  faint  red  color.  It  is  one  of  the 
rarer  dermatoses.  The  disease  has  been  described  under 
several  names.  Pityriasis  rosea,  the  name  given  it  by 
Gibert,  is  the  one  nearly  universally  u.sed  now.  It  was 
described  by  Hebra  under  the  name  herpes  tonsurans 
maculosus,  and  by  Bazin  under  the  title  pityriasis  macu- 
lata  et  circinata. 

Symptomatology. — The  eruption  occurs  in  two  forms, 
the  macular  and  the  circinate.  Probably  the  first  lesion 
in  both  forms  is  a  very  small  pinkish  macule  or  papule 
which  rapidly  spreads  to  form  the  characteristic  macule 
or  patch  of  tlie  disease.  In  the  macular  type  the  lesions 
are  roundish  patches,  gradiially  fading  into  the  healthy 
skin,  of  a  pinkish  color  and  covered  with  line  branny 
scales.  These  patches  vary  in  size  from  one-sixteenth  to 
three-quarters  of  an  inch  in  diameter,  and  are  of  a  reddish 
to  fawn  color.  Frequently  the  periphery  of  the  lesions 
will  show  the  erythematous  color  while  the  centre  ->\'\\\ 
be  fading. 

The  circinate  type  of  the  disease  differs  from  the  macu- 
lar in  that  the  tendency  of  the  patches  to  spread  per- 
ijiherally  is  more  marked.  In  this  form  the  border 
spreadswhile  the  centre  fades.  The  typical  lesion  of 
this  form,  therefore,  is  a  more  or  less  circular  patch  with 
a  pinkish  border  and  a  faw-n-colored  scaly  centre.  Adja- 
cent patches  of  this  sort  may  coalesce  and  thus  form 
peculiar  gyrate  figures.  The.se  patches  do  not  usually 
become  larger  than  an  inch  in  diameter.  By  the  time 
they  reach  that  size  the  reddish  border  breaks  up  and 

*  R.  Wehmer :  Medicinal-Kalender,  Berlin.  1901. 
+  Viertf/ljahiisebrift  t.  Off.  Gesundbellspflege,   1902,  vol.  xxxiii., 
Suppl.,  p.  40a. 


fades  out,  leaving  the  characteristic  fawn-colored  stains 
of  the  disease.  The  lesions  are  apt  to  occur  iu  successive 
crops,  so  that  it  is  jiossible  to  see  at  one  time  the  minute 
papules  of  the  beginning  of  the  disease,  along  with  the 
patches  and  circinate  figures  of  a  later  stage  of  the  proc- 
ess. At  times  the  eruption  remains  papular  for  tlie  most 
(lart  throughout  its  entire  course,  only  a  few  patches  or 
circinate  figures  developing. 

Brocq  called  attention  to  the  fact  that  a  single  primary 
patch,  usually  of  large  size  and  situated  upon  the  abdo- 
men, preceded  by  ten  daj's  or  two  weeks  the  general 
eruption,  and  this  observation  has  been  confirmed  by 
other  dermatologists. 

The  extent  of  the  eruption  varies  very  greatly.  In 
some  cases  it  is  confined  to  one  or  two  regions,  but  most 
frequently  it  is  widely  distributed.  It  occurs  by  prefer- 
ence on  the  front  and  sides  of  the  abdomen,  over  the 
chest  and  on  the  buttocks,  and  on  the  sides  of  the  neck. 
It  may  be  universal,  but  it  rarely  develops  on  the  face 
or  below  the  elbows  and  knees.  There  is  also  consider- 
able variation  in  different  cases  in  the  color  of  the  le- 
sions, which  at  times  show  an  infiammatory  red  but  more 
frequently  a  pinkish  or  fawn  color.  The  eruption  usu- 
ally disappears  in  from  two  or  three  weeks  to  two  or 
three  months,  but  cases  not  infrequently  last  longer, 
even  for  four  or  six  months. 

The  appearance  of  the  eruption  is  usually  preceded  by 
a  slight  rise  of  temperature  with  general  malaise,  but 
these  systemic  manifestations  are  usually  so  slight  as  to 
pass  almost  unnoticed.  Th^re  may  be  some  enlargement 
of  the  lymphatic  glands.  This  may  be  confined  to  the 
submaxillary  and  post-cervical  glands.  At  times  also  the 
axillary  and  inguiual  glands  show  slight  painless  en- 
largement. There  is  slight  itching,  particularly  at  night, 
or  when  the  patient  gets  overheated,  but  it  is  not  of 
severe  character  and  causes  little  or  no  annoyance. 

Etiology. — The  etiology  of  the  disease  is  unknown. 
Like  the  exanthemata  and  other  toxic  eruptions  it  occurs 
most  frequently  in  children.  It  was  thought  by  Hebra 
to  be  a  mycotic  aft'ection,  and  this  view  still  has  its  advo- 
cates. Its  symmetrical  distribution,  the  accompanying 
slight  febrile  disturbance,  and  the  character  of  the  erup- 
tion seem  to  indicate  that  it  is  closely  allied  to  erythema 
multiforme. 

HisTOPATHOLOGY.— Microscopically  the  changes  found 
are  those  of  a  slight  inflammatory  process  in  tie  skin. 

Diagnosis. — The  exceedingly  trivial  character  of  the 
systemic  disturbances  and  the  duration  of  the  eruption 
serve  to  distinguish  it  from  the  exanthemata.  From 
psoriasis  and  widely  distributed  forms  of  seborrhieie 
eczema  occurring  in  small  patches,  it  is  distinguished  by 
the  lack  of  infiltration  of  the  patches,  the  much  lower 
grade  of  inflammation,  and  the  character  of  the  scales, 
the  fine  branny  scales  of  pityriasis  rosea  presenting  no 
similarity  to  the  coarser  scales  of  psoriasis  and  seborrhopic 
eczema.  From  tinea  circinata  it  is  distinguished  by  its 
much  wider  distribution,  the  rapid  development  of  the 
lesions,  and  the  absence  of  the  ringworm  fungus.  It  is 
most  likely  to  be  confused  with  the  squamous  and  circi- 
nate syphilides,  from  which  it  is  distinguished  by  more 
rapid  development,  less  scaling,  absence  from  the  face 
and  hands,  and  the  absence  of  concomitant  symptoms  of 
secondary  syphilis. 

TitEATMENT. — The  disease  requires  very  little  treat- 
ment. Constitutional  treatment  should  be  symptomatic. 
Certain  authorities  think  they  have  seen  benefit  from  the 
use  of  salicylic-acid  compounds.  A  mild  antiiiniritic 
dusting  powder,  or  lotion  or  salve  is  all  that  is  necessary 
ill  the  way  of  local  treatment.         Willimn  Allen  Pusey. 

PITYRIASIS  RUBRA.— Pityriasis  rubra  is  a  dermatitis, 
usually  suliacule  or  chronic  in  intensity,  in  all  but  the 
most  exceptional  cases  universal,  and  characterized  by 
abundant  dry  desquamation.  Other  names  by  which  the 
condition  is  known  are  dermatitis  exfoliativa  (Wilson), 
pityriasis  rubra  aigu  (Devergie),  erythrodermieexfoliante 
(Besnier).     It  is  a  rare  disease. 

Syjiptomatology. — The  disease  may  begin  iirimarily 
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Pitj-riasiis. 
Pityriasis. 


as  pityriasis  rubra,  or  it  may  develop  upon  otlier  iuflam 
inatory  dermatoses.  When  occurring  ijrimarily  it  may 
begin  in  either  of  two  ways.  In  some  cases  it  begins  as 
a  (litfuse  hyperemia,  whicli  increases  until  the  skin  be- 
comes a  bright  red,  and  with  the  increase  in  redness  Uiore 
is  the  development  of  the  characteristic  desquamation. 
In  otlier  cases  it  begins  as  circumscribed  red  scaly 
jiatches.  These  spread  peripherally  and  new  patches 
form  at  the  same  time,  until  the  entire  surface  becomes 
involved  in  the  process.  In  the  early  stages  of  the  dis 
ease  the  skin  is  of  a  bright,  hyperiemic  red  color,  which 
fades  on  pressure,  and  the  induration  is  very  slight.  As 
the  process  becomes  older  the  redness  becomes  of  a  deeper 
hue,  and  in  some  cases  has  presented  a  markedly  venous 
character.  There  is  also  at  times,  even  when  arsenic  has 
not  been  used,  the  development  of  marked  pigmentation 
in  the  skin.  The  true  color  of  the  skin  is  more  or  less 
concealed  by  the  abundant  grayish  scales  which  cover  it. 
The  al)undance  of  this  desquamation  is  one  of  the  most 
salient  characteristics  of  pityriasis  rubra.  The  scales  are 
dry  and  grayish  in  color;  at  times  they  are  tine,  but  usu- 
ally, except  on  the  face,  they  occur  as  thin  paper_v  flakes. 
On  tlie  palms  and  soles  the  horny  epidermis  exfoliates  in 
large  flakes,  wiiich  may  at  times  amount  to  masks  of  the 
parts.  The  scales  are  easily  detached  and  quickly  reform. 
A  (juart  or  more  of  scales  may  be  produced  in  twenty 
four  hours,  so  that  they  can  be  collecled  by  the  handful 
from  tlie  patient's  bed.  There  is  usually  very  slight  in- 
duration of  the  skin,  although  after  the  disease  has  per- 
sisted for  a  long  time  the  skin  may  become  considerably 
indurated  and  stilfencd  as  a  result  of  the  chronic  inflam- 
matory process.  Rarely  is  there  any  free  exudate. 
E.vcept  for  perspiration  the  skin  is  dry,  although  a 
certain  amount  of  weeping  and  even  the  formation  of 
bulks  have  been  described.  When  we  come,  however, 
to  cases  of  this  character,  accompanied  l)\-  bulUc  an<l  free 
exudation,  the  border-line  between  this  disease  and  pem- 
phi.gus  foliacens  becomes  confusing. 

There  is  more  or  less  involvement  of  the  aiipendages 
of  the  skin.  The  growth  of  the  hair  is  interfered  with 
.and  much  falling  of  the  hair  takes  place.  At  times  the 
accumulation  of  scales  underneath  the  nails  causes  them 
to  be  laised  up  and  thrown  off.  Again  the  nails  may 
become  thin  and  softened  and  stunted  or  lost  entirely. 
In  some  cases  the  nails  become  thick  and  rough  and 
striated.  The  secretion  of  sweat  is  usually  much  dimin- 
ished, but  there  maj'  be  an  increase  on  such  parts  as  the 
axillae  and  genito-crural  fold.  The  tongue  in  most  cases 
is  bright  red,  undoubtedly  due  to  the  exfoliation  of  the 
epitnelium,  which  is  washed  away  in  the  saliva. 

The  subjective  symptoms  are  relativel_y  unimportant. 
In  rare  cases  the  itching  is  severe,  but  usually  it  is  of 
trivial  character  or  absent.  The  sensation  is  more  apt  to 
be  one  of  tenderness,  burning,  and  stiffness  of  tht  skin. 
The  onset  of  the  disease  is  usually  accompanied  by  a 
temporary  febrile  disturbance,  which  may  recur  with 
each  exacerbation  of  the  process.  Except  for  such  slight 
disturbances  there  may  be  no  positive  illness,  although 
there  is  usually  an  indefinite  lowermg  of  the  general 
physical  tone,  which  becomes  more  marked  as  the  disease 
progresses.  Later  on,  the  patients  become  antemic, 
cachectic,  and  emaciated,  and  thus  become  the  ready 
prey  to  intercurrent  alfections.  Insanity,  and  other 
mental  and  nervous  disturbances  have  been  noted  in  a 
number  of  the  cases. 

The  acute  cases  are  often  accompanied  by  vcrj-  violent 
constitutional  symptoms,  with  all  the  evidences  of  grave 
septic  or  nutritional  disturbance.  The  temiierature  may 
range  as  liigh  as  105°  or  106°  F.  There  may  be  great 
depression,  diarrhoea,  rigors,  and  a  tj'phoid  condition, 
and  death  may  occur  in  one  or  two  weeks. 

Etiology. — The  cause  of  the  disease  is  imknown.  It 
is  probable  that  several  conditions,  essentially  different, 
present  this  complex  of  symptoms.  It  is  rare  in  children 
and  occurs  most  frequently  after  middle  life.  It  is  more 
frequently  observed  in  men  than  in  women.  Crocker 
thinks  there  is  a  close  relatiou.sliip  between  acute  rheu- 
matism and  gout  and  pityriasis  rubra,  eleven  out  of  eigh- 


teen cases  which  he  analyzed  having  shown  this  relation- 
ship. Jadassohn  has  pointed  out  the  frequency  of  the  as- 
sociation of  tuberculosis  in  some  form  with  pit3Tiasis  ru- 
bra. It  is  recognized  that  pityriasis  rubra  may  supervene 
upon  psoriasis,  eczema,  and  other  inflammatorj-  affections. 
Brocq  has  seen  a  severe  acute  attack  brought  on  by  the 
vigcnous  application  of  chrysarobin,  and  Crocker  has 
seen  it  follow  vigorous  inunctions  with  mercurial  oint- 
ment and  the  external  use  of  arsenic.  Stelwagon  has 
seen  it  develop  on  theextremitiesafter  the  use  of  quinine 
by  patients  who  had  an  idiosyncrasy  as  regards  that  drug. 
As  an  exciting  cause,  sudden  chilling  of  the  body  has  in 
some  cases  seemed  to  have  a  direct  relationship  to  the 
development  of  the  disease,  and  in  other  cases  it  has  been 
excited  by  alcoholic  debauches. 

P.\TH0L0GY. — Microscopically  the  disease  shows  noth- 
ing to  differentiate  it  from  other  simple  inflammatory 
processes  in  the  skin.  There  are  the  usual  changes  of  "a 
superficial  dermatitis,  and  when  the  disease  has  persisted 
for  a  long  time  there  are  the  connective-tissue  changes 
characteristic  of  chronic  inflammation  of  the  skin.  Sev- 
eral efforts  liave  been  made  to  discover  central  or  per- 
ipheral nerve  changes  in  connection  with  the  disease,  but 
without  definite  findings. 

Diagnosis. — The  involvement  of  the  entire  skin,  which 
occurs  in  all  but  the  rarest  cases,  the  profu.se  dry  desqua- 
mation, the  slight  induration,  together  with  the  rapid 
development,  are  the  prominent  characteristics  of  the 
disease. 

If  it  is  admitted  that  psoriasis  or  a  squamous  eczema 
could  become  absolutely  universal  and  of  uniform  type 
of  eruption  throughout,  it  is  possible  that  they  might  be 
confused  with  pityriasis  rubra.  It  is  hardly  likelyT  how- 
ever, that  this  ever  occurs.  A  universal  psoriasis  could 
be  ditt'erentiated  by  the  gradual  development,  the  greater 
induration  of  tjie  skin,  and  the  thick,  silvery  white,  close- 
ly adherent  scales  of  that  disease,  and  the  hemorrhagic 
puncta  following  the  forcible  removal  of  the  scales.  It 
is  hardly  conceivable  that  an  eczema  could  show  a  uni- 
form type  of  eruption  over  the  entire  body,  such  as  is 
seen  in  pityriasis  rubra.  Additional  points  of  distinction 
from  eczema  would  be  the  yellowish  crusts  of  eczema, 
the  presence  of  more  or  less  free  exudate,  less  rapid  on- 
set, greater  induration  of  skin,  more  itching,  and  less  evi- 
dence of  constitutional  disturbance. 

The  two  conditions  with  which  pityriasis  rubra  is  likely 
to  be  confused  are  pemphigus  foliaceus  and  pityriasis 
rubra  pilaris.  In  pemphigus  foliaceus  there  is  the  oc- 
currence of  flaccid  bulhe,  which,  if  not  seen  themselves, 
at  least  leave  traces  of  their  existence  in  undennined 
borders  of  epidermis  and  in  the  excretion  of  serum  and 
l)us,  which  dries  in  crusts  upon  the  surface  and  gives 
rise  to  the  sickening  characteristic  odor  of  pemphigus 
foliaceus.  Pityriasis  rubra  pilaris  does  not  develop  .so 
rapidly  as  pityriasis  rubra,  is  not  so  likely  to  be  uni- 
versal, is  accompanied  by  much  greater  induration  of 
the  skin,  and  shows  the  characteristic  papules,  which 
are  entirely  absent  in  pityriasis  rubra.  These  rough, 
dry,  horny  papules,  capping  the  hair  follicles  and  giving 
the  skin  the  nutmeg-grater  appearance,  that  are  seen 
on  the  back  of  the  fingers  and  hands  in  pityriasis  rubra 
pilaris,  are  entirely  absent  in  pityriasis  rubra. 

Tre.\tjient. — The  patients  are  made  much  more  com- 
fortable by  emollient  local  applications.  The  essential 
thing  is  to  keep  the  skin  thoroughly  lubricated.  This 
may  he  done  with  vaseline,  rose  ointment,  olive  oil.  lano- 
lin, or  mixtures  of  these  in  the  form  of  liniments.  The 
internal  treatment  is  symptomatic,  and  is  directed  toward 
building  up  the  patient's  general  health.  Arsenic  and 
quinine  have  both  been  advised  empiricall.y  without  very 
strong  evidence  of  their  having  any  specific  effect.  The 
patients  should  be  carefully  protected  against  chilling, 
and  they  do  best  when  they  stay  in  bed.  There  is  little 
evidence  that  treatment  has  any  effect  except  in  relieving 
symptoms.  William  Allen  Pusey. 

PITYRIASIS  RUBRA  PILARIS.  See  Lichen  Ruber 
Ariiininiitus. 
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PONS  AND    MEDULLA,  DISEASES  OF   THE.— It  is 

a  fnituiKitf  l:i(t  lliat  thr  iiccunvncc  (if  vascular  lesions, 
siicli  as  iK'iiiori'liaij'c,  i'iiil]iilvis,  ami  ilinmilHisis.  is  rare  iu 
tlie  ueigliborhood  (if  the  ihims  aiul  medulla.  Tlicy  may 
of  course  occiir  in  the  presence  of  such  a  favoring  ele- 
ment as  cardio- vascular  disease,  which  in  turn  may  be 
due  to  a  variety  of  causes,  but  when  they  are  of  any  con- 
siderable size  they  are  so  quickly  fatal  that  a  determiua- 
tiou  of  their  e.\act  location  within  the  above  structures 
is  practically  impossible.  It  is,  moreover,  not  particu- 
larly easy,  even  though  the  lesion  be  so  small  as  to  be 
compatible  with  life,  to  locate  it  with  absolute  definite- 
ness,  and  this  in  spite  of  the  fact  that  the  industry,  both 
of  tlie  clinician  and  of  the  jiathologist.  has  guided  us 
to  a  remai'kabl)'  clear  comjirehensiou  of  the  physiologic 
values  of  the  various  nuclei,  nerve  fibres  and  tracts 
which  lie  iu  and  traverse  this  auatomically  comjile.v  ter- 
ritory. 

In"  the  case  of  extensive  hemorrhage  the  victim  is 
struck  down  so  suddenly,  and  unconsciousness  super- 
venes so  rapidly  that  it  is  impossible  to  separate  the 
damage  to  individual  nuclei  fidin  the  general  havoc 
which  the  lesion  entails.  Certain  features  are,  however, 
usually  jireseut  which  Indicate  in  a  measure  the  general 
situation  of  the  extravasated  blood.  The  respiration,  for 
instance,  rather  quickly  assumes  the  Cheyne-Stokes  char- 
acter, and  this  in  itself  should  arouse  a  suspicion  of  the 
intimate  relationship  between  the  hemorrhage  and  the 
respiratory  centre.  Conjugate  deviation  of  the  eyes  is 
also  a  fairly  reliable  indication  of  ponto-medullary  hem- 
orrhage, the  cj'es  being  turned  toward  the  side  opposite 
the  lesion.  The  resultant  paralysis  is  apt  to  be  bilateral 
even  though  the  hemorrhage  be  unilateral  and  differs 
from  the  flaccid  type  observed  at  the  outset  of  an  ordi- 
nar3'  apoplexy  in  the  tendency  of  the  extremities  to  as- 
sume a  degree  of  I'igiditj'.  This  rigidity  may  be  ac- 
companied by  a  recurring  shock-like  tremor  of  a  rather 
co.arse  type.  The  behavior  of  the  retlexes  is  not  suffi- 
ciently constant  to  be  dependable,  and  there  is  nothing 
strikingly  characteristic  about  the  pulse  and  teni  perature. 

In  arterial  lesions  of  lesser  grades  of  severity  the  symp- 
toms may  be  grouped  in  a  variety  of  ways,  dependent 
upon  their  site  and  extent.  A  lesion  involving  the 
pyramidal  tract  in  the  upper  pons  produces  an  ordinary 
hemiplegia,  but  if  it  be  sufficiently  extensive  to  include 
the  facial  nucleus,  or  even  its  roots,  there  usually  results 
a  so-called  alternating  hemiplegia;  that  is  to  say,  a  facial 
paralj'sis  corresponding  to  the  side  of  the  lesion  and  a 
paralysis  of  the  opposite  side  of  the  body. 

A  similar  type  is  observed  where  the  nucleus  of  the 
sixth  nerve  is  included  in  the  lesion.  In  other  cases  both 
the  abducens  and  the  facial  nerves  may  be  involved  on 
the  side  of  the  vascular  disturbance,  and  the  residtiug 
paralysis  may  be  associated  Avith  hemiplegia  of  the  op- 
posite side  of  the  bodj-.  Oftentimes  tlie  disturViance  lies 
not  exactly  in  the  sixth  nucleus,  but  near  by  in  the  con- 
joined centre  for  the  sixth  of  the  same  side  and  the  oppo- 
site rectus.  This  produces  the  conjugate  deviation  of 
the  eyes  away  from  the  side  of  the  lesion  spoken  of 
above. 

The  variety  of  clinical  combinations  which  may  occur 
in  vascular  lesions  of  the  ponto-medullary  region  is  rela- 
tively extensive.  An  examination  of  its  anatomy  reveals 
the  fact  that  it  contains  the  nuclei  of  the  larger  part  of 
the  cranial  nerves,  luiclei  which  serve  also  as  trophic 
centres.  It  contains  furthermore  centres  governing  the 
respiration  and  the  heart's  action;  likewise  the  great 
tracts  and  network  of  fibres  which  have  to  do  with  mo- 
tion, sensation,  and  equilibration.  The  act  of  vomiting, 
the  secretion  of  the  saliva,  and  the  vaso-motor  activities 
of  the  body  also  doubtlesslj-  depend  upon  centres  located 
in  this  important  region.  Nowhere  else  in  the  central 
nervcnis  system  are  so  many  important  structures  in  such 
close  proximity;  hence  it  is  easy  to  understand  the  eccen- 
tric grouping  of  .symptoms  arising  from  simultaneous 
destruction  of  iniclei  and  nerve  tracts,  both  sensory  and 
motor. 

To  attempt  to  give  in  detail  all  the  cliincal  combina- 


tions to  which  acute  vascular  lesions  of  this  region  maj* 
give  rise  would  be  as  fruitless  as  it  is  impossible,  the  ele- 
ment of  fortuitousness  being  too  strongly  iu  the  a,sccnd- 
anl.  Generally  speaking  the  onset  of  trouble  is  marked 
by  rather  severe  vertigo,  which  may  be  accompanied  by 
vouuting  of  equal  severity.  Consciousness  is  seldom 
profoiuidly  disturbed,  hence  the  patient  is  able  to  ob- 
serve and  give  an  account  of  his  troubles.  These  may 
consist  of  the  alternating  hemiplegia  above  mentioned, 
or  may  be  further  complicated  by  a  moreor  less  extensive 
loss  of  sensation,  l)y  ataxiaof  the  upperor lower  extremi- 
ties, by  dilficulty  in  speech  and  in  swallowing,  by  diplo- 
pia, or  l)y  a  com])lete  loss  of  control  of  the  facial  muscles 
which  externalize  the  emotions. 

As  stated  above,  it  is  impossible  to  construct  a  semei- 
ologj-  which  will  fit  every  case.  The  point  always  to  be 
emphasized  is  the  eccentric  grouping  of  symptoms  indi- 
cating nuclear  palsy  combined  with  more  or  less  exten- 
sive implications  of  the  motor  and  sensor}-  tracts. 

Tiie  prognosis  in  this  class  of  cases  is  fairly  good  as 
regards  life.  The  damage  to  the  nuclear  elements  is, 
however,  practically  i)ermauent,  the  resultant  paralysis 
being  for  the  most  |iart  of  the  atrophic  t3'pe. 

Treatment  is  of  little  avail  except  iu  cases  in  whicli 
sj-philis  is  the  etiologic  factor. 

The  medulla  may  be  involved  during  the  course  of 
many  iliseases  of  the  central  nervous  S3'stem,  notablj' 
tabes,  pro.gressive  muscular  atrojihy,  iliultiple  sclerosis, 
gliosis,  and  amyotrophic  lateral  .sclerosis.  It  may  also 
be  the  scat  of  tumor,  abscess,  or  tubei'cidous  disease.  As 
none  of  these  diseases  can  be  classed  a.s  peculiar  to  the 
me<lulla  no  further  consideration  will  be  given  them  in 
this  article. 

The  next  disease  of  essentially  medullary  origin  to  be 
considered  is  the  so-called 

Progressive  Bule.^r  Parai,ysis. 

(Labio-glosso-laryugeal  [Pharyngeal]  Paralysis.) 

It  is  to  be  classed  among  the  rare  forms  of  nervous  dis- 
ease. Its  victims  are,  in  the  large  majority,  found  among 
the  aged.  A  so-called  infantile  tj'pe  will  be  spoken  of 
later.  As  to  its  etiologj-  nothing  definite  is  known, 
hence  the  usual  train  of  causative  factors  comes  in  for 
mention,  namel.y,  exposure  to  cold,  traumatism,  mental 
wear  and  tear;  and  even  abuse  of  function  of  the  lips, 
tougue  and  palate,  although  it  appears  that  women  are 
less  commonlj'  alHicted  than  men. 

SYMPTOM.\TOi,ociY. — The  first  thing  that  attracts  the 
]iatient's  attention  is  an  unwonted  fatigue  after  talking 
for  an}'  length  of  time,  with  a  restricted  abilit}'  to  enun- 
ciate certain  syllables.  The  initial  disability  lies,  as  a 
rule,  in  the  articulation  of  the  lingual  cousonants,  /,  r,  n, 
and  t.  The  tongue  can  at  first  still  be  protruded,  but  not 
to  the  normal  extent,  and  there  may  be  a  diflicidty  in 
securing  its  proper  apposition  to  the  roof  of  the  mouth 
for  sounding  the  linguo-palatiuc  consonants  t  and  (/.  Up 
to  this  time  the  continuous  sibilant  s  may  be  pronounced. 
With  the  increasing  weakness  of  the  lips  whistling  be- 
comes impossible  and  there  is  an  inability  to  utter  the 
sounds  in  which  the  lips  are  chiefly  concerned,  such  as 
0,  11,  h,  p,  and  m.  So  imperfectlj'  are  the  lips  brought 
together  and  so  sluggish  is  their  separation  that  the 
labial  explosives  b  and  p  degenerate  into  in  and  ii.  Fi- 
nally weakness  of  the  palate  fails  to  shut  olf  the  nasal 
cavitj',  and  a  part  of  the  expiratory  air  stream  escaping 
through  the  nose  gives  a  nasal  qviality  to  the  voice,  b  anil 
j)  sounding  as  tub  and  mp. 

At  this  stage  of  the  disease  dysarthria  is  fully  estab 
lished.  Words  are  run  together  and  indistinctly  articu- 
lated, with  an  intonation  of  a  decidedly  nasal  quality. 
Single  words  may  still  by  special  effort  be  brought  out 
clearly,  but  sustained  speech  of  any  clearness  is  impos- 
sible. 

Either  at  this  time  or  more  commonly  after  the  disease 
has  been  established  a  few  mouths  the  imtient  cxpen- 
ences  a  dilficulty  in  swallowing.  Only  by  great  effort 
can  footl   be  carried  back   through  the   pharynx  to  the 
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cesopliageal  opening.  Fluids  are  roustantly  legurgitattd 
through  the  nose,  and  at  times  are  iiilialed  into  tin-  lary  n.v 
causing cliokiug  and  paroxj-snis  of  coughing.  Ultiniale- 
ly  neither  fluid  nor  solid  food  can  be  successfully  swal- 
lowed.    Chewing  also  becomes  progressivelj-  difticult. 

Finally  both  plionalion  and  respiration  become  in- 
volved. The  voice  is  weak  anil  monotonous  and  lacks 
modulation.  Hoarseness  may  develop  and  go  on  to  com- 
plete aphonia.  Toward  the  end  respiration  Ijecomes 
labored,  and  not  uncommonly  severe  attacks  of  strangu- 
lation occur. 

Examination  of  the  larynx  shows  in  the  beginning 
nothing  abnormal ;  later,  paresis  of  the  adductors  is  ob- 
vious. Tlic  masticator_y  muscles  betraj-  their  weakness 
by  imperfect  closure  of  the  jaw  and  restricted  lateral 
movements  of  the  same. 

Bulbar  paralysis  is  of  the  degenerative  type.  At  rophy 
is,  however,  not  an  early  symjitom  and  almost  never 
keeps  pace  with  the  parah'sis.  It  is  usually  first  observ- 
able in  the  tongue,  which  becomes  lax  and  feels  llabby 
and  spong}';  the  fibrillary  twitching  is  very  striking. 
Ultimately  the  organ  undergoes  a  marked  grooving  and 
furrowing,  and  its  total  volume  is  much  diminished. 
The  lip  muscles  are  rarely  affected  until  late  in  the 
course  of  the  di-sease.  They  then  become  thin  and  tone- 
less. The  muscles  of  the  jaw  arc  onl_y  rarel.y  markedly 
wasted,  although  a  fibrillary  twitching  is  not  infrequent- 
ly observed  in  them  at  an  earl}'  stage. 

The  electrical  excitability  of  the  diseased  muscles  is 
never  greatly  altered.  Late  in  the  course  of  the  disease 
there  may  be  some  quantitative  change  to  faradism,  but 
examination  is  never  veiy  satisfactory. 

When  the  disease  is  far  advanced  the  expression  of  the 
face  is  very  characteristic  and  striking.  The  moutli  is 
open,  the  lower  lip  sunken;  and  drooling  is  constant. 
The  fixed  and  expressionless  lower  jiart  of  tlie  face  con- 
trasts strangely  with  the  still  mobile  muscles  of  the 
upper  face  and  eyes,  which  alone  afford  mimic  externa- 
lization  of  intellectual  activit}'.  The  patient  is  very  emo- 
tional and  cries  easily,  but  (*\-cu  then  the  mouth  is  but 
little  discomposed,  whereas  the  respirator}'  muscles  are 
thrown  into  a  sort  of  spasm  to  which  is  sometimes  added 
a  peculiar  respirator}'  stridor.  The  shrunken,  furrowed 
tongue  lies  motionless  on  the  Hoor  of  the  mouth,  articu- 
lation is  almost  annihilated,  and  the  feebly  mundiled 
speech  incomprehensible.  The  respiratory  movement  is 
hurried  and  the  jnilse  may  run  as  high  as  140  per  minute. 
Emaciation  is  very  marked. 

The  above  symptomatology  develops  on  the  basis  of  a 
paralysis  of  cranial  nerves  which  are  jiurely  motor,  and 
there  is  never  implication  of  nerves  which  are  seusory/jr 
sensorial.  Curiously  enough,  however,  in  certain  cases 
there  is  to  be  observed  a  2)eculiar  heightening  of  tendon 
reflex  irritability  in  the  facial  and  masticatory  mu.scles. 

Di.\GNOSTS. — Bulljar  paralysis  has  so  many  features 
that  are  peculiar  that  its  differentiation  from  other  affec- 
tions of  the  medulla  sliould  present  no  special  ditliculties. 
The  gradual  character  of  its  onset  and  development,  its 
practical  restriction  to  personsof  advanced  age,  the  sym- 
metrical implication  of  purely  motor  nerves  with  absence 
of  sensory  and  sensorial  disturbances,  and  the  association 
"f  paralysis  with  atroidiy  are  all  factors  which  serve  to 
crystallize  out  tlie  disease  from  other  affections  of  the 
same  region.  The  features  which  further  distinguish  it 
from  acute  bulbar  paralysis  and  from  the  pseudO'bulbar 
form  will  be  considered  later.  Tumors  of  the  medulla 
involve  all  structures  in  their  neighborhood;  hence,  sen- 
sory nerves  sulTer  as  well  as  motor;  furthermore  tiunors 
produce  the  usual  train  of  symjitoms  characteristic  of  a 
general  increase  of  intracranial  pressure. 

P.^THOLOGic.vi,  Anatomy.  —  The  essential  morbid 
change  in  bulbar  jiaraly.sis  is  a  progressive  decay  of  tlie 
motor  nuclei  of  the  facial,  hypoglossal,  and  glosso-pharyn- 
geo-vago-accessory.  and  occasionally  of  the  trigeminal. 
The  ganglion  cells  of  these  nuclei  lose  their  processes, 
shrivel,  and  gradually  disappear.  The  intranuclear  re- 
ticulations and  the  intra-  and  extrabulljar  roots  undergo 
the  same  destruction,  the  change  in  the  latter  being  suffi- 


ciently marked  in  certain  cases  to  be  obvious  macroscopi- 
cally.     In  some  cases  the  p}'ramidal  tracts  are  involved. 

PiuHiNosis. — The  disease  is,  for  the  most  part,  steadily 
progressive  and  invariably  ends  fatally.  Its  duration 
varies  from  one  to  three  years.  Remissions  rarel}-  occur, 
although  in  any  case  there  may  he  protractediieriods 
during  which  there  appears  to  be  no  advance  in  the 
symptoms.  In  quickly  progressing  cases  the  disease 
may  run  its  course  in  "less  than  a  year.  Death  tisually 
ensues  by  reason  of  a.sphyxia,  bronchitis,  inhalation 
pneumonia,  inanition,  or  some  intercurrent  disease. 

Tkeatment. — Many  drugs  have  been  tried,  but  none 
is  of  any  special  value.  Strychnine  in  gradually  increas- 
ing doses,  arsenic,  nitrate  of  silver,  and  the  iodides  are 
among  those  most  strongly  recommended.  Forced  feed- 
ing should  be  instituted  early  in  the  attempt  to  keep  up 
tlie  nutrition,  and  later,  when  dysphagia  is  established, 
the  food  should  be  introduced  artificiaUy  into  the  stom- 
ach in  order  to  avoid  the  very  imminent  danger  of  in- 
halation imeumonia. 

A  galvanic  current  of  two  or  three  milliampjres  passed 
from  one  mastoid  to  the  other  is  recommended  by  Oppen- 
heim. 

Vocal  gymnastics  maybe  tried  in  the  effort  to  improve 
the  speech. 

■  T/ie  Ilereditiirti  {Familial)  Type  of  Prorp-insiir  Bulbar 
Paralysis. — A  few  cases  of  a  peculiar  hereditary  form  of 
progressive  bulbar  paralysis  have  been  observed  among 
members  of  the  same  family,  usually  among  the  offspring 
of  consanguineous  marriages.  The  victims  are  prac- 
tically always  true  degenerates.  The  peculiarity  of  the 
disease  in  these  cases  is  that  it  usually  affects  the  upper 
facial  territory  first  and  its  effects  are  most  marked  in 
this  region,  ophthalmoplegia,  especially  ptosis,  being  as- 
sociated with  the  bulbar  phenomena.  These  latter  do 
not  ditTer  from  those  observed  in  the  ordinaiy  form. 

The  paralysis  is  in  most  cases  of  the  atrophic  tyjje  and 
is  associated  with  partial  reaction  of  degeneration. 

In  1895  Oppenheim  described  an  infantile  form  of 
pseudo-bulbar  paralysis.  It  was  observed  by  him  in 
connection  with  cerebral  infantile  diplegia,  and  consisted 
of  a  bilateral  paralysis  or  paresis  of  the  muscles  of  the 
tongue,  palate,  pharynx,  and  larynx,  which  gave  rise  to 
the  characteristic  dysarthria,  dysphagia,  etc.  The  pa- 
rah'sis was  associated  with  spastic  atlietotic  movements 
of  the  affected  muscles.  Atrophy  and  tibrillary  twitch- 
ing were  absent. 

Oppenheim  considers  tlie  patliologic  basis  of  the  dis- 
order to  be  a  bilateral  disease  ora  developmental  defect  in 
the  central  convolutions. 

The  Acf'rK  (Aropi,ECTiFOTiM)  Type  of  Bfi.BAR  Pa- 
iiALYSis. — l>titiijittitiintidogii. — Certain  cases  have  definite 
prodromes,  such  as  pressure  in  the  head,  ringing  in  the 
ears,  vertigo,  sleeplessness,  and  spots  before  the  eyes. 
The  main  .symptoms  develop  suddenly.  Intense  vertigo 
or  even  a  genuine  apoplectic  shock  witli  complete  loss  of 
consciousness  may  usher  in  the  attack.  Vomiting  may 
accompany  the  vertigo.  In  a  few  cases  general  convul- 
sions of  an  ei)ile|itiform  character  have  been  observed. 

Almost  immediately  after  onset  a  labio-glosso-laryngeal 
paralysis  is  found  in  full  development.  This  is  mani- 
fested by  characteristic  dysarthria,  dysphagia,  etc.  Al- 
though the  paralysis  is  bilateral  it  rarely  affects  the  two 
.sides  equally.  In  the  majority  of  the  cases  the  extremi- 
ties are  also  involved  in  the  same  varying  degrees. 
Tliere  may  be  paralysis  of  both  arms  with  simple  weak- 
ness of  the  legs,  or  there  may  be  simple  hemiplegia,  the 
latter  usually  on  the  side  opposite  to  that  on  which  the 
bulbar  nerves  are  most  involved.  The  onset  of  all  these 
symptoms  may  be  less  sudden,  a  few  days  or  even  a  week 
being  required  for  their  full  development. 

Dyspna>a  and  even  Cheyne-Stokes  respiration,  with 
marked  increase  of  the  pulse  rate,  may  be  present  early 
and  may  last  for  a  very  long  time. 

Various  sensory  disturbances  are  not  unusual,  and  the 
patient  may  complain  of  painful  parssthesioe  in  some 
parts  of  the  body  or  extremities. 

The  expression  of  the  face  is  characteristic;  more  so  in 
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fact  than  in  the  cail_v  stage  of  the  chrouic  type  of  bulbar 
paralysis,  because  the  disease  renders  the  facial  muscles 
fixed  and  expressionless  iu  a  verj"  short  time. 

The  paralysis  of  lips,  tongue,  aud  soft  palate  is  natu- 
rally not  often  associated  with  atropiiy^tirst,  because 
this  phenomenon  requires  time;  and,  second,  because  it  is 
the  supranuclear  part  of  the  nerves  which  is  usually 
affected.  The  nucleus  itself  maj'  be  directl}'  affected, 
though  rarely,  and  in  such  oases  the  characteristic  atro- 
phy with  electrical  changes  maybe  found  in  the  affected 
muscles. 

The  symptomatology  is  much  more  variable  than  in 
the  chronic  bulbar  form,  and  naturally  varies  with  the 
extent  and  seat  of  the  lesion.  The  same  eccentric  group- 
ing of  bulbar  nerve  paralysis,  with  paralysis  or  paresis 
and  sensory  disturbance  in  the  trunk  and  extremities 
spoken  of  under  vascular  lesions  of  the  bulb  in  general,  is 
to  be  expected. 

PatJiiiliigicul  Anritomy. — -By  far  the  commonest  cause 
of  the  acute  form  of  bulbar  paralysis  is  thrombosis  with 
softening.  Both  hemorrhage  and  embolism  do  occur, 
but  with  nothing  like  the  same  frequency.  Polieucepha- 
litis  inferior  acuta  may  determine  the  symptoms  above 
described,  and  like  symptoms  are  also  ascribed  to  the 
pressure  of  a  dilated  atheromatous  basilar  artery. 

Certain  authors  have  observed  the  occurrence  of  an 
acute  bulbar  paralj'sis  associated  with  weakness  of  the 
extremities  during  the  course  of  typhoid;  sometimes  with 
a  fatal  outcome.  In  the  latter  cases  streptococci  and 
other  organisms  were  found  in  various  parts  fif  the  cen- 
tral nervous  system  witliout  an j' very  marked  histological 
changes. 

Prognosis. — Death  may  result,  in  very  acute  cases, 
within  a  short  time  from  inhalation  pneumonia  or  cardio- 
respiratory paralysis.  In  less  severe  cases  the  symptoms 
are  slowly  regressive  and  may  gradually  disappear, 
although  restoration  of  function  is  seldom  absolute  in  all 
the  affected  parts. 

Treatment. — In  cases  suspected  to  be  of  syphilitic 
origin  the  prompt  and  free  use  of  specific  medication  is 
demanded.  Otherwise  treatment  should  in  the  main  fol- 
low the  lines  indicated  in  the  therapy  of  cerebral  vascu- 
lar lesions  in  general.  In  the  cases  which  arise  in  the 
course  of  an  encephalitis  of  the  ponto-mcdullary  region 
antiphlogistic  and  derivative  measures  are  appropriate. 
Very  large  doses  of  calomel  may  serve  a  useful  purpose 
even  in  cases  not  syphilitic. 

It  is  very  important  to  make  every  effort  to  keep  up 
the  nutrition  from  the  beginning.  As  paralysis  of  the 
muscles  of  deglutition  may  be  absolute  even  from  the 
outset,  artificial  feeding  often  becomes  indispensable.  In 
the  later  stages  of  surviving  cases  electricity  may  prove 
useful. 

Labio-gi.osso-l.^ryngeal   Paralysis  of   Pseudo-bul- 

BAR   AND   CeREBRO-BL'LBAR   ORIGIN. 

In  very  rare  cases  after  a  patient  has  experienced  a 
number  of  minor  apoplectiform  attacks  a  condition  re- 
sembling the  labio-glosso-laryngeal  paral_vsis  of  bulbar 
origin,  without  any  implication  of  the  bulb  itself,  may 
result. 

The  pathologic  substratum  of  such  cases  is  a  diffuse 
atheromatosis  of  the  cerebral  vessels,  which  causes  a 
gradual  destruction  of  the  cortical  representations  of  the 
facial,  hypoglossal,  and  motor  trigeminal  nerves. 

To  produce  a  fairly  complete  analogue  of  the  genuine 
bulbar  type  both  cortices  must  undergo  considerable 
destruction  in  the  regions  tibove  indicated,  with  second- 
ary clianges  in  the  cortico-bulbar  projections.  As  these 
changes  are  all  distinctly  supranuclear,  atrophy  aud  elec- 
trical changes  in  the  affectcfl  muscles  are  \vauting. 

Clinically,  while  the  above  picture  is  in  the  develop- 
mental stage,  the  patient  is  observed  to  have  a  series  of 
mild  shocks  which  differ  in  nowise  from  the  ordinary  It 
is  only  when  the  cumulative  effects  of  these  various 
shocks  are  manifest  in  a  bilateral  paralysis  or  paresis  of 
the  muscles  of  the  face,  tongue,  and  jaws  with  accom- 


panying disturbance  of  sjieech,  swallowing,  etc.,  that 
the  resemblance  to  the  bulbar  paralysis  begins.  Even 
then  the  likeness  is  not  complete,  since  severe  disturb- 
ance of  the  respiration  and  of  phonation  is  ordinarily 
absent. 

The  mental  state  of  such  patients  differs  markedly 
from  that  observed  in  the  genuine  form  of  bulbar  paral- 
ysis in  that  some  type  of  psychosis,  or  even  dementia,  is 
usually  present.  So-called  bulbar  crjMug  and  laughing 
is,  on  the  other  hand,  commonly  present,  and  may  be 
very  marked. 

The  paralysis  is  not  necessarily  limited  to  the  face  aud 
tongue  areas,  so  that  hemiplegia  or  diplegia  mav  be  pres- 
ent. 

A  further  type — the  cerebro-bulbar — described  by  Op- 
penheim,  differs  from  the  above  only  iu  the  fact  that  with 
the  cerebral  arterial  break-down  is  associated  a  similar 
condition  in  the  bulb.  The  lesions  are  never  large  aud 
the  bulbar  symptoms  are  of  gradual  onset. 

Symptomatically.  bulbar  phenomena  are  found  asso- 
ciated with  marked  mental  deterioration.  Both  bodily 
aud  mentally  the  patient  is  in  a  most  deplorable  state. 
AVith  the  usual  disturbance  of  speech,  mastication,  and 
de,glutirion  is  associated  spastic  paralysis  of  the  extremi- 
ties on  one  or  both  sides.  Attacks  of  dyspnoea  and 
Cheyne-Stokes  respiration  either  come  on  spontaneously 
or  result  from  excitement,  from  paroxysms  of  spasmodic 
hiccough,  or  from  attempts  at  motion.  The  optic  nerves 
may  undergo  neuritis  with  consequent  atrophy.  The 
bladder  and  rectum  may  or  may  not  be  involved. 

The  prognosis  in  both  the  pseudo-bulbar  and  the  cere- 
bro-bulbar forms  is  very  grave,  although  life  may  be 
prolonged  for  a  considerable  period  of  time. 

The  Ireatment  recommended  is  that  already  described 
elsewhere. 

Asthenic  Bulbar  Paralysis. 

(Myasthenia  Gravis  Pseudoparalytica.) 

To  Erb  (1879)  is  due  the  fcredit  of  calling  attentiou  to 
a  symptom  complex  which  so  closely  simulated  that 
about  to  be  described  under  asthenic  bulbar  paralysis 
that  it  must  be  considered  its  nosological  aualogue.  It 
was  not,  however,  until  the  appearance  of  Oppenheim's 
case  in  1887  that  this  singular  disease  began  toattract  the 
attention  which  has  been  increasingly  accorded  to  it  up 
to  the  present  moment. 

Etiologically,  little  or  nothing  definite  is  known  about 
it  beyond  the  fact  that  it  appears  to  result  from  the  ac- 
tion of  some  toxic  agent  upon  a  congeuitally  predisposed 
nerifous  organism.  Its  association  with  tumors  of  the 
mediastinum  and  of  the  thymus  glaud  has  been  note- 
worthy in  specific  instances.  The  predominance  of  the 
disease  in  early  life  is  striking,  but  persons  of  advanced 
years  are  by  no  means  exempt. 

P.\THOi.oGy. — Up  to  the  present  time  the  most  search- 
ing anatomic  investigations  have  failed  to  reveal  any 
organic  changes  in  the  medulla,  bulbar  nerves,  or  mus- 
cles. Congenital  nervous  defects  and  pecidiarities  have 
been  observed  in  connection  with  certain  cases,  and  a  cer- 
tain amount  of  stress  has  been  laid  upon  the  same  as 
regards  their  morbid  value,  but  it  remains  extremely 
doubtful  if  such  stress  has  been  rightly  placed.  The 
disease,  in  last  analysis,  appears  to  be  a  true  neurosis. 

SvMi>TOM.\TOLOGT. — This  Comprises  the  usual  dys- 
arthria, dysphagia,  and  masticatory  weakness  with  their 
associated  palsy  of  the  lips,  tongue,  palate  aud  jaw  ob- 
served in  the  ordinary  types  of  bulbar  jiaralj'sis.  Add<d 
to  this  is  a  paralysis  of  the  upper  part  of  the  face  with 
imperfect  closure  of  the  ej'elids.  The  paralysis  also  ex- 
tends to  the  trunk  and  extremities,  and  attacks  of  dysp- 
noea are  frequent.  In  a  certain  number  of  cases  the  in- 
volvement of  the  eye  muscles,  notabl}'  ptosis,  is  the 
earliest  and  most  striking  symptom.  Atrophy  and  reac- 
tion of  degeneration  in  the  affected  nerves  and  muscles 
are  absent  throughout  the  entire  course  of  the  disease 
regardless  of  its  duration. 

Jolly   in  investigating   the  behavior  of  the  affected 
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nerves  aud  muscles  to  electrical  stimulation  observed  a 
peculiarity  which  he  designated  " myasthenic  reaction." 
He  found  tliat  where  a  tetanizing  faradic  current  was 
applied  (either  to  nerves  or  muscles)  at  intervals  of  .a  few 
seconds,  the  muscular  contraction  grew  progressively 
weaker  and  gradually  vanished  completely,  but  that  the 
muscle  regained  its  irritability  after  a  short  rest.  He 
further  fo'und  that  if  the  current  were  passed  through  a 
mu.scle  without  interruption  for  the  space  of  a  minute  or 
even  less,  the  muscular  contraction  gradually  died  away, 
but  was  again  obtainable  bj-  the  same  sort  of  stimulatioa 
after  a  minute's  rest. 

Analogous  phenomena  have  been  observed  in  volun- 
tary attempts  to  use  the  muscles  of  the  jaw  or  extremi- 
ties. A  patient  may  take  one  bite  of  an  article  of  food 
and  then  be  totally  unable  to  bring  the  jaws  togetlicr 
with  any  force,  but  after  resting  a  while  may  regain 
enough  strength  to  chew  for  a  few  moments. 

The  course  of  the  disease  is  very  peculiar.  The  com- 
plete development  of  symptoms  may  require  many 
months,  although  in  certain  cases  the  time  required  has 
been  much  briefer.  Remissions  are  common,  and  the  full 
development  of  symptoms  may  be  follo-\ved  by  a  regres- 
sion, but  so  treacherous  is  the  malady  that  when  recovery 
seems  full}'  established,  there  may  be  a  fresh  outbreak  of 
the  most  rapid  character  and  the  symptom  complex  again 
be  complete  in  a  startlingly  short  time.  lutercurreut 
attacks  of  dyspnoea  and  tachycardia  and  febrile  move- 
ments are  common. 

The  disease  has  on  the  whole  so  many  peculiarities 
that  differentiation  is  not  dillicult.  Tlie  combination  of 
bulbar  symptoms  with  w'eakness  of  the  muscles  of  the 
trunk  and  extremities,  the  frequent  involvement  of  the 
external  ocidar  muscles  (manifested  mainly  by  ptosis), 
the  retention  by  the  affected  muscles  of  their  normal 
volume,  the  absence  of  reaction  of  degeneration  in  the 
presence  of  the  peculiar  "myasthenic  reaction"  men- 
tioned above,  the  characteristic  tiring  of  affected  muscles 
on  voluntary  motion,  the  lack  of  definite  sensory  and 
sensorial  disturbance,  the  absence  of  mental  weakness 
and  disease,  and  the  complete  lack  of  any  tangible  path- 
ologic substratum  in  the  brain,  nerves,  or  muscles  unite 
to  form  a  clinical  and  anatomical  picture  that  is  tmi 
generis. 

The  PnoGNOsis  is  always  serious.  Nevertheless  the 
most  alarming  cases  may  end  in  complete  recovery.  Re- 
covery is,  however,  never  assured  until  there  has  been 
a  freedom  from  symptoms  for  a  period  of  many  months, 
to  the  present  time  the  majority  of  cases  have  terminated 
Up  fatally. 

Treatment. — The  proper  care  of  this  type  of  bulbar 
paralysis  requires  unusual  skill.  A  complete  rest  treat- 
ment, such  as  is  followed  in  the  severest  form  of  neuras- 
thenia, should  be  carried  out  in  bad  cases  tf>  the  minutest 
detail.  The  patient  should  be  allowed  to  do  almost  noth- 
ing for  himself,  even  to  swallowing  food,  which,  by  the 
way,  should  he  selected  so  as  to  combine  the  maximum 
of  nourishment  with  the  least  tax  upon  the  digestive  or- 
gans. Even  the  use  of  the  stomach  tube  for  artificial 
feeding  is  not  devoid  of  danger,  as  its  introduction  may 
induce  fatal  suffocation.  If  mastication  can  be  permitted 
with  safety  in  a  given  case,  care  should  be  taken  to  allow 
the  patient  to  rest  between  mouthfuls. 

The  drug  treatment  consists  in  the  administration  of 
tonics.  In  certain  cases  the  preliminary  production  of 
diaphoresis  has  been  beneficial.  Against  the  u.se  of  elec- 
trical stimulation  it  cannot  be  too  strongly  cautioned. 

Joseph  W.  Courtney. 

PRESCRIPTION-WRITING.— A  medical  prescription 
is  a  written  order  to  the  i.iharmacist  to  take  certain  quan- 
tities of  certain  medicines,  deal  with  them  in  certain 
pharmaceutical  ways,  "  put  up  "  the  product  in  certain 
form  for  dispensing,  and  label  the  package  with  certain 
directions  for  use.  Correctness  in  prescribing,  therefore, 
relates  to  the  three  several  matters  of  the  selecfinn  ot  the 
iiKjreOioitii  or  composition  of  the  prescription,  the  ji-ting 
of  qiiiintititx  o\-  amiputation  of  the  prescription,  and  the 


actual  imting^  of  the  order  in  technical  style,  or  expremon 
of  the  prescription.  These  several  topics  will  be  con- 
sidered seriatim,  in  the  order  named. 

I.  The  Composing  ok  a  Pkescription. — Assuming 
that  a  prescription  is  intended,  as  always  should  be  the 
case,  to  fulfil  a  single  therapeutic  purpose  only,  then  the 
first  point  that  presents  is  whether,  under  the  circum- 
stances of  the  case,  a  siiir/le  medicine  of  the  appropriate 
kind  should  be  prescribed,  or  a  tcum  of  such  medicines. 
As  regards  this  point,  no  general  rule  can  be  laid  down 
—the  matter  will  depend'partly  upon  the  nature  of  the 
therapeutic  indication,  and  partly  upon  the  respective 
peculiarities  of  the  individual  drug  and  the  individual 
case.  Thus  to  provoke  emesis,  a  single  drug  is  commonly 
prescribed ;  to  excite  diuresis,  a  team ;  while  for  purging 
the  medicine  will  be  single,  if  it  be  castor  or  croton  oil, 
but  multiple,  if  the  selection  be  from  among  the  resinous 
cathartics.  The  advantage  of  a  team  of  similar  medi- 
cines in  prescription  may  be,  on  the  one  hand,  a  more 
effective,  or,  on  the  other,  a  more  kindlg  accomplishment 
of  the  specific  purpose  in  view,  or  it  may  be  both  possi- 
bilities combined.  Thus,  by  a  wise  association  in  pre- 
scription of  allied  drugs,  a  maximum  of  tlierapeutic  effect 
is  attainable  with  a  minimum  of  by -derangement.  Hav- 
ing fixed  upon  the  active  member,  or  team  of  members, 
of  the  prescription,  the  next  point  is  whether  the  medici- 
nal working  of  the  same  may  not  be  made  even  more 
effective  or  more  kindly  than  would  otherwise  be  tlie 
case,  by  the  further  addition  to  the  prescription  of  some 
special  substance .  Such  increase  in  both  lines — effective- 
ness and  kindliness — may  result  b_v  a  chemical  action 
upon  the  drug,  on  the  one  hand,  or  by  a  medicinal  im- 
jiression  upon  the  system  of  the  subject,  on  the  other. 
Thus,  as  an  instance  of  the  working  of  a  chemical  action, 
stands  the  fact  that  the  efticac}'  and  kindliness  of  opera- 
tion of  a  dose  of  salici/lic  acid  are  both  enhanced  by  the 
addition  to  the  acid  of  "a  solution  of  a  sodic  carbonate, 
whereby  the  salicylic  acid,  which  under  its  own  form  is 
both  insoluble  and  irritant,  becomes  the  more  soluble, 
and  at  the  same  time  far  less  harsh,  body,  sodium  salicy- 
late. As  instancesof  an  associated  medicinal  impression 
by  an  unrelated  drug  affecting  the  operation  of  the  active 
member  of  a  prescription  may  be  cited  the  rather  mys- 
terious enhancement  of  the  diuretic  action  of  digitalis  by 
the  associate  action  of  calomel,  and  tlie  neutralizing  of  the 
griping  of  the  rougher  cathartics  by  the  associated  anti- 
spasmodic action  of  the  pungent  volatile  oils,  or  of  neu- 
rotics, such  as  belladonna  or  hyoscyamus.  In  the  cate- 
gory of  additions  to  a  prescription  for  the  purpose  of 
enhancing  kindliness  of  operation,  heVmgfficuring  sub- 
stances. For  an  agreeable,  or,  at  least,  a  not  offensive 
potion,  is  not  merely  pleasantcr  than  an  ill-tasting  one  to 
swallow,  but  is  also,  by  the  very  reason  of  non-offensive- 
ness,  far  less  likely  than  a  nauseous  dose  to  destroy  ap- 
petite or  derange  digestion.  The  art  of  prescribing  pleas- 
ant mixtures  is  therefore  one  of  genuine  ad  vantage  to  the 
patient,  as  well  as  to  the  prescriber!  Agreeability  of 
taste  is.  of  course,  far  more  important  in  the  case  of  fluid 
than  of  solid  mixtures,  and  is  attained,  in  the  case  of 
fluids,  in  part  by  wisdom  in  the  selection  of  the  active 
member  of  the  prescription,  aad  in  part  by  the  addition 
to  the  prescription  of  sugar,  or  of  syrup,  or  of  preparations 
of  the  more  pleasantly  flavored  nromatics.  Lastly,  in 
composing  a  prescription,  comes  the  thought  of  a  possi- 
bly necessary  substance  to  give  rolvwc,  or,  in  the  case  of 
a  powder  or  pill,  to  give/wr///.  or,  in  the  case  of  a  fluid 
mixture,  to  serve  as  a  diluent,  or  as  a  solvent.  The 
character  and  relative  proportion  of  such  a  member  of 
a  prescription  will  vary  so  greatly  in  different  cases,  that 
no  general  rule  affecting  the  selection  of  vehicles  can  be 
formulated.  Members  of  a  prescription  for  the  several 
pur]ioses  named  are  commonly  referred  to  as.  respec- 
tively, the  ba.tis,  the  adjtimnt,  the  corrigent,  and  the  e.r- 
cipient.  or  Tehicle,  ot  the  prescription.  In  the  a.ssociation 
of  different  substances  in  a  prescription,  no  matter  what 
the  purpose  of  the  several  ingredients,  regard  must  al- 
ways be  had  for  the  mutual  chemical  relations  of  the 
things  so  brought  into  mutual  contact,  lest  undesirable 
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reactions  take  place  iu  the  compounding  (see  Incompati- 
bility, Mcdicijial). 

n.  The  Computinc!  of  Amounts  in  Prescriptions. 
—The  first  i)oint  in  the  matter  of  amounts  iu  prescrip- 
tions is,  in  general,  not  to  order  more  of  the  meclieiiie  than 
prenent  prognasis  seems  to  call  for.  Not  unnaturally,  tlie 
laity  iustinctively  argue  that  the  remedy  should  lit  the 
case  in  meaavre  as  well  as  in  mode,  and  hence,  that  an 
excess  of  medicine  in  the  prescription  is  prima-freie  evi- 
dence of  a  deficiency  of  skill  on  the  part  of  the  prescriber. 
They,  furthermore,  naturally  object  to  thcpai/inf/  for  the 
suiicrfluous.  Apart  from  these  considerations,  there  are 
also  many  and  obvious  objections  to  a  course  that  leaves 
half-used"  parcels  of  medicine  to  accumulate  in  a  house, 
at  the  risk  of  inappropriate  application  on  subsequent 
occasions,  at  ignorant  hands.  Hence,  in  cases  in  which 
an  exact  forecast  of  the  amount  of  a  medicine  likely  to  be 
required  is  impossible,  it  is  wiser  to  order  no  more  than 
will  surely  be  wftliiu  bounds,  letting  the  prescription  be 
renewed  if  the  amount  prove  too  little.  Assuming  due 
regard  to  be  paid  to  this  principle,  then  the  determina- 
tion of  amounts  in  a  given  prescription  proceeds,  by  tlie- 
ory,  thus:  the  amount  of  ha^sin  will  be  tlie  product  of  the 
two  factors,  qiuuititi/  of  dose  and  niitnber  of  doses  required, 
and  the  several  amounts  of  the  other  ingredients  will  be 
deduced  from  the  amount  of  the  basis,  in  accordance  with 
the  respective  requirements  of  relative  proportion.  In 
putting  this  theory  into  practice,  however,  the  impor- 
tant consideration  lias  to  be  regarded,  that  quantities  must 
be  such  as  can  convenieutl}'  l)e  expressed  in  terms  of  the 
system  of  weight  or  of  measure  employed  in  the  prescrib- 
ing. This  consideration  determines,  in  general,  the  use 
oi  ro)ind  numbers,  and,  iu  particular,  oi  sueh  roiuid  num- 
.  bers  as  best  conform  to  the  relation  between  denomina- 
tions in  the  particular  system  of  weight  or  of  measure 
followed  in  the  prescription.  For  example,  in  general, 
no  prescriber  would  fix  a  dose  to  lie  expressed  by  such  a 
number  as  one  and'  one-tenth,  whether  referring  to  grains 
or  grams,  nor  would  he  ever  estimate  upon  an  aggregate 
of  such  an  awkward  number  of  doses  as  secen,  or  eleven, 
or  nineteen,  or  twenty-three.  And,  for  example  again,  in 
particidar,  the  prescriber  by  the  npotJieearies'  system  of 
weight  or  of  measure,  recognizing  the  generally  duodeei- 
mal  ratio  of  the  denominations  of  these  scales,  instinc- 
tively proportions  the  numbers  of  his  prescription  on  a 
diwdeeimal  basis.  His  ratios,  that  is,  are  as  one  to  some 
one  of  the  numbers  2,  4,  6,  8,  12,  18,  24,  60,  120,  180,  240, 
480.  On  the  other  hand,  if  the  metric  system  be  the  sys- 
tem followed,  the  deeinwl  basis  of  this  system  almost  of 
necessity  entails  the  use  of  decimal  ratios  in  proportion- 
ing amounts  in  prescription.  Quantities  are  in  this  case 
fixed  upon  that  are  to  each  other  as  one  to  some  number 
of  this  series  of  numbers:  2,  5,  10,  20,  2.5,  50,  To.  100,  200, 
250,  500,  1,000.  This  fundamental  difference  in  the  fig- 
ures to  be  used  in  working  by  the  metric  system  as  com- 
pared with  the  apothecaries'  is  a  point  verj-  commonly 
overlooked  bj'  novices,  in  this  country,  in  the  art  of  jjre- 
scribing  by  metric  denominations.  Because  already  fixed 
in  the  (luodecimal  habit  through  previous  practice  with 
the  apothecaries'  system,  such  novices  are  apt  to  com 
pute  in  dnodeeimal  ratios  quantities  which  they  then  set 
down  in  terms  of  decinuilly  reliitud  denominations — a  pro- 
ceeding wherein  theoretical  stupidity  begets,  as  it  should, 
practical  disaster.  Poi',  by  this  jjroceeding,  as  it  is  hardlj' 
necessary  to  point  out,  there  is  wholly  missed  the  one 
point  of  advantage  which  the  metric  system  has  to  offer, 
juimely,  ease  of  computation  by  decimal  ratios.  A  medi- 
cine, then,  whose  dose  iu  prescription  by  ai^othecaries' 
weight  is  taken  at  one  grain,  is — or  should  be — in  pre- 
scribing by  metric  weight,  taken  at. /ire  centigrams,  aiul 
not  at  the  six  centigram  amount  by  which  the  American 
metric  prescriber.  translating  from  terms  of  apothe- 
caries' weight,  so  commonly  figures.  As  well  might  an 
original  metrician — to  coin  a  convenient  word — who  es- 
says a  prescription  by  the  apothecaries'  system,  first  fix 
liis  dose,  by  his  old  metric  habit,  at  five  centigrams,  and 
dieu.  blindly  insisting  on  exactly  that  quantum,  despite 
its  unsuitabien'^ss  to  the  foreign  system  of  weiglits,  pre- 


scribe in  grains  on  the  absurd  basis  of  a  seren-eighlhs- 
grain  dose ! 

Such  are  the  essential  points  of  the  theory  of  comput- 
ing prescription  amounts,  and  having  due  regard  to  these 
]ioints,  the  prescription  of  solid  mixtures  for  make-up 
into  pills,  powders,  troches,  suppositories,  etc.,  is  easy 
enough  ;  but  in  the  prescription  of  fluid  mixtures  many 
additional  considerations  enter  into  relation,  as  follows; 
In  the  first  place,  although  it  is  not  essential,  .yet  it  is 
elegant,  and  hence  customary,  to  have  a  prescribed  mixt- 
ure aggregate  ju.ft  a  bottleful  of  some  one  of  the  sizes  of 
the  medicine  jihials  of  the  shops.  Regard  must  therefore 
be  had  to  the  several  sizes  of  such  bottles.  In  the  United 
States  medicine  phials  are  made  of  capacities  conforming 
to  apotheearies'  measure,  which  capacities  are  severally 
as  follows:  one.  tico,  and  four  fluidrachms,  and  one,  two, 
four,  si.r,  eight,  and  f irelee  ftuidot/nees.  This  fact  of  the 
conformity  of  medicine  bottles  to  apothecaries'  measure, 
makes,  in  this  country,  the  prescribing  of  fluid  mixtures 
readier  by  the  apothecaries'  than  by  the  metric  system. 
Pliials  for  metric  prescription  should  be  of  the  natural 
metric  capacities,  severally,  of  twenty-five,  ffty,  one  /inn - 
dred.  two  hundred,  etc.,  cubic  cevtimetres. 

The  second  special  point  affecting  amounts  in  the  Qase 
of  fluid  mixtures  relates  to  the  case  of  solids  in  solution, 
the  point  being  the  physical  fact  that,  in  dis.solving  a 
solid  of  a  given  measure  in  its  condition  of  dry  powder 
does  not  augment  the  volume  of  the  solvent  by  the  full 
amount  of  such  measure,  but,  on  the  contrary,  increases 
such  volume  so  little  that,  in  the  ordinarily  comparatively 
weak  solutions  used  as  medicines,  the  increment  can 
safely  be  disregarded  in  the  estimation  of  amounts  for 
prescription. 

The  third  point  relates  to  the  system  by  which,  in  a 
given  case  of  a  fluid  mixture  for  internal  giving,  the 
iiidicidual  doses  are  to  be  vieasured.  This  consideration 
does  not  obtain  in  the  case  of  solids,  since,  in  such  case, 
doses  ai-e  defined  b.v  a  stated  number  of  pills,  powders, 
or  troches — are,  that  is,  already  apportioned  by  the 
apothecary.  But  in  the  case  of  a  fluid  mixture,  the 
medicine  is  necessarily  dispensed  iu  bulk  (except  when 
put  up  in  capsules),  and  doses  must  be  measured  out  by 
the  administrator  at  the  bed.side.  The  point  then  pre- 
sents itself  of  practical  bearing,  whetlier,  in  a  given  case, 
the  dose  is  to  be  measured  by  a  method  of  precision — by 
use  of  a  graduated  pipette,  if  the  dose  be  quite  small,  or 
of  a  graduated  vessel  if  of  ordinary  or  large  dimeusion — 
or  whether  the  determination  is  to  be  by  the  conventional 
drop  ou  the  one  hand  or  spoonful  on  the  other.  If  a  grad- 
uate is  to  be  used,  then  the  jioint  now  in  qtiestion  does 
not  present  itself;  but  if  Wie  drop  ox  the  spoonful  is  to 
measure  the  dose,  then  the  consideration  arises,  in  the 
apportioning  of  amounts  in  prescription,  of  the  respec- 
tive actual  fft'm('H«8o««  of  these  variable  measures,  under 
the  conditions  obtaining  in  the  individual  case.  As  re- 
gards the  drop,  it  must  be  remembered  that  this  measure 
varies  in  dimension,  not  only  according  to  the  viscosity 
and  specific  gravitj'  of  the  fluid  dropped,  bvit  also  ac- 
cording to  the  shape,  e.rtent,  aud  character  of  the  surface 
from  which  the  drop  delivers  itself,  and  even,  further- 
more, in  tiie  case  of  drops  delivered  from  a  phial,  accord- 
ing to  the  degree  of  fulness  of  the  bottle  on  the  occasion 
of  the  dropping.  A  bottle  with  a  flanged  mouth,  such 
as  the  ordinary  medicine  phial,  .yields,  with  the  same 
fluid,  a  comparatively  large  drop  when  full  or  nearly  so 
at  the  dropping,  and  a  comparatively  small  one  when  at 
Iftast  half  empt.y,  tlic  difference  iu  the  respective  drop 
dimensions  in  the  two  instances  being  even  as  consider- 
able as  that  between  the  numbers  five  and  three.  The 
reason  for  this  difference  in  size  of  drops  is  that,  from  a 
full  bottle,  the  contents  begin  to  run  out  when  the  bottle 
is  but  slightly  tipped,  and  accordingl}',  because  of  the 
position  of  the  free  edge  of  the  lip,  the  nascent  drop 
creeps  into  the  re-entrant  angle  formed  by  the  under 
surface  of  the  lip  and  the  side  of  the  neck,  and  there  has 
a  chance  to  grow  to  a  comparatively  goodlv  size  before 
gravity  determines  tiie  fall.  On  the  other  hand,  a  phial 
half  empt}'  must  be  tipped  to  the  horizontal  before  the 
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contents  can  run  out,  in  which  position  the  narrow  rim 
of  the  lip  points  directly  downward,  and  so  presents  but 
a  small  surface  area  for  the  Huid  to  cling  to.  Under  these 
circumstances  the  fall  will  necessarily  be  in  compara- 
tively small  drops.  As  regards  the  spoonful,  it  must  be 
remembered  that  this  measure,  like  the  drop,  is  subject 
to  variation,  so  that,  in  the  case  of  prescriptions  contain- 
ing powerful  medicines,  amounts  should  be  calculated  on 
the  basis  of  the  maximum  ciipnciti/  of  the  measure.  Wliat- 
cver,  then,  may  be  the  variation  from  the  calculated  dose 
in  actual  mensuration,  will  be  on  the  safe  side  of  a  short- 
age instead  of  a  possible  evcess  of  amount.  Now  a  given 
sjjoon  will  naturally  hold  more  of  a  rim-iil  than  of  a  thin 
fluid,  and,  in  practical  mensuration,  will  more  readily 
hold  its  full  complement  when  the  fluid  is  poured  into  it, 
as  from  a  bottle,  than  when  the  spoon  is  made  to  dip  up 
the  fluid  from  an  open  vessel.  Hence,  in  the  case  of  a 
syrupy  mi.xture,  with  the  dose  to  be  taken  directly  from 
t/ie  phial,  the  conditions  obtain  where  the  spoonful  will 
be  at  its  maximum;  while,  on  the  other  hand,  in  the  in- 
stance of  a  thin  watery  tlilution  standing  in  a  tumbler, 
with  the  dose  to  be  dipped  u])  by  means  of  the  spoon, 
the  measure,  although  the  same  in  name,  may  be  very 
diiferent  indeed  in  fact.  Another  point,  whicli  should 
thoroughly  be  understood,  relates  to  the  size  of  the  aver- 
age spoon  of  to-day  as  com])ared  with  the  spoon  of  thd 
same  denomination  of  two  generations  ago.  Coming 
down  from  our  ancestors  is  the  estimate  of  the  tablespoon 
ful  as  the  measure  of  half  a  fluidounce,  or  IB  c.c,  and 
of  the  ieaspoonful  as  that  of  a  fluidrachm,  or  4  c.c.  These 
alleged  equivalences,  true  of  the  average  of  spoonfuls 
of  former  days,  are  still  handed  down  as  present  truth 
from  teacher  to  student,  and  so  come  to  be  almost  uni- 
versallj'  applied  in  prescription  calculations.  If,  how- 
ever, the  reader  will  take  from  any  cliance  pantry  a  sam- 
ple of  the  average  commoner  kind  of  teaspoon,  such  as 
is  i^enerally  relegated  for  service  in  the  nursery,  and  will 
provide  for  himself  an  accurate  graduate  and  a  phial  of 
water,  he  can  learn  for  himself,  in  two  minutes,  the  fact 
that  the  teaspoonful  will  run  much  nearer  six  to  the 
fluidounce  than  the  traditional  tight — will  equal  the  quan- 
tity of  Jf  re  rather  than  of /y»?' cubic  centimetres.  And, 
by  the  same  token,  the  average  talilespoonful  of  our  own 
present  spoons  is  of  the  dimensions  of  three  ratlier  than 
of  four  to  the  two-fluidounce  measure — of  tirinty  rather 
than  of  sixteen  cubic  centimetres.  And  indee<l.  in  the 
case  of  thick  fluids,  such  as  strongl_v  syrupy  mi.xlures,  or 
a  fi.xed  oil  like  castor  oil,  where  also  the  tluid  is  poured 
into  the  spoon,  the  spoonful  will  considerably"  exceed  even 
these  larger  estimates.  In  view  of  these  facts,  this 
writer,  in  liis  teaching,  has  always  advised  for  prescrip- 
tion ])urposes  the  estimate  of  the  e((uivalence  of  the  tea- 
spoonful  as  at  5  c.c,  or  at  the  rate  of  six  to  the  fluid- 
ounce;  and  of  the  tablespoonful  at  20  c.c.  or  at  the  rate 
of  three  to  two  fluidounces — six  to  four  fluidounces. 

By  basing  calculations  on  such  assumed  equivalences, 
any  error  in  actual  mensuration  will  be,  as  it  should  be, 
in  the  direction  of  a  measure  smaller  rather  than  greater 
than  intended.  Furthermore,  it  is  a  happy  fact  that  these 
equivalences  give  numerical  relations  far  handier  for  pur- 
poses of  calculation  than  the  older  estimates.  In  tlie  case 
of  the  metric  values,  it  goes  without  sajMng  that  for  com- 
putation in  decimal  denominations,  the  numbers /re  and 
tieenty  aru  in\\c\i  more  convenient  for  expressions  of  re- 
spective unit  quantities  than  the  numbers /«!/;•  and  six- 
teen. And  in  the  apothecaries'  system  the  proportion  of 
six  to  the  fluidounce  permits  of  a  greater  niunber  of 
easily  calculated  combinations  than  the  time-honored 
eight  to  the  same  measure,  as  is  shown  in  the  tables 
below. 

A  fourth  consideration  affecting  the  estimation  of 
amounts  in  the  prescription  of  fluid  mixtures,  obtains  in 
the  prescribing  of  a  solid  to  pe  borne  in  solution  in  an 
inert  fluid  menstruum,  the  point  being  the  matter  of  the 
proper  proportion  between  solid  and  solvent.  Of  course, 
iu  file  first  place,  the  proportion  must  be  compatible  with 
the  solubility,  in  the  selected  menstruum,  of  the  given 
solid  ;  and,  also  of  course,  in  the  second  place,  if  the  dose 


is  to  be  diluted  extemporaneously  for  the  taking,  the 
concentration  of  the  prescribed  solution  may  be  to  any 
degree  so  compatible  with  solubility.  If,  however,  as  so 
often  is  the  case,  the  prescription  purposes  a  solution  fit 
for  direct  administration  without  further  dilution,  then 
the  consideration  of  taste  enters  into  relation.  An  over 
strong  solution  will  be  rough  to  the  taste,  and  may  also 
be  irritant  or  even  corrosive  to  the  alimentary  mucous 
membranes;  while,  on  the  other  hand,  if  the  solution  be 
inordinatelj'  weak,  the  volume  required  for  the  carrying 
of  a  proper  dose  of  the  dissolved  basis  may  be  incon- 
veniently large.  Of  course,  in  this  matter  the  individual 
peculiarities  of  the  constituents  of  a  given  prescription 
will  require  individual  consideration;  but,  in  a  general 
way,  the  truth  obtains  that  the  teetsp/oonful  is  best  made 
the  carrier  of  not  more  than — in  convenient  round  num- 
bers of  the  respective  systems  of  weight — twenty-fire  cen- 
tigrams, or  fre  grains  ;  and,  similarly,  the  tablespoonful 
of  not  more  than,  respectively,  one  grmn,  or  tirertty  grains, 
of  a  solid  in  solution.  In  the  case  of  fairly  bland  sub- 
stances, whose  solubilities  will  at  the  same  time  permit, 
twice  these  quantities  maybe  permissible;  but  such  pro- 
portion should  not  be  exceeded. 

From  this  presentation  of  points  affecting  the  prescrip- 
tion of  fluid  mixtures,  it  appears  that,  in  cases  in  which 
it  is  expected  that  the  whole  bottleful  is  to  be  used,  the 
estimate  of  amounts  must  harmonize  a  trio  of  conditions 
as  follows:  (1)  The  total  must  be  just  a  bottlaful;  (3)  it 
must  aggregate  about  the  number  of  doses  therapeuti- 
cally indicated:  and  (3)  at  the  same  time  the  amount  of 
the  active  basis,  while  being  such  as  to  yield  the  proper 
strength  of  solution,  must  also  be  such  as  to  admit  of 
ready  expression  in  terms  of  the  system  of  weight  or 
measure  employed  in  the  writing.  In  the  use  of  the 
metric  system  this  triple  harmonization  presents  no  diffi- 
culties, for  the  simple  reason  that  since  any  amount  is 
equally  easy  of  expression  by  this  system,  it  is  only  nec- 
e.ssary  to  harmonize  the  first  two  considerations,  letting 
the  amount  of  active  basis  required  foot  up  to  what  it 
will.  Thus,  for  instance,  let  it  be  supposed  that  an  indi- 
cation seems  to  call  for  a  medication  three  times  a  day 
for  a  few  da_ys:  then  all  it  is  necessary  to  remember  is 
that,  if  the  active  basis  be  one  of  small  dose  such  that  a 
teaspoonful  is  the  more  convenient  carrier,  &  fifty  cubic 
centimetre  aggregate  will  fulfil  the  conditions  of  an  even 
bottleful  on  the  one  hand,  and  about  the  requisite  num- 
ber of  doses  upon  the  other  (ten  teaspoonfuls,  reckoning 
the  teaspoonful  at  5  c.c).  Tlieu  the  individual  dose  of 
basis  may  be  taken  unconditionally  by  the  therapeutic 
indication — it  may  be  fixed  at  one,  two,  three,  four,  five, 
six,  seven,  eight,  nine,  ten,  or  any  odd  number  of  centi- 
grams, and  the  expression  of  the  aggregate  will  be 
equally  eas_y,  such  aggregate  being  simply  ten  times  the 
quantity  for  the  individual  dose,  respectivelv,  as  follows: 
0.10,  0.20,  0.30,  0.40,  0.50,  O.GO,  0.70,  0.80,  0,"90,  1.00  gm., 
etc.  Similarly,  if  the  case  be  one  where  a  tablespooiful 
will  be  the  more  convenient  measure  for  the  dose,  tlien  a 
tao  hundred  cubic  centimetre  volume  will  again  yield  ten 
doses  (about  the  number  indicated)  of  the  selected  dimen- 
sion, and  once  more  the  individual  dose  of  basis  may  be 
what  it  please,  and  the  aggregate  will  be  equally  easy  of 
expression.  When,  however,  the  apothecaries'  system  is 
followed  in  the  prescription,  at  once  a  complication 
arises,  for  the  reason  that  in  apothecaries'  weight  all 
amounts  are  not  equalh'  easy  of  expression — some,  in- 
deed, being  so  awkward  to  express  as  practically  to  be 
unavailable.  Thus,  for  instance,  although  by  this  sys- 
tem, as  already  pointed  out,  ratios  are  naturally  taken  in 
duodecimals,  yet  such  a  natural^duodecimal  multiple  as 
serenty-tiro,  representing  grains,  is  a  monstrosity  for  ex- 
pression. In  computing,  therefore,  by  apothecaries' 
weight  and  measure,  the  prescriber  is  bound  by  the 
clumsiness  of  the  denomination  ratios  of  the  system,  and 
.so.  for  cases  in  which  the  total  basis  exceerls  a  drachm, 
finds  available  for  the  fulfilment  of  the  tripartite  condi- 
t  ioning  set  forth  above,  a  certain  set  of  comljinations  only. 
These  combinations  the  j'oung  prescriber  must  learn  by 
rote.     They  are  easily  enough  figured  out  for  one's  self; 
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but  for  convenience  of  reference  tliei'e  are  set  forth,  in 
tabular  form  below,  tlie  combinations  convenient  when 
the  individual  dose  of  basis  is  to  hv  one  or  other  of  the 
several  ainoiuits.  _/((y,  ten.  tifli'i'H,  or  /(r<7i/»/ grains.  If  the 
individual  dose  of  basis  be  te.s  than  a  grain  or  two,  then 
the  tolid  aniount  of  basis  rccjuired.  being  but  a  moderate 
niniiber  iif  r/rfiiiis.  is  easy  enoiigh  of  expression,  and  the 
dilliculty  MOW  under  consideration  docs  not  obtain. 

TABI.K   or  COXVEXIEXT    COMlil.NATIONS  FOR    THE    PRESCRIPTION    OF 
Fl.UII)    Ml.XTrRES   liV   APOTHECARIES'   MEASURE  AND  WEIGHT. 


1.    A., 


(ri  /)('  hiirite  in  an  arcrage  teasi)onnfuI,  rccltoniiig  sir 
tcaspnonfuls  tn  the  jluidouncc. 


"S-c 

is 

AMOUNT    OF 

BASIS     TO 

BE     PRESCRIBED     IN     ORDER 

=►•-? 

*^  o 

TO    YIELD 

TO    THE    Teaspoonful    the    Several 

.r-    C       . 

"s^ 

DOSES    OF- 

^'"    'f- 

£§1 

es—  :. 

Five 
grains. 

Ten 
grains. 

Fifteen 
grains. 

Twenty 
grains. 

W 

3 

gr.  XV. 

3SS. 

3i. 

1 

U 

3SS. 

3i. 

ifss. 

3ii. 

•> 

12 

3i. 

313- 

3iij. 

5ss. 

4 

24 

3U. 

5ss. 

3vi. 

5i, 

6 

36 

3iij. 

3vi. 

3ix. 

5iss. 

8 

48 

jss. 

5i. 

;iss. 

jij. 

12 

72 

3vi. 

;iss. 

Jiij. 

2.  Dnsc  to  he  home  in  an  average  tahUspomifuJ^  7'eekoning  one 
and  a  half  tablcfipixmfuU  to  the  jluidounce. 


*-  ■ 

-  3 

Amou.vt    of 

Basis   to   be  Prescribed  in  Order 

i^ 

%n 

TO   Yield  to  the  Tablespooxful 
Doses  of— 

the  several 

a-V. 

\a.a 

S'S- 

=  i2 

^HS 

=  ?S 

Five 

Ten 

Fifteen 

Twenty 

Z-" 

grains. 

grains. 

grains. 

grains. 

o 

3 

gr.  XV. 

JSS. 

3iij. 

i 

6 

3SS. 

3i. 

3is.s. 

3ij. 

B 

9 

3iss. 

31ij. 

8 

12 

3i. 

3ii. 

3iij. 

5ss. 

12 

18 

3iss. 

5iij. 

3vi. 

3.  Dose  to  be  Imnie  in  a  measured  fluidrachm. 


^•a 

OH    W 

O    E 

AMorXT    'OP 

Basis  to 

BE   Prescribed    in   Order 

E-.C 

s-jS  — 

to    Yield 

TO    the    Pluidraciim    the    Several 

*^    r~ 

oj  cj  2; 

Doses  of- 

'^''    '& 

f^.c. 

rtfS9 

335 

Five 

Ten 

Fifteen 

Twenty 

0-- 

4 

grains. 

grains. 

grams. 

grains. 

M 

3i. 

3ij. 

3i. 

3iv. 

1 

8 

3ii. 

3iv. 

3ij. 

Sviij. 

a 

16 

3iv. 

3vlij. 

|ss. 

3  xvi. 

4 

32 

3vilJ. 

3  xvi. 

Si. 

6 

48 

!ss. 

5i. 

;iss. 

!ij. 

8 

64 

3  xvi. 

5ij. 

12 

96 

!i. 

5ii. 

5ilj. 

5iv. 

4.  Dose  to  fte  home  in  a  measured  hatf-fluidounce. 


M-,      < 

*i  m 

=  ?; 

AMOrXT     OF 

Basis   to   be   Prescribed   in    Order 

>--C 

TO  Yield  to  the  Half-Flitidouxce 

THE  Several 

O  -  X 

Doses  of— 

o-;f< 

n^% 

=  &c 

=^-ss 

Five 

Ten 

Fifteen 

Twenty 

o 

z 

grains. 

grains. 

grains. 

grains. 

1 

2 

gr.  X. 

3i. 

3SS. 

3ij. 

4 

3i. 

3ij- 

3i. 

3iv. 

4 

8 

3ij. 

3iv. 

3ii. 

3viij. 

6 

12 

31. 

3ij. 

3ilj. 

5ss. 

8 

16 

3iv. 

aviij. 

;ss. 

3XVl. 

12 

24 

Ui. 

5ss. 

3vi. 

|i. 

III.  The  Exphessing  of  a  Prescription.— A  pre- 
scription is  an  order,  drited  and  sir/ved,  to  the  pliarmacist 
to  take  certain  quantities  of  certain  several  substances; 
to  perform  upon  them  certain  pharmaceutical  operations; 
to  label  tlie  package  with  certain  directions  concerning 


use,  and  to  address  it  witli  the  name  of  the  patient. 
Upon  this  order  the  author  may  also  have  occasion  to  set 
down  certain  injunctions,  such  as '■  not  to  he  renewed," 
or,  "not  to  be  shown  to  the  patient,"  etc.  lufurtu,  pre- 
scriptions are  commouly  written  after  the  following 
paradigm : 

[iVot  rcnewahlc  witlinut  nittliurity.] 

For  Mr.  A.  B. 
Take 

Of  sulistanoe  A,  (luantity  .r. 

(juantity  i/. 
<iuantity  z  Letc] 


Of  substani-e  K, 

Of  sntistiincc-  r. 
Do  so-anil-so  [with  tliem]. 
Label  ftlie  packaire] 


[Sinned]  CD.,  M.D., 

No.  1  Blank  Street. 
[Dated]  November  22(1,  1886. 

Instead  of  a  written  signature,  a  very  comincm  and  a 
very  good  plan,  followed  by  many  practitioners,  is  to 
iiave  prescription  blanks  printed  lor  their  personal  use, 
bearing  the  imprint  of  name,  address,  and  office  hours. 
In  such  case  the  imprint  is  commonly  at  the  head  of  the 
paper.  In  hingudne,  a  prescription  is  commonly  written 
in  part  in  Latin,  and  iu  part  in  the  vernacular.  In  the 
United  States  the  use  of  the  Latin  is  commonly  confined 
to  such  jiortiou  of  tlie  prescription  as  has  to  do  with 
directions  to  the  ]iharmacist  for  the  compounding  and 
"  putting  up  "  of  the  medicine ;  but  in  many  other  coun- 
tries the  directions  fm-  use  are  also  written  in  Latin.  This 
latter  foreign  custom  has  nothing  to  commend  itself,  but, 
on  the  contrary,  is  intrinsically  objectionable  on  the 
score  of  opening  an  unnecessary  doorway  for  the  entry 
of  mistakes.  For  such  directions  must,  of  necessity, 
finall}-  appear  in  the  vernacular  in  the  label  upon  the 
package  which  is  to  serve  for  the  patient's  guidance;  so 
that,  to  write  them  in  the  prescription  in  Latin  is  to  en- 
tail their  translation  back  into  the  vernacular  at  the 
hands  of  the  pharmacist  for  the  purpose  of  transcrijition, 
all  at  the  risk  of  mistakes.  Far  better  is  the  American 
custom,  whereby  the  prescriber  can — and  alwaj'S  oiir//it 
— set  down,  in  tlie  vernacular,  in  full  necessary  detail,  the 
directions  for  administration,  which  directions  are  then 
simply  to  be  copied,  exactlti  as  written,  in  the  labelling  of 
the  package.  Another,  and  quite  universal,  custom  is  to 
express  by  ahhrerieition  or  by  symhol,  in  the  pharmaceu- 
tical portion  of  the  prescription,  what  might  he  called 
staple  words.  Thus,  in  tlie  foregoing  paradigm,  takv  is 
expressed  by  the  symbol  "IJ,"  which,  originally  the 
astronomical  sign  "  If ,"  of  the  planet  Jupiter  (symbolical 
of  the  prayer  to  the  deity  Jove  which  in  ancient  times 
headed  prescriptions),  now  bears  its  present  peculiar 
form  in  order  to  do  duty  also  as  the  initial  letter  of  the 
Latin  word  recipe,  signifying  tak-e  t/iou.  Next,  titles  of 
denominations  of  weight  or  measure  are  expressed  by  the 
commonly  employed  symbols  for  such  denominations, 
and  numeral  adjectives  by  the  so-called  Roman,  numerals 
in  the  use  of  the  apothecaries'  system  of  weight  or  meas- 
ure ;  but  by  the  ordinary  Arabic  numerals  wlien  the  pre- 
scription is  by  metric  weight  or  measure,  as  is  iiractically 
a  necessity  for  the  expression  of  the  related  integral  and 
decimal  fractions  by  which  metric  quantities  are  signi- 
fied. Next,  the  word  misce,  signifying  mi.r  thou — the 
most  commonly  occurring  word  expressing  requirement 
of  pharmaceutical  manipulation,  is  expressed  by  its  ini- 
tial letter  M.,  and  similarly,  ami  lastly,  the  word  sirjna, 
signifying  label  thmi,  by  its  initial  letter  S.  Other  com- 
monly employed  abbreviations  are  "Sa"  for  «)((/,  lalini/ed 
Greek  for  the  phrase  nf  each  :  "no."  for  numero,  signify- 
ing to  the  number  of ;  "q.  s."  for  quantum  sufficial,  signi- 
fying as  much  iis  may  be  necessary,  and  "p.  r.  n."  for/))V) 
re  natd,  signifying  accordinr/  tn  need. 

It  thus  apiiears  that  all  of  the  prescrijition  requiring 
full  dress  in  Latin  is  comprised  in  the  titles  of  substances 
prescribed,  and  in  the  directions  for  the  compounding. 
And  for  the  correct  latinizing  of  such  items  a  critical 
knowledge  of  the  Latin  language,  though,  of  course,  of 
great  advantage,  is  yet  not  indispensable.  For,  so  far  as 
relates  to  the  expression  of  medicine-titles,  all  that  is  nec- 
essary is  to  know  how  to  set  these  titles  in  proper  caacy 
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Prescript  ion- 
\VritIii<r. 


and,  as  concerns  tlie  expression  of  pharmacenticnl  direc- 
tionn,  it  is  to  be  remembered  that,  in  the  great  majority 
of  instances,  the  directions  for  compounding  requiring 
speciticatiou  in  prescription  writing,  are  simple  and  set, 
so  tliat  their  Latin  phrasing  is  easily  compassed  by  the 
knowledge  of  a  few  arbitrary  words  and  phrases.  In- 
deed, for  all  but  seldom  occurring  exceptional  directions, 
tlie  latinizing  can  be  effected  liy  the  words  and  ]iln-ases 
in  the  following  list,  properly  coupled  with  Latin  words 
signifying  forms  of  medicines,  presumably  already 
learned. 

List  op  Odd  Words  and  PnK.\sES  op  Co.mmox  Oc- 
currence IN  THE  EXPRE-SSION  OF  PHAIi.MACEUTIC.A,L 
Directions,  in  Prescriptions. — 1.  Verbs,  in  imperatire 
Mood  ;  "  object  "  to  be  in  the  accusative  case  (analogue  of 
the  English  ob/eclife) : 

Adde,  add.  Filtra.  filter. 

Cola,  strain.  Mdeera,  macerate. 

Divide,  divide.  Misce,  mix. 

Extende,  spread.  Sulve,  dissolve. 

Fac,  make.  lere,  rub. 

2.  Verbs,  in  suljunctive  mood,  taking  a  subject  or  a  predi- 
cate, nominative: 

Biilliat,  let  [it]  boil. 

Fiat,  let  \it]  be  made  [into]. 

Fiant,  let  [theiii]  be  made  [into]. 

ii.  Verbal  adjectire  (participle)  to  agree  with  its  noun 
in  gender,  number,  and  case ; 

7>iiiH/('/irf»s  (masculine) :  -(/(feminine);  -um  (neuter), 
to  be  divided. 

4.  Prepositions  :  noun  following  to  be  in  the  accusative 
case: 

Ad,  to;  up  to.         In,  into.         Supra,  upon. 

5.  Prepositions :  noiui  following  to  be  in  the  ablative 
disc : 

Cu7n,  with.  Pro.  for. 

G.  Miscellaneous  Words  and  Phrams  : 

Ana,  of  each.  Guttdtim,  by  drops. 

Bene,  well.  JVVn,  not. 

Bis,  twice.  Semel,  once. 

Vein  or  de'mde,  ihereupon.  Sim  iil,  together. 

•Et,  and.  Stdtim,  at  once. 

Graddtim,  gradually.  Ter,  thrice. 

In  the  instance  of  a  pharmaceutical  operation  which 
cannot  be  expressed  in  Latin  by  the  application  of  the 
foregoing  vocabulaiy,  the  wise  course,  even  for  the  Latin 
scholar,  is  to  forego  elegance  and  write  the  direction  in 
the  vernacular.  Otherwise  it  might  chance  that  the  prc- 
scrijitiou  overstep  the  pharmacist's  capacity  for  ti'ansla- 
tion,  to  the  obvious  defeat  of  the  compounding. 

As  regards  the  rendering,  in  proper  Latin  case,  of  the 
titles  of  the  ingredient  substances  of  a  prescription,  the 
points  areas  follows:  There  are,  in  Latin,  six  cases  in  the 
<leclension  of  nouns  and  adjectives,  but  of  these  cases 
four  onlj-  -are  concerned  in  the  latinizing  of  medicine 
titles.  These  four  are,  respectively,  as  follows:  The 
nominative  case,  corresponding  td  the  English  nomina- 
tive, is  the  case  iu  which  titular  words  stand  in  simple 
statement — by  which,  in  short,  names  are  learned.  Thus 
we  recognize  prepared  chalk  by  the  Latin  title  Greta 
jira'piinita,  wherein  the  two  words  of  the  title  are  in  the 
iioMun:itive  case.  Next,  the  (jenitiveca.se  corresponds  to 
the  English  objective  case  after  the  prcpo.sition  of,  and  is 
tlie  case  in  which  titular  words  most  commonly  stand  iu 
prescription  writing.  For.  iu  the  tirst  i)]ace,' canipoiiiid 
titles,  even  in  simple  statement,  commonly  afford  an  in- 
stance of  the  genitive,  as  in  the  case  of  the  title  tincture 
of  opium.  Here  the  phi'ase  of  opium  is  reudei-ed  in 
Latin  by  the  word  opium  set  iu  the  genitive  case.  Then, 
in  the  second  place,  in  prescribing,  the  order  for  the 
"taking"  of  a  given  ingredient  is,  in  the  enormous  ma- 
jority of  instances,  a  direction  for  the  taking  of  a  speci- 
lied  quantity  of  the  substance  in  question.  A  prescrip- 
tion for  a  phial  of  laudanum,  that  is,  will  read:  "Take 
</ tincture  of  opium  one-half  fluidounce."     In  such  case 


the  titular  word  of  the  preparation  itself— in  this  instance 
the  word  tincture — will  have  to  stand  in  the  genitive, 
since  now  it,  also,  follows  the  preposition  cf.  With  the 
exception,  therefore,  of  a  few  conditions  when  titular 
words  stand,  in  prescription  expression,  in  the  accusa- 
tive, the  rule  is  that  all  titular  nouns  and  adjectives 
which,  in  simple  statement  of  the  title,  stand  in  the 
nominative,  require,  iu  prescription  orders,  to  be  set  iu 
the  c/enitive. 

The  third  Latin  case  that  concerns  the  prescriber  is  the 
accusative,  the  Latin  analogue  of  the  English  objective  fol- 
lojcing  a  transitive  verb.  Titular  nouns  and  adjectives 
take  the  accusative  under  the  two  following  circum- 
stances; First,  when  the  order  is  not  the  conmion  one  to 
take  a  certain  specified  measure  or  weight  of  the  thing, 
but  to  take  the  thing  itself  va  a  conditioned  entirety.  A 
common  instance  of  this  circumstance  is  where  yolk  or 
white  of  egg  is  an  ingredient  of  a  prescription.  Here  by 
the  condition  of  things  it  is  easiest  to  measure  quantity 
by  the  natural  measure  of  the  egg  substance  itself. 
Hence,  in  prescribing  yolli  the  order  is  commonly  to  take 
the  yolk  of  one  egg.  Or  of  two,  or  of  three  eggs,  as  the)  case 
may  be;  in  which  case  the  title  word  yolk,  standing  as 
the  direct  object  of  the  transitive  verb  take,  requires  to 
be  put  in  the  accusative.  Another  commonly  occurring 
instance  where  the  accusative  must  appear,  is  where  the 
prescriber  writes  for  a  certain  number  of  a  ready-made 
medicinal  entity,  such  as  pills  or  troches,  of  standard 
composition,  and  hence  of  independent  title.  Thus,  to 
prescribe  the  pharmacopa-ial  compound  cathartic  pill,  the 
simplest  way  is  to  order  directly  the  desired  number  of 
the  already  made  pills,  which  the  pharmacist  keeps  in 
stock.  Such  prescription,  therefore,  reads:  "Take  com- 
pound cathartic  pills  to  the  number  of"  so  many,  and  so 
the  word  for  pills,  with  its  dependent  adjectives,  ap- 
pearing as  the  immediate  object  of  the  verb  take,  stands 
in  the  accusative.  The  second  circumstance  determining 
the  setting  in  the  accusative  of  titular  nouns  and  adjec- 
tives occurs,  in  one  form  of  writing,  in  cases  in  which  the 
prescription  orders  that  a  given  substance  be  taken  up  to 
tlie  attainment  of  acertain  total  bulkor  iceight.  This  form 
of  order  most  commonly  obtains  in  the  prescription  of 
tluid  mixtures,  where  it  is  often  convenient  to  order  in 
specitied  quantities  the  neccssarj'  amounts,  respectively, 
of  basis  or  adjuvant;  but,  as  regards  the  inert  vehicle, 
simply  to  direct  the  compounder  to  "  take  "  the  vehicle 
substance  until  the  whole  mixture  shall  attain  the  meas- 
ure of  the  desired  bottleful.  In  such  case  the  order  for 
the  vehicle  may  be  phrased  in  either  of  two  styles — in 
the  one  of  which  the  titular  words  will  appear  as  usual 
ill  the  genitive,  but,  in  the  other,  in  the  accu.sative.  The 
phrase  in  the  latter  style  is  according  to  the  model,  take 
so-and-so  up  to  [the  measure  of]  so  mucli.  Here  the  title 
of  the  substance  "taken"  is  the  immediate  object  of  the 
verb  take,  and  therefore  stands  in  the  accusative;  the 
])hrase  up  to  the  measure  of  being  expressed  bj-tlie  prepo- 
sition ad.  The  other  style  of  phrasing  the  order  is  after 
this  model :  Take  of  so-and-so  as  much  as  may  be  necessary 
to  attain  the  measure  of  so  much.  Here  the  title  of  the 
medicine  once  more  follows  the  preposition  of,  and  hence 
appears  iu  the  genitive.  In  the  rendering  of  the  order  In 
tiJis  style,  the  Latin  phrase  guantum  sufpciat  ad  (com- 
monly abbreviated  to  q.  s.  ad)  is  the  translation  of  the 
English  "as  much  as  may  be  necessary  to  attain  the 
measure  of." 

The  fourth  and  last  Latin  case  that  concerns  the  pre- 
scriber is  the  ablative,  a  case  corresponding  to  the  English 
objective  after  certain  prepo.sitious.  The  prepositions 
governing  the  ablative  that  occur  in  prescription  writing 
are  cum,  "with,"  and  jiro,  "for."  The  -former  of  these 
occurs  in  a  few  titles,  as  for  instance,  Eydrargyrum  cam 
Cretu.  mercury  with  chalk;  Emjilastrum  Picis  cum  Can- 
tharide,  pitch  plaster  with  cautharides;  and  the  latter  in 
the  much-u.sed  Tp\\rA&e pro  re  natd,  "according  to  need." 
But  as  regards  the  ablative,  the  special  point  obtains  that 
the  circumstances  of  prescription  phrasing  never  require 
the  rendering  in  the  ablative  of  a  title  word  which  in  the 
title  appears  in  a  different  case.     The  few  instances  of 
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the  .ibliitive  in  mwliciue  titles  are  tlieiefore  fixed,  and  the 
ablatives  so  oeeiirriug  are  easily  leanieil  by  rote. 

The  fj.'pnusiuii  of  case  is.  iu  Latin,  effected  by  modifi- 
cation of  the  ending  of  the  word  itself  which  is  to  be 
declined,  and  in  such  modification,  atljcctires  share  as 
well  as  nouns.  DilTcrent  modifications  are  employed  to 
signify  case  iu  the  singular  and  plural  number,  respec- 
tively", and  of  such  niodificiitions  there  are,  in  ordinary, 
five  distinct  systems,  constituting  the  five  several  declen- 
sions oi  nouns  and  adjectives,  besides  cases  of  irregular 
declension  ]3reseiitcd  l)y  certain  pronouns  and  cardinal 
numerals.  Of  the  five  systematic  declensions,  one,  the 
ffth.  affords  but  a  single  example  in  prescri]ition  Latin, 
namely,  the  ablative  re  of  the  noun  res  in  the  oft-quoted 
phrase  pro  re  nntii.  Of  the  other  four  declensions,  exam- 
ples occur  in  jircscriptiou-writing  of  the  nominative,  fjen- 
ilim,  aeciisiitirf.  and  ahhttiee  cases,  respectively,  in  the 
singular  numl^er,  and  of  the  nominative,  genitive,  and  ac- 
cusative iu  the  plural.  The  following  table  shows  the 
endings  for  the  several  cases  so  enumerated,  so  far  as 
concerns  nouns  and  adjectives  embraced  in  the  pre- 
scriber's  vocabulary.  Endings  for  nouns  not  iu  such 
vocabulary  are  purposely  omitted,  as  are  also  the  irregu- 
lar declensions  of  pronouns.  In  the  talile  the  italicized 
letters  m.,f.,  and  n.,  signify  respectively,  that  the  case 
endings  in  the  columns  beneath  are  those  of  nouns  or  ad- 
jectivesof  the  maseiiline, feminine,  or  neuter  gender;  for, 
as  appears  iu  the  table,  case  endings  often  differ,  even 
in  the  same  declension,  according  to  the  gender  of  the 
word.  The  endings  of  the  first  and  second  declensions, 
severally,  which  appear  in  parenthesis,  are  the  endings 
of  certain  Greek  nouns,  adopted  into  Latin  with  some- 
thing of  the  Greek  form  retained.  The  table  also  gives 
a  li.st  of  words  of  foreign  origin  applied  as  drug  titles, 
which,  following  the  Latin  idiom  in  such  case,  make  no 
change  of  ending  to  signify  case — are,  in  short,  indeclin- 
able. 

Table  of  Parts  of  Latin  Declensions  so  Far  as  Exemplified 
BY  Words  Used  in  Pkescription-writing. 

1.  Regular  DeclensioJts  nf  Xmns  and  Adjectives. 


ret 
Dsion. 

Second 

Third 

derlension. 

declension. 

O  0) 

SINGULAR. 

f. 

m.*                   n. 

m.andf.           n. 

m.+ 

Nominative 

-a     (-e) 

-us  (-OS)  -urn  (-on) 

(various)    (various) 

-us 

Genitive  . . . 

-fe    (-es) 

-i 

-is 

-fls 

Accusative . 

-am  (-en) 

-urn  (-on) 

-em       (likenom.) 

-um 

Ablative . . . 

-a 

-0 

-e 

Plural. 

NominHtive 

-ae 

-i                       -a 

-es                      -a 

-us 

Genitive  . . . 

-arum 

-orum 

-urn,     -lum 

-uum 

Accusative . 

-as 

-OS                       -a 

-es                      -a 

-us 

(Fifth  Declension  exemplined  only  iu  ablative  singular  re  in  phrase 
pro  re  natu.) 

*Exiiept  junipcrus,  prunua.  rhamnm,  sambticus,  and  it!mus, 
feminiue. 

+  Except  quercus,  feminine. 

2.  Declension  of  Cmdinal  NumeraU. 


Nominative 
Genitive . . . 
Accusative . 


Unus,  One. 


un-us    -a    -um 

-ius 
-um   -am  -um 


Duo,  Two. 


(Ui-o  -ae  -0 

-orum    -arum    -orum 
-OS  -as  -o 


Treg.  Three. 


m.andf.     n. 
XT  -es  -ia 


All  other  cardinal  mimcraU  arc  indccUnahle. 

Indeclinable  Drug-titles— a!I  licirter. 


Alcohol, 

Catechu, 

Eucalvptol, 

Amyl, 

Chloral, 

Kamala, 

Buchu, 

Cusso, 

Kino, 

Cajuputi, 

Elixir, 

Malice, 

Indeclinable  Drug-titles— afi  neuter.— Contimicd. 


Menthol, 

Methyl, 

Naphtol, 


Pvrogallol, 

Salol. 

Sassafras, 


Sumbul, 
Thymol. 


As  appears  at  a  glance  from  the  foregoing  table,  in  the 
case  of  any  noun  or  adjective  belonging  to  either  of  tlie 
three  declensions  numbered  as  Jirst,  second,  anil  fourth, 
respectively,  if  the  nominative  be  given,  any  other  case 
can  at  once  be  formed  by  substituting  the  proper  case 
ending  for  that  of  the  nominative.  In  words  of  the  third 
declension,  however,  this  possibility  in  very  many  cases 
does  not  obtain.  For  in  this  declensiim  the  nominative 
often  stands  apart  from  the  other  cases  in  the  way  of 
having  the  very  root,  or  "stem,"  of  the  word  curtailed 
or  modified  in  its  construction.  Thus,  the  stem  ant/iemid-, 
giving  genitive  ant/ieniidis,  accusative  ant/i^midem,  and 
ablative  antJiemide,  gives  nominative  tinthemis — a  word 
in  which  the  full  stem  does  not  appear.  Similarly,  the 
root  for-,  giving  genitive /«?v')i,  etc.,  gives  nominative 
fl'M  ;  and  root  I'/to-,  giving  genitive  r/iois,  offers  the  much 
modified  nominative  form  77(((s.  Hence,  for  the  proper 
rendering  iu  oblique  case  of  nouns  or  adjectives  of  the 
t/iird  declension,  it  becomes  necessary'  to  learn  arbitrarily 
the  form  of  some  one  of  the  oblique  cases — most  conven- 
iently the  genitive — as  well  as  that  of  the  nominative. 

A  special  point  concerned  in  the  expression  of  case  ob- 
tains in  the  case  of  adjectives,  to  the  effect  that  very  many 
of  these  words  form  their  case  endings  after  different  ones 
of  the  declension  models,  according  to  the  i/CHrfiv' of  the 
noun  to  which  the  adjective  is  attached.  In  compound 
drug  titles,  therefore,  which  include  an  adjective,  the 
gender  of  the  noun  modified  by  the  adjective  becomes 
necessary  to  know  for  the  intelligent,  proper  rendering  of 
the  adjective's  case  ending.  Of  course,  such  knowledge 
is  not  essential,  since  the  title,  adjective,  and  all,  can  be 
learned  by  rote,  and  then,  remembering  the  nominative 
form  of  the  adjective,  the  necessary  change  to  genitive 
or  accusative,  to  suit  the  requirement  of  the  prescription 
phrase,  can  be  done  by  rule.  But  it  saves  a  vast  amount 
of  unnecessary  memorizing  to  understand  the  sj'stem,  so 
far  as  system  goes,  by  which  geuders  of  Latin  nouns  are 
determined.  Keverting,  then,  to  the  above  decleu.sion 
table,  it  appears  that  all  prescription  occurring  nouns  of 
thefir.'it  declension  are  feminine  m  gender;  all  those  of 
the  second  declension  ending  in  -um,  or  -on,  are  neuter, 
and,  with  a  few  exceptions,  all  of  the  second  declension 
ending  iu  -us,  or  -os,  and  all  of  the  fourth  declension  end- 
ing in  -us.  are  masculine.  The  exceptions  iu  the  two  lat- 
ter instances  are  nouns  in  -us,  representing  ancient  Latin 
tree-names,  which,  because  of  the  ancient  Latin  concep- 
tion of  an  inherent  femininity  in  trees  as  things,  take  the 
feminine  gender  in  spite  of  their  etymologically  mascu- 
line nominative  ending.  In  the  third  declension  all  gen- 
ders appear,  and,  although  in  nouusof  certain  nominative 
endings  the  ending  carries  with  it  the  gender,  yet  iu  tlic 
case  of  many  other  nouns  this  is  not  so,  and  genders  must 
be  learned  arbitrarily.  Happily,  however,  the  number 
of  nouns  of  the  third  declension,  among  drug  titles, 
which  bear  an  associated  adjective,  are  quite  few. 

From  the  above  analysis  it  is  evident  that,  in  the  case 
of  a  given  noun  in  the  nominative,  the  rendering  of  the 
same  in  an  oblique  case  can  proceed  by  rule  according 
to  the  foregoing  declension  table,  if  only  the  declension 
of  the  noun  be  known ;  with  the  further  item,  iu  the  in- 
stance of  a  noun  of  the  third  declension,  that  some  one 
obli(iue  case,  as  well  as  the  nominative,  be  known,  for 
the  affording  of  the  full  stem  of  the  word.  Similarly, 
the  jjroper  case  dress  of  any  given  adjective  can  be  fixed 
if  the  scheme  of  declension  of  the  adjective  itself  be 
known,  on  the  one  hand,  and,  on  the  other,  the  gender 
of  the  noun  to  which  the  adjective  is  to  be  affixed — ad- 
jectives requiring  to  agree  with  their  respective  nouns 
in  gender,  number,  and  case.  This  requisite  information 
concerning  nouns  and  adjectives  of  prescription  use  is 
afforded  in  the  two  following  tables — the  one  giving  a 
key  to  the  declensions  of  nouns,  with  genders,  and  also, 
in  the  case  of  nouusof  the  third  declension,  genitive  end- 
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ings — and  the  other  showing  the  schemes  of  liecleusion 
of  adjectives. 

Table  showing  Declessio.v  and  Gendek  of  Nocxs  OccrRRixo 

IN    TITLES    OF  U.   S.     PHABMAC0P(EIAL    MEDICINES    AND    IN    C'OSl- 

Mox  Presckiption  Terms. 

KoininatiL^e  suiguuir  emling  in  -a: 
.4!!  Firs!  Declension  and  Feminine,  except  (of  Greek  origin)  Dn 

following  in  -ma : 
Phvsosti  'pma      (pbvsostig'matis). 

M.  H. 
Aspldospe'rma  (aspidospe'rmatis) 

3d,  n, 
E'nema  (ene'matls),  3(!,  ii. 


Catapla'sma   (catapla'smalis).  .St?. 

n. 
Garsrari'sma  Cgarpari'smatis).  M. 

n. 
Theobro'ma  (theobro'matis),  3il,n. 


Nnminatlve  Singular  ending  in  -iis: 
All  Second  Declension,  Masculine,  excepl- 


Juni'i>erus,  2d,  f. 
Pru'nus, 
Rha'mnus 
Sambu'cus,     *' 
Tl'Imus,  " 


Rhus  (rho'is),  M,  f.  ("rhus  pla- 

bra^'). 
Fru'ctus,  4t?i.  m. 
Spi'ritus, 
Que'rcus, 


Nominative  Singnlar  ending  in  -os: 
Comprise  onlil  the  following— 
Flos  (flo'ris),  3<J,  »i.  I  Bos  (bo'rts),  3((,  m.  or/. 

JS'ominaticc  Singtdor  ending  in  -uni: 

All  Second  Dcclensiiin,  Xeutcr. 
Nominatiee  Singular  ending  in  -on: 
Comprise  onlii  the  following— 
Eriodl'clyon.        2d,  n.  I  Erl'geron  (erlgero'ntis),  3d,  n. 

Haemato'xylon,        "  Li'mon  (limo'nis),  3d,  m. 

Toxicode'ridron,      "  I 

Ninins  of  all  other  endings  are  of  Tliird.  Declension,  and  are  as 

follows: 

Ending  in  -e  : 

Lac  (la'ctis),  n. 

Ending  in  -el : 

I  Mel  (ine'llis),  n. 

Ending  in  -en; 

I  Se'men  (se'miois),  n. 


Fel  (fe'UisI,  n. 


Alu'men  (alu'minis),  n. 


(-iV.) 
Confe'ctio  (confeL'tiu'nis).  /. 
Lo'tio  (lotio'nis),  /. 
Po'rtio  (portio'nis).  /. 
Tritura'tio  (trituratio'ais),  /. 


(-C1-) 
M'iher  {se'theris),  »i. 
Pi'per  (pi'peris),  n. 
Zi'nglber  (zlngi'beris), 


Ending  in  -o: 

Mucila'go  (mucila'ginis),  /. 

{-bo  and  -po) 
ra'rbo  (carbo'nis),  m. 
Pe'po  (pepo'nis),  m. 
Sa'po  (sapo'nis),  m. 

Ending  in  -r: 

I  (-or) 

I  Li'ciuor  (li'quoris),  m. 
I  (-»)■) 

I  Su'lphur  (su'lphurls),  )i. 

Ending  in  -s: 


(-as,  genitive  -atis) 
Ace'tas  (aceia'tis),  m. 

[and  all  salt-names  in  -as.'] 

i-as,  genitive  -adis) 
Ascle'pias  (a.sclepi'adis),/. 
(-i.<.  genitive -i(i«) 
A'rsenis  (arseni'Iis),  m. 

[and  all  salt-names  in  -is.] 

{-is,  genitive  -idis) 
A'nthemis  lanthe'inidist.  /. 
Ca'ntharis  leanltia'ridisi.  f. 
Colocy  ntbis  (rolurv  nitiiiiis),  f. 
Hamame'lis  (hainame'lidis),/. 
I'ris  (i'ridisL.f. 
Ma'cis  (ma'cidis),/. 


{-is,  genitive  -eris] 
Pu'lvis  (pu'lveris).  m. 

{-is,  genitive  -is) 
Ca'nnabis  (ca'nnabis),/. 
Digita'lis  (digita'lis),  f. 
Hydra'stis  (bydra'stis), /. 
Sina'pis  (sina'pis)./. 

{-OS,  see  ante.) 

(-«s,  sec  ante.) 
(-««) 
Ju'glans  O'ugla'ndis),  /. 

(-J3S) 

A'deps  (a'dipis),  m. 
(-rs) 
Pars  (pa'rtis).  f. 


Ending  in 


{ax) 
Bo'rax  (bora'cis).  m. 
Sty'rax  (styra'cis),  m. 

{-ex) 
Co'rtex  (co'rticis),  m.  and/. 
Ru'mex  (ru'micis), /. 


{-ix) 
Pix  (pi'cis),  f. 
Ra'dix  (radi'eis),/. 

{-■ux) 
Nux  (nu'cis),/., 

{-Ix) 
Calx  (ca'lcis),/. 


Table  showing  Schemes  of  Declension  and  Gender  of  Adjec- 
tives Occurring  in  U.  S.  Pharmacop(eial  Medicinal  Titles 
AND  IN  Prescription-phrases. 

scheme  I.— Second  and  First  Declensiotis  Combined. 
Mascxdine.  Feminine.  Netiter. 

-tist2ddec.]  -a  [1st  dec]  -um  (-on)  [3d  dec] 


Scheme  11.— Third  Declension. 


Mascidine  and  Feminine, 
-is  (genitive  -is). 


Neuter. 
-e  (genitive  -is) . 


SCHEME  III.— Third  Declension. 

Masculine  and  Feminine. 

-or  (genitive  -oris). 

Scheme  IV.— I7itrd  Declension. 

All  Gciidcjs. 

-ens  (genitive  singular -cn(is) ;  (genitive  plural -cfrfium). 

In  commentary  upon  the  declension  schemes  of  adjec- 
tives set  forth  in  the  foregoing  table,  it  may  be  stated 
tliat  Scheme  I.  embraces  by  far  tlie  greater  number  of 
adjectives.  In  this  scheme  the  neuter  ending  -on,  bor- 
rowed from  the  Greek  lilie  tlie  same  ending  among  nouns 
of  tlie  second  declension,  finds  among  drug  titles  but  a 
single  example,  diachylon.  Scheme  II.  embraces  a  few 
adjectives  only  among  those  occuriing  in  medicine 
titles,  and  affords  an  example  of  the  nominative  ending 
-e  of  the  third  declension,  which  does  not  occur  among 
nouns  of  pharmacopoeia]  titles.  Scheme  III.  offers  a  sin- 
gle example  only,  \'\z.,fortior.  Of  Scheme  IV.  pharma- 
copoeial  adjectives  give  but  two  examples,  namely,  effcr- 
rescens  and  recens.  A  survey  of  the  genders  marked  on 
the  table  shows  that  in  every  case  a  distinctive  gender, 
wliere  there  is  such,  can  be  told  from  the  adjective  nom- 
inative ending. 

A  final  point,  concerning  the  expression  of  a  prescrip- 
tion, is  that,  having  regard  to  the  fact  that  a.  slip  of  the 
pen  on  the  jiart  of  the  writer,  or  a  slip  of  the  understanding 
on  the  jiart  of  the  pharmacist  reader  of  a  prescription, 
may  convert  what"  was  meant  as  a  missive  of  mercj'  into 
a  death  warrant,  it  behooves  the  jirescriber  most  sol- 
emnly to  e-\ecute  his  task  deliberatelij,  thmightfiilly,  and, 
in  chirography,  legibly,  abjuring  all  dangerous  cloak-of- 
ignoranee  abbreviation  of  medicine-titles  ;  and,  finally,  to 
fail  not  of  that  trusty  safeguard  against  error,  a  review 
of  the  paper  after  the  writing.  Edward  Curtis. 

PROTOZOA.— Standing  distinctly  as  the  lowest  of  all 
animal  organisms,  the  protozoa  constitute  a  branch  dif- 
ferentiateti  from  higher  groups  bj-  the  simplicity  of  or- 
ganization in  that  the  animal  consists  of  but  a  single  cell 
or  a  colony  of  simple  cells.  In  the  main  the  animals  of 
this  group  are  easily  recognized,  all  hough  some  forms 
are  so  generalized,  and  partake  of  plant  characteristics 
to  such  an  extent  as  to  render  their  classification  doubt- 
ful; and,  on  the  other  hand,  certain  higher  forms  show 
the  first  stages  in  specialization  among  cells  of  the  col- 
ony which  ultimately  leads  to  the  differentiation  of  the 
metazoau  organism. 

The  Protozoa  are  true  cells  and  possess  consequently 
neither  organs  nor  tissues.  In  the  discharge  of  all  living 
functions  by  the  single  cell,  however,  one  finds  a  physi- 
ologic comjj'lexityas  striking  as  the  morphologic  simplic- 
ity. The  latter  is  also  less  extreme  in  many  cases  where 
specialization  has  effected  the  production  of  individual 
features  within  the  single  cell,  difl'erentiations  which 
subserve  particular  functions,  and  which  are  thus  anal- 
ogous to  the  organs  of  the  metazoa.  Such  are  denomi- 
nated cell  organs,  or  organella',  and  are  of  great  variety. 
Among  these  may  be  mentioned  the  locomotor  structures, 
such  as  pseudopodia.  flagella,  and  cilia,  the  numerous 
vacuoles  of  a  nutritive  and  contractile  type,  the  pre- 
formed, often  highly  modified  openings  for  ingestion  of 
food  and  egestion  of  solid  waste  matter,  and  various 
protective  coverings  of  a  permanent  character  or  tem- 
porary and  connected  with  reproduction. 

As  "true  cells  all  Protozoa  possess  one  or  more  nuclei, 
and  the  earlier  contention  that,  there  exists  a  siiecial 
group  of  anuclear  organisms,  the  monera  of  Haeckel,  has 
not  been  confirmed  by  later  study.  The  simple  pro- 
tozoou  is  with  a  single  known  exception  (Loxodes  rostrum) 
uninuclear,  and  the  presence  of  many  nuclei  points  to  a 
colonial  organism  or  to  a  reproductive  jihase.  except  that 
in  one  large  group  two  forms  of  nuclei  coexist  and  divide 
the  functions  otherwise  resident  in  the  single  nucleus. 

The  reproduction  of  the  Protozoa  is  again  that  of  the 
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cell,  viz.,  by  division,  wliic-li  may  be  simple  or  multiple, 
and  in  varied  form,  either  wliile  free  or  in  tbe  encysted  con- 
dition. Two  tyi>es  of  division  may  alternate  regularlj'  or 
indefinitely  in  the  life  cycle  of  a  given  species,  and  in  most 
subdivisions  of  the  group  certain  so-called  se.xual  proc- 
esses have  been  demonstrated.  These  consist  in  general 
in  the  fusion  of  similar  individuals  (isogametes),  or  of 
dissimilar  (macro-  and  microgametes),  or  merely  iu  the 
mutual  exchange  of  nuclear  matter. 

In  regard  to  location  jjarasitism  among  the  Protozoa 
affords  conditions  not  found  otherwise.  There  are  in  this 
group  not  only  organ  parasites,  as  in  the  groups  of  hel- 
minthcs,  but  iilso  such  forms  as  must  be  designated  tis- 
sue parasites,  cell  parasites,  and  even  nuclear  parasites. 
Ditl'ercnt  jihascs  in  tlie  life  cycle  of  the  same  species  may 
illustrate  dillerent  modes  of  parasitism,  as  is  the  case  with 
the  malarial  organisms,  which  at  various  epochs  in  the 
life  history  are  successively  cell  parasites  in  the  erythro- 
cj'tes,  organ  parasites  in  the  blood-vessels,  and  tissue 
parasites  in  the  wall  of  the  mosquito's  midgut. 

In  general,  however,  the  protozoan  parasites  repeat 
conditions  already  described  for  Metazoa.  One  finds  the 
degeneration  of  organs  suijerfluous  under  conditions  of 
parasitic  existence,  the  formation  of  organs  of  attach- 
ment, such  as  hooks,  suckers,  etc.,  llie  noteworthy 
fecundity  already  commented  upon  for  metazoan  para- 
sites; and  finally  the  alternation  of  generations  and  of 
hosts  is  a  common  feature  among  the  Protozoa  also. 

An  encysted  condition  of  the  entire  individual  or  of  a 
group  of  spores  aids  in  the  dispersal  of  the  species,  which 
are  all  inhabitants  of  a  moist  environment  and  cease  ac- 
tivity at  once  on  withdrawal  of  the  water.  This  general 
habit  renders  it  difiicult  to  distinguish  between  mere 
commensals  which  tind  in  the  alimentary  canal  of  higher 
forms  conditions  for  their  ordinary  slime-inhabiting  ex- 
istence without  exerting  any  influence  upon  the  host,  and 
such  as  are  parasites  in  the  true  sense. 

A  true  parasite  draws  its  nourishment  from  the  host 
and  affects  it  at  least  to  that  extent.  When  this  takes 
place,  as  with  protozoan  parasites  largely,  within  a  tissue 
or  even  a  cell,  morbid  conditions  are  evoked,  even  though 
they  remain  local  in  some  cases.  That  functional  dis- 
turbances result  is  evinced  by  the  relativelj-  large  num- 
ber of  protozoan  diseases  among  animals  and  plants.' 
These  sometimes  take  the  form  of  tissue  proliferations,  as 
has  been  clearly  demonstrated  for  plants.  An  effort  to 
trace  similar  effects  iu  animals  is  found  in  the  extensive 
literature  on  cancer  parasites.  Thus  far,  however,  no 
sufficient  evidence  has  been  brought  to  establish  the  para- 
sitic nature  of  such  abnormal  growths,  and  none  of  the 
supposed  ''parasites"  can  be  clearly  recognized  as  Pro- 
tozoa. It  should  be  noted  in  passing  that  in  addition  to 
the  mechanical  effect  of  cell  parasites  a  chemical  influence 
of  at  least  equal  importance  is  exercised  by  the  excretions 
of  the  oi-ganism,  the  metabolic  products  set  free  in  the 
protoplasm  of  the  host  cell.  In  some  cases  this  is  a  fac- 
tor of  great  importance,  as  also  in  the  case  of  bacterial 
diseases;  its  significance  aiuong  Protozoa  is  not  yet  suffi- 
ciently investigated. 

It  is  noteworthy  that  in  manv  instances  a  protozoan 
infection  is  self-terminating,  either  that  a  type  of  im- 
munity is  acquired  by  the  host,  or  that  the  reproductive 
cycle  of  the  parasite  reaches  its  limit  without  a  change  of 
host  or  alternation  of  generations.  MacNeal  and  Novy 
have  recently  endeavored  to  determine  ex])erimentall.y 
the  possibility  of  securing  attenuated  cultures  of  one  pro- 
tozoan parasite  {Trypnnosomd)  with  absolutely  negative 
results ;  the  last  generation  from  a  culture  more  than  a 
year  old  was  even  more  virulent  tlian  the  organism  at  the 
start. 

Regarding  means  of  infection  but  little  definite  evidence 
is  at  hand.  It  is  inferred  that  encysted  forms  furnish  the 
ordinary  means  for  transferring  the  species  to  a  new  host, 
and  yet  in  many  cases  experiments  along  this  line  have 
been  without  results.  In  other  cases  it  is  now  known 
that  the  transfer  takes  place  through  some  biting  insect, 
whicli  in  some  cases,  if  not  all,  acts  as  the  host  for  an- 
other  phase  in  the   life  history  of  the  parasite,  and  is 


capable  of  transmitting  the  disease  only  after  a  jieriod 
sutHcient  to  allow  of  the  development  within  its  body  of 
the  .specified  portion  of  the  life  cycle. 

In  those  cases  in  which  the  life  history  has  been  worked 
out,  means  of  preventing  the  infection  of  the  human  host 
constitute  the  evident  limitation  to  the  sjiread  of  the  dis- 
ease caused  by  the  parasite.  The  inauguration  of  a  sim- 
ple but  effective  prophylaxis  for  malaria  ami  yellow  fever 
ranks  rightly  as  among  the  most  brilliant  achievements 
of  .scientific  medicine.  In  cases  in  which  the  life  history 
of  the  parasite  is  mikuown,  the  prophylaxis  is  necessarily 
vague  and  uncertain.  It  is  wise  to  eiuphasize  here  the 
importance  of  co-operative  effort  on  the  part  of  trained 
observers,  both  in  medicine  and  in  zoology,  to  elucidate 
fully  the  problems  which  necessarily  offer  almost  insu- 
perable obstacles  to  the  investigator  approaching  them 
from  the  single  standpoint. 

All  the  varied  modifications  within  the  branch  of  Pro- 
tozoa may  be  grouped  into  four  w'ell-defined  classes  which 
are  now  almost  universally  recognized.  These  may  be 
briefly  o\itlined  together  with  their  major  subdivisions, 
following  in  the  main  the  classifications  of  BlUschli,  Cal- 
kins, acd  Doflein,  and  noting  ju'incipally  those  groups 
which  contain  forms  found  in  the  human  body. 

Clatis  I.  Sarcodiita. — Naked  or  shelled  Protozoa,  char- 
acterized in  the  free  adult  condition  by  the  formation  of 
changeable  processes  of  protoplasm  as  organs  of  locomo- 
tion. These  pseudopodia  may  be  lobose.  digitate,  reticu- 
late, or  finely  radiate,  and  may  be  formed  over  the  entire 
surface  of  the  body,  or  only  at  definite  points.  Repro- 
duction takes  place  by  simple  division  and  by  spore  for- 
mation. 

Subclass  1.  Rhizopoda.  Naked  or  shelled  Sarcodina, 
having  lobose  or  reticulate  pseudopodia.  The  young 
maj'  be  flagellate  as  well  as  amoeboid,  and  are  produced 
by  multiple  division  of  the  active  cell  or  during  en- 
cystment.  Included  among  Ama>bina  are  naked  forms 
(G3'mnaiufcbina)  with  both  free  and  parasitic  species, 
and  also  shelled  forms  (Thecamo'bina)  only  free  living. 

Subclass  2.  Heliozoa.  Naked  or  shel'led  Sarcodina, 
typically  spherical,  with  little  change  of  form  by  ama-'- 
boid  movements.  Pseudopodia  tine,  filiform,  radiating 
from  all  parts,  provided  with  axial  filament  and  rarelj' 
changeable,  exclusively  free  living  forms. 

Subclass  3.  Radiolaria.  Marine  Sarcodina  with  pseu- 
dopodia like  those  of  Heliozoa,  but  always  provided  with 
internal  chitinous  capsule  which  encloses  the  nuclei. 
Skeleton  of  acanthin  or  silica  sometimes  absent.  A  very 
large  group  of  free  living  forms. 

Subclass  4.  Mycetozoa.  Terrestrial  'saprophytic  or 
parasitic  forms,  also  known  as  Myxomycetes  or  slime 
moulds,  and  included  under  the  fungi  by  some  botanists. 
The  motile  ama>boid  or  flagellate  swarm  spores,  the  Plas- 
modia or  colonies  formed  by  the  fusion  of  numerous 
amojboid  individuals,  and  the  holozoic  mode  of  nutrition 
are  characteristically  animal  features.  On  the  other 
hand,  the  production  of  spores  in  sporangia,  often  pro- 
vided with  stalks  and  other  plant-like  structures,  are 
taken  to  prove  the  plant  nature  of  these  forms.  All 
known  parasitic  forms  in  this  group  attack  plants. 

Class  11.  Mastigcrphora. — Protozoa  of  variable  form, 
naked  or  with  cell  membrane;  they  move  b)'  flagella, 
which  vary  in  number  from  one  to  eight  on  each  cell.* 
]\Iouth,  contractile  vacuole,  and  detinitel_v  formed  nu- 
cleus usually  present.  Small  forms  with  tendency  to  for- 
mation of  colonies. 

Subclass  1.  Flagellata.  Siuall  organisms  with  one  or 
more  flagella  at  anterior  end.  us\ially  actively  motile,  but 
capable  of  encystment.  Reproduction  by  longitudinal 
fi.ssion  of  free  form  or  by  nuiltiple  division  in  encysted 
stage.     Rarely  transverse  fission  occurs. 

Subclass  2."  Dinoflagellata.  Naked  or  shelled  forms 
with  two  flagella,  one  of  which  extends  out  from  the 
body,  while  the  other  is  wrapped  around  the  animal. 
No  parasitic  forms. 

*  Multicilia  lanistris  Cienliowsliy  has  many  flagella,  distributed 
over  the  whole  body. 
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Subclass  3.  C.vstoflagellata.  Large  marine  forms  with 
pareucliy  matous  protoplasm  and  firm  membrane ;  marine ; 
no  ]iarasitic  forms. 

Class.  III.  Sporozoa. — Exclusively  parasitic  forms,  in 
the  adult  condition  without  flagcUa  or  cilia,  contractile 
vacuole,  and  opening  for  ingestion  of  solid  food.  Re- 
production always  by  spore  formation,  usually  within 
a  firm  membrane.  Alternation  of  generations  only  ex- 
ceptionally wanting.  The  young  forms  regularly  begin 
the  life  cycle  as  cell  iiarasiles:  other  stages  may  be  the 
same,  or  tissue  or  organ  parasites. 

Subclass  I.  Telosporidia. — At  the  end  of  a  vegetative 
period  the  entire  cell  divides  into  sporocysts. 

Order  1.  Gregariuida.  Vegetative  stage  intracellular 
at  first,  full-grown  organism  extracellular;  fertilization 
isogamous,  fertilized  forms  permanently  extracellular. 
A  large  group  of  forms  parasitic  in  alimeutary  and  body 
cavities  of  invertebrates. 

Order  2.  Coccidiomorpha.  Vegetative  stage  perma- 
nently intracellular;  fertilization  anisogamous;  .sexual 
generation  permanently  or  temporarily  intracellular. 
Many  of  the  most  iinjiortant  protozoan  parasites  of  man 
fall  in  the  limits  of  this  group. 

Subclass  2.  Neosporidia. — Sporocysts  are  produced 
conlinually  and  at  the  expense  of  only  part  of  the  cell. 
In  general  these  forms  are  not  well  known. 

Order  1.  Cnidosporidia.  The  spores  possess  one  or 
more  polar  capsides  which  contain  a  coiled  thread  like  a 
nematoc_yst.  The  sub-orders  are;  (1)  INIyxosporidia,  para- 
sitic in  water-inhabiting  vertebrates:  and  (2)  microspci- 
ridia  in  certain  invertebrates  also.  Both  are  not  impor- 
tant here. 

Order  2.  Sarcosporidia.  Parasitic  in  muscle  cells  of 
terrestrial  vertebrates,  jiiobablj'  without  polar  capsule. 
Little  known,  but  imjiortant. 

Chtss  IV.  Infunoriti. — Protozoa  with  motor  organs  in 
the  form  of  cilia,  whether  simple  or  tmited  into  mem- 
branes, membranella>,  or  cirri;  with  macro- and  micro- 
nucleus:  reproduction  by  division  and  by  budding,  com- 
bined with  an  exchange  of  nuclear  matter  known  as 
conjugation. 

Subclass  1.  Ciliata.  Cilia  persistent  except  when  en- 
cysted. Cytostome  usually  present.  Mostly  free  forms; 
some  parasites  of  man  and  otlier  animals. 

Subclass  2.  Suctoria.  Cilia  onlj'  on  young  swarming 
stage.  Food  taken  in  by  special  sucking  tubes ;  no  c3'to- 
stome.     No  human  parasites. 

According  to  this  classification  the  forms  which  have 
been  reported  from  man  may  be  arranged  as  given  in 
the  following  list,  in  which,  however,  chiefly  those  species 
are  included  which  are  definitely  accepted.  Some  few 
doubtful  forms  of  special  significance  are  listed  here;  and 
still  others  are  referred  to  in  the  text  under  general  head- 
ings, 
t  lass  Sarcodina. 

Subclass  Rhizojioda. 
Order  Araiebina. 

Suborder  Gymnamoebina. 
EntauKeba  coli. 
Entamitba  histolytica. 
Ama'ba  Miurai. 
Leydenia  gemmipara. 
I  iass  ^fastigophora.' 
Subclass  Flagellata. 

Order  Protomonadina. 
Cercomonas  bominis. 
Monas  pyophila. 
Trypanosoma  gambiense. 
Cystomonas  urinaiia. 
Order  Polymastigina. 

Trichomonas  vaginalis. 
Trichomonas  intestinalis. 
Lamblia  duodenalis. 
I -lass  Sporozoa. 

Subclass  Telospoiidia. 

Order  Coccidiomorpha. 
Suborder  Coccidia. 
Eimeria  Stieda^ 
Vol.  VIII.-34 


Eimeria  hominis. 
Eimeria  higemina. 

Suborder  Ha;mosporidia. 
Plasmodium  malaria\ 
Plasmodium  vivax. 
Plasmodium  iiumaculatum. 
Subclass  Neosjjoridia. 
Order  Sarcosporidia. 

Sarcocystis  Lindemanni. 
Class  Infusoria. 

Subclass  Ciliata. 
-     Order  Holotricha. 

Chilodon  dentatus. 
Order  Heterotricha. 

Nyctotherus  faba. 

Balantidium  coli. 

Balantidium  minutum. 
The  relation  of  the  Protozoa  to  disease  is  only  just 
beginning  to  be  investigated.  At  every  point  the  student 
is  met  by  the  gro.ss  insufficiency  of  present  knowledge ;  a 
host  of  isolated  observations  is  on  record.  Some  are  clear- 
ly wrong,  while  others  are  indicative  of  important  dis- 
coveries, though  the  presence  of  certain  organisms  during 
specific  diseases  needs  confirmation,  and  equally  their 
relation  to  the  inception  and  progress  of  the  malady. 
New  methods  must  be  worked  out  for  the  culture  no  le'ss 
than  the  study  of  these  forms,  and  the  same  sort  of  rigor- 
ous analysis  is  demanded  in  clemonstrating  their  relation 
to  disease  which  has  been  given  to  bacteria.  It  seems 
altogether  probable  that  they  will  play  a  prominent  role 
in  medical  investigation  in  the  near  future,  but  in  the 
present  state  of  our  knowledge  any  review  of  the  group 
must  necessarily  be  only  a  tentative  one. 

The  class  of  Sarcodina,  or  sarcode  animals,  is  typicallj' 
represented  by  the  common  free-living  ama>ba,  -which  has 
its  parallel  in  the  w-hite  blood  cells.  The  most  character- 
istic structural  feat  lire  is  the  ability  to  protrude  a  portion 
of  the  body  substance  in  the  form  of  a  process  or  pseudo- 
podium  by  which  locomotion  is  achieved,  and  also  the 
food  particles  are  seized  and  engulfed.  The  subdivision 
of  the  class  rests  primarily  upon  the  precise  character  of 
the  pseudopodia. 

Under  the  order  Amojbina  are  included  such  forms  as 
possess  lobose  ])seudopodia.  and  the  sub-order  of  Gymn- 
amaibina  embraces  such  of  these  as  are  without  a  shell. 
All  the  human  parasites  which  fall  within  the  Sarcodina 
are  included  in  a  few  closely  related  genera  of  this  sub- 
order. While  the  structure  is  simple,  and  in  agreement 
with  that  of  the  simple  free-living  forms  of  the  group,  it 
is  impossible  to  demonstrate  that  this  is  not  the  result  of 
degeneration  from  more  liighly  differentiated  forms  by 
virtue  of  the  parasitic  mode  of  existence.  The  parasitic 
species  are  most  probably  to  be  traced  back  to  slime- 
inhabiting,  free-living  forms,  a  transition  from  which  to 
the  present  parasitic  existence  seems  most  Immediate  and 
simple  in  phj-siological  adjustment. 

The  ordiuar}'  method  of  repioduction  is  bj'  simjde 
division,  recurring  at  frequent  intervals  and  conserving 
the  rapid  multi]ilication  of  the  species.  This  form  has 
long  been  known,  and  is  to  be  observed  frequently  in  all 
truly  independent  orgauLsms  of  this  type.  Recent  inves- 
tigations have  disclosed  another  reproductive  type :  under 
definite  circumstances,  possibly  only  after  fusion  of  indi- 
viduals or  some  exchange  of  nuclear  matter,  the  ama;ba 
forms  a  cyst  within  which  the  nucleus  undei'goes  multi- 
ple division,  and  ultimatelv  the  protoplasm  arranges  itself 
about  the  new  nuclei,  so  as  to  give  rise  to  an  equal  num- 
ber of  small  ama'ba\  "When  tJiese  desert  the  cj'St  there 
is  left  behind  a  residual  mass  of  pi'otoplasm.  At  first  dis- 
tinguishable slightly  in  structure  as  well  as  size,  the 
small  amcebfe  thus  produced  soon  grow  to  the  size  and 
appearance  of  the  adult.  The  occurrence  of  this  stage 
in  the  life  cycle  has  not  yet  been  demonstrated  for  para- 
sitic amcebfe,  except  very  recently  for  Entamaha  coli  and 
E.  Itistolt/tica  :  but  if  present  it  may  well  be  related  to 
the  spread  of  the  species  as  found  in  the  cliange  of  hosts. 
The  necessity  for  such  a  stage  would  explain  the  inefitect- 
>ial  attempts  which  have  been  made  to  inoculate  new 
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liosts  by  direct  transference  of  the  ordinary  parasitic 
form. 

In  tlie  genus  Amaba  the  separation  of  species  is  ex- 
ceedingly (liflieidt  on  account  of  the  insignificant  feat- 
ures available  for  purposes  of  dillVrcntiation.  There  are 
those  who  lump  the  forms  found 
in  man  with  such  as  occurin  other 
inamnials  under  a  single  species, 
and  there  are  also  those  who  con- 
tend that  each  host  shelters  a  dis- 
tinct parasitic  species,  and  bring 
as  evidence  the  individuality  of 
parasitism  in  otlicr  groups.  But 
on  the  other  hand  it  may  be 
urged  that  the  ama^bas  are  not 
highly  differentiated  as  parasites, 
and  mere  difference  in  host  ani- 
mal lias  long  since  been  aban- 
doned as  a  distinguishing  mark 
between  parasites  from  higher 
classes.  It  is  certain  that  no  posi- 
tive statement  can  lie  made  until 
more  complete  information  is  obtained  regarding  the  life 
cycle  of  tlie  species.  At  present  no  one  can  aftirm  that  a 
given  species  does  not  possess  a  free-living  generation  as 
well,  or  even  that  it  is  not  a  normal  free-living  form 
which  under  favorable  circumstances  has  taken  up  the 
parasitic  mode  of  life;  in  which  case  it  should  be  re- 
garded as  a  mere  accidental  parasite.  Furtliermore  of 
only  one  human  parasite  included  within  this  group  can 
it  be  said  positively  that  it  is  more  than  a  harmless 
commensal.  Although  facts  have  been  adduced  to  show 
that  others  also  play  a  pathogenic  role,  the  question  must 
still  be  regarded  as  at  least  an  open  one. 

Among  the  amieboid  bodies  which  one  finds  in  nature 
and  in  cultures  many  are  only  developmental  stages 
rather  than  independent  organisms,  and  the  same  may 
well  be  true  of  some  of  the  parasitic  forms.  On  the 
other  hand,  the  distinction  between  such  organisms  and 
various  structural  elements  of  the  human  body  is  often  a 
very  dilficult  task,  and  some  of  the  purported  parasitic 
species  are  in  fact  referable  to  tlie  misinterpretation  of 
the  body  cells  referred  to  above. 

In  the  new  genus  BntnmwM  are  included  two  impor- 
tant human  parasites,  the  life  history  of  which  has  re- 
cently  been   well    elucidated.     The   other    imperfectly 

known  species  are 
left  in  the  old  collec- 
tive genus  Amoeba, 
but  fuller  knowledge 
may  result  in  the 
transfer  of  some  or 
y^  (  '^5fe?l  ~-  '^U  I  '"^  ""  '°  *'''^  same  or 
wh'-,^ — =  /"^A^^^^  %  nf  <-'  \  "'  '"^'''  "^^^'  genera  ac- 
^&  1      J.    "  St-SOi-  r,  \  X   \  1         cording  to  the  facts 

ascertained  regard- 
ing the  life  history 
of  the  individual 
forms. 

En  tammba  coli 
(Loschl87.5).— (Syn. : 
Amcehii  coli  Losch 
1875:  [?]  Atiueiaclys- 
enteriiv  Councilman 
and  Lafleur  1891 ; 
En  tfi mccbn,  h  o  m  i  n  i s 
Casasrandi  e  Barba- 
gallo"  1897;  Enta- 
■inaibii  coli  Sehaudinn 
1903.) 

Form  oval  or  pyri- 

form      (Pig.      ,5 163); 

diameter  from  0.0075  to  0.05  mm.  ;  nucleus  distinct  in 

life,  spherical,  0.00:3,  usually  0.003-0.007  mm.  in  diameter, 

with  heavy  nuclear  membrane  and  many  small  nucleoli. 

*  In  advance  of  tlie  appearance  of  Sohaudlnn's  ncures  it  did  not 
seem  advisable  to  do  more  than  quote  tbe  name  given  in  the  original 
from  which  tbtfse  cuts  were  taken. 
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Fit  516t  —  Amoeha  coli  In  Intestinal 
Mucus  Magnified  (rrom  Braun 
after  Lbscli.)* 


Ectosarc  not  distinct  save  in  pseudopodia,  where  it  is 
conspicuous,  everywhere  less  refractive  than  endoplasin. 
Pseudopodia  rare,  usually  one  or  two,  broadly  lobed  and 
heavy  (Fig.  5164).  Endosarc  finely  granular,  with  one 
or  several  non-contractile  vacuoles,  and  many  objects 
ingested  as  food;  such  are  leucocytes,  erythrocytes, 
eosinophilia,  bacteria,  starch  granules,  fscal  particles, 
epithelial  cells,  etc.  (Fig.  5165).  The  digestion  of  ery- 
throcytes is  accomplished  without  e.\cretion  of  any 
pigment  masses. 

Reproduction  in  the  human  intestine  by  simple  division 
and  by  schizogony,  with  the  format  ion  normally  of  eight 
daughter  cells.  In  fission  the  nucleus  undergoes  ami- 
totic division,  while  in  schizogony  complicated  nuclear 
changes  are  seen  with  the  elimination  of  a  portion  of  the 
chromatic  substance.  As  a  preliminary  step  to  encyst- 
ment  all  foreign  bodies  are  e.xtruded  from  the  protoplasm, 
which  thus  becomes  clear  and  transiiarent.  These  cysts, 
first  discovered  by  Grassi,  were  carefully  studied  by  Casa- 
grandi  and  Barbagallo.  They  constitute  the  means  of 
transmitting  infection,  as  has  been  determined  experi- 
mentally, first  by  Calandruecio  who  swallowed  such  en- 
cysted forms  and  found  the  developed  ama'bie  twelve 
daj'S  later  in  the  freces.  The  normal  seat  of  this  species 
is  the  upper  region  of  the  colon,  and  the  vegetative  forms 
appear  in  the  faeces  only  when  the  latter  are  semi  fluid  by 


Fio.  5165.— ".iHia'Itrt  coii,"  from  Dysenteric  Intestine,  more  or  less 
lllled  with  Erythrocytes  ;  Nucleus  also  visible.  Magnified.  (From 
Dofiein  after  Roeiiier.)* 

reason  of  disease  or  of  the  administration  of  medicaments. 
The  cysts  which  are  so  characteristic  as  to  be  confused 
with  nothing  in  the  faeces  are  capable  of  further  develop- 
ment only  when  they  contain  eight  nuclei.  Other  cysts 
have  been  determined  experimentally  by  Sehaudinn  to 
be  incapable  of  development,  even  though  they  actually 
constitute  the  major  part  (eighty  per  cent.)  of  those 
evacuated.  In  old  dry  fa'Cal  matter  only  the  forms  with 
eight  nuclei  are  present,  and  in  the  colon  of  the  next 
host  eight  small  amtpb;^  are  formed  by  division  of  the 
protoplasm  and  emerge  to  begin  a  new  infection  and  a 
new  vegetative  period. 

This  species  occurred  in  East  Prussia  in  fifty  per  cent, 
of  the  ca.ses  examined;  in  Berlin  the  number  found  in- 
fected was  1 : 5,  and  on  the  Adriatic  coast  3 : 3.  The  exact 
distribution  of  this  species  has  not  been  further  worked 
out,  though  the  numerous  reports  lead  one  to  believe  that 
it  is  a  cosmopolitan  species. 

Grassi  was  the  first  to  identify  the  species  from  the 
normal  human  canal,  and  Schub'erg  confirmed  this  by  a 
considerable  series  of  cases.  Ca.sagrandi  and  Barbagallo 
demonstrated  conclusively  that  it  does  not  possess  path- 
ological characteristics,  and  quite  recently  Sehaudinn 
in  an  exceedingly  extensive  and  careful  investigation 
showed  the  existence  of  two  very  similar  species,  hither- 
to generally  confused,  one  of  which,  tliat  under  consider- 
ation, is  a  harmless  commensal,  and  tlie  other  to  be  con- 
sidered next  a  dangerous  parasite.  The  first  lives  in  the 
human  host  in  health  and  is  widely  distributed ;  it  mul- 
tiplies excessively  in  various  intestinal  disturbances,  and 
is  brouglit  to  the  exterior  in  f:eeal  matter  by  any  con- 
ditions which  produce  fluid  or  semifluid  discharges  from 
the  canal.  It  can  indeed  coexist  with  the  following  spe- 
cies, which  is  pathological  in  the  extreme.     The  present 

*  In  advance  of  the  appearance  of  Schaudinn's  figures  it  did  not 
seem  advisable  to  do  more  than  quote  the  name  given  in  the  original 
from  which  these  cuts  were  taken. 
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species  ■'vas  first  carefully  studied  by  Casagraudi  and 
Barbagallo.  and  is  easily  recognized  from  their  account. 
In  the  majority  of  cases  reported,  however,  it  is  difficult 
to  sav  which  form  was  under  e.xamination,  although  it  is 
probable  that  in  many  of  them  both  species  were  studied 
and  the  description  contains  features  characteristic  of 
both.  This  is  the  case  with  the  full  and  valuable  ac- 
count given  in  Vol.  I.  of  the  Handbook.  (See  Amceba 
coU. )  To  this  admirable  review  of  the  subject  have  been 
added  here  only  such  features  as  aid  in  distinguishing  the 
two  recently  differentiated  species. 

Entaiiueba  histolytica  Schaudinn  1903.  (Syn. :  fV] 
Aihabii  dyiienterim  Councilman  and  Lafleur  1891.) 

In  many  general  features  like  E.  cnli,  often  occurring 
together  with  the  latter,  and  heretofore  generall}'  con- 
fused with  it,  yet  distinguishable  by  the  following  feat- 
ures: Ectoplasm  well  developed  and  present  as  distinct 
plasma  zone,  more  highly  refractive  than  the  endoplasm, 
viscous  in  consistence  and  glass  like  in  appearance.  Nu- 
cleus rarely  visible  in  life,  almost  homogeneous;  little 
refractive,  poor  in  chromatin,  usually  with  a  single  nu- 
cleolus in  centre,  and  with  very  delicate  nuclear  mem- 
brane, if  indeed  any  is  present.  Reproduction  by  divi- 
sion and  budding,  the  latter  often  niultipli',  and  both 
following  amitotic  nuclear  division.  Cysts  with  eight 
daughter  cells  never  found.  Resling  stages  are  formed" 
when  the  ficces  grow  firmer;  the  progress  of  their  forma 
tion  begins  by  the  rejection  of  chromatin  from  the  nucleus 
until  the  entire  plasma  is  tilled  with  chromatin  ma.sses, 
and  the  nucleus  itself  degenerates  and  is  absorbed  or 
thrown  out.  The  chromatin  masses  collect  in  the  per- 
ipheral zone  of  the  plasma  and  come  to  lie  in  ectoplas- 
niic  hillocks,  which  develop  to  free  spherules  on  the 
surface  of  the  cell.  Tiiesc  st  ructures  measure  only  0.003- 
0.007  mm.  in  diameter,  and  .soon  acquire  a  j-ellowish- 
brown  membrane  and  a  highly  refractive  semi-opaiiue 
appearance.  The  remainder  of  the  amceba  goes  to  pieces. 
Schaudinn  was  able  experimentally  to  evoke  a  severe 
dysenterj-by  feeding  these  spores  to  cats,  and  maintains 
on  good  grounds  that  such  spores  constitute  the  only 
means  of  ])roducing  a  new  infection  normally.  Injec- 
tions per  anum  of  the  vegetative  form  alone  produced  a 
typical  case  of  the  disease,  as  Jiirgens  sliowed  first. 

While  E.  coli  has  no  power  to  penetrate  the  healthy 
epithelium,  E.  histolytica  is  able  to  enter  anywhere  and 
force  its  way  through.  In  this  process  the  amiebtu  push 
the  cells  apart,  and  even  force  them  free  from  tlie  layer. 
These  features  were  tirst  correctly  described  by  Jiirgens, 
who  gave  a  full  and  accurate  account  of  this  species. 
His  discoveries  on  the  cat  have  been  confirmed  by  the 
observations  of  Schaudinn  on  man  also.  The  amn^ba- 
were  fotmd  in  sound  regions  of  the  mucosa  in  the  glands 
of  Lieberkiihn,  could  be  followed  on  into  the  submucosa. 
Undermining  of  the  mucosa  and  abscess  formation  fol- 
lows in  later  stages  of  ,themaiad\'.  These  investigations 
demonstrate  clearly  that  E.  histulytica  is  a  true  tissue 
parasite,  like  the  Myxosporidia,  and  indeed  the  most 
dangerous  of  all  Protozoa  yet  known,  and  that  it  is  the 
cause  of  ulcerous  ama-bic  enteritis. 

Jiirgens  is  the  only  author  who  in  the  opinion  of 
Schaudinn  has  characterized  this  species  in  recognizable 
form,  although  the  species  was  probablj'  before  many 
authors,  who  were  unable  to  differentiate  it  clearly  from 
the  other  species,  E.  coli,  with  which  it  was  certainly  as- 
sociated in  soine  cases  reported. 

The  material  from  which  the  pathological  species  was 
obtained  by  Schaudinn  came  from  a  limited  niuuber  of 
cases  of  tropical  dysentery  acquired  in  Egypt,  China,  and 
Siam.  The  real  geographical  distribution  of  the  species 
is  thus  evidently  but  imperfectlj-  known. 

It  is  difficult  to  pass  satisfactorily  upon  the  specific 
character  of  the  forms  hitherto  observed  in  the  United 
States,  and  only  two  references  will  be  made.  The  obser- 
vations of  Craig  (Medical  JVcics,  March  16th,  1901)  seem 
to  have  been  made  on  Entamivba  coli  of  Schaudinn,  in 
which  the  former  described  as  "oval  spots"  the  forma- 
tion of  the  encysted  daughter  cells  already  well  known 
from  the  work  of  Casagrandi  e  Barbagalk.i.     The  splendid 


monograph  of  Councilman  and  Lafleur  in  my  opinion 
deals  unmistakably  with  E.  histolytica  of  Schaudinn. 
The  description  of  the  amceb*  is  very  detailed  and  pre- 
cise, and  apparently  agrees  minutely  with  the  eharac-' 
tcrs,  such  as  the  form,  appearance,  and  position  of  tlie 
nucleus,  advanced  by  Schaudinn  to  separate  the  patho- 
genic E.  histolytica  from  the  harmless  E.  coli.  The 
absence  of  any  reference  by  such  careful  observers  to  the 
formation  of  cysts,  which  is  easily  observed  in  E.  coli, 
must  be  regarded  as  confirmative  evidence  of  the  pres- 
ence of  the  other  species.  If  this  opinion  with  regard  to 
the  identity  of  the  forms  proves  to  be  correct,  the  specific 
name  given  by  Councilman  and  Lafleur  will  have  to  be 
used  in  preference  to  the  later  form  given  by  Schaudinn 
and  the  species  will  be  known  as  E.  ilysentenw  (Council- 
man and  Latleur  1891).  Although  illustrated  by  very 
inadecjuate  figures,  the  pathological  lesions  caused  by 
this  species  are  described  by  these  authors  with  great 
fulness  and  care,  and  anticipate  very  largely  the  work  of 
Jiirgens,  to  which  Schaudinn  accords  such  well-merited 
praise. 

The  following  forms  included  under  the  generic  name 
Amceha  are  classified  thus  rather  tentativelj-,  as  our 
knowledge  of  the  life  history  at  least  is  too  limited  to 
allow  of  greater  precision.  "Probably  some  at  least  are 
related  to  the  species  just  described  if  not  identical  with 
them. 

AtiiirJ>a  Mivrai  Ijima  1898.— Normally  isolated  in- 
dividuals (Fig.  5166).  adhering  in  conglomerate-like  clus- 
ters only  when  dead  or  dying.  Living  specimens,  spheri- 
cal or  ellipsoidal,  having  at  one  pole  a  small  rounded 
])rotuberanee  or  villous  knob,  which  is  closely  set»  with 
tine  pseudopodia.  Diameter  0.015-0.038  mm.  Villous 
knob  papilliform  or  hemispherical,  0.01  mm.  in  diameter 
at  base,  but  capable  of  entire  retraction  at  times,  or  the 
fine  pseudopodia  may  be  entirely  withdrawn.  Nucleus 
roimd,  oval,  or  reniform,  0.008-0.015  mm.  in  diameter, 
two  or  three  being  found  in  the  single  cell  as  often  as 
one.  Ectoplasm  vi.sible  only  in  villous  knob;  endoplasm 
finely  granular  with  one  to  several  conspicuous  non-con- 
tractile vacuoles  and  minute  oil-like  corpuscles. 

This  form  was  found  by  Miura  and  described  by  Ijima. 
It  occurred  in  the  serous  fluid  accumulation  of  perito- 
neal and  jileural  cavities  in  a  female,  twenty-six  years 
old,  who  died  from  peritonitis  and  pleuritis  endotheHo- 
matosa.  The  amo-btie  were  absent  at  first  from  the  fa?ces, 
Init  made  their  aijpearance  two  dajs  before  the  patient's 
death,  concomitantly  with  hemorrhage  in  the  intestine. 
Living  and  dead  indi- 
viduals were  found  to- 
gether in  the  freshest 
serous  fluid  under  rigid 
precautions  against  in- 
jurious influences,  and 
this  is  regarded  by 
Ijima  as  evidence  of 
the  abnormal  occur- 
rence of  the  parasite. 
It  has  not  been  report- 
ed since  then,  and  is 
explained  by  some  authors  on  the  basis  that  the  supposed 
auia'biE  were  only  "  exudate  cells. "  Ltihe  states  that  this 
is  unquestionably  the  case. 

A  considerable  number  of  so-called  amcebse  have  been 
reported  from  various  organs  in  man,  and  usually  patho- 
genic characteristics  have  been  attributed  to  them.  They 
are  known  mostly  from  single  records  of  their  occurrence, 
and  often  lack  both  name  and  recognizable  description. 
It  has  been  suggested  that  they  are  commensals,  and  of 
secondary  importance.  It  is  equally  probable  that  some 
at  least  are  occasional  or  accidental  parasites,  and  devoid 
of  general  importance  in  human  pathology.  Owing  to 
tlie  general  imiformity  of  structure  in  this  group  all  but 
the  most  careful  descriptions  are  worthless  for  future 
study  and  comparison  with  other  species.  A  few  of  the 
best  "accounts  of  these  uncertain  forms  are  noted  here  for 
reference. 

Amtxba  Kartulisi  Doflein  1901.— Diameter  0.03-0.038 


Fio.  .5100.— vl»iO"/>(i  Minrai.  a.  Liv- 
ing :  h,  from  specimen  preserved  in 
acetic  ucid.     X  SOO.    (After  Ijima.) 
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iiim.  without  distinct  pctosaro  niul  ni.l...,.in  .  Plasma 
(Oiirsclv  ^n-aiiiilar.  with  v.'iy  siiiiill  imclrus  (or  nucleo- 
lus?), (icnioustrablo  only  by  staining.  i\l()vt'niont  more 
rapiil  than  in  Entnmalm  coli.  Usually  only  one  or  a  few 
jisfudopodia.  hnig.  digitate  ami  rapid  in  I'orniation.  Re- 
production not  observed. 

'Phis  species  was  found  by  Kartulis  in  Alexandria, 
where  it.  occurred  in  an  Arabian,  in  a  tumor  the  size  of 
an  oranne.  on  the  riiiht  mandible.  In  the  tliick  pus  and 
on  fragments  of  extracted  bone  the  amieba^  occurred  to- 
gethei^with  mnnerons  bacteria.  'J'hey  had  been  feeding 
on  blood  and  pus  corpu.'icles.  Although  apparently  dis- 
tinct from  Kiitamabacoli.  Doflein  inclines  to  regard  their 
connection  as  not  impossibh',  and  views  as  even  more 
l)robable  this  interpretation  of  the ama'b;i;  from  an  abscess 
in  the  oral  cavity  reported  by  Flexner.  These  were  de- 
scribed as  larger"tlian  leucocytes,  with  granular  vacuo- 
hited  ))lasma  and  a  nucleus  demonstrable  only  with  some 
uncertainty.  Although  in  both  these  cases  the  presence 
of  ICntiimdha  coli  in  tl'ie  host  had  not  been  shown  by  any 
antecedent  dy.senteiy  or  fa'cal  examination,  it  lias  already 
been  stated  that  this  species  may  lie  present  in  tlie  nor- 
mal intestine,  and  its  occurrence  outside  the  canal  in  ab- 
scesses is  abundantly  demonstrated  by  other  cases.  It  is 
less  |)robable  this  form  may  h*ve  been  EiiUimtvIxt  hislv- 
Ij/ticii,  though  the  description  is  not  distinctive^  as  the 
absenct!  of  lesions  in  the  canal  can  hardly  be  explained  if 
the  pathogenic  sjiecies  was  present. 

AuKvhi  in-offi'iiiUilis  Baelz  1883.— Diameter  0.022-0.05 
mm.  Plasma  coarsely  granular,  containing  one  or 
several  nuclei,  excretory  products,  and  erythrocytes. 
Movement  slow,  by  formation  of  short  pseudopodia. 
Encysted  forms  possibly  occur. 

Originally  found  in  numbers  in  the  bloody  urine  and 
vaginal  mucus  of  a  Japanese  female,  twenty-three  years 
old.  who  .shortly  before  her  demise  fron\  tuberculosis 
manifested  ha'maturia  with  strougcystic  tenesmus.  {Cy. 
Vol.  1..  ji.  233,  II.\>"Di!ooK.)  Similar  cases  have  been 
reported  by  many  authors.  In  Juigens'  case  chronic 
cystitis  was  associated  with  small  mucous  cyst  filled  with 
anueba' ;  these  were  also  present  in  the  entire  vagina. 
The  descriiitions  are  scanty  and  do  not  render  a  differen- 
tiation l)etween  these  forms  and  Eniaiiuvhd  coli  and  E. 
/lisloli/ticii,  either  striicturally  or  clinically  easy  at 
present.  Pathogenic  characteristics  are  certainly  not 
distinctly  shown,  and  in  so  far  this  case  belongs  more 
proljjibly  to  7i'.  coli  if  to  either.  Better  knowledge  of  the 
species  and  more  careful  examination  of  the  reports  of 
])revious  observers  maj-  make  it  possible  to  refer  some 
such  cases  to  a  definite  species;  but  many  will  alwaj's 
remain  uncertain. 

Atiitvbu  liiicculin  Sternberg  1862:  Ainaha  dentalis  Grassi 
1879:  Aiiuehii  (jiiif/iralis  Grassi  1849. — All  these  species 
were  (iiscovered  in  tartar  scraped  from  the  surface  of 
human  teeth.  They  have  not  been  rejiorted  a  second 
time,  and  Cell!  and'  Fiocca  state  specificaHy  that  th?y 
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Fig.  '>Vu.    LrtjiJenia  iiemmiimrii :   a.  at  rest:    (/.  in  mnvemeut. 
Magnilled.     IFnmi  Dottein  after SchaiKiinn.) 

Inive  failed  totind  ainceboid  organisms  in  the  oral  cavity. 
Grassi  himself  suggested  the  jiossibilily  of  confusion  with 
salivary  corpuscles. 

Aiiwba  pnlinomilia  Artault  1898.— In  an  examination  of 
the  contents  of  a  large  jmlmonary  cavity  a  small  miinber 
of  amoeba  were  found  among  the  leucocytes,  which  were 
distinguishable  by  firm  contour,  much"  finer  and  more 


uniform  granulation,  and  a  distinct  nucleus  or  vacuole. 
In  api)earance  like  tlie  eiiithelial  cells  found  in  sputum 
they  manifested  changes  in  form  and  position  through 
the  slow  formation  of  ji.seudopodia.  They  were  also 
more  highly  refractive,  and  resisted  metliylene  blue  or 
fuehsin  longer  than  leucocytes,  but  when  pieserved  they 
stained  readily  and  were  indistinguisliabie  from  the  lat- 
ter. Desjiite  the  conjectures  of  the  discoverer  their  real 
nature  remains  entirely  uidinown. 

heyiJciiid  (/eiiiiKijiiirii  Schaudinn  1896. — Irregular!}- 
spherical  or  ]iolygonal  in  form  when  resting  (Fig.  .'itof, 
«),  surface  with  prominent  veiTUeosities.     Ectosarr 
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Fig.  ^H'^.~Liiit}t'nia  iifmmipara.  a,  b,  c.  Young  individuals 
formed  liy  gemination,  n,  nucleus.  Maguifled.  tfYom  I)i»tleiii 
after  Seliuudinn.) 

endosarc  not  distinctly  limited,  liut  pseudopodia  more 
hyaline  than  the  opaque  body  with  numerous  highly 
refiactive  yellowish  granules.  Diameter  of  body.  0.003- 
0.036  mm.  Nucleus  single,  spherica'.,  distinct  in  life, 
and  iu  the  jireserved  specimen  regularly  one-fifth  the 
diameter  of  the  body;  movement  very  slow,  prodm-ed  by 
formation  of  a  broad,  hyaline  lamella  at  theautei'ior  mar- 
gin :  streams  of  granular  endosarc  extend  to  the  margin 
of  this  lamella  (Fig.  5167,  Z/),  and  may  even  project  be- 
yond it  as  pointed  pseudopodia.  The  endoplasm  con- 
tains granules,  ci'ystalline  bodies,  interpreted  as  excre- 
tory, and  numerous  vacuoles  which  increase  in  size 
toward  the  centre.  A  pulsiiting  vacuole  is  pi'csent  and 
contracts  at  intervals  of  about  tifteen  minutes. 

Two  or  more  individuals  frequently  unite  without 
fusion  of  the  nuclei,  and  idasmodia  are  formed  by  the 
union  of  many  single  individuals.  Both  division  and 
gemmation  occur.  In  the  former  the, .size  of  the  result- 
ing aino?ba^  may  be  very  different,  but  is  always  propor- 
tional to  the  size  of  thenuclei(5: 1).  Thenucleusdivides 
directly,  and  the  bud  which  oi-iginates  as  a  protuberance 
from  tlie  surface  of  the  anueba  gradually  works  free  and 
becomes  an  independent  individual,  which  may  at  once 
undergo  multi]de  division,  giving  rise  to  a  mass  of  small 
spore-like  forms  (Fig.  5168). 

Many  yeais  ago  Lieberklihn  observed  in  ascites  fiuid 
associated  with  malignant  tumors  peculiar  cells;  and 
.similar  structures  were  seen  later  by  others.  In  1890 
Leyden  and  Schaudinn.  on  the  basisof  an  exact  investiga- 
tion of  these  bodies  in  a  jiarticular  case,  determined  them 
as  a  new  parasitic  rhizopod.  Leyden  had  fcnind  them  iu 
theascitic  fluid  of  two  patients  in  whom  jiositiveevidencc 
of  gastric  carcinoma  and  of  tumors  in  the  peritoneal  cav- 
ity was  furnished.  The  anneb.T  appeared  in  numbers  in 
tliiiil  dr;iwn  oil'  from  the  cavity,  and  could  be  ke])i  alive 
in  lluid  preserved  several  days  under  aseptic  conditions. 
Schaiidimi  studied  the  anneba'  caiefully  and  pi'onoimi'ed 
them  to  be  unmistakably  jiarasitic  forms.  Some  later 
critics  have  inclined  to  reject  this  view,  and  regard  them 
as  descendants  of  the  human  tissue  cells  or  jialhologic 
neoplasms.  L.  PfeiU'er  especially  has  maintained  tiiat 
similar  large  amteboid  cells  ("exudate  cells")  occur  iu 
variola,  vaccinia,  varicella,  herpes  zoster,  etc.,  and  yet 
the  contractile  vacuole,  peculiar  nuclear  structure,  and  re- 
]uoduetive  processes  of  /.((/rff/rm  indicate  unmistakably 
an  independent  organism,  as  well  as  many  other  features 
in  which  it  resembles  various  related  free  living  forms. 
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Origiually  Lcj-den  arid  Scliaudinn  were  incliued  to  con- 
nect this  "form  with  carcinoma,  but  expressed  no  positive 
opinion  on  this  point.  Uufortunalely  it  lias  not  l)een 
studied  by  subsecjueut  investigators,  and  in  fact  lias  been 
found  but  twice  since  then,  although  often  sought  for 
under  similar  circumstances.  Recently  Scliaudinn  has 
advanced  the  view  that  this  form  is  probably  an  acci- 
dental commensal. 

The  class  of  the  Mastigophora  Includes  a  great  variety 
of  organisms,  having  in  common  hardly  more  than  the 
possession  of  vibratile  organs  of  locomotion  known  as 
flagella,  which  by  greater  length,  lesser  number,  and 
type  of  movement  are  easily  distinguishable  from  cilia. 
The  group  shows  relationships  in  many  directions,  and 
affords  an  almost  unbroken  line  of  transition  to  forms 
which  are  typically  plant  organisms.  Here,  again,  as  in 
the  last  class  (Sarcodina)  the  uniformity  of  structure, 
coupled  with  an  even  smaller  average  size  and  very  in- 
sufficient acquaintance  with  the  life  history,  render  it 
difficult  to  speak  positively  regarding  many  of  the  organ- 
isms. Of  the  sub-classes,  which  are  founded  upon  the 
numljer  and  arrangement  of  the  flagella,  the  character  of 
the  cell  body  and  general  habits  of  life,  only  one,  Flagel- 
lata,  is  of  importance  here,  as  the  others  contain  no  para- 
sitic forms. 

Tlie  general  form  of  the  body,  the  number  and  position 
of  flagella,  and  the  precise  method  of  reproduction  serve 
to  distinguish  in  the  sub-class  Flagellata  five  orders. 
Only  two  of  these  embrace  human  parasites  and  demand 
consideration  here,  namely:  Protomonadina  and  Poly- 
niastigina. 

The  Protomonadina  are  small  forms,  often  tending  to 
form  colonies.  Tlicy  have  at  the  anterior  end  one  flagel- 
luni,  two  similar  tlagella,  or  two  or  three  dissimilar 
flagella.  In  many  parasitic  species  an  undulating  mem- 
brane accompanies  a  single  flagellum.  Doflein  gives  the 
following  key  for  the  determination  of  those  families 
wliicli  include  parasitic  species; 

1.  A  single  flagellum  on  anterior  end 2 

Two  tlagella  on  anterior  end Bodouidse 

3.  An   uniiulating   membrane  along  the  side   of   the 

body Trypanosomiihe 

No  undulating  membrane  present. . Cercomonadidaj 

Cercomonas. — The  species  in  this  genus  are  rather  un- 
certain. Many  forms  have  been  assigned  to  it  which 
later  studies  have  shown  to  belong  to  other  genera. 
Confusion  is  possible  both  with  plant  orgaui.snis  and 
with  mere  developmental  stages  of  oilier  groups.  The 
species  are  small  and  colorless;  inform  round  or  oval, 
with  a  very  large  flagellum.  which  is  projected  aliead  in 
locomotion.  Many  of  the  forms  reported  from  the  human 
body  and  assigned  to  this  group  are  imperfectly  known, 
often  found  but  a  single  time,  and  in  many  cases  prob- 
ably pseudoparasites  of  various  degrees.  (Jne  or  two  of 
the  more  distinct  forms  need  brief  mention  here. 

Ccreomonas  Iwminis  Davaine  18,54. — Body  jiyriform, 
pointed  posteriorly,  with  single  flagellum  at  anterior  end. 
Length  0.01-0.012  mm.  Movement  rapid,  capable  of 
attaching  themselves  by  posterior  tin.  Smaller  variety 
0.008  mm.  long. 

Found  in  the  dejecta  of  a  cholera  patient,  the  smaller 
variety  in  typhoid  dejecta.  Various  later  reports  may 
be  assigned  to  this  species,  including  that  of  Lambl  in 
1875,- which  has  often  been  erroneously  identified  as  the 
same  as  the  species  described  under  the  same  name  by 
this  author  in  18.59.  The  latter  will  be  discussed  under 
its  present  name  of  Lanthlin  diiodinalis.  Some  authors 
have  assigned  the  former  species  to  Trichomonita.  forget- 
ful of  the  fact  that  it  possesses  but  a  single  flagellum. 

It  would  be  hazardous  to  assert  that  all  typical  cer- 
comonads  thus  far  described  from  the  human  host  fall 
unquestionably  into  the  limits  of  a  single  species ;  yet  in 
the  absence  of  contradictory  evidence  they  may  for  prac- 
tical purposes  be  considered  as  such.  These  forms  iiave 
been  found  in  the  alimentary  canal,  the  bronchial  system, 
in  jileural  exudate,  and  in  an  Kr/iinvcoccns  cyst.  Encysted 
forms  have  also  been  descrilicd.  All  investigators  have 
not  been  equally  careful  to  demonstrate  the  intestinal 


origin  of  such  forms  as  were  found  in  fa'ces.  and  which 
may  have  been  due  to  secondary  contamination  of  the 
fa'cal  material.  Among  numerous  records  onl_y  those  of 
Councilman  and  Lafleur  and  of  Dock  concerning  the 
occurrence  of  such  forms  in  this  country  need  be  men- 
tioned. 

Mvniispijaphila  R.  Blanchard  189.5.  (Syn. ;  M.  pyophi/hi 
Neveu-Lemaire  1903.)  Form  similar  to  large  sperma- 
tozoa, 0.03-0.015  mm.  iu  diameter  of  body,  with  longflla- 
ment  from  rounded  pole,  resembling  a  flagellum,  yet  capa- 
ble of  retraction  when  the  form  becomes  nearlj"  spherical. 
Outside  a  cuticular  (?)  layer,  which  extends  through  the 
liody  in  partitions,  dividing  it  into  three  regions.  Jlove- 
nient  rapid,  accompanied  by  change  of  form. 

Found  by  Grimm  in  sputum  and  pus  of  abscesses  in 
lung  and  liver  of  patient  iu  .Japan. 

Tile  Trj-panosomidie  are  parasitic  forms  with  a  chief 
flagellum  directed  auteriad,  usually  two-edged,  with 
more  or  less  of  a  spiral  twist  iu  the  body,  aud  with  one 
edge  of  the  body  provided  with  an  undulating  mem- 
brane. The  numerous  species  are  ha?matozoa  iu  verte- 
brates, though  some  live  in  the  body  cavity  and  alimen- 
tary canal  of  lioth  vertebrates  aud  invertebrates.  Those 
forms  of  importance  here  all  fall  iu  the  genus  'I'rypa- 
nmoiiiK  s.  str.  Much  dill'erence  of  opinion  prevails  as  to 
tlie  number  of  species  and  their  limits.  Most  of  them 
are  very  poorly  known,  although  several  so-called  spe- 
cies were  discovered  as  much  as  sixty  years  ago;  indeed 
of  no  form  is  even  an  approximately  complete  account  of 
the  life  history  at  hand.  Various  species  are  recognized 
in  various  parts  of  the  world  as  the  cause  of  spccitic  dis- 
eases among  domesticate<l  animals,  which  have  assumed 
economic  importance  of  the  first  rank.  The  most  promi- 
nent of  these  are  the  following,  together  with  the  range 
and  host  of  each  species  listed. 

'lYi/pri iwsimui  Leirin.  in  rats  and  (?)  the  hamster,  re- 
ported from  Europe,  Asia,  Africa,  and  North  America, 
and  causing  at  times  fatal  epidemics. 

t'ri/paiuisoinii  Britcei,  in  cattle,  horses,  mules,  aud  wild 
animals,  gives  ris(^  to  the  nuyanti  or  Tsetse-fly  disease  iu 
Africa  .south  of  the  Sahara. 

Trypanoso)na  ('(jiiipiTdiiiii,  in  horse,  ass,  aud  other  do- 
mesticated species  by  inoculation,  causes  dourine  in  the 
circuni-Mediterraneau  region. 

Trypdiiowma  Eransi,  in  maiumals,  especially  domestic, 
where  it  causes  the  surra  in  India,  China,  Burmah,  and 
tlie  Philippines. 

Trypanosoma  eqvi iiii HI ,  in  horses,  causing  tital  deeaileras 
ill  South  America. 

'I'rypano.ioina  Tlieikri,  in  cattle,  producing  the  j'^feKA'^e 
in  South  Africa. 

Although  but  little  evidence  is  at  hand,  the  weight  of 
opinion  is  against  any  possibility  of  the  transmission  of 
these  species  to  man. 

Some  structural  features  of  the  genus  Trypanosoiiia 
s.  str.  need  brief  mention.  The  lancet-shaped  body  (Fig. 
.5169,  (()  shows  a  finely  granular  endoplasm  and  a  distinct 


Fig.  .5169.— !rr//paii080»ia  LcwisL  a.  Adults  with  erythrocyte,  from 
stained  preparation.  X  l.tXXI.  b.  Multiplication  rosette,  less  liiglily 
magnifled.     (After  Francis.) 

though  very  delicate  hyaline  ectopla.smic  l,a}'er.  The 
single  flagellum  arises  near  the  posterior  end  in  connec- 
tion with  the  higlily  refractile  granule  variously  denom- 
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inatetl  controsome.  micronucleus.  ami  mickolus.  The 
rtagclUim  oontimics  along  tlie  body  as  the  thickened 
outer  margin  of  the  uiululating  nienihraue.  and  projects 
free  from  the  anterior  end  of  tlie  animal.     The  prominent 
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Fio.   nlTO.— 7Vi/panosom<i   Lewisi,     Auto-agglutination.      HlgUly 
magnlQed.    (After  B^ncis.) 

nucleus  occupies  a  .slightlj-  different  po.sition  in  different 
species:  it  is  rich  in  chromatin  and  stains  deeply  in  pre- 
pared specimens. 

Three  t_vpes  of  reproduction  are  imperfectly  known- 
a  typical  longitudinal  division,  a  budding  said  by  Senn 
to  "be  more  common,  and  a  segmental  ion  or  multiple 
division  into  numerous  spores  (?)  arranged  in  rosettes 
(Fig.  5169.  li).  The  rosette  formation  is  regarded  by  some 
authors  as  the  result  merelj-  of  the  successive  division  of 
an  ordinary  individual  of  the  species.  These  rosettes  of 
enormous  size,  embracing  several  thousands  of  individ- 
uals, occur  characteristically  in  cultures  of  Trypanosoma 
Lewisi  (Fig.  5170).  Such  cultures  have  been  recently 
successfully  obtained  by  McNeal  and  Novy  in  a  strictly 
pure  form,  and  have  been  maintained  for  somewhat  over 
a  year.  Tlie  great  importance  of  this  step  for  the  study 
of  the  pathogenic  activity  of  the  organism  and  of  the 
possible  protective  measures  in  combating  tlie  disease  is 
evident  at  once.     The  species  found  in  man  is 

Trypanonoiua  gambiense'D\xXX.OQ,\^(>'i-  (Syn. :  T.  homi- 
nis  1903;  1\  2^'epreii  Sambon  1903.)  Leng"th  in  stained 
preparation  (Fig.  5171),  including  flagellum  0.018-0.025 
mm.,  width  0.002-0.0028  mm.  Free  part  of  flagellum 
about  one-third  of  total  length.  Anterior  end  attenu- 
ated along  flagellum,  jjosterior  end  roughly  conical,  very 
lilunt.     Oval  macronculeus  just   anterior  to  centre  of 

body,  occupying 
entire  width  of  ani- 
mal. Near  poste- 
rior end  dark  spot, 
the  micronucleus 
(the  centrosome  of 
Laveran  and  Mes- 
nil),  and  just  ante- 
rior to  it  a  large 
vacuole  well 
marked.  The  fla- 
gellum ends  at  the 
upper  edge  of  this 
vacuole.  The  first 
record  of  the  occur- 
rence of  a  trypa- 
nosome   in  man    is 

ir.^     ei-i       m_  ,  ■  said   to   have   been 

FIG.    5hl.  —  Trypanosoma     gamlneniie,    ,„,i,i;,i,    i   i  ..  w„„ 

with  erythrocyte,  drawn  from    stainert    pnuusneu  0}   iNep- 

preparatlon.    X  about  1,900.   (Alter  Dut-    veu     in    1891,   and 

'"°-'  again  in  1898.    The 

description  given, 
however,  is  too  scanty  to  admit  of  any  opinion  regard- 
ing its  general  character,  though  many  are  inclined  to 
interpret  it  as  a  member  of  the  genus  Tft/panosomn. 
This  species  was  discovered  in  1901   by  Dutton  in  the 


blood  of  an  Englishman  in  government  employ  on  the 
Gambia  River.  The  case  was  under  observation  some 
time,  namely,  until  the  patient  died  in  January,  1903, 
and  manifested  the  following  clinical  features:  general 
weakness,  irregular  lapsiug  fever  lasting  one  to  four 
days  with  apyre.xial  perioiis  of  two  to  five  days,  some 
Q'dema,  injection  of  the  skin,  enlargement  of  the  spleen, 
constant  frequent  pulse,  and  hurried  breathing.  Tliese 
symptoms  w'ere  associated  with  no  definite  organic 
lesions. 

In  many  prepared  slides  and  fresh  blood  mounts  there 
were  found  no  malarial  organisms.  The  niunber  of  try- 
panosomes  present  varied  from  one  to  fifteen,  but  in 
apyre.xial  periods  none  were  detected  in  the  blood.  The 
parasite  usually  progressed  with  the  flagellum  in  front, 
l)ut  occasionally  reversed  direction  for  a  short  distance. 
In  slow  progression  wave-like  motions  start  in  the  flagel- 
lum and  are  communicated  to  the  undulating  membrane: 
in  rapid  motion  the  body  rotates  on  its  longitudinal  axis 
so  that  the  uuilulating  membrane  appears  as  if  spirally 
arranged.  In  one  instance  a  mononuclear  leucocyte  was 
observed  which  had  partially  engulfed  a  trypanosome, 
only  the  flagellum  and  a  small  part  of  the  anterior  end  of 
the  body  remaining  free. 

In  films  of  blood  taken  from  a  child  three  years  old  the 
parasite  was  discovered  again  and  associated  with  it 
malarial  organisms.  Annett  points  out  that  the  chronic 
character  of  the  disease,  tlie  rarity  of  the  parasites,  their 
apparent  absence  at  long  |ieriods  from  the  peripheral 
circulation,  and  the  occasional  rise  in  temperature  favor 
confusion  with  malaria  in  diagnosis. 

Later  further  cases  of  the  malady  have  been  identified 
b}'  Dutton,  JIanson.  and  others,  making  in  all  six  cases 
on  the  Congo  River  and  seven  on  the  Gambia,  which  are 
nearl}'  equally  divided  between  natives  and  Europeans. 
It  is  thus  evidently  not  rare  in  tropical  Africa,  as  Dutton 
found  his  seven  cases  in  somewhat  more  than  one  thou- 
sand examinations  in  Seneganibia.  Two  investigators 
seem  to  have  identified  it  in  India  also,  and  it  may  be 
expected  to  occur  in  other  countries  as  well,  as  do"  the 
corresponding  affections  of  domestic  animals. 

A  final  most  recent  contribution  of  great  importance 
to  this  subject  has  been  made  by  Castcllani,  wlio  found 
Trypanosoma  in  the  cerebro-spinal  fluid  of  natives 
afflicted  with  the  so-called  "sleeping  sickness.".  This 
hitherto  entirely  unexplained  disease,  epidemic  in  certain 
regions  of  Africa,  attacks  only  natives,  and  is  character- 
ized by  a  drowsy  condition  culminating  in  deep  coma, 
with  an  all  but  universally  lethal  outcome  in  from  three 
to  twelve  mouths.  Hypera-mia  of  the  arachnoid  vessels 
is  the  only  known  pathological  feature.  Bacteriological 
investigations  have  remained  without  result,  and  the 
theory  of  Manson  that  the  cause  of  the  malady  lay  in  the 
presence  of  Fihvta  perstans  has  already  been  referred  to 
in  another  article  (Xematoda).  Castellani's  hypothesis 
has  been  greatly  strengthened  by  the  communication  of 
Bruce  to  the  Royal  Society  that  Trypanosoma  was  pres- 
ent in  the  cerebrospinal  fluid  in  everyone  of  thirty-eight 
cases  of  sleeping  sickness  investigated  in  Vguiida,  and 
occurred  also  in  the  blood  in  twelve  out  of  thirteen  cases 
tested  on  this  point. 

This  species,  which  lias  been  named  Tiypanosoma 
Caslellanii  (see  Sambon  in  Journal  of  Tropical  Medicine, 
Jul}-  1st,  1903),  closely  resembles  Trypanosoma  Brucei, 
but  is  said  to  differ  in  the  following  morphological 
peculiarities:  a  more  or  less  rounded  anterior  extremity 
(po.sterior  extremity  of  most  authors,  but  this  species 
moves  with  the  mure  rounded  extremity  foremost),  the 
centrosome  outside  the  vacuole  and  much  closer  to  the 
extremity,  the  larger  vacuole  placed  before  (?)  the  cen- 
trosome, the  longer  free  portion  of  the  flagellum  and 
fewer  granules  at  the  posterior  extremity. 

The  transference  of  the  parasite  is  probably  due  to 
some  bloodsucking  insect,  as  has  been  demonstrated  for 
other  s])ecies  of  Trypanosoma;  and  in  the  case  of  the 
sleeping  sickness,  Glossina  morsitans.  the  Tsetse  fly  lias 
been  declared  responsible  by  Brunipt.  In  an  illuminating 
discussion  of  the  subject  he  shows  that  the  disease  is  ex- 
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traoriiinarily  widespread  among  fishermen  on  the  Congo, 
and  almost  unknown  among  people  in  the  vicinilj-.  who 
yet  do  not  visit  the  stream.  This  accords  with  the  habits 
of  the  Tsetse  tiy,  which  occurs  on  tlie  river  in  immense 
swarms  and  is  not  found  a  short  distance  away  fiom  it. 
The  freedom  from  this  disease  enjoyed  by  the  whites  can 
only  be  explained  on  the  basis  of  present  knowledge  as  a 
type  of  racial  immunity.  Recent  observations,  however, 
serve  to  arouse  suspicion  as  to  the  correctness  of  the 
assumption  itself. 

Although  the  morphological  differentiation  of  the  va- 
rious species  of  Trypanmoiiia  is  ditticult,  not  to  say  im- 
possible at  present,  there  are  sulficient  grounds  in  the 
clinical  features  of  the  diseases  caused  bj'  them,  and  in 
other  physiological  data,  such  as  the  immunity  of  various 
host  species  to  certain  forms,  to  justify  the  acceptance 
of  their  specific  distinctness.  One  maj'  well  recall  the 
earlier  view,  that  only  one  form  of  malarial  organism  ex- 
isted, and  may  find  in  the  transport  by  Anopheles  of  dif- 
ferent species  of  P/asi/tmlinm  a  case  parallel  to  that  of 
the  Tsetse  fly.  "Whether  the  latter  host  affords  the  op- 
portunity for  the  development  of  a  special  phase  in  tlae 
life  cycle  of  the  trypanosome  Is  as  yet  purely  a  matter  of 
conjecture. 

The  family  of  the  Bodonidte  would  not  call  for  any 
discussion  here  were  it  not  for  the  frequence  with  which  . 
certain  species  have  been  assigned  a  role  as  parasites  of 
man.     The  form  which  has  most  frequently  been  men- 
tioned in  this  connection  is 

Cystomorias  urinaria  (Kunstler  1883). — (Syn. :  Bodo 
urinaritis  KUnstlerl883;  Cystomonas urinaria  Blanchard 
1886;  Plagiomonas  urinaria  Kiinstler  of  Braun  1895.) 
Shaped  like  a  beet  root  (Fig.  5172),  0.01  mm.  long,  0.004- 
0.005  mm.  broad,  the  broad  anterior  end  notched,  the 
posterior  end  in  the  form  of  a  long  slender  filament.  Nu- 
cleus anterior ;  two  similar  flagella  originate  from  ante- 
rior notch. 

In  1856  Hassall  described  an  infusorian  which  he  had 
observed  in  alkaline  urine  that  had  stood  some  time  open 
to  the  air.  It  was  subsequently  found  in  fifty  samples 
of  urine  from  various  sources  left  open  similarlj',  suffi- 
cient proof  of  the  contamination.  In  1883,  however, 
Kiinstler  reported  a  form  under  the  same  name  from 
fresh  urine,  which  was  accordingly  attributed  to  the 
urinary  passages.  Blanchard  held  this  to  be  in  reality  a 
new  species  and  renamed  it,  bringing  it  in  connection 
with  a  form  described  by  Salisbury  as  TricJwmonas  irregu- 
laris. Braun  re- 
gards the  latter  as 
rather  Tr.  tagina- 
lis,  and  distinct 
from  the  former, 
for  which  he  in- 
clines to  the  view- 
that  it  was  actu- 
ally a  contamination.  This  is  the  more  probable,  as  Th. 
Barrois  found  many  flagellates  in  "  freshly  voided  "  urine 
in  Lille,  when  subsequent  examination  yielded  no  trace 
of  these  parasites  in  urine  of  the  same  patients.  Evi- 
dently the  presence  of  such  forms  in  human  urine  is  be- 
yond question,  but  their  origin  from  the  human  urinary 
passages  is  yet  to  be  demonstrated.  That  all  such  cases 
require  the  most  searching  examination  is  evinced  by  a 
recent  experience  of  my  own,  in  finding  objects  which 
were  probably  much  contracted  rotifers  in  preparations 
made  from  "absolutely  fresh"  urine. 

The  order  Polymastigina  includes  small  forms,  alwaj's 
non-colonial,  with  three  similar  flagella.  or  with  four  to 
eight  flagella  dissimilar  in  size  and  difi'erently  located. 
Two  families  contain  parasitic  forms  and  are  distinguished 
as  follows : 
Body  with  three  or  four  flagella,  all  at  anterior  end 

TetramitidiE 
Body  with  four  to  six  flagella  on  anterior  end;  pos- 
terior end  either  with  two  flagella,  or  prolonged  into  one 

to  three  lobes Polymastigidse 

In  the  TetramitidiE  are  included  species  of  elongated 
form  with  usually  pointed  posterior  end.     They  have  no 


Fig.  5172.— C)/s(omona«  nrinaria.    Magnr 
fled.    (From  Braun,  after  Kunstler.) 


Fig.  5173.  —  Trichomonaa  vagina- 
lis, a.  From  osmic-aoid  prepara- 
tion; b,  living.  MagniBed.  (After 
Bloehmann.) 


cuticula,  or  pellicle,  hence  may  also  manifest  amceboid 
movements.     One  of  the  flagella  may  be  represented  by 
an  undulating  membrane.     Only  one  of  the  genera,  2'ri- 
c/imnonas,  embraces  hu- 
man parasites.     The  di- 
agnosis of  the  genus  may 
be  given  briefly'  as  fol- 
lows; 

Trichomonas  Donne. — 
Generally  pyriform, 
with  anterior  end  round- 
ed or  almost  pointed. 
Posterior  end  moderately 
pointed.  Nucleus  near 
anterior  end,  vacuoles 
near  posterior,  no  con- 
tractile vacuole.  Either 
three  equal  flagella  from 
anterior  tip,  and  also  an 
undulating  membrane 
{Trichomonas  s.  str. ),  or 
with  three  equal  flagella 
directed  anteriad,  and  one  much  longer  extending  poste- 
riad  from  the  same  point  of  insertion  (sub-genus  Tricho- 
■mastix). 

TrichomoTUU  vaginalis  Vonne  1837. — Body  very  mobile, 
usually  pyriform  or  spindle-shaped  (Fig.  5173),  with 
posterior  end  sharply  pointed  and  anterior  end  more  or 
less  rounded.  The  posterior  tip  is  half  as  long  as  the 
rest  of  the  body.  Total  length  0.015-0.025  mm  At 
anterior  pole  originate  three  flagella  (four  accoiding  to 
other  investigators)  of  equal  length,  and  an  undulating 
membrane  which  winds  spirally  about  the  body  to  the 
base  of  the  posterior  tip.  Plasma  flnel.v  granular,  nu- 
cleus near  anterior  end;  posterior  to  it  according  to 
Blochman  two  longitudinal  rows  of  prominent  granules. 
Division  has  been  reported;  encj'stment  is  as  yet  unob 
served. 

This  species  is  present  in  females  where  vaginal  ca- 
tarrh is  associated  with  an  acid  reaction  of  the  secretion. 
It  has  been  found  in  girls  of  six  or  seven  years  and  in 
aged  women ;  and  other  conditions  affect  its  presence  as 
little  as  age  save  that  menstruation,  alkaline  injections, 
or  other  conditions  which  alter  the  reaction  of  mucus 
result  in  its  disappearance  temporarily  at  least.  A  low 
temperature  (15"  C.  or  less)  is  also  fatsil  to  its  existence. 
Dock  and  others  have  demonstrated  the  presence  of  this 
species  in  the  urine  of  males;  the  infection  doubtless 
resulted  from  intercourse  and  was  made  possible  by  an 
already  abnormal  condition  of  the  male  urethra,  as  "was 
shown  in  the  cases  under  discussion.  Dock  was  unsuc- 
cessful in  infecting  guinea-pigs  and  dogs,  and  the  means 
of  transference  from  one  female  to  another  is  unknown. 
According  to  Hausmann  thirty  to  forty  per  cent,  of 
females  are  infected.  Tlie  parasites  are  easily  demon- 
strated in  the  vaginal  mucus,  where  they  move  slowly 
about  among  epithelial  fragments  and  mucous  corpuscles ; 
but  for  successful  demonstration  the  urine  must  be  ex- 
amined as  soon  as  passed.  Whether  their  relation  to  the 
vaginal  catarrh  is  primarj'  or  secondary  remains  entirely 
undecided. 

Trichomonas  intestinalis*  (R.  Leuckart  1879). — (Syn.: 
Protoryxomycis  coprinarius  Cunningham  1881 ;  Monoeer- 
cuinonas  humini.i  Grassi  1982;  Cimceriomonas  hominis 
Grass!  1882 ;  Trichomonas  hominis  Grassi  1888 ;  Cercomo- 
nas  coli  hominis  May  1891 ;  Monoeercomonas  lumiinis  Ep- 
stein 1893.) 

Very  similar  to  Tr.  raginalis  but  smaller,  measuring 
0.004-0.015  mm.  in  length  and  0.003-0.004  mm.  in 
breadth,  without  rows  of  granules;  posterior  end  more 
sharplj-  set  off  and  measuring  onlj-  one-third  the  length 
of  the  body.  Three  flagella,  the  free  edge  of  the  undu- 
lating membrane  has  sometimes  been  interpreted  as  a 
fourth.  Otherwise  as  in  Tr.  raginalis,  although  the  spe- 
cies has  not  been  carefuU}' investigated.     Kruse  and  Pas 

*  This  form  of  the  name  is  probably  ineon'ect,  but  as  the  synonymy 
is  badly  confused  I  have  retained  it  pending  revision  by  some 
specialist. 
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quale  observed  groups  of  individuals  vrliieh  may  have 
arisen  by  division.  Before  copulnfion  tliis  species  loses 
its  llagella  and  creeps  about  with  bluntly  lobose  pseudo- 
podia.  This  species  is  ordinarily  identitied  as  the  Veirn- 
MoiKia  Jwmiiiis  of  Davainc  (18.54)  and  the  C.  iiitesdnalis 
of  Lanibl  (1875),  but  recent  studies  have  demonstrated 
the  individuality  of  this  from  the  two  cited.  There  also 
is  a  tendency  at  present  to  reduce  tliis  form  to  Ti:  vagi- 
nalis, with  whicbr  it  agrees  closely,  and  only  an  exact 
study  can  deciile  the  qiiestion.  In  the  uncertainty  I  re- 
gard" it  as  more  practical  to  retain  both  species,  though 
they  are  at  least  closely  related. 

7V.  iiitcntintiUs  parasitizes  in  the  anterior  and  middle 
regions  of  the  human  alimentary  canal,  and  has  been  re- 
peatedly found  in  various  parts  of  the  world.  It  occurs 
also  in  tlie  oral  cavity  in  decaying  teeth,  where  it  nour- 
ishes itself  on  micrococci.  It  has  been  reported  also  fre- 
quently from  diseased  conditions  associated  with  diar- 
rliwa,  such  as  typhoid,  cholera,  intestinal  catarrh,  gastric 
carcinoma,  and  once  in  pulmonarj-  gangrene.  The  spe- 
cies lives  only  in  fluids  of  an  alkaline  reaction.  Its  oc- 
currence in  the  ilejecta  of  healthy  adults  has  been  taken 
to  indicate  a  conunensal  rather  than  a  parasitic  habit; 
but  it  at  least  multiplies  rapidly  in  connection  with  mor- 
bid processes,  and  this  nia.v  exercise  an  important  influ- 
ence on  the  progress  of  the  disease.  An  etiological 
significance  cannot,  in  the  present  state  of  linowledge,  be 
attributed  to  this  species;  yet  the  experiments  of  Epstein 
showed  that  an  infection  is  apparently  produced  by  drink- 
ing-water and  followed  by  diarrho-a  in  children.  Experi- 
mental infection  of  animals  has  not  yet  succeeded,  and 
the  jiresence  of  this  species  in  the  oral  cavity,  both  in 
bealtli  and  in  disease,  points  to  possible  transport  of  un- 
known encysted  forms  by  the  air. 

Some  accounts  referred  to  supposable  new  species  more 
probably  concern  this.     Such  are  the  forms  described  by 
Steinberg  from  the  oi-al  cavity  as  Tr.  elongatn,  Tr.  cau- 
dtita,  Tr.  flaridhita,  as  well  as  perhaps  also  Cercomoiias 
biflageUata,  together  with  the  Tr.  pulmonalis  of  Schmidt 
and  Artault  from  sputa  or  contents  of  a  pulmonary  cyst. 
The  family  Polymasligida;  contains  small  biaxial  or 
bilateral  forms  with  two  or  three  tlagella  on  either  side 
or  near  the  anterior  end,  while  the  posterior  end  is  lobed 
or  provided  with  two  further 
tlagella.     Only  one  genus  con- 
tains Imman  parasites. 

LiiinhUa,  Blanchard. — At  an- 
terior tip  one  tlagellum  on  each 
side,  and  near  the  centre  two 
on  either  side;  posterior  end 
with  two  additional  tlagella. 
A  concave  sucking  disc  (?) 
on  ventral  surface  near  an- 
terior end.  Nucleus  dumbbell 
shaped. 

Lamblia  diwdenalis  (Davaine 
1875). — (Syn. ;  Cercomoiias  in- 
tcstinalis  Lambl  1859,  nee  1875 
nee  Perty  1853 ;  Hexamitus 
duodenafis  Davaine  1875;  Di- 
morphus  miiris  Grassi  1879; 
Meqastoma  entericum  Grassi 
1881 ;  M.  intestinale  R.  Blanch- 
ard 1880;  Lamblia  intestinalis 
R.  Bl.  1888;  L.  duodenalis 
Stiles  1903) 

Length  0.01-0.016  or  0.031 
mm.  ;  maximum  breadth  0.005- 
0.007  or  even  0.013  mm.,  with 
eight  flagella  nearly  equal  in 
length  (0":009-0.014  mm.).  In 
form  bilaterally  symmetrical 
(Fig.  5174).  In  ventral  aspect 
it  is  rounded  anteriorly  and 
prolonged  posteriorly  into  a  very  mobile  steering  tail 
flattened  in  the  frontal  plane.  A  shallow  eordiform  ex- 
cavation of  the  ventral  surface  near  the  anterior  end  cor- 
responds to  the  peristome  and  serves  as  an  organ  of  at- 


FiG.  r>174.  —  Latnhlia  (htodc- 
iinUs.  LiTine.  from  Rabbit 
Intestine.  MaKnifled.  (Com- 
bined slietcb.  After  Metz- 
ner.) 


Fig.  5175.  —  iamWi'd  ilnndciialis.  a.  On  epi- 
thelial cells  o[  intestinal  villus.  X  37il-  h, 
single  cell  and  parasite.  X  1,070.  (.\fter 
Grassi  and  Scbewiakoff.) 


tachment;  its  margin  is  raised  and  contractile,  but  is 
interrupted  posteriorly;  all  tlagella  point  posteriad: 
the  anterior  pair  follow  the  margin  lialf-wa_y  around 
before  leaving  the  body ;  the  lateral  pair  originate  near 
t!ie  anterior  margin  in  the  peristome,  but  are  bound  to 
the  body  until  they  come  to  i)roject  beyond  the  contom 
of  the  animal ; 
the  median 
pair  originate 
in  the  notch  of 
the  peristome 
margin  and 
are  vibratile 
throtigli  their 
entire  length, 
being  the  chief 
organs  of  lo- 
comotion; the 
caudal  pair  are 
inserted  at  the 
tip  of  the  bod}'. 
The  dumbbeil- 
shapcd  nucle- 
us lies  dorsal 
to  the  peri- 
stome.  Contractile  vacuole  and  cytostome  are  wanting. 
Division  has  not  been  observed;  the  encysted  foi'in  is 
oval,  with  heavy  transparent  wall,  and  measures  0.01 
mm.  in  length  by  0.007  mm.  in  breadth.  Seliaudinn  re- 
ports that  copulation  has  been  observed  and  is  followed 
by  encj'stment. 

This  species  was  tirst  reported  by  Lambl  fronr  the  de- 
jecta of  children  in  Prague.  It  has  been  reported  from 
Germany,  Italy,  Russia,  Sweden,  Egypt,  and  the  United 
States  from  the  human  host  in  which  it  seems  to  be  a 
frequent  parasite.  It  also  occurs  in  rat,  mou.se,  dog,  cat, 
rabbit,  sheep,  and  certain  wild  species,  and  is  undoubted- 
ly a  common  and  widely  distributed  parasite. 

Its  normal  seat  is  the  duodenum  or  jejunum,  rarely 
other  i)arts  of  the  canal,  where  it  sits  with  the  peristome 
applied  to  the  curved  outer  face  of  an  epithelial  cell  (Fig. 
5175)  on  the  villi.  Although  often  in  such  numbers  that 
apparently  every  cell  is  occupied,  3'et  no  pathological 
effect  has  been  demonstrated  to  be  exercised  by  these 
parasites.  Normally  only  cysts  occur  in  the  colon  and 
feces,  but  in  diarrha'ic  conditions  the  free  living  forms 
are  torn  loose  and  reach  the  exterior. 

Grassi  determined  b}'  experimental  auto-infection  that 
the  cysts  are  the  means  of  infection,  and  was  unable  to 
detect  in  himself  any  symptoms  incident  to  the  parasitism 
of  the  species.  It  is  probable  that  cereals,  or  prepared 
food  which  becomes  contaminated  by  rats  or  mice,  con- 
stitute the  ordinary  avenue  by  which  the  infection  of 
man  is  brought  about. 

The  class  Sporozoa  embraces  a  series  of  groups  of  Pro- 
tozoa of  a  consistent  parasitic  habit,  which  have  in  com- 
mon the  production  at  some  point  in  their  life  cycle  of 
numerous  descendants,  which  are  usually  covei'ed  by  a 
firm  shell  and  accordingly  denominated  "spores."  The 
enclosed  young  forms  may  be  single  or  manifold,  and  in 
special  cases  the  cyst  wall  may  be  lacking.  These  young 
forms  always  start  the  life  cycle  as  cell  parasites,  and  in 
all  but  rare  cases  alternation  of  generations  appears  in 
the  course  of  the  life  histoi-y.  All  forms  are  true  jiara- 
sites,  and  all  subsist  only  on  fluid  nourishment  obtained 
by  osmosis. 

The  class  was  made  by  Leuckart  in  1879,  when  he 
brought  together  under  the  heading  Sporozoa  the  imper- 
fectly known  and  somewhat  isolated  groups  of  gregarines 
(Gregarinida),  the  psorosperm  sacs  of  Jliiller  (jMyxospo- 
ridia),  tlie  oval  or  spherical  psoiosperms  of  Eimer  (coc- 
cidia),  and  Raine_y's  or  Miescher's  corpuscles  (Sarcospo- 
ridia).  Later  investigators  Jiave  added  the  Jlicrospoildia, 
Amo'bosporidia,  and  Hiemosjjoridia,  and  have  been  able 
to  fill  up  the  gaps  in  the  knowledge  of  the  older  groups, 
so  that  the  association  of  these  forms  stands  on  a  much 
clearer  and  firmer  basis.  This  is  especially  true  by  virtue 
of  the  recent  discoveries  concerning  the  life  cycles  of  va- 
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rioiis  forms  which  have  revealed  aa  entirely  imsuspecled 
complexity  and  interrelation  of  the  development  with 
the  parasitic  habit. 

In  the  majority  of  eases  two  types  of  reprod\iction 
alternate  in  the  life  history  of  the  organism,  and  this 
alternation  is  associated  with  different  factors  in  the 
biology  of  the  parasite.  The  first  type  subserves  the 
rapid  multiplication  of  the  parasite  within  the  host,  and 
is  appropriately  designated  by  Dotlein  multiplicative 
reproduction;  when  highly  developed  it  will  evidently 
transform  an  organism  hannless  because  insignificant 
into  an  abundant  destroyer  of  tissue  and  the  exciter  of 
disea.se.  This  may  be  ob-scrved  again  and  again  in  the 
account  of  this  group.  The  other  type  of  reproduction 
is  connected  with  the  spread  of  the  species,  the  infection 
of  new  hosts,  and  may  be  denoted  after  Doflein  the  prop- 
agative  reproduction.  Spore  formation  is  here  asso 
ciated  with  all  sorts  of  secondary  or  collateral  structures 
which  a.ssist  in  the  transport  of  the  spores,  their  protec- 
tion during  this  period,  and  their  attiiinment  of  the  new 
host.  The  morphology  of  the  propagative  reproduction 
constitutes  the  means  of  characterizing  the  major  sub 
divisions  of  the  Sporozoa ;  the  multiplicative  reproduc- 
tion varies  often  widely  among  closely  related  forms. 

The  two  sub-classes,  Telosporidia  and  Neosporidia,  are 
distinguished  by  the  fact  that  the  former  produces  spore's 
only  at  the  close  of  the  vegetative  period,  while  the  latter 
do  so  during  the  entire  period.  For  the  identification  of 
a  sporozoon  a  vegetative  stage  is  rar<'ly  sutlicient;  the 
form  and  number  of  the  spores  produced  liuring  the  prop- 
agative period  of  reproduction  are  characteristic. 

In  the  sub-class  Telosporidia  one  may  distingni.sh  two 
orders  on  the  basis  of  the  habit  of  the  i)iirasites  and  the 
mode  of  fertilization  wliicli  prevails.  Thus  in  the  Coc- 
cidiomorpha  the  vegetative  stage  is  permanently  intra- 
cellular, while  the  sexual  generation  may  be  so  only 
transiently.  The  fertilization  is  ani.sogainous,  i.e.,  the 
fusion  of  differently  formed  gametes.  In  the  Gregarin 
ida  on  the  other  baud,  the  vegetative  stage  is  intracel- 
lular only  at  the  start,  as  the  adult  organism  is  extracel- 
lular and  the  sexual  generation  also.  The  fertilization  is 
isogamous,  i.e.,  the  fusion  of  equal  and  similar  gametes. 
Under  the  order  of  the  Coccidiomorpha  are  included 
forms  which  until  recently  have  been  treated  as  nmch 
more  distinct.  But  more  careful  study,  particularly  of 
the  life  history,  has  shown  an  increasing  degree  of  like- 
ness until  they  are  now  included  in  the  same  order,  and 
mutally  opposed  to  the  Gregariuida  in  the  specilie  cell 
parasitism,  and  in  a  similar  alternation  of  generations  and 
of  hosts  in  addition  to  the  featin-cs  pointed  out  in  the  out- 
line of  the  system  given  above.  The  features  which  serve 
to  distinguish  the  two  sulj-orders  of  the  Coccidiomorpha 
are  these:  The  Coccidia  jiroduce  sporozoites  encased  in 
sporocysts,  with  the  exception  of  Leijerelhi.  the  copula  is 
non-motileand  remainsin  the  cell.  In  the  Ilifinosporidia 
the  sporozoites  are  alwaj'S  free,  the  copula  is  an  active 
ookinet,  and  migrates  to  a  new  location  before  undergo- 
ing further  development. 

The  adult  Coccidia  occur  as  parasites  in  epithelial 
cells,  particularly  of  the  alimentary  canal  and  its  aduexa, 
though  the  excretory  organs,  the  male  sexual  organs,  and 
most  recently  the  spleen  are  also  reported  as  affected. 
While  the  protoplasm  of  the  host  cell  is  ordinarily  the 
seat  of  the  parasite,  there  are  not  wanting  such  as  occur 
in  the  nucleus  itself.  (Jnly  rarely  is  more  than  a  single 
parasite  found  in  an  epithelial  cell. 

In  form  the  Coccidia  are  uniform  and  constant,  being 
spherical,  oval,  or  elliptical,  and  without  organs  of  loco 
motion  of  any  sort  or  organs  of  attachment.  Their  size 
is  regularly  insignificant.  A  noteworthy  characteristic  is 
the  absence  of  differentiation  into  ectoplasnt  and  endo- 
pla.sm.  The  plasma  of  the  cell  is  finely  granular,  alveo- 
lar, and  without  reserve  bodies  or  food  vacuoles.  The 
nucleus  is  large,  vesicular,  and  characterized  by  a  single 
prominent  central  nucleohis.  No  contractile  vacuole  is 
present,  and  no  further  structural  differentiations  can  be 
noted.  The  cell  and  nucleus  increase  gradually  in  size 
at  the  expense  of  the  host  cell,  which  ultimately  in  most 


cases  degenerates  to  a  mere  empty  membrane  encircling 
the  coccidium. 

The  nucleus  of  the  now  full-grown  parasite  undergoes 
inultiple  division,  the  protoplasm  arranges  itself  iii  in' 
dividual  masses  about  the  many  daughter  nuclei,  and 
there  results  a  stage  in  which  a  rosette  of  young  forms 
(Fig.  5176)  encircles  a  central  portion  of  protoplasm, 
known  as  the  reliquary  body  or  residual  nui.ss.  This  is 
without  nuclear  matter  and  destined  to  play  no  further 
part.  It  is  left  behind,  and  perishes  when  the  young 
forms  wander  out  to  infect  new  epithelial  cells  of  the 
same  host,  and  repeat  the  process  just  sketclicd.  This 
is  evidently  the  multiplicative  reproduction  already  re- 
ferred to.  It  serves  to  effect  the  auto-infection  of  the 
host,  and  is  generally  known  as  the  period  of  asexual 
reproduction  or  schizogony.  The  cell  parasites  which 
itndergo  these  changes  are  schizonts,  while  the  young 
forms  are  denominated  merozoites.  The  merozoites  ai-e 
capable  of  active  movements  by  contraction  and  twist- 
ings,  or  with  a  gliding  movement,  in  which  a  trail  of 
mucus  is  left  behind.  The  growth  of  merozoites  to 
schizonts  in  the  epithelial  cells,  the  production  of  new 
merozoites,  and  the  infection  of  new  cells  proceed  often 
with  considerable  rapidity,  but  only  w-ithin  certain  limits, 
for  a  new  type  of  reproduction  intervenes. 

In  this  which  regularly  begins  under  the  pressure  of 
excessive  infection  of  tlie  host,  the  merozoites  develop 
not  to  schizonts,  but  to  forms  of  two  sorts,  which  at  first 
sight  are  very  similar  to  schizonts, 
and  but  little  different  from  each 
other.  The  one  form  is  opaque  with 
a  richly  granular  plasma ;  the  other 
has  a  clear  b\it  dense  plasma.  The 
opaque  form  is  the  female  gamete,  or 
macrogametc,  and  attains  matiu'ity 
by  the  rejection  of  a  portion  of  its 
nuclear  substance.  The  clear  cell, 
known  as  a  microgametocyte,  under- 
goes inultiple  nuclear  division.  The 
many  nuclei  produced  then  migrate 
to  the  surface,  each  collects  a  small 
part  of  the  plasma  about  itself,  and 
projects  as  an  elongated  spindle- 
shaped  structure,  the  inicrogamete 
or  male  cell,  which  becomes  free, 
forms  two  flagella,  and  enters  upon  active  locomotion. 
The  major  portion  of  the  microgametocyte  is  alian 
doned,  and  subserves  no  further  function. 

The  microgametes  swarm  about  the  macrogametes,  and 
as  soon  as  one  has  succeeded  in  entering,  the  macroga 
mete  forms  at  once  a  firm  membrane,  which  forbids  en- 
trance to  other  microgametes.  The  two  nuclei  unite  and 
the  act  of  fertilization  is  completed.  The  product  is 
known  as  an  oocyst,  coptda.  or  sporont,  and  forms  the 
starting-point  of  a  new  period  in  the  life  cycle,  which  is 
that  previously  designated  as  the  propagative  reproduc- 
tion. It  is  also  known  as  the  sexual  spore-forming 
period,  or  sporogony,  and  in  most  coccidia  takes  place 


Fig.  3176.  —  Eimr.ria 
S  tie  dee.  Adult 
Schizdnt  Completely 
Divided  into  Mero- 
zoites. Cyst  foniied 
of  degenerated  host 
cell  is  not  repre- 
sented. MaRnilled. 
(After  Simond.) 


Fig.  ar,l.—Elmcria  hominis,  Sporogony.  o,  b.  Oocyst;  c,  spoio- 
Wasts  with  residual  mass ;  il,  sporocysts  with  contained  sporozoites. 
Magnified.     iFrom  Braun  after  Eiek.) 

outside  of  the  host,  after  the  oocyst  has  been  evacuated 
in  faeces  or  urine.  The  steps  in  the  process  of  sporogony 
may  be  outlined  next  in  general  terms  (Fig.  5177). 

The  nucleus  of  the  oocyst  (ii)  divides  twice,  and  about 
the  four  daughter  nuclei  the  protoplasm  separates  into 
four  pans  known  as  sporobhists  (4),  and  sometimes  also 
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a  residual  mass  of  protoplasm  (c).  Each  of  these  sporo- 
blasts  surrounds  itself  with  a  firm  membrane  and  becomes 
a  S|)orocyst  (rf),  while  later  within  each  sporocyst  after 
nuclear  division  two  sporozoites  are  formed  and  a  residual 
mass  of  protoplasm  is  left  unused.  The  sporozoites  are 
characteristically  sickle-shaped  or  crescentic,  and  aban- 
don the  sporocyst  when  this  reaches  the  alimentary  canal 
of  the  new  host,  and  is  opened  by  the  action  of  the  ali- 
mentary secretions.  The  entrance  of  tlie  sporozoites  into 
the  epithelial  cells  and  their  growth  to  schizonts  com- 
pletes the  life  cycle. 

This  typical  course  of  development  is  well  represented 
by  the  "tabular  outline  given  by  Llihe  and  reproduced 
here.  The  stages  connected  by  a  single  vertical  line  (  |  ) 
are  successive  generations  in  the  life  cycle;  those  con- 
nected by  the  sign  of  equality  (=)  are  produced  by 
growth  or  metamorphosis  within  the  single  generation. 

Development 


is  not  in  the  interest  of  precision,  and  may  evidently  lead 
to  serious  misunderstanding.  Henceforth  the  name  coc- 
cidia  can  be  used  on!}'  in  the  more  general  sense. 

The  genus  Eimeria  is  the  best  known  of  all.  Its  most 
important  characteristic  is  the  formation  in  each  oocyst 
of  four  sporocj'sts,  each  with  two  sporozoites.  A  resid- 
ual mass  of  protoplasm  is  always  present  in  the  sporo- 
cyst with  the  sporozoites,  and  a  similar  residual  mass  is 
sometimes  formed  in  the  oocyst  with  the  growth  of  the 
sporoblasts.  Of  the  many  species  assigned  to  this  genus, 
the  most  important  and  better  known  forms  which  are 
pathologic  to  man  and  some  domestic  aniiuals  are  in- 
cluded in  the  following  key: 

1.  Oocyst  with  residual  mass 3 

1.  Oocyst  without  residual  mass 3 

2.  Oocyst  oval,  33-49 ,u  by  16-28 /J;  sporocyst  spindle- 
shaped  (rabbit,  man) E.  StiedM  (Lind.) 

OF   Eimeria. 


Schizogony 
(oft  repeated). 


Sporozoite  =  Schizont. 


Merozoite  =  Sohizont. 


Merozoite  =  Schizont. 


Merozoite  =  Schizont      Merozoite  =  +  Macro-    Merozoite  =  o  Micro-    Merozoite  =  +  Macro-  Merozoite  =  o  Micro-     Merozoite 
I  gametocyte.  Kametocyte.  gametocyte.  gametocyte. 

=  ?  Macrogamete.  ±         \  —°  Mat  rogamete, 


:  Schizont 


(Schizogony  soon 
ceasing) . 


Mlcrogamete. 


o  Microgamete. 


Sporogony. 


Copula  =  Sporont  (Oocyst). 

I 
Sporoblast  =  Sporocyst. 

Sporozoite  =  Schizont. 


etc. 

(Schizogony  soon 

ceasing). 


This  general  plan  of  development  is  modified  in  the 
individual  species  in  various  manner.  The  most  striking 
modification  is  a  simplification  by  suppression  of  the  en- 
tire schizogonic  cjxle,  so  that  the  macrogametes  and  mi- 
ciogametocytes  arise  directly  from  the  sporozoites  which 
have  penetrated  epithelial  cells. 

The  coccidia  parasitize  almost  all  groups  of  the  animal 
kingdom,  and  are  distributed  over  the  entire  world,  al- 
though, as  might  be  expected,  the  majority  of  reports 
thus  far  made  concerning  their  presence  come  from  Euro- 
pean countries. 

For  the  subdivision  of  the  group  Leger's  proposal  to 
use  the  number  and  form  of  the  sporocysts  and  of  the 
sporozoites  has  been  generally  adopted.  The  adjoined 
table  gives  a  review  of  the  common  genera  arranged  ac- 
cording to  Leger's  scheme. 


2.  Oocyst  spherical  or  cylindrical,  15-33  /;  by  11-17  fi ; 
sporocyst  oval  (mouse) E.  falciformis  (Schuberg) 

3.  Simple  forms.  Oocyst  oval  to  cylindrical,  24-3.5  n 
by  13-20  /i E.  hominis  (Ri v.) 

3.  Twin  forms E.  bigemina  (Stiles) 

Eimeria  Stiedm  (Lindemann  1865).— (Syn. :  Monocystu 
Sliecitv-  Lindemann  1865;  Psorospermium.  eunicnli  Rivolta 
1878;  Coceidium  omfarme  Leuckart  1879;  ('.  cunieuli 
Raillet  1893;  Pfeifferia  princfps  Labbe  189G;  Pftifferella 
princeps  Labbe"l899.     Eimeria  aniiculi  Llihe  1903.) 

All  stages  are  known.  Oocyst  (Fig.  5178)  in  the  liver 
of  rabbit,  oval  0.033-0.049  mm.  long,  0.016-0.028  mm. 
broad.  Cyst  wall  heavy,  smooth,  with  opening  at  one 
■  pole.  The  coarsely  granular  protoplasm  complete!)-  fills 
the  cyst,  but  later  contracts  to  a  spherical  mass  at  the 
centre  (0.017  mm.  in  diameter).     Spore  formation  outside 


i' 


Ripe  oocyst  conlaius . 


Numerous  sporozoites . 


Eight  sporozoites  . 


No  sporocysts. 

ASPOROcysTiDEA Legerella. 

(  One  sporozoite Barroussia. 

Manv  sDorocvsts  each  with  i  '^^"  sporozoites Adelea. 

Pni  Ys?ORnr?^TVn^A    1  Three  sporozoites Eucoccldium. 

POLisPOROCisTmEA.  y  Four  sporozoites Klossia. 

Two  sporocysts  each  with  four  sporozoites. 

DiSPOROCYSTiDEA Isospora. 

Four  sporocysts  each  with  two  sporozoites. 

I,        Tetrasporocystidea Eimeria. 

Four  sporozoites Two  sporoc.vsts  eacli  with  two  sporozoites Cyclospora. 


Some  confusion  has  prevailed  regarding  the  correct 
names  of  the  various  genera.  The  original  cause  of  this 
difliculty  rests  on  the  fact  that  the  two  pliases  of  the  life 
cycle,  schizogony  and  sjiorogony,  were  discovered  and 
named  separately,  and  that  their  relaticins  as  parts  of  tlie 
development  of  a  single  species  did  not  become  known 
until  a  much  later  date.  All  of  tiie  human  parasites  thus 
far  recorded  from  this  group  fall  within  the  limits  of  a 
genus  named  Coceidium  by  R.  Leuckart  in  1879,  and  this 
name  has  been  generally  incorporated  into  w<irks  on  the 
subject.  At  a  very  recent  date,  however.  Stiles  and 
Li'ihe  have  independently  called  attention  to  the  fact  that 
the  name  Eimeria,  intniduced  in  1875  by  Aime  Schneider, 
has  the  right  of  priority,  and  must  replace  the  more  com- 
mon form  according  to  laws  of  zoological  nomenclature. 
This  is  really  fortunate  from  the  general  standpoint  since 
the  name  coccidia  has  been  very  generally  used  for  the 
entire  group  as  well  as  heretofore  for  the  genus;  yet  this 


the  host  requires  two  to  three  weeks.  The  entire  sphere 
divides  into  four  sporocysts  each  with  a  thick  covering 
and  with  a  length  of 
0.013  to  0.01.5"  mm. 
and  a  breadth  of  0.007 
mm.  Two  comma- 
shaped  sporozoites 
are  formed  in  each 
sporoc3'st,  and  a 
granular  residual 
luass  of  protoplasm 
lies  in  the  hollow  be- 
tween their  enhirged 
ends  (Fig.  5179).  the 
sporozoites  are  set 
free  by  gastric  diges- 
tion. They  ascend 
the  gall  ducts,  pene- 


I'Ki.  5178.— Eimcn'a  Stitdir,  Sporogony 
from  Liver  of  Ual)bit.  a.  Young  oocyst; 
h,  same  with  prol4:)pIasm  contracted  pre- 
paratory to  division;  c,  saun-  (]i\'iiled 
into  four  sporocytes.  eacli  couiaining 
two  sporozoites  which  liave  already 
developed.  Magnified,  (a,  b,  after 
Leuckart ;  c,  after  Simond.) 
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trate  the  epitlielial  cells,  and  ivhen  fully  grown  measure 
0.02-0.05  mm.  in  lengtli  by  0.02-0.039  mm.  breadth. 
They  divide  into  from  30  to  200  merozoites  (Fij;.  .517(j) 
which  spread  the  infection. 
Ultimately  the  formation  of 
macro-  and  microgametes 
leads  to  the  fertilized  spo- 
ront  stage,  tlie  oocy.st. 

This  species  is  an  abund- 
ant parasite  of  the  rabbit,  iu 
whicli  it  parasitizes  in  the 
epithelium  of  gall  ducts  and 
liver.  According  to  the  de- 
gree of  infection  sooner  or 
later  inflammation  and  pro- 
liferation of  the  epithelium 
lead  to  the  formation  of 
nodules  of  caseous  matter, 
containing  amid  various 
remnants  eoccidia  in  all 
stages  of  development.  These  conditions  may  lead  to 
severe  sickness  or  even  to  the  death  of  the  host;  in  other 
cases  the  animal  recovers  as  the  process  of  schizogony 
appears  to  have  distinct  self-limitations.  The  infection 
is  spread  by  the  contamination  of  food  with  spore-in- 
fected faeces. 

Several  cases  of  human  infection  are  on  record.     Evi- 
dently conditions  favor  such  infection  only  rarely.     To 


Fig.  5179.— Eimeria StieiJm.    <i, 

b,  Sporocysts  each  with  two 
sporozoites  and  residual  rna.s.^; 

c,  a  single  sporozoite.  Hiphlv 
magnlBed.  (From  Railliet, 
after  Balbiani.) 


Fig.  5180.— Bi/ncna  hiocmota^  Sporogony.  a,  h,  c.  Division  Into 
two  masses ;  (U  e,  fonnation  of  sporoblasts  with  residual  muss. 
Highly  inagniBed.    (After  Stiles.) 

the  four  positive  cases  cited  b}-  Leucltart,  all  in  Germany 
and  Austria,  Silcock  has  added  another  from  London. 
A  number  of  doubtful  cases  are  also  included  here  by 
some  authorities.  The  observations  of  Thomas  in  Bos- 
ton, according  to  which  this  species  was  found  in  a  small 
cerebi'al  tumor  surrounded  by  bone  tissue,  has  little  to 
support  the  diagnosis  in  view  of  the  normal  condition  of 
the  liver  and  intestine,  and  has  been  universally  ques- 
tioned by  reviewers.  In  any  event  the  supposed  eoccidia 
cannot  belong  to  this  species,  or  any  other  yet  reported 
from  man,  on  account  of  their  size  (0.014-0.022  mm.  in 
length).  They  correspond,  however,  in  size  nearly  to 
the  eoccidia  reported  by  Stiles  from  sheep  which  belong 
to  a  species  as  yet  unriamed.  More  probably  they  are 
not  eoccidia  at  all. 

Eimeria  hominis  (Viiv.  1878),  nee.  R.  Blanchard  1895.— 
[Syn. :  Cytospennium  hominis  Rivolta  1878;  Coccidinm 
pc(/o?v( ns' R.  Leuckart  1879;  C.  hominis  Railliet  1893; 
Pfeifferella  princepn  (Labbe  1899)  in  part.] 

Oocyst  (Fig.  5177)  0.024-0.026,  or  even  0.035  mm.  long 
by  0.0128-0.014  or  even  0.02  mm.  broad,  plumper  than 
those  of  E.  Stieikr,  from  whicli  also  they  differ  in  the 
constant  presence  in  sporiilation  of  a  residual  mass  of 
protoplasm  that  is  said  to  be  constantly  absent  in  the 
latter  species.  (Compare  Figs.  5177  and  5178.)  Here 
also  only  three  to  four  days  are  necessary  to  bring  the 
division  of  the  contents  of  the  oocyst  into  sporoblasts 
(sporocysts). 

This  species,  which  is  so  closely  related  to  E.  Stiedm 
that  many  authors  regard  them  as  identical,  parasitizes 
iu  the  intestinal  epithelium  of  the  rabbit,  where  it  evokes 
serious,  often  fatal  epidemics.  Railliet  and  Lucet  have 
demonstrated  that  infection  takes  place  by  the  ingestion 


of  ripe  spores,  and  rapid  schizogony  brings  about  in  a 
few  daj'S  serious  auto-infection  involving  the  epithelium 
and  Lieberkilhn's  glands  so  as  to  occlude  the  latter.  The 
torms  found  in  horse,  goat,  cattle,  sheep,  pig,  and  other 
wild  species  are  usually  regarded  as  varieties,  but  the 
considerable  differences  iu  form  and  size  make  it  more 
probable  that  some  at  least  represent  distinct  species. 

Eimer  found  in  two  bodies  examined  in  Berlin  the  epi- 
thelium of  the  intestine  tilled  with  eoccidia.  and  even  in 
large  part  destroyed  by  them.  These  are  probably  refer- 
able to  this  species.  Other  authors  have  reported  the 
discovery  of  eoccidia  in  human  fsces  at  various  times 
without  furnishing  data  for  the  determination  of  the 
species  concerned. 

Eimeria  bigeniina  (Stiles  1891). — (Syn.  :  Ct/tospermium 
riUorum  intestinulium  cams  et  felis  Rivolta  1874 ;  Cocci- 
ilium  bifjeminum  Stiles  1891.) 

Oocyst  (Fig.  5180)0.012-0.015  mm.  by  0.007-0.01  mm. 
(in  dog),  or  0.008-0.01  mm.  by  0.007-0.009  mm.  (in  cat), 
or  0.008-0.012  by  0.006-0.008  mm.  (in  polecat).  The 
oocyst  divides  into  two  parts,  each  of  whicii  enc3'sts  and 
forms  four  sporocysts.  The  oocysts  occur  not  in' the  epi- 
thelium, but  in  the  central  tissue  of  intestinal  villi  (Fig. 
5181). 

The  species  was  first  seen  as  early  as  1854  by  Fink, 
who,  however,  misinterpreted  the  character  of  the  ob- 
jects. It  has  often  been  confused  with  E.  hominis,  from 
which  the  above  characteristics  easily  distinguish  it.  A 
case  of  human  infection,  published  by  Virchow  in  1860, 
and  another  by  Grnnow  in  1901,  ver}'  probably  belong 
here.  The  description  given  by  Hailliet  and  Lucet  of 
eoccidia  discovered  in  the  faeces  of  a  mother  and  child 
who  had  long  suffered  fi'om  chronic  diarrhoea  corresponds 
well  with  this  species  in  the  small  size  of  the  bodies 
found,  and  is  also  probably  referable  to  it.  The  form  is 
evidently  onlj'  an  occasional  parasite  of  man,  and  infec- 
tion probably  results  from  lack  of  cleanliness  or  too  inti- 
mate association  with  pet  dogs  or  cats.  It  maj'  be  that 
the  forms  discussed  as  varieties  from  different  hosts 
actually  represent  different  species.  Stiles  has  found 
this  species  in  dogs  killed  in  Washington,  D.  C. 

It  is  not  surprising  in  view  of  the  imperfect  acquaint- 
ance with  this  group  that  all  sorts  of  questionable  struct- 
ures should  be  referred  to  it.  They  are  all  such  as  have 
been  reported  from  man  usually  in  connection  with  some 
abnormal  condition,  and  frequently  also  on  the  basis  of  a 
single  occurrence.  In  most  cases  only  scanty  data  are 
given  concerning  the  supposed  eoccidia.  and  even  of  the 
best  known  of  these  problematic  structures  too  little  can 
be  .said  to  determine  their  true  nature  or  position  in  the 
zoological  scheme.  It  is  best  to  call  attention  to  certain 
of  these  cases  briefly,  in  order  that  if  possible  further  data 
should  be  accumulated  to  elucidate 
their  real  character.  Perhaps  the 
most  sporozoon-like  of  all  are  bodies 
described  by  Rixford  and  Gilchrist 
from  two  eases  studied  at  the  Johns 
Hopkins  Hospital  in  1897;  their 
characters  so  far  as  known  do  not 
easily  permit  of  their  classification 
in  the  eoccidia  (s.  str.). 

Coetidioides  immitis  Rixford  and 
Gilchrist  1897. — (Syn. :  C.  pyuyenei 
Rixford  and  Gilchrist  1897.) 

L'nicellular  spherical  bodies  from 
0.007  to  0.035  mm.  in  diameter.* 
So-called  capsule  thick,  doubly 
contoured,  enclosing  a  linely  granu- 
lar jirotoplasm  with  a  clear  zone 
[ectosarc?].  0.002-0.003  ram.  wide, 
between  capsule  [pellicle'?]  and  con- 
tents. No  vacuoles  seen ;  nucleus  not  demonstrated. 
Position  of  parasites  usually  intracellular,  sometimes, 
however,   extracellular.    Sporozoites    [merozoites?]  ap- 

*The  authors  give  the  size  of  the  adult  (p.  229)  as  15  to  27  n; 
again  in  the  diagnosis  (p.  243)  as  IB  to  30  v-.  and  anally  in  their  sum- 
mary (p.  246)  as  T  to  2"  »i.  In  the  second  case  the  parasites  are  given 
as  20  to  35  /x  in  diameter. 


5ttat4 


Fig.  5181.  —  £i»K?ria 
tiigcmino  in  Trans- 
section  of  Villus 
from  Intestine  of 
Dog.  Highly  mag- 
nlfied.  (After 
Stiles.) 
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proximately  one  hundred  in  a  capsule,  0.001-0.003  mm. 
long. 

Found  primarily  (?)  in  the  skin,  later  generally 
throughout  internal  organs al.so.  Reported  from  Califor- 
nia and  Buenos  Ayres.  All  cases  I'eported  concern  males 
of  thirty  to  forty  years  of  age. 

In  the  lirst  case  the  disease  first  appeared  on  the  ImeU 
of  the  neck  and  spread  very  slowly,  causing  death  in 


Fis.  5183.— Developmeut  of  Plasmodium  inunaculatum.  A,  E, 
G,  K,  Scliizoeony  in  human  blood ;  F',  L,  formation  of  gametes 
and  fusion  of  same ;  M,  .S,  T,  .sporogony  In  mosquito.  Somewhat 
diagrammatic.  For  further  details  see  text.   (After  Neveu-Lemaire.) 

about  ten  3'ears.  It  was  only  very  slightly  contagious, 
if  at  all,  as  beyond  the  oi-iginal  sores  new  lesions  appeared 
only  in  two  spots  on  the  patient's  body,  and  none  of  those 
wiio  came  in  contact  with  him  are  known  to  have  become 
infected.  Some  inoculation  experiments  were  successful, 
bnt  no  cultures.  Tbe  cutaneous  lesions  resembled  tuber- 
culosis cutis  in  character,  being  the  .seat  of  genuine  case- 
ation or  coagidative  necrosis.  Both  to  the  naked  eye 
and  microscopically  the  nodules  were  indistinguishable 
from  tubercles  save  that  tlie_y  contained  the  protozoa  and 
did  not  contain  tubeicle  bacilli.  In  the  opinion  of  the 
discoverers  this  seems  to  indicate  the  power  to  produce 
to.\ic  pi'oducts  w-hich  possess  pyogenic  properties,  caus- 
ing both  the  local  lesions  and  general  symjjtoms.  From 
the  fact  that  the  whole  alimentary  canai  and  mesenteric 
glands  remained  normal  throughout  the  cour.se  of  the 
disease,  the  authors  exclude  the  supposition  that  the 
parasites  entered  the  system  throiigli  the  digestive  tract. 
The  parasites  were  particularly  abundant  in  tbe  caseous 
foci,  and  occurred  in  far  greater  numliers  in  the  lesions 
of  the  internal  organs  than  in  the  cutaneous  lesions. 
Often  these  pai'asites  were  found  in  multitudes  in  giant 
cells.  They  were  searched  for  in  vain  only  in  the  mem- 
branes and  substance  of  the  braiu. 


Anotlier  case  was  reported  by  the  same  autliors,  and 
like  the  first  occni-red  in  a  native  of  the  Azores,  who  had 
been  resident  in  California  for  a  numl)er  of  j'ears.  The 
disease  was  acute  latlier  tliaii  chronic  as  in  the  first;  and 
was  very  destructive  as  the  patient  lost  both  eyes,  the 
nose,  and  mucli  of  tlie  lip,  and  one  ear  iu  the  course  of 
three  months.  According  to  the  authoi's  the  pai'asite 
was  a  different  species,  but  the  distinctions  ai'O  insulli- 
eient  to  warrant  a  separation  of  the  two  iu  our  present 
state  of  knowledge.  The  authors  identify  with  their 
cases  a  third,  reported  by  AVernicke  in  1893  from  Buenos 
Ayres.  Wernicke  gave  only  an  incomplete  descri])ti<in 
of  the  parasite,  and  regarded  the  cutaneous  affection  as  a 
mycosis  fungoides.  The  protozoa  he  found  measuied 
from  7  to  30  ^u  in  diameter. 

There  ai'e  other  reports  of  less  definiteness  than  those 
just  considered,  and  some  of  the  questionable  structures 
noted  therein  have  found  an  explanation  witliin  recent 
times.  Thus  the  psorospermcysts  of  Lnbai'seh  and  Rili- 
bei't.  which  were  supijosed  to  jilay  a  part  in  diseases  of 
the  ui-iuiiry  passages,  are  in  reality  metamorphosed  ne.sts 
of  epithelial  cells  normally  fomid  in  the  urethi'a.  The 
structui'es  found  by  Kiinstler  and  Pitres  in  pleural  exu- 
date and  interpi'eted  by  Blauchard  as  a  sporozoon, 
Eimeria  Jwiiiinis  R.  Blanchard  1S9.5,  I  have  preferred  to 
interpret  as  Ec/ii>wr/iyiif/ius  eggs  {(f.  Keniiitnda,  page 
335).  Jlore  uncertain  still  are  Severi's  "monoey.stic  gre- 
garines"  from  the  lung  parenchym  of  a  stillborn  child. 
They  are  described  as  oval  iu  form,  exceedingly  variable 
in  size  (0.003-0.03  by  0.001.5-0.01.5  mm.),  covcied  by  a 
thin  membrane,  and  either  free  or  in  epithelial  cells;  it  is 
difficult  to  interpret  them  iu  any  .satisfactory  manner. 
Some  of  these  doubtful  structui-es  are  discussed  as  ap- 
pendices to  the  next  suborder,  the  Ha;mosporidia,  to 
which  they  show  a  certain  similarity. 

An  error  of  the  reverse  type  is  that  frequently  made  in 
the  past  of  diagnosing  eggs  of  parasites  as  coccidia. 
Thus  nematode  eggs  have  once  been  repoi'ted  as  coccidia, 
and  eggs  of  trematodes  many  times.  Were  it  not  for  the 
exti'emely  small  size  of  the  structures  described,  the  case 
of  J.  .J.  Thomas,  noted  above,  concerning  coccidia  in  a 
brain  tumor  would  find  its  easy  explanation  iu  this  same 
manner. 

The  Ha'mosporidia,  like  the  Coccidia,  are  characteiis- 
tic  cell  parasites.  The  period  of  schizogony  or  multipli- 
cative reproduction  is  pas.sed  in  the  blood  cells,  and  only 
very  exceptionally  in  the  cells  of  other  organs.  These 
stages  have  long  been  known,  and  with  them  a  few  pie- 
paratory  stages  to  the  sporogonic  cycle,  although  the  lat- 
ter have  been  entirely  incorrectly  intei-preted  as  degene- 
rative changes,  etc.  So  far  as  is  known  this  sporogonic 
cycle  takes  place  only  in  the  body  of  another  host;  and 
for  the  Htcmospoi-idia  of  manuuals  and  birds  this  host  is  a 
blood-sucking  insect  in  which  the  process  of  sporogouy 
is  carried  out  in  the  wall  of  the  alimentary  canal,  and  the 
sporozoites  collect  iu  the  salivaiy  glands,  whence  they 
are  injected  by  the  act  of  biting  into  a  new  host  to  start 
anew  the  schizogonic  cycle.  The  close  relationship  of 
these  forms  to  coccidia  is  evident  from  a  study  of  the  life 
history,  as  Doflein  indicates  most  aptly  iu  calling  tiiem 
coccidia  adapted  to  paiasitism  in  the  blood  .system. 

The  life  history  may  be  outlined  fi'om  that  of  the  a'Sti- 
vo-autumnal  pai-asite  (Fig.  5183).  The  earliest  stage  of 
the  parasite  which  occurs  in  the  erythrocytes  is  a  minute 
amceboid  body  (A)  which  increases  rapidly  in  size,  mani- 
festing consideralile  amo'boidactivity  (L'-E).  In  connec- 
tion with  the  growth  of  the  organism  particles  of  a  black 
pigment  matter,  named  melanin,  are  stored  up  iu  its  pro- 
toplasm (F,  G).  The  nucleus  of  the  parasite,  at  first  sin- 
gle, begins  to  divide  rapidly  when  the  organism  has 
reached  its  maximum  size  and"  the  daughter  nuclei  collect 
about  the  lim  of  the  organism  (11).  Radial  linesof  divis- 
ion appear  in  the  protoplasm  (7),  and  the  whole  falls  into 
a  group  of  young  germs  or  merozoites  (K)  about  a  cen- 
tral residual  mass  of  pi'otoiilasm  loaded  with  the  pigment 
alread_y  refei'red  tf).  The  merozoites  infect  new  blood 
cells,  and  the  process  of  schizogony  is  repeated  until  con- 
ditions, as  yet  unknown,  bring  in  a  new  set  of  changes, 


540 


REFERENCE  HANDBOOK   OF  THE   JIEDICAL  SCIENCES. 


Protozoa. 
Protozoa, 


the  starting-point  of  another  cycle,  the  sexual  phase,  or 
sporogon}-. 

The  merozoites  develop  to  individuals  differently 
formed  from  the  sehizontsaud  of  two  sorts,  the  one  finely 
granului'  and  o|)aque  (0').  the  other  hyaline  in  appear- 
ance with  a  few  conspicuous  pigment  granules  (Cr  ). 
These  forms  are  shaped  like  a  beau  in  the  species  >mder 
consideration,  and  are  those  previoush-  designated  as 
half moon  or  crescentic  bodies.  When  fun_v  grown  they 
deseil  the  corpuscle  {H ,  IT)  assume  a  splicrical  form 
(7,  /").  The  macrogamete  extrudes  a  portion  of  the  nu- 
clear substance  (A"  )  and  is  mature.  The  nucleus  of  the 
microgainelocyte  divides,  the  parts  migrate  to  the  sur- 
face and  form  microgametes  by  a  small  accunuilation  of 
plasma  about  each  (A"),  leaving  a  large  central  residual 
mass.  These  two  gametes  copulate,  their  nuclei  fuse, 
and  the  prod\ict  (M)  is  the  starting-point  of  the  sporogonic 
cycle,  the  siioront. 
"  The  changes  leading  to  the  perfection  of  the  sexual 
cells  take  ]ilace  only  after  the  blood  has  been  drawn  into 
the  stomach  of  the  new  host,  the  blood-sucking  insect. 
Abnormal  stimuli  may,  however,  bring  about  some  of 
the  changes,  as  in  cultures  of  malarial  blood.  The  copu- 
la acquires  an  ama'boid  form  (A)  necessary  for  its  attain- 
ment of  a  location  within  the  tissue  of  the  new  host.- 
This  motile  stage,  which  has  been  denominated  t-he 
ookinet,  is  a  gregarine-like  organism,  and  penetrates  an 
einthelial  cell,  where  it  transforms  itself  into  an  immo- 
bile splicrical  oocyst  (0).  After  nuclear  division  there 
are  formed  in  the  oocyst  numerous  sjioroblasts  (P,  Q). 
■which,  however,  never  acquire  a  heavy  membrane,  i.i., 
never  become  sporocysts  as  in  the  coccidia.  Each  sporo- 
blast  gives  ri.se  to  a  large  nundjer  of  sporozoites  (/i,  *'), 
which  are  set  free  into  the  body  cavity  of  the  insect  host 
by  the  ru|iture  of  the  wall  of  the  oocyst.  They  collect 
as  the  residt  of  an  evident  chemotactic  influence  in  the 
salivary  gland,  and  are  injected  into  a  new  host  when 
the  insect  bites.  There  they  enter  the  erythrocytes  and 
the  life  cy<'le  begins  anew. 

Tlie  (irganisms  included  in  this  sub-order  are  the  cause 
of  serious  diseases,  and  their  number  is  being  rapidly  in- 
creased by  the  investigations  of  most  recent  times.  iMany 
doubtful  forms  have  also  been  placed  temporarily  under 
this  heading,  so  that  it  is  impossible  to  give  a  synopsis  of 
the  genera,  or  to  fix  the  precise  limits  of  the  sub-order 
Itself. 

Most  prominent  of  the  forms  which  are  included  here 
are  the  parasites  of  Inunan  malaria.     Grassi  still  regards 


these  all  as  merely  varieties  of  one  species.  This  is  cleai- 
ly  doing  violence  to  the  ordinary  zoological  significance 
of  the  word.  On  the  other  hand,  several  investigators 
have  grouped  them  into  two  genera,  a  ]ilan  which  I  m-y- 
self  followed  in  an  earlier  paper.  Here  they  will  be 
treated  as  three  siiecies  of  one  genus  in  accord  with  a 
recently  expressed  view  of  Sch'audinn,  and  with  the 
known  facts  regarding  their  clinical  manifestations, 
structural  differences,  and  life  histories. 

The  genus  Plasmodium  includes  in  addition  to  these 
species  the  parasite  of  avian  malaria  also.  It  was  estab- 
lished in  1885  by  Marchiafava  and  Celli,  and  although 
the  name  is  em|iloyed  here  in  a  sense  utterly  at  variance 
with  its  meaning  as  a  term  in  general  .scientific  u.se,  yet 
the  rules  of  zoological  nomenclature  call  for  its  retention. 
The  malarial  organism  was  first  seen  and  figured  b)' 
Kleucke  in  1843  without  any  idea  of  the  significance  of 
the  structures  viewed.  Laveran  in  1880  was  the  first  to 
attach  etiologic  significance  to  the  structures  he  described 
from  the  erythrocytes  in  cases  of  malaria.  A  large  num- 
ber of  investigators  participated  in  the  gradual  elucida- 
tion of  the  schizogony  of  these  parasites.  It  was  1896, 
however,  before  Mans"on  set  forth  distinctly  tlie  agency 
of  the  mosquito  in  transmitting  the  disease.  Just  a  yeaV 
later  Ross  actually  followed  for  the  first  time  the  fate 
of  the  parasites  of  avian  malaria  in  the  mosquito's  stom-  - 
ach,  and  their  development  up  to  the  infection  of  a 
new  host  by  the  sporozoites.  Ross'  observations  on 
avian  malaria  weie  confirmed  soon  after  by  Grassi  and 
other  Italian  investigators  for  luiman  species  of  the 
malarial  parasite. 

The  complicated  terminology  in  this  group,  due  to  the 
continual  changes  introduced  by  various  investigators, 
renders  it  advisable  to  give  here  for  general  information 
the  table  prepared  with  such  success  by  Llihe,  which 
shows  the  correspondence  in  the  nomenclature  of  the 
chief  investigators  of  recent  date.  The  terminology  of 
Schaudinn,  which  is  followed  in  this  article,  has  been 
more  generally  adopted  than  any  other,  and  has  much  in 
favor  of  it  from  every  standpoint.     (See  table  below.) 

The  extensive  consideration  which  the  subject  has  re- 
ceived in  previous  articles  in  the  Reference  Handbook 
(compare  Malaria,  Mosquito  in  Eclaiion  to  Human  Path- 
ologi/,  Plasmodium  Malarioi)  renders  it  necessary  here 
only  to  insert  a  brief  diagnosis  of  the  three  species,  and 
refer  to  the  articles  noted  for  further  details. 

Ptasmodiu m  malariu (LaveTan  1883). — (Syn. :  Oscillaria 
malarice  Laveriau  1883 ;  Plasmodium  var.  quartana  Golgi 


Srhaudiun, 

1899  and  Lulie, 

1900. 


Schizogimy . 


Sfhizont  . . 
Merozoite  . 


Sporuhitiiii 
form. 


Macrotratnetc. 


MicTOgametu- 
I'.vte. 

MiiTOgamete  . . 

Ookinete  (cop- 
ulii  sporont). 

Oitcyst  (oopiila 
spumnt). 

Spiirablast 


Sporozoite . 


Sporoirouy. 


Ross,  1898. 


Ross,  1899  ana  1900. 


^porocyst  (.young  form: 
amosbuta  s.  my.xopod ) 
Spore ;    becomes    later 
after     entrance    into 
erythrocyte  amoebnia 
(s.  myxupod). 
Macropainete  (female 
gametocyte) ;     youn^ 
form :      amoebula     s. 
myxopod). 
Fiiigella  ted  [Mate  gametooyte(younp 
body.  form:     amoebnia     s. 

iiiy.xcipod). 
Flagellum..  Mierugamete 


Vermlcule .. 
Cocoidium.. 


Zygoto . 
Zygote . 


(ierinina  1 
rod. 


1899:  zygotomere. . . 
ISKHJ ;     mere,    becomes 

blastophore. 
1899 :  zygotoblast ... 
1900:  blast. 


Ray  f.,anbester, 
1900. 


Oudeterospore 
Nomospore  ... 


Gynospore.. 


.\n(.lrospore . . . 
Gametosporc. 
Gametospore . . 


Gaiuetublast  s. 
gametoclasl  s. 
flliform  young 


Harvey 

Gibson, 

1900. 


Spenn  . . . 
Oosperm 
Oosperm 


Zooid  . . . 


Koch,  1899. 


Endogenous  de- 
velopment. 

KuU  grown  par- 
asite. 

Theilungs- 
korper. 


Kemale  parasite 

Male  parasite  . . 

Spermatozoon.. 
Wiirmcben 


Coccidienartlge 
Kugel. 


Sicbelkeim . 


Exogenous    de- 
velopment. 


Grassi.  1898-1899. 


Sporulation    (f  a  s  e 
asporulare) . 

Amoeboid  form 


1898  :  ama-bula  . , 
1899;  sporozoite. 


Macrogamete 
s.  ooid. 


1899 :     mikrogame- 
togen. 

Mikrogamet  s.  sper- 

moid. 
1899 :  zygote 


1899:  zygote. 


1899 :  spore 

1899:  sporozoite... 


Exogenous  deyelop- 
ment. 


Grassi,  1900. 


Monogonia  (generazione 
neutrale)  per  sporo- 
gonia  conitoniica. 

Mononte. 

Sporozoito  (monogonico) . 


Makrospora  1 

Anteridlo      \  K^"*"- 

Microspora    J 
Vermlcolo ) 


Masse   citO[)Iasmat iclie 
piu  0  nieno  poligonale. 

Sporozoito    (amflgonico'). 

Young     form :     sporo- 

blasto      s.     sporozoilo- 

lilasto. 
.-imflgonia     (generazione 

se.ssnale)  per  sporogonia 

conitomica. 


541 


Protozoa. 
Protozoa. 


REFERENCE  HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


M. 


'^s^ 


:»® 


Fig.  51S3.  —  Plasmodium  malaria:. 
Schizogony,  a.  h.  Growth  of  schlzont ; 
c,  nuclear  division;  rf,  formation  of 
merozoites ;  c,  release  of  same  by 
destruction  of  erythrocyte,  residual 
mass  at  upper  side  of  proup.  Magni- 
Ded.    (After  Bastianelli  and  Bignami.) 


1890;  llamamaba  malariw  Giassi  et  Feletti  1893;  E. 
Lnrn-ani  var.  7»n?'to;i<i  Labbe  1894;  PI.  mularia;  quarta- 
niiiii  Ltilibc  1899.) 

Young  fonu  in  erythrocyte  small,  unpigmentetl ;  move- 
iiiL'Ut  slow;  pigment  in  coarse  granules,  first  visible  in 

about     twenty -four 

...■■• -..  .^  hours,  anti    peripheral 

in  position.  Move- 
ment decreasing  until 
in  si.xty  hours  after  tlie 
atbick,  or  twelve  hours 
before  the  ne.xt,  the 
spherical  Plasinodia  fill 
almost  the  entire  cor- 
puscle. Having 
reached  a  diameter  of 
about  0.007  mm.  schi- 
zogony begins,  and 
nine  to  twelve  (rarely 
si.x  or  fourteen)  mero- 
z  o  i  t  e  s  are  formed 
which  are  very  regu- 
lar (Fig.  5183,  f).  The 
melanin  granules  move 
in  liidial  lines  and  col- 
lect in  the  central  residual  mass,  from  which  the  mero- 
zoites separate  themselves  in  seventy-two  hours.  Tlie 
synchronous  release  of  these  germs  brings  another  par- 
oxysm at  this  time,  whence  the  name  of  ciuartan  fever  for 
the  disease  induced  by  this  species,  which  is  also  often 
designated  tlie  ciuartan  parasite.  Tlie  gametes  are  few 
in  number,  spherical,  and  characterized  by  active  stream- 
ing in  the  protoplasm.  The  sporogony  of  this  species 
in  Anopheles  goes  on  at  a  minimum  of  10..5°  C,  and 
stops  before  the  maximum  of  30^  C.  is  reached.  Plas- 
modium malaria  is  found  farther  north  than  either  of 
the  other  human  malarial  parasites,  but  does  not  ex- 
tend into  the  tropics. 

Plasmodium,  meax  (Gxa%s\  et  Feletti). — (Syn. :  Hama- 
ma'ba  riva.v  Gr.  et  Fel.  1892:  PL  var.  iertiana  Oo\g\  1889; 
H.  Laverani  var.  terliaiia  Labbe  1894;  PI.  malarim  terli- 
arnim  Labbe  1899.) 

Young  stages  in  tlie.  erythrocytes  are  very  active. 
Pigment  granules  are  fine,  and  light  brown  in  color. 
The  fully  grown  schizont  completely  fills  the  red  cor- 
puscle, which  is  usually  swollen  and  bleached  in  color. 
This  stage  measures  0.008-0.01  mm.  in  diameter,  and 
produces  fifteen  to  twenty  merozoites  in  schizogony, 
which  requires  for  its  completion  just  forty-eight  hours, 
whence  the  comnn)n  names  of  tertian  fever  and  tertian 
parasite.  The  pigment  forms  a  solid  mass  in  the  centre, 
and  the  merozoites  form  a  double  ring  about  it,  or  more 
frequently  an  irregular  mass.  Schizogony  occurs  pre- 
eminently in  the  spleen.  The  gametes  are  abundant  at  a 
certain  period,  of  spherical  form,  and  distinguished  from 


Fig.  .5184.— Developmenl  of  PkiritniKlium  ffra-rln  Relation  to  Tem- 
perature Curve  of  I'atient.     (After  Doflein.) 

the  schizonts  above  all  in  the  form  of  the  pigment,  which 
is  in  coarse  granules  or  bacilliform  masses.  They  reach 
two  to  three  times  the  diameter  of  an  erythrocyte.  The 
sporogony  in  the  body  of  Anoplieles  requires  eight  days 
at  a  temperature  of  28°-30°  C. ;  17°  C.  is  the  minimum 
for  this  stage  of  development.     This  corresponds  to  the 


occurrence  of  the  disease  In  the  tropics  and  subtropics. 
The  relation  of  the  body  temperature  of  the  host  to  the 
development  of  the  parasite  is  well  shown  in  the  accora- 
pauj'ing  diagram  (Fig.  i5184). 

Plasmodium  immaculatiim  (Grassi  et  Feletti). — (Syn.: 
Lavemnia  malaria  Gr.  et  Fel.  1890;  Ilamamaba  mala- 
rim pr(eco.v  Gr.  et  Fel.  1893, 
nee.  ll.pracox  Gr.  et  Fel.  1890. 
llamamaba  immacvlata  Gr.  et 
Fel.  1893;  Plasmodium  pracox 
Dollein  1901.) 

This  is  the  smallest  of  all 
human  malarial  organisms. 
Fully  grown  schizonts  meas- 
ure only  0.00.5  mm.  in  diame- 
ter. Young  form  veiy  active; 
pigment  moderate  in  amount, 
very  fine  in  peripheral  zone. 
The  schizont  may  also  remain 
unpigmented,  and  this  form 
has  been  regarded  as  a  sepa- 
rate variet.v.  Multiple  infec- 
tion of  aa  erythrocyte  is  not 
rare,  and  the  assumption  of  a 
signet-ring  form  is  veiy  com- 
mon. The  erythrocyte  shrinks 
during  the  growth  of  the  para- 
site. In  schizogony  seven, 
ten,  or  twelve  merozoites  are 
formed,  rarely  twelve  to  fif- 
teen, and  these  are  small,  being 
only  0.001-0.001.5  mm.  in  di- 
ameter. The  length  of  the 
schizogonic  cycle  is  not  well 
determined,  as  the  process  takes  place  in  internal  or- 
gans, especially  the  spleen.  It  is  apparently  irregular, 
though  forty-eight  hours  seems  most  probable.  The 
gametes  are  crescentic  or  renifonn,  and  originate  espe- 
cially in  bone  marrow.  Further  changes  have  been  most 
carefully  followed  in  this  species.  In  the  stomach  of 
Anopheles  tliese  crescents  become  spherical  (Fig.  5185) 
and  the  microgametes  are  formed  and  set  free.  The  fer- 
tilization is  completed  by  the  fusion  of  a  single  inicro- 
gamete  with  a  macrogamete;  and  the  resulting  motile 
ookinet  (Fig.  5186,  a)  penetrates  the  wall,  entering  first 


FiG.  o\S6.—Pia$mit(Jinm  im- 
macidatum;  Development 
in  Stomach  of  Anopheles 
claviiicr.  a,  Macropamete 
with  remnant  of  erythro- 
cyte :  b,  same  one-half  hour 
after  ingestion  by  mosquito ; 
r,  niicrtigametocvte  with 
remnant  of  erythrocyte;  ((, 
same  one-half  hour  after 
ingestion,  the  nucleus  has 
divided  several  times ;  c, 
microgametes  still  attached 
to  residual  mass  (so-called 
polymitus  stage).  Highly 
magnified.  (From  Braun, 
after  Grassi.) 


Fig.  .51S6. —  PJn.fmodiura  immacidatum.  n.  Ookinet  in  stomach  of 
Anopheles  chwiycr  thirty-two  hours  after  ingestion:  h,  trans- 
section  of  stomach  with  partly  developed  oocysts  several  days  lat^r, 
Magnitled.    (From  Braun,  after  Grassi.) 

an  epithelial  cell  and  coming  later  to  lie  between  tlie  lay- 
ers of  the  wall  (Fig.  5186,  b).  The  oocyst  forms  no  sjic- 
cial  covering,  but  increases  rapidly  in  size.  Sporoblasts 
and  then  sporozoites  are  formed;  the  latter  have  a  length 
of  0.014  mm.  and  a  thickness  of  0.001  mm.,  and  are  pro- 
duced to  the  number  of  ten  thousand  in  a  single  oocyst. 
After  the  rupture  of  the  latter  they  accumulate  in  the 
salivary  gland,  lying  in  the  secretion  either  within  the 
cells  or  in  the  duct  itself,  whence  they  are  expressed  in 
the  act  of  biting  (Fig.  5187). 

The  sporogony  requires  eight  days  at  a  temperature  of 
28°-30°  C,  and  18°  C.  is  the  minimum  temperature  for 
the  infection  of  Anopheles.     This  species  gives  rise  to  the 
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malarial  fever  designated  asaestivo-autumnal,  perniciosa, 
tropica,  etc.,  and  is  epidemic  only  in  the  tropics  and  sub- 
tropics.  This  is  the  form  whicli  has  been  rated  as  a  rep- 
resentative  of    another   genus,  Laccrania   malarias,   by 


Fig.  ,5187.  —  Section  Throusrh  Dorsal  Sac  of  Salivary  Gland  from 
JiiiojWif/i.v  Willi  cniups  c.f  s^lol■ozoites  of  PlasmmUum  iinmdfu- 
Uittiiii  t"Hli  111  ^Muii'i  '■•■lis  aii'l  in  duet.  Isolated  sporozoite  at  right 
more  liiirhly  iiiiif-'iiilled.    i  From  Laug,  after  Grassi.) 


many  ob.servers.  While  its  separation  from  the  genus 
PIdxiHiiiIinin  is  perhaps  a  convenience,  it  seems  hardly 
justitiable  on  scientific  grounds,  as  the  differences  be- 
tween it  and  the  other  species  are  not  of  generic  rank. 

Uncertain  Species. — According  to  the  work  of  certain 
investigators,  particularly  Celli,  there  exists  a  true  quo- 
tidian malarial  parasite,  which  is  related  to  Plasmodium 
iiDiiiiieuliittim,  although  .smaller  and  completing  tlie 
schizogony  in  twenty-four  hours.  The  supposed  species 
is  found  ill  Italy  particularly  in  summer  and  fall,  and  is 
regarded  by  most  authors  as  at  most  a  variety  of  PL  im- 
maeiiliitin/i.  Still  other  forms  from  tropical  regions  have 
been  regarded  as  distinct  species  with- 
out sutlicieut  evidence  as  yet  for  this 
opinion. 

There  are  yet  other  hiBmatozoa  of 
which  it  may  be  said  that  their  exact 
relationship  has  not  been  sufficiently 
demonstrated  to  give  them  a  deflnite 
place  in  the  system,  but  which  in  all 
probability  will  be  included  in  this  sub- 
oi-der,  thfrugh  evidently  not  in  the  same 
genus  with  the  malarial  organisms  just 
described. 

In  this  connection  should  be  noted  the 
parasite  of  the  spotted  fever  or  tick 
fever  of  the  Rocky  Mountains,  a  new 
disease  especially  virulent  in  the  valley 
of  the  Bitter  Root  River  in  Montana, 
where  it  has  been  known  for  twenty 
years,  but  present  apparently  also, 
though  in  milder  form,  in  other  parts 
of  Montana,  Idaho,  Wyoming,  Nevada, 
and  Eastern  Oregon. 

Wilson  and  Chowning  were  the  first 
to  note  ovoid  intracapsular  bodies  in 
stained  blood  preparations,  and  to  de- 
termine that  in  fresh  blood  these  bodies 
manifest  ama'boid  movements.  These 
observations  have  been  confirmed  by 
later  investigators,  and  the  hicmatozoon 
is  regarded  by  all  as  probably  the  cause 
of  the  disease.  A  brief  description  of 
the  organism  may  be  given  here. 

The"  smallest  forms,  or  the  first  phase  of  Wilson  and 
Ch'iwuing,  are  intracellular,  ovoid  bodies  and  measure 
0.001. '5- 0.002  mm.  in  length  by  0.0005  to  0.001  lum.  in 
thickness.  They  resemble  slightly  young  schizonts  of 
malaria,  and  more  strongly  the  organism  of  Texas  fever 
of  cattle.     These  bodies  occasionally  change  position  in 


the  corpuscle,  and  according  to  Anderson  project  pseudo- 
podia  quite  rapidly.  Two  such  Ijodies  may  lie  in  a  single 
corpuscle.  In  the  second  phase  the  bodies  are  solitary  in 
the  erythrocytes,  oval,  ellipsoidal  or  splierical  in  form, 
and  from  0.003  to  0.003  mm.  thick  by  0.003  to  0.00.5  mm', 
long.  This  phase  is  actively  ama'boid  with  the  formation 
of  pseudopodia  in  various  directions.  The  thii-d  phase 
is  seen  in  pyriform  bodies  arranged  in  paiis  with  the 
pointed  ends  approximated,  and  in  rare  cases  distinctly 
united  by  a  fine  thread.     This  form  is  not  amoeboid. 

Though  the  parasites  are  not  fuiiiid  in  large  numbers 
in  the  circulating  blood,  only  a  few  being  present  in  each 
field  of  a  preparation  of  freshly  drawn  blood,  yet  in  the 
capillaries  of  tissues  removed  at  autopsies  from  one  to 
five  percent,  of  the  erythrocytes  arc  infected.  This  is 
marked  in  tlie  lung,  spleen,  liver,  and  kidney,  where  also 
are  found  many  red  cells  included  in  phagocytes,  being 
faintly  outlined  within  the  protoplasm  of  the  latter,  and 
each  containing  a  large  parasite.  In  tissues  taken  some 
hours  after  death,  the  organisms  are  almost  all  spheroidal. 
They  are  present  in  the  blood  at  least  twenty-four  days 
after  recovery. 

The  organism  is  apparently  transmitted  by  ticks,  and 
all  cases  of  the  disease  show  a  history  of  tick  bites  about 
one  week  before  the  onset.  Stiles  made  a  provisional  de- 
termination of  some  ticks  from  the  region  as  Dermacentor 
retkuliiliia  but  in  correspondence  later  expi'cssed  the 
view  that  certain  differences  though  slight  justify  plac- 
ing these  forms  in  a  new  species.  Some  facts  point  to 
the  existence  of  another  normal  maiumalian  host  for  the 
parasite,  and  the  graj'  gopher  has  been  indicated  as  the 
most  probable  form.  Further  study  is  necessary  to  es- 
tablish the  character  and  development  of  this  parasite, 
its  exact  systematic  position,  and  its  positive  relation  to 
the  disease.  Its  superficial  resemblance  to  Piruplasma 
fiif/cmiinim,  the  cause  of  Texas  fever  in  cattle,  has  already 
been  mentioned. 

Mij.riicocndium  Parker,  Beyer,  Pothier  1903.— Schiz- 
ogony unknown ;  sporogony  in  Stegoiiiyiafasciata.  Only 
one  species,  thus  far  imperfectly  known. 


Fig  .51S8  — .Vi/i-ocii(rii(i»iH  sterjonuim  from  sections  of  mosquito  killed  (1)  tbree  days, 
(-')  four  liavs.  C!)  lU'f  days,  (4)  six  days,  (5)  six  to  twelve  days,  (6)  twelve  days,  (i) 
fourteen  days  afti-r  feeding  on  blood  of  yellow-fever  patient.  (Unpublished  blietches, 
by  courtesy  of  J.  (.'.  Smith.) 


Myvoeoccidium  stegomiiim  Parker,  Beyer,  Pothier  1903 
(Fig.  5188).— A  fusiform  body  (ookinet?)  0.003-0.004 
mm.  long  by  0.0015-0.002  mm.  broad  in  lumen  of  stom- 
ach and  oesophageal  diverticulum,  about  tliree  days  after 
mosquito  has  bitten  yellow-fever  patient;  this  body  is 
provided  with  a  nucleus.     A  spherical  body  (oocyst?)  in 
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tlu'  a'sophageal  diverticulum,  enibi'ddcd  iuau  albuiniuoid 
mass  of  unknown  clianicti'i-.  This  liecomcs  mature  and 
brealvs  up  into  numerous  (tliirly  to  forty)  elongated  oval 
bodies  (siioroblasts?),  0.008  mm.  long  by  0.003  mm.  broad, 
•which  enter  the  cells  of  the  salivary  gland,  and  then  com- 
ing torest(sporocysts).  divide  into  numerous  very  minute 
bodies  (sporozoitesV). 

The  parasite  was  found  in  the  yellow-fever  mosquito 
(Steiiuiiiyiii  fiimiiit(i)  from  Vera  Cruz,  Mexico,  by  Drs, 
Parker,  Beyer,  and  Pothicr,  Working  Party  No.  1,  Yel- 
low-Fever Institute  of  the  United  States,  Public  Health 
and  JIarine  Hospital  Service.  According  to  these  authors 
the  mosquitoes  used  were  fed  on  the  blood  of  a  yellow- 
fever  patient,  and  with  due  precautious  against  infection 
from  any  other  source  were  killed  at  stated  intervals  from 
the  secoiid  to  the  thirtieth  day.  A  careful  study  of  sec- 
tions of  these  mosquitoes  in  which  the  Working  Part}' 
mentioned  received  valuable  assistance  from  Mr.  J.  C. 
Smith,  of  New  Orleans,  resulted  iu  the  denionstratiou  of 
the  life  history  of  the  organism  somewhat  imperfectly 
as  outlined  above.  More  recently,  however,  Carroll  has 
maintained  that  the  fusiform  stage  is  actually  a  wild 
yeast. 

The  Working  Party  also  states  that  yellow  fever  was 
produced  experimentally  with  mosquitoes  from  a  case 
that  harbored  this  parasite,  and  the  parasite  was  found 
again  in  mosquitoes  fed  on  this  case.  Furthermore  they 
permitted  this  same  species  of  mosquito  to  feed  on  a 
case  of  malarial  fever  of  the  malignant  type,  on  normal 
blood,  and  on  other  nutritive  materials,  and  iu  none  of 
these  moscinitoes  were  found  the  parasites  described 
above. 

From  the  account  given  it  appears  that  there  was  pres- 
ent in  these  mosquitoes  a  parasite,  the  development  of 
wliicli  bears  close  resemblance  to  that  of  the  malarial  or- 
ganism in  the  sexual  cj'cle  (sporogony).  On  the  analogy 
of  the  latter  parasite  there  should  also  occur  in  tliis  case 
a  non-sexual  cycle  (schizogony)  in  the  blood  (V)  of  the 
yellow-fever  patient.  Yet  Sternbei'g,  Reed,  Carroll,  and 
many  others  have  sought  in  vain  for  such  an  organism ; 
nor  was  the  Working  Party  more  successful.  The  further 
life  history  of  Mi/wcociidiam  sUf/omyia-  lies  even  bej'oud 
conjecture,  and  it  can  only  be  said  that  negative  evidence 
raises  a  strong  presumption  in  favor  of  its  etiological  re- 
lation to  yellow  fever. 

Quite  recentl)'  Councilman,  Magrath,  and  Brinckerhoff 
have  made  known  the  results  of  studies  on  the  organisms 
of  vaccinia  and  of  variola,  which  go  far  toward  establish- 
ing the  nature  of  these  oft-reported  and  mucli-questioned 
bodies.  Much  is  needed  to  confirm  these  reports  and  to 
elucidate  further  details  iu  life  history,  as  well  as  the 
general  relationship  of  these  bodies.  The}'  may  be  con- 
sidered briefiy  here  without  jirejudicing  the  results  of 
further  study  on  these  points.  Before  vesicle  formation 
in  the  diseases  noted,  small,  structureless  bodies  (0.001- 
0.004  ram.  in  diameter)  occur  in  vacuoles  of  cells  in  the 
lower  layers  of  the  dermal  epithelium.  With  increase  in 
size  the  body  shows  granules  lying  iu  a  reticulum,  and 
becomes  irrcgvdar  iu  form  as  if  amoeboid.  No  nucleus 
was  demonstrated.  Formation  of  small  round  bodies, 
0.001  nun.  in  diameter,  closes  the  first  stage  in  the  life 
cycle.  Following  this  oval  or  ring-like  intranuclear 
bodies  appear.  In  them  several  vacuoles  are  seen 
grouped  around  a  central  vacuole.  They  enlarge  and 
destroy  the  nucleus,  and  come  to  lie  in  a  completely 
degenerated  cell.  The  vacuoles  become  less  evident,  and 
there  appear  multiple  circular  bodies  with  a  central  dot. 
These  bodies  measure  only  0.0015  mm.  in  diameter,  and 
are  seen  with  great  difficulty. 

The  intranuclear  bodies  represent  the  second  stage  in 
the  life  history,  which  is  believed  to  be  the  sexual  cycle, 
and  produce  spores  which  are  the  infecting  agents.  In 
the  ojiiin'on  of  these  authors  the  tirst  cycle  may  exist 
without  the  second,  and  such  is  the  case  in  vaccinia. 

Apparently  these  are  the  same  structures  seen  bj'  L. 
PfeiflVr,  Guarnieri.  and  others,  who  were  not  successful 
in  working  out  the  life  history  as  it  now  stands,  although 
they  also  did  not  hesitate  to  bring  them  into  etiological 


relation  to  smallpox.  One  of  the  most  recent  of  these 
(Govini)  has  even  described  and  figured  botli  extranu- 
clear  and  intranuclear  bodies  in  vaccinia.  Questionable 
intranuclear  bodies  have  also  been  re]3orted  by  several 
investigators  for  sarcoma  cells  in  man,  but  there  are  also 
other  parasites  belonging  to  this  group  and  afl'ectiug  lower 
animals  in  which  an  intranuclear  existence  is  well  known, 
e.ff.,  Eimciiii  mhnmindnr  (=  ('(iryojilKtiiiis  tuihtimunlnt'), 
parasitic  iu  the  intestinal  epithelium  of  one  of  the  sala- 
manders, and  most  frequently  in  the  nucleus  of  the  cell 
parasitized. 

Ihematozoa  have  been  described  by  various  authors 
as  chaiactcristic  of  beri-beri  or  kakki,  an  endemic  form 
of  jiolyneuritis  particularly  prevalent  in  Japan  and  the 
Dutch  East  Indies.  The  infectious  nature  of  this  disease 
seems-  to  be  generally  accepted,  and  at  different  times 
various  forms  of  possible  pathogenic  significance  have 
been  reported  from  the  blood.  Tlie  most  recent  of  these 
are  amttboid  bodies  resemliling  malarial  parasites,  which 
have  been  studied  and  described  at  length  bj'  Glogner, 
and  especially  Fajardo.  The  latter  demonstrates  their 
presence  in  the  blood  in  peripheral  as  well  as  inner  or- 
gans, and  their  production  of  jiigment  and  formation  of 
spores  of  some  sort;  and  yet  the  possible  confusion  with 
malarial  or  other  ha;matozoa  and  the  lack  of  proof  con- 
cerning the  distinct  etiological  relation  to  beriberi  have 
prevented  any  general  acceptance  of  the  role  assigned  to 
the  organism. 

In  leukaemia  also  Lihvit  claims  to  have  discovered 
ama;boid  organisms  in  the  leucocytes,  and  to  have  fol- 
lowed their  development  even  to  sporulation,  i.e.,  schiz- 
ogony. (For  further  details  see  Leti/i/Tirnii.)  The  para- 
sitic nature  of  such  structures  cannot  be  regarded  as 
established  luitil  thej'  have  been  studied  in  life  and  not 
merely  in  prejjarations  of  fixed  blood. 

In  dengue,  an  infectious  di.sease  epidemic  in  hot  cli- 
mates, and  treated  at  length  in  an  earlier  volume  (g.v.) 
good  evidence  has  recently  been  furnished  that  the  cause 
is  a  proto/.obn  analogous  to  the  malarial  organism,  and 
like  it  transmitted  by  the  moscpiito.  It  is  an  tmpig- 
mented  pyriform  body  found  iu  the  erythrocytes  though 
not  aliundantly,  and  is  ]ireseut  in  second  and  third  attacks 
as  well  as  in  the  first.  The  development  is  slow,  requir- 
ing four  to  eight  or  even  ten  days,  and  in  general  appear- 
ance the  organism  suggests  PirnpUisma  Mgeminum  of 
Texas  fever  in  cattle  or  the  organism  of  spotted  ortick 
fever  in  man  noted  above.  The  discoverer,  Graham,  al.so 
found  spores  iu  the  walls  of  the  stomach  and  salivary 
glands  of  the  mosquito,  though  this  portion  of  the  life 
history  has  not  yet  been  clearl)'  described ;  in  one  case 
the  time  required  for  it  was,  however,  only  forty-eight 
hours.  In  this  case  it  is  Cuk.r  fittiyaiis  which  harbors 
the  organism  and  transmits  it,  although  other  species  may 
also  be  responsible.  Graham  has  recently  reported  in- 
oculation experiments,  the  results  of  which  leave  little 
doubt  as  to  the  cause  of  the  disease  and  the  method  of 
transmission. 

A  long  series  of  contributions  concerns  objects  of  sup- 
posed protozoan  character  which  have  been  brought  into 
etiologic  connection  with  various  pathological  conditions 
by  investigators  of  the  most  diverse  type.  Such  are  the 
pseudococcidia  of  epitheliomata,  of  sarcomata,  of  moUus- 
cnm  contagiosum,  etc.  Three  views  obtain  as  to  the 
nature  of  these  bodies,  according  to  which  they  are 
blastomycetes  or  myxomycetes,  sporozoa  or  other  ])ro- 
tozoa,  and  finally  degenerative  cell  ]u-oducts.  It  cannot 
be  said  that  their  animal  nature  has  been  at  all  clearly 
demonstrated,  and  bej'ond  the  mere  mention  they  have  no 
right  to  consideration  in  this  article. 

In  the  subclass  Neosporidia  are  included  forms  which 
in  the  adult  condition  are  multinuclear,  and  which  pro- 
duce spores  during  the  entire  vegetative  period.  Spore 
formation  is  very  characteristic.  The  organism  forms  a 
number  of  pansporoblasts,  which  divide  again  to  form 
sporoblasts.  The  latter  acqviire  a  membrane  and  trans- 
form themselves  with  somewhat  conqilicated  changes 
into  sporocysts,  each  of  which  develops  within  itself 
only  a  single  sporozoite.     Of  the  two  orders  only  the 
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FIG.  5189.  — Sarco- 
cystis  teitella. 
Longitudinal  sec- 
tion of  younc 
stage  with  tiewly 
formed  uninu- 
clear pansporo- 
blasts. Magnitled. 
(From  AVasielew- 
skl,  after  Ber- 
ti^m.) 


Sarcosporidia  are  of  importance  here,  and  tbey  are  but 
imperfectly  known. 

The  Sarcos])ori(lia  possess  an  oval,  elongate,  or  saccu- 
late  body  (Fig.  51^9),  in  whi;h  pansporoblasts  are  formed 
at  a  very  early  period.  They  parasit- 
ize at  lirst  intracellularly  the  muscle 
fibres,  but  b)'  the  degeneration  of 
these  come  to  lie  in  connective  tissue 
and  develop  to  oval  or  spherical  bodies 
of  considerable  size.  In  the  youngest 
stages  yet  found  uninuclear  spheres 
0.004-0.00.1  mm.  in  diameter  with  re- 
latively large  nuclei  (0.003-0.003  mm.) 
occur  in  the  endoplasm.  The  proto- 
plasm forms  a  frame  -  work  between 
these  j'oung  pansporoblasts,  which  in- 
crease in  size  with  age  and  become  also 
multinuclear.  "Whileat  the  endsof  the 
sacculate  bod\'  new  pansporoblasts  are 
continually  being  formed,  in  the  older 
ones  nearer  the  centre  the  contents  di- 
vide into  many  finely  granular  pale 
spheres,  the  sporoblasts. 

In  each  of    the   latter  is   formed   a 
single  sporozoite  which  gradually  as- 
sumes the  definitive   foi'in  (Fig.  .5190, 
a-(l).     These   sporozoites  are   usually 
reniform,   sickle-shaped,   or  crescentic 
and  very  small.      Some    investigators 
claim  to  have  discovered  a  polar  cap- 
sule, and  this  has  been  partly  conlirmed 
b_v  some   later  observers.     Polar   fila- 
ments are  present  in  some  cases  (Fig. 
5191,  4).     Theobald  Smith  has  observed 
the   movements  of  the   sporozoites,   and   find.s   that  in 
Sarcocyntis  im/ris  there  is  a  peculiar  gliding  with  sudden 
revolutions  on  the  long  axis.     This  is  carried  out  with- 
,  out    the   assistance 


of  flagella.  Smith's 
experiments,  which 
were  veiy  [jains- 
taking  and  extend- 
ed over  three  years, 
demonstrate  for  this 
species  direct  in- 
fection by  feeding 
muscle  tissue  iu 
which  was  present 
the  parasite  with 
ripe,  mobile  sporo- 
zoites. Sarcospor- 
idia are  parasitic  in 
vertebrata,  chiefly 
mammalia,  and  are 
common  iu  many 
domestic  animals. 

Jliescher  iu  1843 
found    these    para- 
sites first  as  cylin- 
j  y  vo„j3i(;i-»-«a3SyiV  drical    sacs   in   the 

d  \  V'''^ovS??^^sM'.'  voluntary    muscles 

of  the  house  mouse. 
Some  years  later 
Rainej'  found  sim- 
ilar structures  in 
the  muscles  of  the 
pig,  and  the  com- 
mon names  of  these 
structures,  often 
visible  to  the  naked 
eye.  are  associated 
Avith  these  two  in- 
vestigators. The 
group  has  been  but 
little  studied,  and  the  system  is  so  imperfectly  developed 
that  it  is  advisable  to  omit  all  further  mention  of  it,  and 
to  pass  at  once  to  a  consideration  of  the  one  species 
which  has  been  certainly  obtained  from  the  human  body. 
Vol.  YIIL— 35 


FIG.  5\^.  —  Sarcnciistiti  mie^chertana, 
a-rf.  Development  of  sporozoites  from 
sporotjlasis:  i-.  fnll-frrow-n  sae.  dissected 
out  from  iiius<'Ie  tlbie.  ttu-  radially  striated 
capsulet'Tn  An  the  rii-'ht  ti.»  pli'iwthe  pan- 
sporoblasts witbin.  JIagnilled.  (From 
Waslelewski.  after  Mauz.) 


Sarcocystis  Lindemanni  (Rivolta  1878). — (Syn. :  Orega- 
riiia  Lindemanni  YHvoltn  IS'S;  Sfirrnn/stis  hominis  Ros- 
enberg 1892;  /^.  Lindemanni  Labbe  1899.) 

Protoplasmic  body  from  the  muscle  fibres  of  the  vocal 
cords,  from  0.15  to  1.6  mm.  long  and  from  0.077  to  0.17 
mm.  thick;  membrane  delicate,  somewhat  thickened  at 
the  ends  (Fig.  5191,  a),  body  distinctly  chambered  (Fig. 
5191,  e).  Sporozoites  (d)  banana  shaped,  exceedingly 
numerous,  0.008-0.009  mm.  in  length. 

The  most  certain  case  is  that  of  IBaraban  and  St.  Remy, 
who  found  this  form  in  the  bodv  of  a  criminal  executed 
at  Nanc}'.  All  the  sjiecimens  of  the  parasite  were  in  the 
same  stage  of  development.  The  infected  muscle  fibres 
were  swollen  to  fourfold  their  normal  thickness.  Several 
other  uncertain  cases  are  on  record.  As  Theobald  Smith 
remarks,  the  muscular  system  is  not  subject  to  the  .scru- 
tiuj'  which  the  viscera  undergo  in  jiathological  investiga- 
tions, so  that  the  presence  of  these  forms  may  be  much 
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Fig.  5191.— Sarcoc!/s(is  Lindemanni  from  Human  Larynx  (except 
h).  a.  Longitudinal  section  of  muscle  fibre  with  fully  developed 
sac.  X  250.  c,  Transverse  section  of  same.  X  250.  c,  Section 
showing  chambers  emptied  of  pansporoblasts.  X  565.  d,  Sporo- 
zoite. X  1,350.  h,  Sporozoites  of  S'.  Blanchardi  with  polar  fila- 
ments. X  875.  th.  From  Wasielewski,  after  van  Ecke;  other 
figures  from  Dofleiu,  after  Barbaran  and  St.  Remy.) 

more  frequent  and  important  than  appears  as  yet.  In 
the  case  of  5.  muns  Smith  has  shown  that  the  feeding  of 
muscle  tissue  containing  ripe  mobile  sporozoites  to  gray 
and  white  mice  is  followed  by  an  invasion  of  the  muscle 
fibres  by  the  [larasites,  which  readily  become  recognizable 
after  the  forty-fifth  clay.  Nothing  is  known  regarding 
the  development  of  &  Lindemanni. 

The  class  Infusoria  holds  the  highest  rank  among  Pro- 
tozoa, and  its  members  are  at  once  distinguished  by  the 
presence  of  peculiar  organs  of  locomotion  in  the  form  of 
tine  hair-like  protoplasmic  ijrocesses.  the  cilia,  which  are 
present  in  at  least  some  part  of  the  life  histoiy  of  all  in- 
dividuals in  the  group.  By  virtue  of  the  greatly  inferior 
length,  the  much  larger  number  present  on  each  animal, 
and  the  simple  synchronous  movement  cilia  are  easily 
distinguished  from  flagella.  The  external  zone  or  ecto- 
plasm is  more  highly  differentiated  than  in  the  forms  of 
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Protozoa  thus  far  cousidered,  and  the  body  has  in  conse- 
(.|uc-uce  a  more  permanent  form,  wliich  tends  to  acquire 
in  all  free  species  a  bilateral!}'  s_vmmetrical  structure. 
In  the  ectoplasm  one  finds  special  contractile  fibrils,  or 
myophanes,  and  peculiar  unexplained  bodies  known  as 
trichocysts.  The  cilia  are  arranged  in  rows,  and  occa- 
sionally fuse  into  vibrating  membranes  or  stylet -shaped 
masses,  cirri,  in  furtherance  of  the  motor  function.  The 
firm  ectoplasm  forms  at  the  mouth  opening  (cytostome) 
a  groove  (peristome),  or  a  peculiar  funnel-shaped  pit 
(cytopharynx),  which  serves  to  admit  food  particles  to  the 
interior  of  the  body.  A  ditlereutiated  anal  orifice  (cyto- 
pyge)  is  only  rarely  found.  The  contractile  vacuole  is 
always  present,  and  often  two  or  more  occur  with  a  more 
or  less  extended  canal  system  branching  in  all  directions. 
One  of  the  most  striking  peculiarities  is  found  in  the 
nuclear  conilitious.  Typically  two  nuclei  are  present ;  a 
lar^e  somatic  nucleus  or  macronucleus,  and  a  small  sexual 
nucleus  or  micronucleus,  which  usually  lies  close  to  the 
former.  The  macronucleus  is  always  single,  but  there 
may  be  several  microuuclei  to  each  cell.  The  ordinary 
process  of  reproduction  is  fission  or  gemmation,  and  in 
this  the  macronucleus  divides  amitotically  while  the 
micronucleus  undergoes  indirect  or  mitotic  division.  At 
times  one  finds  conjugation,  or  temporary  and  partial 
fusion  of  two  individuals  with  the  destruction  of  the 
macrouiiclei  and  of  a  certain  portion  of  each  micronu- 
cleus, while  the  remainder  of  each  micronucleus  on  each 
side  is  divided  equall}'  between  the  two  individuals. 
From  the  portions  of  the  micronuclei  fused  there  arise 
new  inacrouuclei  and  micronuclei.  This  process  has 
generally  been  looked  upon  as  one  of  rejuvenation,  and 
necessary  for  the  continued  existence  and  reproductive 
power  of  the  individual.  Certain  recent  investigations 
leave  tliis  somewhat  uncertain.  The  complicated  details 
of  the  process  find,  however,  an  evident  parallel  in 
changes  connected  with  the  fertilization  of  higher  forms, 
or  the  union  of  egg  and  sperm  cells. 

Eucystmeut  is  frequent,  and  the  evident  means  of  pro- 
viding for  unfavorable  changes  in  environment,  such  as 
drought,  temperature  changes,  etc.  In  parasitic  forms 
it  is  related  to  the  necessary  interval  of  transport  to  a 
new  host.  In  the  majority  of  cases  these  protozoa  are 
commensals  lather  than  true  parasites,  and  in  some  in- 
-stances  are  even  said  to  be  of  mutual  advantage  to  the 
lio.st,  and  con.sequently  symbiotic  in  character.  The  two 
subclasses  are  distinguished  on  the  basis  of  the  perma- 
nence of  the  ciliary  covering  which  is  constantly  present 
in  the  Ciliata,  save  during  enc3-stmeut,  but  which  is 
found  only  in  the  young  forms  of  -the  Suctoria.     The 

latter  are  also  sup- 
plied with  peculiar 
sucking  tubes  for  tak- 
ing in  nourishment. 
They  do  not  furnish 
any  forms  found  in 
the  human  body. 

The  Ciliata  are  pres- 
ent in  large  numbers 
in  all  fresh  ■  water 
bodies,  and  manifest 
great  variet_y  of  struct- 
ure. Tliey  furnish 
many  ectoparasitic 
species  on  water-living 
vertebrates  and  a  few 
endoparasitic  in  higher 
forms,  including  man. 
The  various  ■  orders 
into  which  the  Ciliata 
are  divided  are  based 
upon  the  nundjer  and 
arrangement  of  the 
cilia  in  the  adult  form. 
Only  two  of  these  orders  call  for  attention  here.  In  the 
Holotricha  there  is  no  spiral  zone  of  prominent  cilia  or 
membranellse  leading  to  the  cytostome,  and  the  body 
possesses  only  small  cilia  which  are  more  or  less  gener- 
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Fig.  5192.— J\  uctathet  it?  fnha.  Living. 
c.r..  Contractile  vacuole:  ma.n.. 
macronucleus;  mi.7(.,  micronucleus: 
p,  peristome.  Ma^rnilled.  (-\fler 
Schaudiun.) 


ally  distributed.  The  Heterotricha  have  an  adoral  spiral 
zone  of  larger  cilia,  but  the  remainder  of  the  body  is  uni- 
formly finelj'  ciliated. 

Of  the  Holotricha  one  species  has  been  reported  from 
man.  It  belongs  to  the  genus  Chilodon,  the  distinctive 
features  of  which  are  included  in  the  description  of  thu 
species  which  follows. 

Chilodon  deniatns  (Dujardin  1841). — (Svn. :  Loxodes 
dentatHs  Duj.  1841;  Gh.  dentatun  Guiart  1903.) 

Oval,  3.5-.55  n  long  by  25-35  /i  bi-oad,  Hatteued  in  ventral 
face,  dorsal  aspect  strongly  arc'hed.  Anteriorly  a  flexible 
membranaceous  projection  curved  toward  the  left  and 
carrying  several  rows  of  cilia  on  the  lower  aspect. 
Granular  endoplasm  confined  to  postei'ior  inflated  region; 
ectoplasm  in  a  thin  ]5eriplieral  layer  and  forming  the 
anterior  projection.  Mouth  ventral,  in  anterior  portion 
of  the  endoplasmic  region,  normally  contracted  and  hai'd- 
ly  visible,  cytopharynx  directed  dorsally  and  recurved 
ventrad  so  as  to  form  almost  a  complete  circle.  Two 
contractile  vacuoles,  macronucleus  large,  spherical,  in 
posterior  region. 

This  iufusorian  has  been  found  once  by  Guiart,  as  a 
parasite  of  the  human  intestine  in  Paris.  France.  The 
animals  were  present  in  large  numbers  in  the  mucus  from 
dysenteric  stools.  Cai'C  was  taken  to  control  the  source 
of  the  parasite  and  to  avoid  contamination  from  external 
sources,  with  the  result  of  obtaining  from  the  dejecta  on 
the  second  day  after  passage  pure  cultures  of  the  iufu- 
sorian. It  is  a  common  free-living  species,  and  must  be 
classed  in  this  instance  merely  as  an  accidental  parasite. 
Close  examination  of  facal  discharges  will  undoubtedly 
show  the  occasional  occurrence  of  many  such,  especially 
when  the  resting  spores  happen  to  be  abundant  in  the 
local  supply  of  drinking-water.  In  this  case  theie  is 
nothing  to  show  that  the  resting  spores  did  not  simply 
make  the  passage  of  the  canal,  and  then  develop  almost 
at  once  in  the  discharges.  The  extreme  sensitiveness  of 
the  species  to  changes  in  the  environment,  which  has 
been  commented  upon  by  Guiart  himself,  makes  this  ex- 
planation of  the  case  more  probable.  One  should  recall 
in  this  connection  the  record  of  Schaudinn,  that  the  rest- 
ing spores  of  a  Rhizojjod,  Chlamydophrys  stercorea,  must 
make  the  passage  of  the  alimentary  canal  in  Uian  or  other 
animals  in  order  to  undergo  development.  In  this  case, 
indeed,  the  resting  spores  open  in  the  colon  and  an  amcE- 
boid  organism  emerges  which  does  not  assume  the  tes- 
taceous form  of  the  adult  until  after  the  faeces  are 
dischaj'ged  from  the  body. 

The  order  of  the  Heterotricha,  already  generally  char- 
acterized, includes  three  species  under  two  genera,"  which 
have  been  reported  from  the  human  host.  The  first  be- 
longs to  the  genus  JSj/ctotherns  Leidy  1849,  which  con- 
tains flattened  reniform  species  with  a  peristome  along 
the  concave  side  from  the  anterior  pole  to  the  cytostome 
at  the  centre.  The  cytophaiynx  is  more  or  less  arcuate. 
Tlie  macronucleus  is  large  and  nearly  central  in  location. 
A  single  contractile  vacuole  is  pi-esent.  The  species  of 
this  genus  occvu-  as  parasites  in  the  alimentary  canal  of 
Anura,  Myriapoda,  and  Insecta.  A  single  form  has  been 
found  twice  in  the  human  alimentary  canal. 

Xi/c/dtfiei'iis  faba  Schaudinn  1899. — Body  reniform, 
somewhat  flattened  dorsoveutralh',  left  side  conve.x, 
right  concave  and  notched  in  the  centre.  Anterior  end. 
bent  to  the  right  a  little,  and  on  the  right  side  slightly 
cut  out;  jjosterior  end  broadl.y  rounded  (Fig.  5192). 
Length  0.026-0.038  mm.,  breadth  0.016-0.018  mm.,  thick- 
ness 0.01-0.012  mm.  Peristome  a  narrow  longitudinal 
slit  just  at  right  margin  of  body,  extending  from  near 
anterior  end  to  middle  of  body.  Cytopharynx  tubular, 
short,  and  without  guide  spine  at  entrance.  Cilia  very 
fine  aud  delicate  as  well  as  short.  Ectoplasm  thin,  endo- 
plasm gianular,  alveolar  and  without  food  vacuoles. 
Conti'actile  vacuole  large,  located  left  of  middle,  near 
posterior  end,  emptj'ing  through  the  special  anal  tube, 
^lacronucleus  spherical,  0.006-0.007  mm.  in  diameter, 
with  chromatin  in  four  or  five  solid  masses  near  pcr- 
iphei-y,  leaving  the  intervals  filled  by  a  non-staining 
linin    network.     Micronucleus     0.001-0.0015     mm.     in 
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dianifter,  spherical  or  oval,  ordinaril}-  next  the  macro- 
nucleus.  Fission  aud  conjugation  were  not  observed. 
Enc.vsted  form  oval,  easilj*  recognized  by  the  strange 
macrouucleus. 

This  species  has  been  found  only  once  in  Berlin  in  a 
patient  suffering  alternately  from  diarrha^a  aud  constipa- 
tion. It  occurred  in  large  numbers  in  the  fa;ces 
taken  direct  from  the  intestine,  and  was  accom- 
panied by  Balantidimn  minuttim  aud  eggs  of 
AngniUula  (?)  aud  Anchylostmna .  The  species  has 
an  especial  interest  here  since  the  German  physi- 
cians suggest  from  the  histoi-y  of  the  case  that 
the  infection  may  well  have  been  attained  in  the 
United  States,  where  the  patient  had  lived  for 
some  time  previously.  A  pathogenic  role  has 
not  been  attributed  to  the  species. 

Stiles  reports  in  recent  correspondence  that  he 
has  encountered  several  cases  of  ciliate  infection 
which  could  not  be  identitied  and  at  the  time  more 
exact  study  was  impracticable.  The  attention  of 
physicians  should  be  directed  more  carefully  to 
this  group  of  organisms. 

The  genus  Brdantidium  includes  species  of  oval 
or  ellipsoidal  form,  circular  in  transsection,  with 
the  anterior  end  somewhat  tapering.  The  peri- 
stome has  the  form  of  a  flattened  funnel  witli  the  cyto- 
stome  at  its  base.  Two  contractile  vacuoles  on  the  right 
side,  sometimes  two  others  on  the  left.  Cytopyge  termi- 
nal; macronucleus  oval  or  reniform.  The  five  known 
species  are  parasitic  in  the  alimentary  canal  of  man  (two 
species),  pig  (one  species),  and  amphibia,  aud  in  the  body 
cavity  of  polychaitous  annelids.  For  the  distinction  of 
the  human  parasites  a  ke3'  to  all  five  species  is  neces- 
sary.    That  given  here  is  taken  from  Schaudinn. 

1.  Peristome  ex  tends  to  equator  of  body  or  further,  cyto- 

pharynx  present 3 

Peristome  much  shorter,  cytopharynx  wanting 3 

2.  Four    contractile   vacuoles,    macronucleus   reniform, 

cyst  spherical B.  entozoon  Clap,  and  Lachm. 

One  contractile  vacuole,  macronucleus  spherical,  cyst 
oval B.  miiiutinn  Schaudinn 

3.  Two  contractile  vacuoles -t 

One  contractile  vacuole  macronucleus  oval,  cyst  sphe- 
rical   B.  duodeni  Stein 

4.  Body  elongated,  spindle-shaped,  or  cylindrical, 

B.  dungatum  Stein 

Body  oval B.  coli  Stein 

Balantidium mli (ilalmsten  1857). — (Svn. :  Paranmcivm 
coli  :Malmsten  18o7;  B.  coli  Stein  186T.)" 

Form  oval,  slightly  truncated  anteriorly  with  very 
short  infundibuliform  peristome  which  lies  just  to  the 
right  of  the  anterior  tipand  leads  toa  short  cytopharynx 
(Fig.  5193).  Body  0.07-0.1  mm.  long  by  0.05-0.07  mm. 
broad.  Ectoplasm  aud  endoplasm  distinct;  latter  w-ith 
drops  of  oil  and  mucus,  aud  according  to  some  observers 
red  and  white  corpuscles  from  the  host.  Macronucleus 
bean  shaped  or  reniform,  with  the  small  spherical  micro- 
nucleus  adjacent  to  it.  Two  contractile  vacuoles  located 
on  the  right  side,  but  no  permanent  cytopyge.  Fission 
.of  the  free  form  has  been  observed.  Conjugation  has  also 
been  seen.  Cysts  are  spherical  aud  possessed  of  imper- 
'  vious  membrane. 

This  species  inhabits  the  colon  of  man  and  the  pig.  In 
the  latter  it  occurs  also  in  the  rectum  and  ciecum,  and  is 
present  regularly  in  large  numbers.  Tlie  pig  may  be  re- 
garded as  tlie  normal  host,  and  in  it  this  species  excites 
no  abnormal  symptoms.  The  enc^'sted  forms  evacuated 
with  faces  are  supposed  to  briug'about  the  transfer  of 
the  species  all  the  more  easily  that  tlie  jiig  is  copropha- 
gous;  and  yet  experimental  infection  has  been  unsuc- 
cessful even  in  the  pig.  Grassi  and  Calandruccio  have 
demonstrated  that  experimental  infection  of  man  is  not 
successful  in  the  case  of  healthy  individuals.  The  occa- 
sional introduction  of  encysted  forms  may,  however, 
bring  about  successful  colonization  of  the  "canal  when- 
ever any  pathologic  conditions  exist  in  the  colon,  although 
Grassi  and  Calandruccio  argue  from  the  slight  difference 
in  size  and  the  failure  of  their  experiments  that  the  forms 


found  in  man  are  not  of  the  same  species  as  those  from 
the  pig.  These  conclusions  do  not  seem  to  have  found 
even  limited  acceptance. 

Malmslen  iWscovoveA  Bahmtidiym  coli  in  1857  in  a  man 
who  had  recovered  from  an  attack  of  cholera  two  years 
befrr?.  liut  had  since  suffered  from  diarrhoea.     The  para- 


ViG.  nWi.— Balantidium  ccli.  .-1,  C,  Frei' ;  K,  eui-ysted ;  /i,  niiK-rumicleus; 
r.  conmictile  vcicuule;  f.  food  inas.s.  MaKiiiBed.  {A,  After  Leuokart;  B.  C. 
from  Brairn,  after  Casagraudl  audBarbagaUo.) 


sites  were  abundant  in  the  bloody  discharge  of  a  rectal 
abscess,  and  even  after  its  disappearance"  persisted  in 
the  faeces,  from  which  they  finally  disappeared  as  a  re- 
sult of  the  use  of  acid  enijmata.  In  the  necropsy  of  a 
subsequent  case  the  exact  seat  ot  the  parasite  was  deter- 
mined as  the  anterior  region  of  the  large  intestine. 

Many  cases  have  been  reported  from  man  since  then. 
Shegalow  lists  sixty-three  in  all  from  Russia,  Germany, 
Scandiuavia,  Finland,  Italy,  Cochin  China,  Suuda  Isl- 
ands, and  the  United  States  of  America.  Strong  and 
Musgrave  have  added  the  Philippines  to  this  list. 
While  this  parasite  has  been  observed  regularly  in  obsti- 
nate diarrha'a,  its  disappearance  is  not  accompanied  with 
the  cessation  of  the  symptoms  in  all  cases,  and  Balantidia 
have  been  lovmd  after  the  diarrhcca  has  stoppeil.  The 
earlier  idea  that  these  protozoa  were  the  exciting  cause 
of  the  intestinal  disturbances  has  accordingly  given  way 
in  part  to  a  view  that  these  protozoa  continue  aud  ex- 
tend the  diseased  condition,  but  are  not  sufficient  to  cause 
it.  Some  authors  report,  however,  that  the  species  pene- 
trates the  intestinal  wall  and  causes  abscesses  in  the 
deeper  layers.  Solowjev  claimed  even  to  have  demon- 
strated them  in  the  blood  and  lymph  vessels  of  the  intes- 
tinal wall.  This  has  recently  been  confirmed  by  Strong 
and  JIusgrave. 

These  authors,  together  with  several  other  very  recent 
contributors  to  this  subjec:t,  contend  very  strongly  in 
favor  of  the  pathologic  role  played  by  the"  parasite."  In 
most  post-mortems  lesions  have  been  found  similar  to 
those  of  amo'bic  dysentery.  Brooks  found  in  apes  in 
New  York  extensive  ulcerations  in  the  cffcum,  irregular 
in  contoin-  w-ith  undermined  borders.  The  mucous  and 
submucovis  coats  were  destroyed  and  the  parasites  were 
present  in  great  numbers  in  the  ulcerations,  especially  on 
the  floor  and  along  the  sides.  They  even  pass  beyond 
the  limits  of  the  \ilcers,  apparently  following  the  course- 
of  the  lymphatic  and  blood-vessels.  It  was  surmised  that 
the  parasites  entered  the  submucosa  fi'om  the  crypts  of 
Lieberkiihn,  in  the  depths  of  which  they  were  often 
found.  The  Balantidia  were  found  in  the  diarrhretic 
stools,  but  disappeared  with  recovery  of  the  host.  But 
relapses  were  frequent,  and  eacli  time  the  parasites  reap- 
peared in  the  foeces.  This  is  explicable  on  the  basis  of 
their  position  deep  in  the  glands  of  the  intestinal  wall, 
and  emjihasizes  the  ditficulty  of  completely  destroying 
them  and  preventing  a  recurrence  of  the  disease. 

It  is  difficult  to  avoid  the  conclusion  that  positive  proof 
of  theetiologic  significance  of  these  forms  is  given  by  the 
presence  of  abuudant  parasites  in  the  lesions  and  in  the 
tissues  in  advance  of  the  pathologic  changes,  and  also  by 
their  occurrence  in  the  depths  of  glands  and  in  the  sub- 
mucosa before  the  start  of  such  lesions  at  these  points. 
The  opponents  of  this  view  regard  the  role  of  the  pro- 
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Fig.  51M.— Bo!anfirfium  minutum.  Living. 
Abbreviations  as  belore.  Magnifled.  (After 
Scbaudinn.) 


tozoa  as  secondarj-,  and  look  upon  bacteria  as  primarily 
responsible  for  tlie  lesions.  This  species  is  known  to  oc- 
cur abundantly  in  some  parts  of  this  country  as  a  parasite 
of  the  pig,  anil  its  more  frequent  presence  in  the  human 

liost  tlian  rec- 
ords hitherto 
ni  a  d  e  w  o  u  1  d 
show  may  easily 
be  disclosed  by 
more  careful  ex- 
amination. It 
should  be  noted 
that  many  of 
the  cases  already 
on  record  come 
from  the  coun- 
try where  the 
chances  of  acci- 
dental infection 
are  naturally 
greater.  It  is 
there  according- 
1  y  that  one 
should  look  for 
evidence  of  more 
'extended  infec- 
tion of  the  hu- 
man host.  Lack 
of  records  in  the 
past  may  well  be  due  to  lack  of  precise  examination 
among  the  very  cases  in  which  the  parasite  is  most 
likelj'  to  occur. 

Balanlidium  minutum  Scbaudinn  1899. — (Syu. :  Colo- 
poda  cuciiUus  Schulz  1899.) 

Body  compressed  pvriform  or  oval  (Fig.  5194).  Length 
0.02-0!033  mm. ;  breadth  0.014-0.03  nun.,  or  in  the  ratio 
3 :  2.  Anterior  end  bluntly  pointed,  often  slightly  twisted 
dextrad  or  sinistrad.  Posterior  end  broadly  rounded. 
Peristome  a  slender  cleft,  broader  anteriorly,  pointed  pos- 
teriorly and  deeper:  extending  from  near  anterior  tip  to 
centre  of  body:  in  the  living  animal  continually  opening 
and  closing ;  left  margin  with  hyaline  membrane.  Adoral 
cilia  heavier  and  longer  than  those  of  the  body  generallj', 
only  on  the  left  peristome  margin  beneath  the  membrane. 
Bod}'  cilia  long  (0.007-0.008  mm.) slender.  Hyaline  ecto- 
plasm thin,  distinct  from  granular  endoplasm,  which  con- 
tains many  vacuoles.  These  are  filled  with  fine  granules, 
and  large  food  masses  or  excretory  crj'stals  are  not 
present.  Contractile  vacuole  single,  near  posterior  end 
on  left  side.  No  permanent  cytopyge.  Macronucleus 
spherical  0.006-0.007  mm.  in  diameter;  centrally  located. 
Micronucleus  single,  anterior  to  macronucleus  at  its  sur- 
face, 0.001  mm.  in  diameter.  Division  occurs,  but  con- 
jugation has  not  been  observed.     Cyst  oval. 

Reported  twice,  once  in  company  with  JS'ycictlierus 
faba  {(].  v.)  and  once  in  Berlin  also  without  that  species. 
In  both  cases  this  form  was  abundant  during  the  diar- 
rbcea,  but  with  the  exception  of  a  few  cysts,  disap- 
peared as  soon  as  the  stools  became  firmer.  Purgatives 
brought  the  iufusoriaus  again  in  numbers  into  the  stools. 
This  condition  indicates  that  they  inhabit  the  small  intes- 
tine, perhaps  the  duodenum,  rather  than  the  colon,  and 
make  their  appearance  when  carried  outward  by  more 
fluid  contents  and  rapid  passage  of  the  canal.  As  other 
species  of  tlie  genus  are  harmless  commensals  in  the  canal 
of  Amphibia,  this  speciesis  probably  not  pathogenic.  It 
should  be  kept  in  mind  that  confusion  of  B.  coli  and  B. 
minutum  may  occur  if  the  examination  is  not  made  with 
precision,  and  perhaps  some  cases  of  the  former,  already 
on  record,  actualh'  concern  the  latter  species. 

As  pseudo-infusoria  may  be  designated  a  long  series  of 
structures  I'eportcd  from  various  sources,  and  often  the 
object  of  repeated  discovery  by  those  unfamiliar  with 
the  field.  Thus  in  mucus  or  sputum  in  case  of  affection 
of  tlie  air  passages,  bodies  moved  liy  cilia  have  lieen  in- 
terpreted as  genuine  parasites  and  assigned  an  etiological 
role  in  the  disease.  In  contravention  of  this  view  may 
be  urged  the  vaiiable  and  irregular  form  of  such  bodies. 


their  rapid  and  special  degeneration  and  their  source, 
which  amply  demonstrate  their  origin  as  detached  ciliated 
cells  from  bronchi,  trachea,  or  nasal  cavity.  Such  bodies 
are  the  asthma  parasites  of  Salisbury,  and  the  protozoa 
of  whooping-cough  described  by  Deichler  and  Kurloff. 

Mucli  less  worthy  of  serious  attention  are  the  reports 
of  various  writers,  especially  Lindner,  that  certain  forms, 
well  known  as  free-living  species,  namely,  unstalked 
vorticellids,  are  the  cause  of  various  gastric  disturbances 
in  man  and  certain  domestic  animals.  The  statement  of 
Scbaudinn.  that  he  has  found  repeatedly  active  vorticel- 
lids in  fresh  fteces.  but  onl.y  after  water  enemata,  is  suffi- 
cient indication  of  the  means  by  which  such  marvellous 
discoveries  as  those  of  Lindner  and  others  are  achieved. 
Quite  recently  I  was  asked  to  examine  a  slide  containing 
organisms  from  fresh  urine,  and  these  were  not  echino- 
coccus  bladders  as  diagnosed,  but  unmistakably  free 
living  forms,  and  probably  contracted  rotifers  whose 
presence  was  due  to  the  contamination  of  the  vessel,  or 
possibly  of  the  sample  of  urine  examined. 

Henry  B.  Wanl. 
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ADDENDUM. 

"Protozoa  in  Sc.vrlet  Fever?* — In  four  cases  of 
scarlet  fever,  wliicb  came  to  autopsy  at  the  Boston  City 
Hospital,  there  \vas  found  a  series  of  bodies  which  strongly 
suggest  the  different  stages  in  the  development  of  a  pro- 
tozoon.  These  bodies  occur  in  the  epithelial  cells  of  the 
skin  and  tongue,  between  these  cells,  and  free  in  tbe  su- 
perficial lymph  vessels  and  spaces  of  the  corium  (see 
Plate  LXIL).  For  description  they  may  be  divided  into 
two  groups. 

"The  first  group  consists  of  a  series  of  bodies  varying 
in  size  from  2  to  7 /v.  Structurally  they  are  composed  of 
a  finclj'  granular,  closelj"  meshed  reticulum.  Sometimes 
they  contain  small  vacuoles.  Their  frequently  irregular 
and"  elongated  forms  suggest  fixation  while  in  amaboid 
motion. 

"The  bodies  of  the  second  group  are  radiated  in  struct- 
ure and  measure  4-6  //  in  diameter.  They  contain  a  central 
body  from  which  radiate  a  comparativel}'  large  nnnilier 
of  narrow  segments.  All  stages  occur  between  radiate 
bodiesor  rosettes  just  forming,  and  others  where  the  seg- 
ments are  enlarging  and  leaving  the  central  bod}'  to  form 
the  small  granular  forms  already  described. 

"These  bodies  are  brought  out  best  by  staining  iu 
eosin  followed  by  alkaline  methylene  blue  after  fixation 
in  Zenker's  fluid.  They  stain  a  clear  blue  in  fairly  well- 
marked  contrast  to  the  purplish  nuclei  and  the  pale  pink 
protoidasm  of  the  cells.  Other  staining  methods  give  DO 
differentiation  of  the  bodies. 

"Tbe  evidence   that  these   bodies  represent  different 
stages  iu  the  growth  of  a  protozoon  is  based  on  morplio-  ■ 
logical  data  only,  and  necessarily  is  far  from  conclusive. 

*  This  communication  and  the  accompanying  pliotograph  were 
not  received  until  tbe  main  article  bad  already  been  set  up  in  H'pe. 
—Editor. 
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EXPLANATION  OF  PLATE  LXIL 

Figs.  1  and  3  show  numerous  large  and  small  scarlet-fever  bodies  in  and  between  the  epithelial  cells 
of  the  rete  mucosum.  In  Fig.  1  is  a  large  body  in  a  lymph  space  of  the  coriiim  just  under- 
neath the  epidermis.     Several  of  the  bodies  suggest  fixation  while  in  amoeboid  motion. 

Figs.  3,  5,  and  6  are  coarsely  reticulated  forms  which  may  be  degenerated  forms  of  the  scarlet- fever 
bodies,  or  stages  in  sporogony. 

Figs.  4,  8,  and  9  probably  represent  stages  preceding  the  radiate  bodies.  In  Fig.  9  the  budies  lie  in 
a  lymph  space.  It  shows  also  four  small  forms  which  apparently  have  just  freed  themselves 
from  a  rosette. 

Figs.  T,  10,  11,  12,  13,  1-4,  and  15  show  different  stages  in  the  development  of  the  ra<liate  bodies. 

Fig.  10  is  the  earliest  stage;  there  is  a  distinct  central  bodj'  and  a  definite  regidar  arrangement  of 
granules  at  the  periphery.  Figs.  T.  11,  and  13  sliow  a  little  later  stage  of  development;  11  and 
13  are  optical  sections,  while  7  is  a  surface  view.  Moreover,  in  Fig.  7  the  body  lies  free  in  a 
lymph  space  in  the  corium.  The  segments  begin  to  show  a  certain  amount  of  lateral  separa- 
tion from  each  other. 

Fig.  13  is  a  still  later  stage;  the  segments  are  increasing  in  size  and  are  more  or  less  free  from  each 
other,  although  most  of  them  are  still  attached  to  the  central  body.  In  Fig.  14  the  segments 
are  all  free  and  enlarging,  although  still  grouped  around  the  central  body.  In  Fig.  15  three 
bodies  are  still  grouped  around  the  central  body,  which  is  free. 
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Protozoa. 
Radium. 


Their  discovery  mav,  liowever,  prove  to  be  tlie  first  step 
in  clearing  uptlip  etiology  of  scarlet  fever. 

"Morpliologically  the  bodies  resemble  fairly  closely  the 
different  stages  iu  the  sexual  development  (.schizogony)  of 
the  malarial  organisms.  Comparing  them  with  the  tertian 
malarial  parasite  under  the  same  conditions  of  ti.\ation 
and  staining,  they  seem  to  be  abont  one-third  larger,  and 
to  have  about  twice  as  many  segments  in  the  rosettes. 

"The  accompanying  illustrations  (Plate  LXII.)area 
copy  iu  black  anti  white  of  the  plate  of  colored  drawings 
in  the  original  paper."* 

While  these  bodies  must  be  studied  in  the  living  con- 
dition to  demonstrate  beyond  question  their  protozoan 
nature,  and  while  still  further  evidence  must  be  adduced 
before  their  etiological  relation  to  scarlet  fever  can  be  re- 
garded as  demonstrated,  yet  Dr.  Mallory's  work  is  of 
great  importance  and  a  strong  presum]ition  in  favor  of 
the  view  which  he  advocates.  For  his  courtesy  in  fur- 
nishing these  results  in  advance  of  the  appearance  of  the 
articleitsclf  sincere  thanks  are  due.  II.  B.  W. 

RADIUIVI. — Radium  is  a  radioactive  sulistance  sup- 
posed to  be  a  new  element.  Professors  Curie  and  Demar- 
cay  have  isolated  iu  small  quantity  and  tested  what  the}' 
consider  to  be  pure  radium,  obtainiug  froni  their  samples 
a  characteristic  spectrum,-  and  liave  determined  the  . 
atomic  weight  to  be  335.  On  account  of  the  rarity  and 
great  difficulty  and  cost  of  isolating  radium  it  is  used  in 
the  form  of  a  bromide  or  chloride. 

Diisciirerii. — The  discovery  of  radium  is  due  to  investi- 
gations upon  radioactive  substances.  In  lyOG  31.  Henri 
Becquerel,  member  of  the  Institute  of  France,  reported 
the  discovery  that  uranium  gave  off  radiant  energy  hav- 
ing many  of  the  properties  exhibited  by  the  radiations 
from  .('-ray  tubes. 

The  radiations  from  uranium  were  given  the  name  of 
Becquerel  rays,  from  the  distinguished  .scientist  who  dis- 
covered tlicm.  These  rays  have  the  property  of  dis- 
charging electriticd  bodies  and  of  producing  chemical 
changes  in  the  silver  salts  ordinarily  used  iu  photography, 
in  these  respects  being  similar  to  the  .r-rays. 

Uranium  was  tirst  discovered  in  17S9  by  the  German 
chemist  Klaproth,  and  named  by  him  from  the  planet 
"Uranus."  Uranium,  though  widely  distributed,  is  never 
found  in  large  amounts,  and  forms  several  minerals.  The 
most  common  of  these  is  uraniuite,  couunonlv  kuown  as 
pitchblende.  It  contains  about  eighty  per  cent,  of  ura- 
nium. The  pitchl)lende  whicli  contains  tlie  largest  amount 
of  radioactive  substances  is  the  Bohemian  pitchblende ; 
hut  it  is  also  found  in  Saxony,  Cornwall  (England),  and 
in  Colorado  (United  States). 

Professor  Curie  and  Mme.  Curie,  in  investigating  the 
Becquerel  radiations  from  uranium  found  that  some  sam- 
ples of  pitchblende,  from  which  the  uranium  had  been  ex- 
tracted, gave  forth  radiations  much  more  powerf\il  than 
an_v  they  had  foimd,  having,  in  fact,  four  times  the  radio- 
activity of  metallic  uranium.  Tliej'  concluded  that  ura- 
nium being  absent,  the  radiations  were  due  to  some  un- 
known substance  in  the  piteliblende,  and  following  out 
this  they  discovered,  in  1898,  a  substance  to  which  they 
gave  the  name  of  "polonium."  Polonium  passes  more 
rays  through  aluminum  than  uranium  does,  but  these 
rays  do  not  ])enetrate  glass,  are  readily  absorbed  by  min- 
erals, and  are  cut  off  by  thin  paper.  In  the  same  year, 
following  up  the  discovery  of  polonium,  M.  and  Mme. 
Curie  and  M.  Bemont  isolated  a  second  substance  from 
pitchblende  which  possesses  many  of  the  chemical  char- 
acteristics of  uranium,  but  is  much  more  powerful.  To 
this  they  gave  the  name  "radium." 

Properties  of  Ifudiiim. — Radium  is  one  of  the  most 
peculiar  substances  known  to  science,  and  produces  phe- 
nomena which  were  hitherto  unknown  as  existing  in  any 
chemical  element  or  chemical  combination:  (a)  It  glows 
constantly  with  a  visible  light;  (4)  it  gives  off  constantly 
a  certain  degree  of  heat ;  (c)  it  produces  electrical  effects 
similar  to  those  produced  by  the  .r-rays;  (rf)  it  causes  cer- 

*Mallory:  "Scarlet  Fever.  Protozoa-like  Bodies  Found  in  Four 
Cases."    journal  ot  Medical  Research,  No.  4,  vol.  1.,  1904. 


tain  chemicals  to  fluoresce;  (c)  it  reduces  the  silver  salts 
ordinarily  used  iu  photography ;  (/)  it  transforms  white 
into  red  phosphorus,  and  produces  other  transformations, 
such  as  changing  the  color  of  glass,  porcelain,  white  • 
paper,  rock  salt,  etc. ;  (g)  it  has  a  distinct  effect  upon 
living  tissue. 

JS'attiri'  of  Radium  Radiations. — The  discovery  of  .i-ray 
radiations  and  radium  radiations  has  given  rise  to  many 
ingenious  theories,  but  experiments  appear  to  show  a 
distinct  difference  between  radium  rays  and  .c-rays  and 
the  emanations  from  radium.  Radium  rays  like  .r-rays 
pass -through  glass  and  substances  opaque  to  ordinary 
light,  while  radium  emanations  are  of  peculiai'  I'liaracter 
and  appear  to  be  more  like  a  vapor.  These  emanations 
do  not  pass  through  glass,  but  settle  upon  all  objects 
with  which  they  come  iu  contact,  and  like  vapor  of  water 
may  be  condensed  by  extreme  cold.  The  emanations 
from  radium  produce  radioactivity  in  other  substances, 
the  result  being,  so  far  as  is  known,  that  all  substances 
may  be  rendered  radioactive  through  the  influence  of 
radium  emanations.  Substances  so  rendered  radioactive 
present  to  a  degree  all  the  phenomena  which  radium 
it.self  presents,  and  when  so  charged  retain  the  ))ro]ier- 
ties  of  radium  for  varying  periods  of  time.  Tlie  Curies 
have  determined  that  substances  thus  rendered  radio- 
active retain  their  induced  radioactivity  very  much 
longer  when  guarded  in  a  small  enclosure  through  which 
the  emanations  cannot  pass.  In  such  cases  the  induced 
radioactivity  diminishes  one-half  every  four  days,  while 
in  substances  not  so  guarded  it  diminishes  one-half  every 
twenty-eight  minutes. 

JSatiirc  and,  Meafiurements  of  Radium  Radiations. — 
There  are  three  entirely  distinct  tj'pes  of  raj'S  emanating 
from  radium.  These  are  known  as  the  "a,"";3,"and 
">"ra3'S.  The  a  raj's  are  the  least  penetrating,  losing 
about  one-half  of  tlieir  intensity  if  passed  through  alu- 
minum 0.0005  cm.  in  thickness.  The  /3  rays  are  much 
more  penetrating  and  much  longer,  and  correspond  in 
every  particular  to  tlie  characteristics  of  cathode  rays. 
They  are  readily  deflected  by  a  magnet,  discharge  elec- 
trified bodies,  etc. 

The  )'  rays  are  the  rays  possessing  the  greatest  pene- 
trating power.  These  rays  will  produce  radioactivity 
through  the  air  at  a  distance  of  four  feet  or  more,  and 
are  so  much  more  penetrative  than  a  rays  that  they  re- 
quire aluminum  8  cm.  in  thickness  to  reduce  their  in- 
tensity one-half. 

The  radioactivity  of  radium  compounds  is  measured 
in  terms  of  uranium,  this  element  being  taken  as  a  stand- 
ard. Professor  Curie  states  that  pure  radium  possesses 
one  million  times  the  radioactivity  of  uranium,  but  from 
the  rarity  of  the  substance  and  the  difticulty  of  obtaining 
it  in  a  pure  form,  the  radium  compounds  which  have  so 
far  been  available  for  experiment  have  rarely  been  above 
a  radioactivity  of  7,000.  The  quantity  of  radium  and 
radium  compounds  so  far  produced  has  been  exceed- 
ingly small  and  the  cost  is  very  great.  Professor  Curie 
states  that  it  would  take  Ave  thousand  tons  of  uranium 
residue  to  produce  a  kilogram  of  radium  at  a  cost  of 
about  82,000  per  ton. 

Heat-Prod uci riff  Properties. — Radium  has  the  remark- 
able property  of  maintaining  its  temperature  at  about 
1.5°  C.  above  its  surroundings.  Heat  production  like 
light  production  from  radium  appears  to  be  made  with- 
out any  change  iu  the  radium  and  without  any  loss  of 
weight.  This  remarkable  force  production  as  exhibited 
by  constant  heat  production  can  be  appreciated  when  it 
is  understood  that  radium  radiates  enough  heat  to  melt 
more  than  its  own  weight  of  ice  every  hour,  and  to  con- 
tinue, so  far  as  is  known,  this  force  production  for  an  in- 
definite period. 

Liff/it  and  Mvorescence. — When  a  tube  containing  ra- 
dium is  viewed  in  the  dark  it  is  seen  to  emit  a  distinctly 
visible  light.  The  light  emitted  is  of  uniform  quality 
and  is  produced  indefinitely,  and,  so  far  as  is  known, 
without  any  change  in  the  radium  itself.  When  the  rays 
from  radium  are  directed  upon  the  double  cyanide  of 
platinum  and  barium,  tungstate  of  calcium,  and  certain 
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other  chemicals  which  fluoresce  under  the  action  of  the 
j-ray,  the  radiations  from  radium  cause  these  substances 
to  glow  with  a  visible  light;  the  properties  of  the  radi- 
ations from  radium  in  this  respect  being  like  tliose  from 
the  .('-rays.  A  sufficient  quantity  of  radium  has  never 
been  obtained  to  allow  of  the  practical  use  of  the  fluores- 
cence so  obtained  in  the  w-ay  in  which  the  fluoroscope  is 
used  with  a'-rays,  but  it  is  possible  that  with  a  sufficient 
quantity  of  radium  a  fluorescence  equal  to  that  of  the  x- 
rays  could  be  produced. 

Pliotoclicmicdl  Effects. — When  the  rays  from  radium 
are  directed  upon  a  sensitized  photograpliie  jilrtte  from 
which  all  ordinary  light  is  excluded  by  having  the  plate 
enclosed  in  a  light-tight  envelope,  the  silver  salts  are 
reduced,  and  an  effect  similar  to  that  produced  by  the 
a:-rays  is  obtained. 

This  photo-chemical  effect  appears  to  be  identical  with 
that  produced  by  the  .c-rays,  except  that  eitlier  from  the 
radiations  from  radium  l)eing  less  powerful  in  photo- 
chemical effect  or  from  a  sufficient  quantity  of  the  sub- 
.stance  not  being  used,  the  rays  have  not  as  great  pene- 
trating power.  Exposures  of  long  duration  produce 
outlines  of  the  hiunan  hand  with  but  faint  indications  of 
the  bones. 

Like  the  fluorescent  effects  of  radium  the  photochem- 
ical effects  have  not  as  yet  lieen  made  of  practical  value. 
Practical  results  may,  however,  be  possible,  provided 
radium  can  be  obtained  in  sufficient  quantities  and  its 
action  can  be  pi-operlj-  controlled. 

Vitochemical  Effects. — The  effect  produced  by  the  radi- 
ations from  radium  on  living  tissue  are  most  remarkable. 
These  effects,  in  certain  ways,  resetnble  the  effects  pro- 
duced by  .7'-rays,  but  appear  also  to  have  peculiar  prop- 
erties which,  so  far,  have  not  been  found  to  be  produced 
by  .T-rays.  Radium  rays,  like  .r-rays,  are  capable  of  pro- 
ducing "  burns."  Tlie  discovery  of  this  elfect  of  radium 
was  made  by  Professor  Becquerel,  who,  when  journey- 
ing from  Paris  to  London,  carried  in  his  waistcoat  pocket 
a  small  tulje  of  radium.  About  a  fortnight  later  the 
skin  under  the  pocket  began  to  redden  and  fall  away, 
and  finally  a  deep  and  painful  sore  formed  which  was 
several  weeks  in  healing.  Like  the  burns  produced  by 
the  .f-ray  these  pathologic  effects  of  radium  radiations 
do  not  appear  tmtil  several  days  after  the  part  has  been 
exposed.  !Many  other  important  vitochemical  effects 
are  produced  b_v  the  peculiar  force  thrown  out  from  this 
remarkaljle  substance.  Becquerel  found  that  it  seeds 
were  exposed  for  a  long  time  to  the  emanations  from 
radium  their  germinating  power  was  destroyed. 

M.  Banysz,  in  experiments  in  the  Pasteur  Institute, 
found  that  the  emanations  from  radium  produced  re- 
markable effects  upon  rabbits,  guinea-pigs,  and  other 
small  animals.  These  experiments  show  that  radium 
has  the  remarkable  power  of  so  interfering  with  organic 
processes  as  to  inhibit  growth  and  even  destroy  life.  A 
small  amount  of  radium  suspended  over  a  cage  contain- 
ing mice  will,  after  a  few  days,  cause  loss  of  hair  and 
blindness,  followed  later  by  death.  The  same  experi- 
menter reports  that  exposure  to  the  radiations  from 
radium  will  cause  arrest  of  development  in  certain  lower 
organic  forms.  He  exposed  the  larviE  of  Ephestia  kueh- 
niella  in  a  glass  flask  to  the  emanations  from  radium  for 
a  few  hours.  After  a  few  weeks  it  was  found  tliat  most 
of  the  larv«  were  killed,  but  that  a  few  had  escaped  the 
destructive  action  of  the  rays  by  crawling  into  distant 
corners  of  the  flask  where  they  were  still  living,  but  liv- 
ing as  larva; ;  whereas  in  a  control  flask  similar  larvre 
had  changed  into  moths. 

M.  Bohn  has  shown  that  radium  may  so  modify  vari- 
ous lower  forms  of  life  as  to  produce  "monsters,"  and  he 
has  caused  remarkable  deviations  from  the  original  tj-pe 
in  tadpoles  exposed  to  radium  emanations. 

The  vitochemical  effect  of  radium  seems  to  be  particu- 
larly expended  upon  the  skin  and  subcutaneous  tissues 
and  the  nervous  system.  Thus,  Danysz  reports  that  tlie 
application  of  a  ttibc  containing  a  salt  of  radium  to  tlie 
skin  produces  an  ulcer  in  from  eight  to  twenty  days. 
A  few  moments'  application  produces  congestion  of  the 


human  skin.  When  applied  to  the  skin  of  a  rabbit  de- 
struction of  the  epidermis  follows,  but  when  applied 
under  the  skin  there  is  only  a  feeble  reaction  ou  the  epi- 
dermis. Danysz  found  that  when  tubes  containing  ra- 
dium were  introduced  into  the  intestines  and  serouscav- 
ities  of  guinea-pigs  very  little  effect  was  produced,  but 
its  action  was  noted  upon  the  nerve  centres  of  all  animals 
subjected  to  experiment.  This  action,  however,  was 
comparativ-cly  feeble  in  those  whose  osseous  tissues  pro- 
tected the  nerve  centres.  Application  of  tubes  contain- 
ing the  salt  to  the  cranium  caused  paresis,  ataxia,  and 
convulsions,  followed  later  by  death. 

Professor  Curie  introduced  a  few  milligrams  beneath 
the  skin  of  a  mouse  over  the  vertebral  column,  causing 
death  of  the  mouse  in  three  hours. 

The  rays  of  radium  have  a  direct  effect  upon  the  optic 
nerve.  This  was  shown  by  Giesel,  who  found  that  when 
radium  salts  were  brought  near  the  closed  eyes  a  sensa- 
tion of  light  was  produced.  This  is  attributed  by  Ham- 
mer to  phosphorescence  of  the  humors  of  the  eye  and 
also  to  effect  upon  the  nerves  of  the  retina.  Prof.  M. 
Javal  proposes  a  diagnostic  use  of  this  phenomenon,  and 
suggests  that  blindness  with  alteration  of  the  retina  can 
be  distinguished  from  that  due  to  glaucoma  or  corneal 
opacity,  because  patients  with  the  latter  condition  see 
rays  from  radium  as  well  as  those  of  sound  vision,  while 
patients  who  have  alteration  of  the  retma  have  no  sensa- 
tion of  light  when  a  salt  of  radiutn  is  placed  near  the  eyes. 

TJierapeiitir  Uses.— Tho  vitochemical  action  of  radium 
is  so  like  that  of  the  .c-rays  that  its  use  for  the  cure  of 
conditions  for  which  the  a'-rays  have  been  used  was  at 
once  suggested.  Experiment's  seem  to  show  that  tlie 
vitochemical  action  of  the  rays  of  radium  are  much 
more  powerful  than  those  of  ^•-rays.  There  seems  every 
probability,  when  radium  can  be  produced  in  sufficient 
quantity-  and  its  action  properly  controlled,  that  it  will 
be  a  valuable  therapeutic  agent.  So  far,  its  use  has  been 
mainly  confined  to  the  treatment  of  lupus,  epithelioma, 
and  superficial  skin  diseases.  Favorable  reports  of  re- 
sults of  its  use  in  these  diseases  have  been  given  by  a 
number  of  clinicians.  Danlos  reports  a  case  of  lupus  of 
the  face,  exposed  to  the  action  of  a  salt  of  radium  which 
had  a  radioactivity  of  19,000  for  from  twenty  to  thirty- 
six  hours,  with  the  result  of  the  disappearance  of  the  dis- 
ease and  with  the  formation  of  a  smooth,  white  cicatrix. 
Other  clinicians  have  reported  equality  favorable  results 
and  have  called  attention  to  the  good  effect  as  shown  by 
the  smooth,  soft,  and  white  resulting  scar. 

For  therapeutic  use  the  radium  compounds  have  in 
some  cases  advantages  over  the  i'-ray.  In  superficial 
diseases  of  the  skiu  and  mucous  membrane  these  radium 
compounds,  being  enclosed  in  small  hermetically  sealed 
glass  receptacles,  can  readily  be  employed  as  therapeutic 
agents.  All  that  is  necessary  is  to  place  the  receptacles 
containing  the  compound  in  close  apposition  to  the  parts, 
so  insuring  a  local  action.  Furthermore,  radium  com- 
pounds being  permanent  these  glass  receptacles  can  be 
used  for  an  indefinite  time  in  an\'  number  of  cases,  and 
this  aiiparently  with  more  suretj'  of  definite  results,  so  far 
as  tissue  reactions  are  concerned,  than  can  be  obtained 
from  the  radiations  from  x-ray  tubes. 

Willinm  Cline  Borden. 

SKIN  AND    ITS   APPENDAGES:   ANATOMY.— The 

skin,  or  integumentinn  commune,  of  the  bodj'actsasa 
covering  and  a  protection  for  the  deeper  portions,  besides 
being  an  organ  of  secretion,  of  excretion,  of  special  sense 
— the  sense  of  touch, — of  common  sensation,  and  the  con- 
servator of  animal  heat.  Embryologically,  it  is  developed 
from  those  two  primitive  layers  of  the  blastoderm,  the 
ectoderm  and  tlie  iiiesoderni.  which  are  formed  by  the 
cellular  division  of  the  impregnated  ovule.  The  epider- 
mis, or  most  external  layer  of  the  skin,  is  formed  from 
the  ectoderm,  while  a  superficial  portion  of  the  mesoderm 
furnisiies  the  remaining  constituent  parts — the  corium,  or 
cutis  vera,  and  the  subcutaneous  or  fatty  tissue. 

Gexku.vl  Cn.vK.\rTEiiisTics. — When  fully  formed  the 
skin  can  be  regarded  as  a  completely  closed  sac,  which 
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models  itself  so  closely  upon  the  portions  of  the  body 
which  lie  immediately  below  it,  that  it  allows  their 
shape  and  contisuration  to  be  more  or  less  accurately 
distinguished.  This,  naturally  and  to  a  great  extent, 
will  depend  upon  the  amount  of  intervening  fatty  tissue. 
When  the  latter  is  present  in  excessive  amount,  symmetry 
and  roundness  of  form  depeudeut  upon  its  presence  in 
moderate  quantity  is  natunxlly  lost. 

The  skin  does  not  stop  abruptly  at  the  natural  open- 
ings of  the  body.  It  is  continuous  at  these  points  with 
the  mucous  membrane  which  clothes  the  cavities.  At 
the  narcs,  on  the  labia  majora  and  minora,  and  on  the 
external  surface  of  the  anus,  the  transition  of  the  skin 
over  to  the  mucous  surface  is  gradual,  not  abrupt.  At 
the  mouth,  however,  ou  the  eyelids,  and  at  the  meatus 
urinarius,  the  transition  is  abrupt. 

The  integument  is  vcrj'  variable  in  thickness.  In 
general,  it  varies  between  0.5  and  4  mm.  (.'^  to  J  in.),  ex- 
clusive of  the  subcutaneous  tissue.  It  is  thinnest  on  the 
eyelids,  and  thickest  on  those  portions  which  are  sub- 
jected more  especiall}'  to  pressure,  as  on  the  palms  of  the 
hand  and  soles  of  the  feet,  or  which  .serve  as  points  of 
insertion  for  muscles,  as  on  the  upiicr  lip,  ala;  nasi,  etc. 

Density  and  Elttstinty. — It  has  been  found  that  the  skin 
possesses  considerable  solidity  and  verj'  perfect  elastic- 
ity. Sappey  concluded  from  his  experiments  that  a  strip 
of  skin  3  mm.  long  and  10  mm.  broad  was  able  to  sup- 
port a  maximum  weight  of  12kgm.  (26^  lb.).  The  solid- 
ity was  also  in  direct  ratio  to  the  thickness  of  the  piece 
of  skin  used  in  the  experiment.  As  mentioned,  the  elas- 
ticity is  very  perfect,  hut  slight;  a  considerable  amount 
of  stretching  may  result  from  the  application  of  a  small 
weight,  au(i  complete  rectilication  takes  place  after  its 
removal.  The  skin  is  not  of  uniform  texture,  l)ut  con- 
sists of  bundles  of  connective-tissue  fibres  arranged  like 
a  net,  between  which  are  spaces  of  various  sizes  which 
are  rhombic  in  shape.  In  these  s|iaces  there  is  found 
a  cementing  substance,  and  it  is  due  to  it  and  the  enor- 
mous network  of  elastic  fibres  that  the  former  are  able  to 
regain  their  natural  shape  after  having  been  stretched. 

Cleavage. — The  cleavage  lines  of  the  skin  were  demon- 
strated by  Langer.  He  pierced  the  skiu  with  small, 
round  awls  in  multiple  places,  and,  after  removal  of  the 
instruments,  observed  that  the  wounds  which  were  made 
were  linear.  He  then  made  series  of  them  in  rows  and 
close  together,  and  from  uniformity  in  the  direction  of 
the  long  axes  of  a  more  or  less  greater  number  of  them, 
he  was  able  to  conclude  that  the  skin  possessed  complete 
linear  cleavage  over  the  greater  part  of  the  surface  of  the 
body.  Not  on  all  of  it,  however,  for  in  some  places,  as 
on  the  forehead,  ou  many  points  on  the  scalp,  etc.,  the 
wound  made  was  a  triangular  one,  and  he  found  that 
these  occvirred  where  two  spaces  met  together  which 
possessed  linear  cleavage  in  opposite  directions. 

The  explanation  of  the  fact  that  the  skin  is,  to  a  great 
extent,  cleavable  linearly,  is  to  be  found  in  the  arrange- 
ment of  the  spaces  between  the  bundles  of  fibres.  These 
spaces  are  of  various  sizes  and  shapes,  and  in  many 
places  are  so  sti'etched  longitudinally  and  so  narrowed 
that  the  fibre  bundles  run  almost  parallel  to  each  other. 
The  course  of  the  cleavage  lines  of  the  skin  can  be  well 
understood  by  consulting  the  accompanying  figure  (Fig. 
519,5). 

Tension. — Except  upon  the  scalp,  the  palms  of  the 
hands,  and  the  soles  of  the  feet,  the  skin  is,  more  or  less, 
in  a  state  of  tension.  When  a  portion  is  excised,  it  will 
be  seen  that  it  diminishes  in  size  to  such  an  extent  that 
it  will  no  longer  cover  the  surface  which  has  been  laid 
bare.  This  cannot  be  ascribed  entirely  to  the  retraction 
of  the  borders  of  the  wound,  but  is  also  due  to  the  dimi- 
nution in  size  of  the  excised  piece,  which  is  then  no 
longer  snb.iected  to  its  former  tension.  Where  the  skiu 
possesses  linear  cleavage,  the  tension  is  in  the  direction 
of  these  lines;  but  where  this  condition  does  not  exist,  it 
occurs  uniformly  in  every  direction  in  the  plane  of  the 
surface.  The  tension  likewise  depends  upon  the  move- 
ments of  the  joints  and  muscles,  the  amount  of  fat  de- 
posited in  the  subcutaneous  tissue,  and  also  upon  morbid 


conditions,  such  as  oedema,  or  upon  the  existence  of  preg- 
nancy. In  this  latter  condition  the  degree  of  tension 
may  be  so  great  that  a  permanent  change  may  result  in 
the  direction  in  which  the  bundles  of  fibres  run. 

Color. — The  color  of  the  skin  differs  according  to  the 
individual,  the  race,  and  the  age,  and  it  also  varies  upon 
different  portions  of  the  bodv.  It  cannot  be  ascribed  in 
certain  races  to  climatic  intluences  alone,  since  in  the 
same  zones  people  of  different  color  are  found,  as  in 
A  frica,  negroes,  and  in  a  corresponding  portion  of  Amer- 


FIG.  .')19.'>.— Cleavage  Lines  of  tbe  Skin.    (Langer.) 

ica,  the  much  lighter  colored  Indians.  The  difference  ia 
color  depends  entirely  upon  the  amount  of  pigment  pres- 
ent in  the  rete  Malpighii,  where,  under  the  form  of  gran- 
ules, it  is  found  especially  in  its  lower  layer  or  stratimi 
basale.  This  is  easily  demonstrable  in  the  skin  of  the 
negro  two  or  three  days  after  death,  and  before  decom- 
[josition  has  set  in.  If  the  skin  is,  under  such  conditions, 
sharply  rubbed,  the  epidermis  is  detached  and  rolls  up 
under  the  finger,  and  the  corium  or  true  .skin  is  seen  to 
be  of  a  dull  white  color.  In  the  white  race  tlie  color 
changes,  within  certain  limits,  in  the  various  seasons  of 
the  year.  When  the  skin  is  exposed  to  the  heat  and  the 
sun  in  summer,  there  is  an  inci'ease  in  pigment  deposit 
and  it  appears  darker,  but  this  disappears  and  the  whiter 
color  returns  in  winter. 

Under  certain  physiological  conditions,  such  as  preg- 
nancy, there  is  likewise  an  increase  in  the  amount  of  pig- 
ment in  particular  portions  of  the  skin — the  areola  around 
the  nipple,  the  linea  alba,  etc. — and  this  may  in  some 
instances  be  to  an  exaggerated  extent.  A  lai'ge  portion 
of  this  increase  often  disappears  after  the  birth  of  the 
child,  but  a  considerable  amount  usually  remains.  In 
the  male  the  scrotum  and  penis,  and  in  the  female  the 
vulva,  are  of  a  darker  color  than  the  rest  of  the  skin. 
The  pink  or  red  color  seen  on  certain  portions  of  the 
body,  as  the  cheeks,  or  induced  by  certain  temporary 
causes,  as  those  which  produce  flushing,  is  due  to  the 
blood  in  the  ves.sels  of  the  cutis.  These  latter  becoming 
tilled  with  blood  its  color  is  conveyed  to  the  eye  through 
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the  epidermic  covering.  Wlien  venous  congestion  is 
present  tlie  color  is  more  or  less  of  a  blui.sb  tinge.  In  old 
age  the  skin  aoquiics  a  more  or  less  yellow  color,  due  to 
the  atrophic  changes  that  take  place  in  it,  and  also  to  the 
lesser  amount  of  blood  supplied  to  it. 

The  Fokl.i  itiid  the  Ftirroirt:  of  the  Shin. — Many  furrows 
are  seen  on  tlic  skin.  Some  are  long  ami  deep,  others  are 
short  and  shallow.  The  former  are  present  to  a  great 
e.xtent  from  Ijirtli.  and  are  seen  r\inning  in  a  transverse 
direction  across  the  extensor  and  flexor  surfaces  of  joints. 


Fig.  5196.— Section  of  the  Skin  (epidermis  and  the  paplllarv  portion  of 
thi'  i-oriuml  on  the  Sole  of  an  .\diilt  Foot.  Specimen  h'ariiened  in 
a  sniutlnn  of  piiM'ic  acid  .and  bichloride  of  mercury,  and  stained  with 
hremato.xylin  and  eusin.  MasnlBed  ilO  diameters.  (After  Itabl.) 
S*i'  ('.,  Stratum  dlsjunctum:  Str  c,  stratum  corneum ;  StrL, 
stratum  lucidum  ;  S(i' (;)'.,  stratum  granulosuin  :  Sti' g.,  stratum 
geiminativum;  S/ r  sp,  stratum  spinosum  ;  F,  fold  of  epithelium: 
D,  glandular  ridges ;  S.  outlet  channel  of  a  sweat  gland ;  P, 
paplUee ;  Bl.  blood-vessel. 

The  latter  are  represented  by  the  wrinkles  on  the  face 
which  develop  with  age.  These  latter  are  due  partly  to 
the  diminished  elasticity  and  turgescencc  of  the  skin,  but 
they  are  induced  more  often  by  muscular  contraction  and 
stretching  of  the  cutis. 

The  furrows  around  the  joints  are  produced  by  the 
movements  of  flexion  and  extension.  They  are  not  able 
to  overcome  directly  the  tension  of  the  bundles  of  flbres, 
which  in  this  situation  run  transversely  or  obliquely 
across  the  joints:  in  consequence  the  fibre  bundles  are 
not  stretched  by  the  ordinary  movements,  but  the  rhora- 
boidal  spaces  between  them  are.  On  one  side  of  the  joint 
their  tension  is  in  the  direction  of  their  breadth,  while  on 
the  opposite  side  the  fibre  bundles  are  brought  closer  to- 
gether. In  this  way  tlie  constant  furrows  around  the 
joints  are  caused.  Those  which  are  due  to  muscular  ac- 
tion, as  the  wrinkles  on  the  forehead,  etc.,  are  produced 
in  the  same  manner,  the  constant  repetition  of  the  move- 
ments finally  effecting  a  permanent  change  in  the  arrange- 
ment of  thefibrebundk'sand  of  the  spaces  between  them. 

The  folds  seen  in  very  emaciated  persons  are  likewise 
caused  by  tlie  dimiiiutimi  in  Ihe  size  of  the  rhomboidal 
spaces.  This  is  brought  about  by  the  loss  of  fat  and  the 
consequent  change  in  the  arrangement  of  the  fibrous 
structure  of  the  skin.  Coarser  furrows  are  also  seen  on 
tlie  jialms  of  the  hands  and  on  the  soles  of  the  feet,  and 
in  these  places  the  skin  is  not  movable.  These  furrows 
are  always  permanent,  being  caused  by  the  firm  union  of 
the  skin  to  the  tissues  below  by  means  of  short  bundles 


of  connective-tissue  fibres.  Dimples,  where  they  occur, 
are  due  to  the  samecau.se;  tliat  is,  the  skin  is'  at  that 
point  attached  to  the  underlying  tissues  and  does  not 
move  together  with  the  rest  of  the  skin  of  which  it  forms 
a  portion. 

The  Stuijcthre  op  the  Skin. — The  integument  of 
the  bod_y  is  composed  of  several  layers.  The  most  exter- 
nal of  these  con.sists  of  epithelium  and  is  termed  the  epi- 
dermis. It  clothes  the  outer  surface- of  the  corlnm,  or 
cutis  proin-ia,  the  line  of  division  between  the  two  being 
very  sharjily  defined  and  great  morpliological  dilference 
exists  between  tlie  elements  composing  each.  The 
corium  is  a  closel}'  knit  tissue,  consisting  of  connective 
tissue,  elastic  fibres,  and  tmstriped  muscle.  It  contains 
the  glands  of  the  skin  and  the  hair,  and  is  rich  in  blood- 
vessels and  in  nerves.  It  is  not  sharply  limited  on  its 
under  surface,  but  goes  over  here  gradually  into  the  sub- 
cutaneous or  fatty  layer  of  the  skin.  This  layer,  the 
panniculus  adiposus,  is  in  reality  the  deeper  jioVtioii  of 
the  cutis,  and  consists  of  connective-tissue  fibi-cs  loo.«ely 
put  togellier,  which  contain  in  their  cells  and  in  the 
spaces  between  them  a  more  or  less  large  amount  of  fat. 

The.  epidermis  and  the  corium  are  the  most  im]iortaiit 
portions. of  the  skin,  and  vary  in  many  particulars  on 
difl'erent  portions  of  the  body.  The  various  appendages 
of  till-  skin — the  hair,  the  nails,  and  the  glands — are  de- 
rived from  or  are  attached  to  them.    . 

EriDi-:i!Mis. — Emhri/oldjju. — The  epidermis,  the  most 
external  layer  of  the  skin,  is  formed  from  the  ectoderm, 
and  in  the  first  month  of  life  and  the  beginning  of  the 
second  consists  of  only  a  single,  or  in  its  tliicker  portions 
of  two  or  three  rows  of  polj'gonal  cells.  Below  tlie.se  is 
a  layer  of  very  small  cells,  which  represent  the  origin  of 
the  stratum  mucosum  or  rete  Malpighii.  This  increases, 
in  the  course  of  development,  to  several  rows  of  cells,  the 
layer  becoming  more  and  more  distinct  and  thicker.  In 
the  mean  time  the  outermost  cells  have  also  become  flat- 
ter, and  represent  the  primitive  hornj'  layer,  whicli, 
however,  remains  during  fa'tal  life  of  a  low  grade.  It  is 
subjected  to  constant  desquamation,  and  the  scales  from 
its  surface  are  mixed  with  the  secretions  from  the  skin  to 
form  the  vernix  caseosa.  As  early  as  the  eighth  month 
(Unna),  granular  cells  begin  to  appear  between  the  horny 
and  mucous  layers,  and  the  cornification  of  the  epidermis 
cells  becomes  more  marked.  Neverllieless,  and  before 
this,  the  horny  layer  has  become  strong  enough  to  op- 
pose sufficient  force  to  the  epithelial  growth  and  tu  the 
proliferation  of  its  cells,  .so  that  the  increase  in  thickness 
of  the  rete  Malpighii  can  no  longer  take  place  in  the 
direction  of  the  external  surface,  but  is  compelled  to  pro- 
ceed downward  toward  the  cutis  propria.  It  penetrates, 
in  its  further  development,  into  the  spaces  between  the 
rudimentarj-  pajiillse,  sjiringing  from  the  surface  of  the 
cutis,  and  thus  forms  the  interpapillary  prolongations  of 
the  epidermis.  It  is  by  virtue  of  these  ingrowths  of  the 
epidermis  that,  when  fully  formed,  it  lies  upon  the  derma 
as  an  accurately  fitting  coat,  whicli  follows  closely  the 
outlines  and  inequalities  of  the  true  skin. 

Thickness  of  the  Epidermis. — The  thickness  of  the  epi- 
dermis, as  a  whole,  varies  from  birth  to  old  age,  on  dif- 
ferent parts  of  the  body,  and  is  also  influenced  by  exter- 
nal causes,  as  pressure,  rubbing,  etc.  At  birth  it  is  from 
0.1.5  mm.  to  0.25  mm.  in  thickness,  but  in  adult  life  from 
0.75  mm.  to  1,6G  mm.  The  differences  are  due.  for  the 
most  part,  to  the  thickness  of  the  horny  layer,  wliich  in 
some  situations,  as  on  the  palms  and  soles,  or  on  any  sur- 
face subjected  to  constant  pressure,  may  attain  a  very 
considerable  increase  in  thickness. 

Layers  (f  the  Epidermis. — The  epidermis  is  divided  into 
two  major  layers,  due  to  the  different  consistence  of  the 
cells  constituting  each.  The  most  external  and  super- 
ficial one,  consisting  of  horny  cells,  is  firm  and  resistant, 
and  termed  the  stratum  corneum,  while  the  one  inline- 
dialely  below  it,  lying  in  contact  with  tlie  derma,  is 
called  the  stratum  mucosum,  or  rete  JIalpi.ghii.  The 
latter  consists  of  .soft  epithelial  cells  and  is  sharply  de- 
fined from  the  stratum  corneum.  Both  of  these  major 
layers  are  still  further  subdivided  according  to  the  ap- 
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pearance  of  its  cells,  or  to  the  reaction  of  their  various 
portions  to  certain  coloring  substances. 

Eete  Malpighii. — Tlie  most  deeply  situated  cells  of  the 
stratum  nuicosum,  those  which  are  in  immediate  contact 
with  the  derma,  are  cylindrical  in  sliape  and  form  the 
basic  layer  or  stratum  basale  of  the  rete.  Its  imiiortance 
can  be  estimated  from  the  fact  that  it  represents  the  pro- 
ductive part  of  the  stratum  mucosum.  lu  normal  skin 
they  are  the  only  cells  which  show  the  karyokinetic  cell 
tigures  and  indirect  division  of  the  nucleus  occurring  in 
ejiithelial  growths.  Their  long  axes  are  directed  per- 
pendicularl}-  to  the  corium,  and  if  tlie  layer  is  carefully 
examined,  small  basic  cells,  resulting  from  the  cell  divi- 
sion, are  seen  pushing  their  way  in  between  the  older 
ones. 

The  cylindrical  cells  send  out  into  the  corium  more  or 
less  long  prolongations,  but  the  spines,  which  character- 
ize the  entire  rete,  are  seen  clearly  only  upon  their  upper 
contours.  It  is  in  these  cells,  especially,  that  a  more  or 
less  lai'ge  amount  of  pigment  granules  are  deposited, 
which  give  the  various  shades  of  color  to  the  skin  of  dif- 
ferent individuals  and  races. 

Above  the  basic  layer,  cells  of  various  shapes  and  sizes 
are  foimd.  Over  the  papillfe,  and  in  the  interpapillary 
portions  of  the  rete,  round  and  cuboid  and  jiolygonal 
cells  are  seen.  In  the  interpapillarv  prolongations,  how- 
ever, round  cells  predominate.  As  the  external  surface 
is  approached  the  cells  become  larger,  and  have  tlieir 
long  axes  more  parallel  to  the  surface  of  the  skin.  Tlic 
cells  themselves  have  a  body  consisting  of  liuelj*  granu- 
lated protoplasm,  which  contains  a  clearty  defined  nu- 
cleus, in  which  are  several  nucleoli.  According  to  the 
position  of  the  cells  in  the  rete,  the  shape  of  the  nucleus 
varies.  In  the  uppermost  portions  it  is  oval,  in  the  mid- 
dle, round,  and  in  the  cylinilrical  lawyer,  rod-like,  thus 
agreeing  more  or  less  accuratel_y  with  the  sliapc  of  the 
cell.  The  varying  form  of  all  of  these  cells  is  due  in 
general  to  the  degree  of  mechanical  pressure  to  which 
they  are  subjected  by  the  individual  growth  of  each,  and 
by  other  causes,  such  as  atmospheric  pressure.  Tlu^  cells 
composing  this  portion  of  the  rete  Malpighii  do  not  lie 
in  close  contact  with  each  other,  but  are  held  in  apposi- 
tion b}'  protoplasmic  prolongations  from  their  surfaces, 
which  are  continuous  with  the  protoplasm  of  the  cell 
body.  They  have  been  termed  spines.  It  is  due  to  this 
characteristic  that  the  entire  layer  has  been  named  the 
stratum  spinosum. 

The  spines,  which  charixcterize  these  epithelial  cells, 
were  first  observed  by  Schron,  and  the  function  of  bind- 
ing the  cells  together  has  been  attributed  to  them.  The 
manner  in  which  this  occurs  has,  however,  always  been 
a  subject  of  controversy.  Max  Schultze  was  of  the 
o]iiniou  that  they  were  arranged  as  in  a  pinion  and 
ratchet;  Bizzozero,  that  their  ends  were  united  together; 
and  Rauvier,  that  their  ends  were  fused  together,  fortn- 
ing  a  peculiar  elastic  organ  which  allowed  considerable 
movement.  These  spines  can  be  studied  best  in  rapidly 
proliferating  growths  of  the  rete,  as  in  condylomata 
acuminata;  but  in  the  normal  skin  it  is  very  difficult  to 
form  any  opinion  in  regard  to  their  natural  arrange- 
ment. Whether  the  spines  are  active  or  ]iassive  in  their 
nature  is  likewise  a  disputed  point.  Still,  as  Unna  has 
pointed  out,  they  are  in  all  probability  the  result  of 
active  protojilasmie  movement,  since  they  are  purely 
prolongations  of  the  cell  body  and  consist  of  the  same 
protoplasm. 

Intercellular  Spaces. — The  arrangement  of  the  spines 
springing  from  the  surface  of  the  cells  of  the  rete  is  suclr 
that  small  spaces  are  left  between  them.  These,  the  in- 
tercellular spaces  of  the  stratum  mucosum,  are  of  great 
importance,  inasmuch  as  they  serve  as  channels  for  the 
passage  of  the  nutrient  fluids  from  the  corium  to  the  epi- 
thelium. The  communication  existing  between  the  blood 
and  Ij-mph  vessels  and  spaces  and  these  intercellular 
spaces  was  clearly  demonstrated  by  Nalepa,  who  suc- 
ceeded in  injecting  them  from  the  subepithelial  blood- 
vessels. The  wandering  cells  coming  from  the  vessels  of 
the  cutis  and  seen  in  the  rete  are  also  enabled  to  wander 


along  by  means  of  these  spaces,  and  they  are  the  source 
of  the  pigment  sometimes  seen  in  these  situations. 

Stratum  Granulosum. — Situated  above  the  stratum 
spinosum,  but  yet  in  close  contact  with  it,  is  a  layer  of 
cells  cliaracterized  by  the  possession  of  certain  peculiari- 
ties. This  layer  consists  of  one  or  two  rows  of  cells, 
seldom  of  more,  upon  whose  surfaces  shortened  spines 
may  still  be  seen,  and  thej'  also  contain  granules  of  va- 
rious sizes  and  shapes.  It  is  owing  to  the  presence  of 
these  that  it  has  received  the  name  of  stratum  granu- 
losum. These  granules  react  toward  certain  coloring 
substances  in  a  marked  manner,  and  stain  very  deeply. 
Unna,  who  has  studied  this  layer  very  carefully,  states 
that  it  makes  its  appearance  in  the  epidermis  toward  the 
end  of  foital  life,  but  that  it  can  be  seen  much  earlier  in 
the  inner  root  sheath  of  the  embryonic  hair. 

The  stratum  granulosum  is  present  over  the  entire 
skin,  except  on  the  vermilion  border  of  the  lips  and  in 
the  nail  bed.  The  granules  appear  white  by  direct  light, 
and  for  this  reason  Unna  as.serts  that  they  are  the  cause 
of  the  white  color  of  the  Caucasian  race.  Such  an  ex- 
planation is,  however,  scarcely  a  reasonable  one,  owing 
to  the  fact  that  this  same  stratum  granulosum  is  present 
in  the  skin  of  the  negro  as  well  as  in  that  of  the  other  dark 
races ;  and  besides,  when  it  is  found  pathologically  or  even 
under  natural  conditions  greati}'  increased  in  depth,  it 
does  not  seem  to  cau.se  the  color  of  the  portions  where  it 
is  situated  to  be  whiter  than  the  remainder  of  the  skin. 
The  stratum  granulosum  is  very  marked  in  condj'lomata 
acuminata  and  on  the  palmar  surface  of  the  bauds,  and 
j'et  the  former  are  far  from  being  white  in  color,  and  the 
latter  are  not  especially  so. 

The  granules  which  are  present  in  these  cells  have  been 
the  subject  of  so  much  discussion  that  they  are  worthy 
of  extended  consideration.  They  were  observed  long 
ago  by  Kijlliker  in  the  medulla  of  the  hair,  and  by  Auf- 
hammer  in  the  epidermis.  Langerhans,  however,  was 
the  first  to  describe  them  carefully,  while  Unna  jiointed 
out  that  they  stood  in  constant  relationship  to  the  proc- 
ess of  cornification,  and  he  claimed  that  tlie\'  represented 
the  intermediate  stejjs  which  occurred  in  this  process, 
transforming  the  soft  epithelial  cells  into  horny  tissue. 
Ranvier  regarded  them  as  drops  of  a  fiiiiil  substance, 
which  existed  in  a  free  state  in  the  lowest  laj'ers  of  the 
stratum  corueum,  and  to  which  he  had  given  the  name 
of  elei'din.  Waldeyer,  however,  has  furnished  the  most 
satisfactor)'  and  correct  information  in  regard  to  them. 
He  proved  that  they  could  not  be  drops  of  fluid,  because 
they  swelled  up  on  the  addition  of  alkalies  and  also 
changed  their  shajie  on  pressure,  but  not  in  the  manner 
that  fluids  do.  The_y  were  likewise  insoluble  in  ether, 
alcohol,  or  water,  and  possessed  a  verj'  great  affinity  for 
the  nuclei-staining  dyes,  as  ha?niatoxylon,  picrocarmine, 
etc.  The  supposition  that  they  were  fatty  in  character 
was  also  excluded  by  their  want  of  reaction  to  osmic 
acjd.  Waldej'cr  found,  on  the  other  hand,  that  they 
agreed  chemically  very  closely  with  the  hyalin  of  Reck- 
linghausen, a  product  of  degeneration,  and  for  this  reason 
he  suggested  the  name  of  keratohyalin  for  the  substance. 

Keratohyalin,  according  to  Unna.  is  found  to  a  small 
extent  around  the  nucleus  of  the  cells  in  the  middle  por- 
tion of  the  stratum  spinosum,  but  it  exists  to  a  consider- 
able extent  only  in  the  stratum  granulosum.  The  gran- 
ules here  are  small,  and  though  the  cells  are  tilled  with 
them,  yet  a  small  peripheral  zone  always  remains  free 
from  encroachment.  The  cells  in  this  layer  have  atro- 
phied nuclei,  which,  however,  still  stain  well,  and  tlie 
intercellular  spaces  are  narrowed  to  such  an  extent  as  to 
be  almost  entirely  absent. 

The  significance  of  keratohyalin  and  its  relation  to  the 
process  of  cornification  have  received  much  attention. 
The  general  opinion  at  present  is  in  favor  of  regarding 
these  granules,  not  as  the  cause  of  the  cornification  of  tbe 
rete  cells,  but  as  a  phenomenon  accompanying  that  proc- 
ess, and  as  one  "n  hich  is  produced  by  the  act  of  cornifica- 
tion taking  place  in  the  periphery  of  the  cells. 

Stratum  Corueum. — The  layer  of  the  epidermis  lying 
above  the  stratum  granulosum  is  the  stratum  corneum. 
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It  is  the  one  wliich  is  most  exttrunl ami  is  in  contact  witli 
the  air.  It  varies  greatly  in  tliickness  on  dilTereut  por- 
tions of  tlie  body,  being,  liowever,  usually  most  marked 
on  the  palms  of  the  hands  and  on  the  soles  of  the  feet, 
and  also  being  always  mucli  increased  on  any  portion  of 
the  skin  which  is  subjected  to  constant  pressure.  On 
these  surfaces  especially,  but  not  exclusively — that  is,  on 
the  palms  and  the  soles — it  is  noticeable  that  its  lowest 
portion,  that  w-hich  is  immediately  next  to  the  stratum 
granulosum,  iios.sesses  great  transpareucj'.  This  stratum 
is  narrow,  sharply  defined,  and  is  linown  as  the  siratum 
lueidum  of  Oelil,  but  its  existence  lias  never  been  satis- 
factorily explained.  The  ceils  forming  the  siratum  cor- 
neum  are  clear  and  transparent,  showing  neither  granules 
nor  nuclei.  Uuna  claims  to  have  found  traces  of  the 
spines  seen  on  the  cells  of  the  stratum  spinosum  even 
here,  and  asserts  that  the  coherence  of  the  cells  forming 
the  horny  layer  is  due  to  their  persistence. 

By  meansof  artificial  digestion  with  pepsin  and  tryp- 
sin, it  has  also  been  found  that  the  entire  cell  does  uot 
become  cornified,  but  only  the  peripheral  portions. 
After  emploj'ment  of  this  method  it  is  clearly  seen  that 
it  is  the  contents  of  the  cells  which  are  destroyed,  while 
the  peripheral  portions  remain  and  have  the  appearance 
of  horny  shells. 

The  reaction  of  the  epidermis  to  certain  staining  mate- 
rials allows  furthermore  a  recognition  of  several  layers 
constituting  it,  and  shows  successive  changes  not  only  in 
the  cell  .substance,  but  also  in  the  intercellular  spaces. 
We  owe  to  Unna  the  following  table,  showing  the  reac- 
tion of  the  several  layers  of  the  epidermis  to  various 
dyes: 


tinct  layer  of  the  skin.  The  transformations  which  take 
place  among  the  closely  aggregated  cells  in  the  upper 
portion  are  shown  by  the  penetration  of  fibres  between 
them  and  by  the  deposition  of  collagenous  material.  The 
individual  cells  are  thereby  more  and  more  widely  sepa- 
rated from  each  other,  and  the  corium  attains  a  consider- 
able degree  of  thickness.  Gradually  blood-vessels  and 
nerves  pass  into  it,  and  upon  its  superficial  surface  the 
papilhe  begin  to  form.  These  latter  appear  about  the 
sixth  month  of  fcctal  life  as  small  eminences  upon  the 
svu-face  of  the  cutis.  They  are  formed  by  the  growth  of 
the  epidermis,  which  pushes  before  it  "the  weaker  and 
more  yielding  portions  of  the  cutis.  The\-  are  first  seen 
on  the  palms  of  the  hands  and  the  soles  of  the  feet,  but 
are  quite  general  toward  the  end  of  fretal  life.  The 
development  of  the  papillae  is  not  fully  completed  until 
after  birth. 

Dh-isions  of  the  Cutis. — The  major  part  of  the  cutis 
consists  of  fibrous  connective  tissue,  which  is  poor  ia 
cells  and  which  is  arranged  in  the  foriu  of  bundles.  The 
texture  of  the  cutis  is  closely  knit  in  that  portion  which 
is  next  to  the  epidermis,  but  is  much  looser  in  the  parts 
below  this.  In  this  situation,  the  fibre  bundles  crossing 
each  other  form  the  rhombic  spaces,  which  have  been 
mentioned  as  the  cause  of  the  linear  cleavage  of  the  skin. 
On  account  of  the  dilference  in  the  texture  of  the  cutis, 
it  has  been  divided  into  two  layers:  the  one  in  immediate 
contact  with  the  epidermis  being  termed  the  pars  papil- 
laris, that  below  it,  the  pars  reticularis. 

Pars  Bet  ic  Ilia  lis. — The  pars  reticularis  of  the  corium  is 
composed  of  bundles  of  fibres  of  various  sizes  and  lengths. 
They  are  continuous  with  the  connective  tissue  of  the 


Layers  of  the  epidermis. 


A.  Stratum  corneum  , 


1.  Sur«rflcial . 

2.  Mirtdle 


3.  Suprabasic 

4a.  1 

Basic,  stratum 
lueidum  of  Oebl. ; 

4b.  .1 


B.  Stratum  granulosum  . 

C.  Stratum  spinosum 


Rete  M  a  I  p  i  p:  ti  i  i . 
stratum  of  Flem- 
ing. 


Consist- 
ence. 


Firm.. 

Looser 

texture 

Firm 

Very  firm 


Soft.. 


OSMic  Acid. 


Without 
removal 
of  fatty 
matter. 


Black... 

Clear... 


J-BlaclJ.. 


After  re- 
m  oval 
of  fatty 
matter. 


Clear.... 
Dark 
brown. 


Dark 
brown. 
Protoplasm f 

Coloring  (preen). 


Picrocarmine. 


Yellow 

Red 

Dark  red  . . 
Yellow 


Granules  color- 
ed dark  red  , . 

Nuclei  colored 
dark  red. 


Ha?mato  x  y'l  o  n 
(glacial  acetic 
acid). 


Bluish-white 
Violet 


Bluish-white 


lo  d  V  i  o  1  e  t 

(only 
slightly  de- 
colorized). 


•■■] 


Clear. 
Blue  . 


Granules     col- 
ored violet. 

Nuclei   colored  Nuclei- 
blue.  I    colored 

blue. 


Salicylic  acid 
—chloride  of 
iron  (H.  He- 
bra). 


Brown. 
Clear. 

Light  brown. 

Not  constant. 


Brown. 
Light  brown. 


The  several  layers  which  have  just  been  described  as 
entering  into  the  formation  of  the  epidermis  should  be 
carefully  considered  in  the  study  of  the  anatomy  of  the 
skin.  It  is  from  the  epidermis  that  the  appendages  of 
the  skin,  the  hair,  the  nails,  and  the  glands,  originate  and 
derive  their  most  important  parts.  We  shall  refer  to  this 
again  when  describing  these  various  constituent  portions 
of  the  skin. 

The  CoRif.M,  Debma,  or  Cutis  Propria. — Embry- 
ology.— The  coriuiu,  or  true  skin,  is  that  portion  which 
lies  between  the  epidermis  and  the  subcutaneous  or  fatty 
layer.  It  is  derived  from  a  superficial  portion  of  the 
mesoderm,  consisting  at  first  of  only  round  cells.  In  the 
second  month  of  ffetal  life,  however,  spindle-shaped  cells 
begin  to  appear,  but  only  veiy  little  intercellular  sub- 
stance is  present.  Verj-  shorth'  after  this,  it  is  noticed 
that  the  cells  in  the  upper  portion  of  this  primitive  co- 
rium become  more  closely  aggregated  together  than  in 
the  lower  portion,  and  at  the  same  time  the  formation  of 
fibrillated  tissue  begins  in  this  latter.  The  fibres  increase 
greatly  in  number,  and  bj'  the  fourth  month  the  presence 
of  fat  is  detected.  It  is  in  this  waj'  that  the  subcuta- 
neous or  fatty  layer  is  developed,  and  it  is  to  be  con- 
sidered, in  reality,  a  part  of  the  derma,  .since  it  has  the 
same  embryological  source,  and  not  a  separate  and  dis- 


inner  portions  of  the  bodj- — the  fascia?,  etc. — and  pass 
upward  perpendicularly,  or  slightly  inclined  to  the  sur- 
face of  the  skin,  until  they  arrive  at  the  cutis.  Here 
they  run  obliquely,  crossing  each  other  at  various  angles, 
and  serve  as  boundaries  for  spaces  which  are  formed  by 
their  intersection.  These  spaces  are.  in  general,  rhom- 
boidal  in  shape,  but  oftentimes  jiolygonal,  tlieir  regular- 
ity depending  upon  the  length  and  uniformity'  of  course 
of  the  fibre  bundles  forming  them.  The  length  of  the 
fibre  bundles  and  the  absence  of  their  firiu  adhesion  to 
the  underlying  tissues  are  ver_y  important  factors.  It  is 
owing  to  such  an  arrangement  that  the  skin  is  freely 
movable  over  the  greater  portion  of  the  body.  On  the 
scalp,  the  palms  of  the  hands,  and  the  soles  of  the  feet, 
.where  these  bundles  of  fibres  are  short  and  intimately 
united  to  the  underlying  fascia,  the  skin  is  onlj-  vei-y 
slightly  movable.  The.se  places  of  intiiuate  union,  how- 
ever, serve  as  fixed  points  from  which  the  skin  is 
stretched  over  the  body.  The  movability  of  the  skin  is 
also  limited  on  the  circumscribed  portions,  where  it  is  in 
immediate  contact  with  bone,  cartilage,  or  tendons,  as 
over  the  tibia,  etc. 

The  bundles  so  frequently  mentioned  are  compo,sed  of 
fibres,  which  correspond  in  structure  to  those  of  fibrous 
connective  tissue.     Under  normal  conditions  they  are  in 
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a  state  of  tension,  and  are  for  the  most  part  straight,  but 
under  tlie  microscope  they  are  found  presenting  a  wavy 
apjiearance.  Chemical  examination  has  shown  tliat  they 
consist  to  a  great  extent  of  collagenous  material.  The 
fibres  themselves  are  bound  together  in  bundles  by  an 
albuminous  semifluid  cementing  substance,  which  Kollet 
has  found  to  be  similar  to  mu- 
cin. According  to  Fleming,  this 
cementing  substance  not  only  ex- 
ists between  the  fibres,  but  also 
surrounds  tlie  bundles,  and  Touisa 
claims  that  it  binds  together  all 
the  constituents  of  the  cutis. 

The  fibres  possess  cells,  but  tbey 
are  numerous  only  in  the  vicinity 
of  the  large  blood-vessels.  These 
cells  are  the  usual  connective-tis- 
sue cells ;  they  are  large  and  con- 
tain nuclei  and  nucleoli.  The}- 
lie  upon  the  bundles  in  the  same 
manner  as  endothelial  cells  do  in 
the  situations  where  these  are 
found,  and  for  this  reason  have 
at  times  been  regarded  as  forming 
an  endothelial  lining  for  the  rhom- 
bic spaces  between  the  bundles. 
It  has,  however,  been  demonstrat- 
ed tliat  they  differ  from  the  cells 
■of  endothelium  in  that  their  edges 
•do  not  lie  in  contact  witli  each 
•other,  and  the}'  do  not  form  a 
continuous  covering  for  the  bun- 
dles (Ranvier). 

Elastic  Tissue. — According  to 
the  latest  investigations  made  in 
regard  to  the  elastic  fibres  of  the 
skin — a  most  thorough  study  of 
which  has  been  made  by  Uuna — 
they  are  exceedingly  abundant  in 
•the  reticular  portion  of  the  cutis. 
By  the  use  of  special  methods  of 
staining  and  of  preparation,  Unna 
foimd  that,  under  the  form  of 
broad  bundles,  elastic  fibres  spring 
from  the  fascia  below  the  skin, 
and,  passing  up  between  the  fat 
.masses,  penetrate  into  the  cutis. 
In  their  course  they  divide  contin- 
ually in  a  more  or  less  forked  manner.  These  bundles 
may  be  traced  upward  to  just  below  the  epidermis.  The 
.muscles  of  the  cutis  also  serve  as  points  of  origin  for 
bundles  of  elastic  fibres,  and  Uuna  claims  that  the}-  can 
be  seen  attaclied  to  the  muscles  at  their  points  of  origin 
.and  insertion,  having  a  tendon-like  appearance. 

Another  relatively  fixed  point  of  the  elastic  basework 
of  the  cutis  is  seen  in  an  extensive  network  of  fibres, 
which  fobows  with  tbe.greatest  regularity  the  outline  of 
the  epidermis,  where  this  latter  is  in  contact  with  the 
corium.  This  network,  which  Uuna  terms  the  subepi- 
thelial elastic  net,  is  situated  just  below  the  surface  of 
the  cutis,  being  separated  from  the  epidermis  by  a  uar- 
low  homogeneous  strip  of  the  derma,  in  wiiieh  tiiere  are 
very  few  blood-vessels.  From  this  network  fine  fibres 
are  given  off,  wliich  proceed  upward  perpendicularly 
and  are  lost  sight  of  here  and  there  between  two  of  the 
basic  epithelial  cells  of  the  epidermis. 

There  is,  also,  in  the  papillary  portion  of  the  skin,  an 
•extensive  network  of  elastic  fibres.  It  is  formed  by  the 
repeated  division  of  fibres  which  originate  from  tlie  sub- 
epithelial network.  All  of  these  elastic  fibres  do  not  ex- 
ist independently  of  the  rest  of  the  cutis,  but  are  more  or 
less  closely  connected  with  the  fibre  bundles  of  connective 
tissue  which  have  already  been  treated  of. 

The  relationship  of  these  elastic  networks  to  the  ap- 
pendages of  the  skin,  such  as  the  hairs  and  glands,  has 
not  yet  been  thoroughly  studied.  Still  Unna  claims  tliat 
there  is  some  sijecial  connection  between  them  and  the 
sweat  ducts  and  glands.     The  elastic  fibres  are  found  to 


be  entirely  absent  around  the  coils,  Init  quite  abundant 
about  the  ducts,  along  which  they  run  in  a  parallel 
direction.  He  consequently  is  of  the  opinion  that  the 
contraction  of  the  elastic  network  of  the  skin,  acting 
with  the  fibre  bundles  with  wliich  it  is  in  close  union, 
produces  a  pressure  on  the  ducts,  and  shortens  them  by 


EiG.  .iigV.-Tvvo  Papilhp  of  tlie  Skin  of  the  End  of  the  Toe.  Tln'  clastii'  llljres  which  they  con- 
tain have  been  rendureil  specially  distinct  by  the  use  of  WeitriTt's  nictlicul  of  staining.  This 
method,  while  causlnn  the  elastic  11  bres  to  assume  a  deep  black  color,  makes  all  the  surround- 
inp  tissues  appear  pale  blue.  The  specimen  was  hardened  in  alcohol,  i'.  Papilla  ;  F,  fold  of 
the  epithelial  layer;  /I,  irlaiulular  epithelial  ridge :  .S(r..1J.,  stratum  Malpighii :  S(r.c..  stratum 
corneuiii ;  S.K..  subciilthelial  network  of  elastic  fibres,  which  are  especlaUy  abundant  around 
the  epithelial  fold  {F).  whereas  on  the  sides  of  the  glandular  ridge  the  network  is  looser,  i.e.,  it 
contains  decidedly  fewer  elastic  flbres  ;  E.  TI'.,  basal  epithelial  cells  which  are  distinguished 
from  the  others  by  their  darker  coloring. 


diminishing  the  thickness  of  the  skin.  In  this  way  the 
passage  of  the  secretion  of  the  glands  through  the  ducts 
to  the  outer  surface  is  favored. 

Umtriped  Muscle. — With  the  exception  of  the  palms  of 
the  hands  and  the  soles  of  the  feet,  the  skin  of  the  entire 
body  contains  a  more  or  less  large  number  of  unstriped 
muscular  fibres  and  bundles.  They  are  found  to  attain 
their  highest  development  in  the  skin  of  the  scrotum,  in 
the  penis,  and  in  the  nipple  and  its  areola.  The  vermicular 
movements  of  the  scrotum  are  due  to  these  involuntary 
muscles,  as  is  also  the  erection  of  the  nipple.  They  are 
situated  in  the  cutis  propria,  and  lie  perpendicular  to  the 
plane  of  cleavage  of  the  skin.  On  the  penis  the}'  are 
arranged  in  a  circular  manner,  and  they  follow  a  similar 
course  in  the  nipple  and  in  its  areola. 

Besides  these,  there  are  other  muscles  in  the  cutis 
which,  owing  to  the  connection  existing  between  them 
and  the  hairs,  are  termed  the  arrectores  pili.  Thej'  are 
formed  by  the  union  of  several  small  muscular  bundles, 
which,  originating  in  the  pars  papillaris,  run  an  oblique 
course  through  the  reticular  portion  of  the  cutis,  and  are 
attached  to  the  hair  follicle.  The  point  of  their  attach- 
ment is  not  uniform — sometimes  to  the  middle  portion  of 
the  hair  sheath,  sometimes  low  down  in  the  lower  third. 
It  will  usually  be  observed  that  in  their  course  to  their 
point  of  attachment,  the}'  curve  around  the  sebaceous 
gland  attached  to  the  hair  follicle  and  are  in  quite  inti- 
mate connection  with  it.  According  to  Tomsa,  the  fixed 
point  of  the  arrector  muscles  is  the  hair  follicle,  while 
the  point  of  movement  is  the  pars  papillaris  of  the  cutis. 
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The  avraugemeut  of  the  involuntary  muscuUir  fibres  in 
many  places  in  the  derma,  as  in  the  cutis  of  the  forehead, 
cheeks,  back,  is  in  the  form  of  a  network.  This  net 
originates  in  tlie  pars  papillaris  and  is  distributed 
throughout  the  upiier  two-thirds  of  the  pars  reticularis. 
By  the  action  of  these  nuiscles  I  lie  skin  is  kept  more  or 
less  in  a  condition  of  tension.  According  to  the  direction 
in  which  they  exert  their  action,  the  muscles  have  been 
divided  into'horizontal  and  oblique  tensors.  The  clastic 
bundles  and  fibres  ennnceted  with  the  muscles  play  here 
an  important  part,  inasmuch  as  Tom.sa  has  shown  that 
they  stand  in  the  same  relationship  to  them  as  do  the 
tendons  to  the  vohiutary  muscles,  and  serve  as  fixed 
points  from  which  the  contraction  of  the  cutis  tensors 
takes  place.  The  action  of  these  muscles  also  regulates 
to  a  great  extent  the  circulation  of  the  lymph  in  the 
cutis,  while  the  contraction  of  the  arrectores  elevates  the 
hair,  compresses  the  sebaceous  glands,  and  facilitates  the 
propidsion  of  their  secretion  into  the  hair  follicle, 

'The  Pars  rapitUtris  Cutis. — The  papillary  portion  of 
the  true  skin  is  constituted  by  a  series  of  small  eminences 
or  papilla',  which  spring  from  its  upper  or  free  surface. 
It  is  in  direct  contact  with  the  epidermis,  which,  as  lias 
already  been  described,  sends  down  prolongations  of  epi- 
thelial cells  between  the  papillaj. 

The  papilla-  of  the  skin  are  found  most  fully  developed 
on  the  palms  of  the  hands  and  on  the  soles  of  the  feet. 
They  are  arranged  here  in  long  double  rows,  which  form 
the  curvilinear  ridges  seen  in  these  situations.  Between 
these  rows  there  is  a  narrow  path  in  which  are  the  exter- 
nal orifices  of  the  sweat  ducts.  On  other  portions  of  the 
boily  the  iiaiiilUii  are  arranged  more  or  less  in  groups  or 
in  short  rows,  and  the  surface  of  the  cutis  seems  to  be 
divided  iuto  rhomlioidal  spaces  of  various  sizes  by  the 
deeper  penctratiim  of  the  iiiterpapillary  prolongations  of 
the  epidermis.  The  long  diameters  of  these  spaces  agree 
with  the  line  of  cleavage  of  the  portion  of  the  skin  where 
they  are  situated,  and  their  shape  is  dependent  upon  the 
arrangement  of  the  connective-tissue  bundles  in  the 
reticular  portion  of  the  cutis. 

The  papilla;  are  more  <5r  less  conical  in  shape,  some- 
times single,  or  again  cleft  into  two  or  more  points, 
forming  a  compound  papilla.  They  diller  greatly  in 
shape,  size,  and  distribution  on  the  various  portions  of 
the  body,  and  also  vary  according  to  the  age  of  the  per- 
son (Unna),  becoming  in  old  age  almost  fiat.  They  are 
veiy  numerous  on  the  penis,  the  nipple,  the  labia  minora, 
and  the  clitoris,  appearing  in  these  places  as  low  hills. 
The  largest  papilhi;  are  found  in  the  cutis  of  the  nipple 
and  of  tlie  corona  .glandis.  Those  distributed  generally 
over  the  surface  of  the  body  are  very  small,  about  0.05 
mm.  in  iieight.  On  the  ends  of  the  fingers,  under  the 
free  borders  of  the  nail,  they  attain  a  size  of  0.5  mm. ; 
but  their  height  varies  in  general  between  0.05  mm.  and 
0.3  mm. 

The  papillary  portion  of  the  cutis  consists  of  a  closely 
■woven  network  of  fibres,  which  are  derived  directly  from 
those  forming  the  pars  reticularis.  The  papilUc  are  very 
rich  in  elastic  fibres,  and  contain  blood-vessels,  lym- 
phatics, nerves,  and,  in  certain  situations,  tactile  corpus- 
cles. The  manner  in  which  the  papillary  bodj-  and  the 
epidermis  are  joined  together  must  be  studied  on  speci- 
mens which  have  been  macerated,  and  from  which  the 
epidermis  has  been  removed  in  tnto.  When  this  has  been 
done,  it  is  seen  that  the  entire  surface  of  a  papilla  has  a 
finely  ribbed  aspect.  On  sections  made  horizontally 
through  them,  they  look  as  though  their  contour  was 
toothed.  The  ribs  have  a  slightly  wavy  course  and  are 
at  times  arranged  in  a  concentric  manner,  having  much 
the  same  a])pearance  as  may  be  observed  on  the  palmar 
surfaces  of  the  ends  of  the  fingers.  These  ribs  on  the 
papilki;  have  been  found  to  correspond  to  minute  furrows 
on  the  cells  forming  the  basic  or  C3'lindrical  ejiithelial 
layer  of  the  epidermis  and  to  fit  into  them,  each  cell  re- 
quiring usually  three  or  four  ribs.  From  the  fibrillated 
appearance  it  might  be  thought  that  these  ribs  were  con- 
nective-tissue fibres,  but  such  has  been  found  not  to  be 
the  case.     They  consist  in  reality  of  a  transparent  homo- 


geneous substance,  which  covers  thinly  the  surface  of 
the  papilla?.  The  proof  that  it  is  a  distinct  membrane 
has  never  been  satisfactorily  made,  and  it  seems  better  to 
accept  Unna's  view,  that  it  stands  in  intimate  connection 
with  the  cementing  substance  of  the  cutis  in  general, 
since  it  has  been  found  that,  when  the  cutis  is  subjected 
to  the  action  cf  trypsin,  this  homogeneous  substance 
covering  the  papilla>  disappears  in  the  same  way  as  the 
cementing  substance  in  otlier  portions  of  the  derma. 

The  .SrBcrT.\NEois  C'onnective  Tissue  on  F.vttt 
L.^YEU. — It  was  mentioned,  in  speaking  of  the  enibry- 
ological  origin  of  the  skin  as  a  whole,  that  the  subcuta- 
neous or  fatty  tissue  was  derived  from  the  mesoderm. 
It  is  that  portion  which  attains  its  full  development  the 
earliest  of  all  the  layers  of  the  skin,  and  in  which  the 
deposition  of  fat  between  the  fibres  con.stituting  it  takes 
place  very  early  in  foeta',  life.  The  subcutaneous  connec- 
tive tissue,  or  panniculus  adiposus,  though  in  reality  the 
lower  portion  of  the  corium,  is  regarded  as  forming  the 
third  layer  of  the  skin,  and  it  is  characterized  by  the 
presence  of  a  greater  or  less  amount  of  fat  included  with- 
in its  nieslie^ 

It  is  compo.sed  of  bundles  of  connective-tissue  fibres,  a 
network  of  clastic  fibres,  and  of  fat,  and  is  very  rich  in 
large  cells.  These  have  long  poles  and  are  situated 
citlier  in  or  between  the  fibre  bundles,  occurring  in  the 
form  of  spindle-shaped  cells.  According  to  Flemniing, 
the  masses  of  fat  can  be  divided  into  three  classes,  each 
of  which  is  characterized  by  its  blood  supply ;  the  fat 
clusters  with  their  own  blood-vessels;  the  strands  of  fat 
which  lie  around  the  large  vessels  and  receive  only  a 
meagre  supply  of  blood  from  capillaries:  and  the  fat  isl- 
ands which  have  no  blood  supplv  of  their  own.  We 
have  to  thank  the  .same  investigator  for  our  knowledge 
of  the  histolog\-  of  fattj'  tissue.  He  found  that  the  fat 
cells  were  derived  from  ordinary  branching  connective- 
tissue  cells.  They  took  up  fat  in  small  drops,  and  in 
proportion  as  the  fat  increased  in  quantitj'  the  proto- 
plasm of  the  cells  also  increased,  and  they  became  round 
in  shape.  The  protoplasm  containing  the  nucleus  is 
forced  to  the  periphery  by  the  accumulation  of  fat,  and 
appears  as  a  membrane;  but  these  fat  ceils  have  no  true 
enclosing  membranes,  except  when  they  are  old,  and 
when  the  lu-otojilasm  has  become  thickened  into  a  mem- 
brane-like covering.  The  contents  of  the  cells  do  not 
consist  of  pure  fat,  but  of  a  mixture  of  fat  and  of  some 
product  from  the  protoplasm.  At  the  time  of  birth  the 
panuiculus  adiposus  is  very  greatly  and  uniformly  de- 
veloped over  the  entire  body.  As  tlie  child  grows,  how- 
ever, it  diminishes  in  quantity  and  remains  of  consider- 
able extent  only  on  certain  portions.  Its  function  is 
protection  to  the  underlying  tissues,  and  it  serves  to 
give  roundness  to  the  outline  of  the  body.  Those  por- 
tions of  the  body  which  are  firmly  bound  down  to  the 
fascia  by  short  bundles  of  fibres,  as  the  scalp,  the  skin 
of  the  palms  and  of  the  soles,  etc,  possess  only  a  small 
fatty  layer.  Where  great  mobilit}'  is  necessary,  as  in 
the  eyelids,  or  wiiere  there  is  a  great  amount  of  muscular 
tissue,  as  in  the  scrotum,  the  panniculus  adiposus  is  also 
absent.  Over  the  joints,  where  the  skin  lies  inclose  con- 
tact with  the  bones,  and  by  their  movements  is  contin- 
ually subjected  to  pressure  and  tension,  bursse  develop 
in  the  subcutaneous  tissue  after  birth.  In  this  layer  the 
large  arterial  and  nerve  trunks  going  to  the  cutis  are 
found,  and  also  the  veins  and  lymphatics  which  come 
from  the  derma  and  unite  to  form  large  efferent  branches. 
In  certain  localities  the  Pacinian  bodies  are  also  present. 

The  Gr..\NDS  of  the  Skix. 

There  are  two  sets  of  glands  which  are  found  in  the 
skin,  the  sweat  glands  and  the  sebaceous  glands.  They 
differ  from  each  other  to  a  most  marked  degree,  and  if 
considered  from  the  standpoint  of  their  relative  impor- 
tance the  former  claim  priority  and  more  extended  study. 
Wc  sliall,  therefore,  begin  Avitli  the  sweat  glands. 

The  Swe.\t  Gla.nds. — Enibryology. — The  primary  evi- 
dences of  the  development  of  these  glands  of  the  skin 
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are  seen  in  the  fifth  month  of  foetal  life.  Tliey  appear 
first  ou  the  pahiis  and  ou  the  soles,  under  the  form  of 
rows  of  epithelial  prolongations  from  the  inferior  border 
of  the  epidermis  into  tlie  cutis.     At  this  stage  the}'  are 

solid,  club-shaped, 
aud  surrounded  bj- 
a  h  (1  m  0  g  e  n  e  0  u  s 
membrane.  Their 
further  develop- 
ment consists  in 
the  elongation  of 
these  epithelial  in- 
growths  down- 
ward, and  in  the 
formation,  by  the 
seventh  mouth,  of 
a  cavity  along  its 
axis,  which  is  later 
further  extended 
through  the  epi- 
dermis to  the  ex- 
ternal surface.  lu 
the  mean  time,  the 
gland  tube  at  the 
end  in  the  cutis  lias 
become  coiled  upi 
forming  a  ball,  and 
the  excretory  duct 
in  its  course 
through  the  skin  is 
twisted  upon  itself. 
The  development  of 
these  glands  is  very 
rapid,  and  by  the 
end  of  fa'tal  life 
they  have  alread_v 
attained  their  full 
development.  In 
certain  .situations, 
however,  the}"  en- 
large even  after 
birth,  aud  in  their 
structure  dilTer 
somewhat  from  the 
SltH  ordinary  and  small- 
er ones  distributed 
generally  over  tlie 
body.  These  larger 
glands  are  found  in 
the  axilhc,  the  in- 
guinal regions, 
around  the  anus, 
the  nipple,  and  in 
the  auditory  canal 
(  c  e  r  u  m  i  n  o  u  s 
glands). 

The  sweat  glands 
are  present  every- 
where in  the  integ- 
ument of  the  body, 
with  the  exception 
of  the  glans  penis, 
the  under  surface 
of  the  prepuce,  and 
the  vermilion  bor- 
der of  the  lip.  They 
are  small  bodies, 
consisting  of  a  con- 
voluted tube  and 
an  clTcrent  duct 
wliich  leads  to  the 
external  surface, 
and  they  are  situated  in  the  coriuni  or  even  in  the  sub- 
cutaneous connective  tissue.  They  vary  greatlj'  in  size. 
The  coils  of  the  large  ones  situated  in  the  axilla  are 
from  1  mm.  to  2  mm.  in  diameter;  the  smaller  ones 
on  the  general  surface  are  from  0.3  mm.  to  0.3  mm. 
They  are  most  numerous  on  the  palms  of  the   hands, 
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Flc  5198— Sec  ti  n  of  tlie  Skm  (epidermis 
and  painllary  liiyer-  of  tlie  corium)  of  the 
Sole  of  the  Foot.  Siu'ciiiieu  tiardened  in 
Mueller's  fluid  ;  staiuiui;  wltti  hieraatoxy- 
lin  and  eosiii.  Matrnillcd  itO  diameters. 
(After  Mracek.)  .s',  uiuice  aud  deeper 
tubular  portion  of  a  sweat  gland;  Str.d., 
stratum  disjunctum;  Str.c,  stratum 
corneum;  Str.l.,  stratum  lucidum; 
Str.gr.,  stratum  granulosura;  S(r.il., 
stratum  Malpighii;  P„  P^,  papillip;  F, 
fold  of  the  epidermis  ;  X,  glandular  por- 
tion of  the  epidermis;  Str.p.,  stratum 
papillare;  BL,  capillary  loop  in  the 
papilla. 


Krause  estimating  that  there   were   twenty -eight   hun- 
dred orifices  in  a  square  inch  ou  those  surfaces. 

The  sweat  glands,  as  a  whole,  are  composed  of  two 
distinct   portions,  a  secretory  and  an  excretory.     The 


Fig.  5199.— Two  Separate  Portions  of  the  Si'i-ivtiiig  Part  of  the  Coil  of 
a  Sweat  (iland.  from  the  .Skin  of  the  .MicIomumi.  Mairnilled  2.50 
diameters.  (After  .Mra<-pk.i  D,  Gliind  ci-lls;  Mi',  menibrana  pro- 
pria, seen  at  one  point  in  cross  section,  at  tlie  otiier  as  if  spread  out 
upon  a  flat  surface :  .1/,  muscular  llbres  ;  F,  flat  cells :  B(i.  connec- 
tive tissue.  The  specimen  was  hardened  in  alcohol  and  stained 
rapidly  with  orcein. 

former  is  represented  by  the  coils,  the  latter  by  the  duct 
whicli  leads  to  the  external  surface  of  the  skin.  The 
histological  anatomy  of  the  smaller  glands  differs  some- 
what from  that  of  the  larger  ones,  and  will  be  considered 
first. 

Histological  Aiidtomy. — The  coils,  or  secretory  portions 
of  the  sweat  glands,  consist  of  a  single  layer  of  columnar 
epithelium,  arranged  around  a  rather  irregularly  shaped 
lumen.  The  cells  are  cloudy  throughout,  witli  the  ex- 
ception of  a  narrow  por- 
tion along  tlicir  free  mar- 
gin, which  is  clear.  They 
are  bounded  externally  by 
a  la_ver  of  involuntary 
muscular  fibres,  which 
riui  spirall.y  around  the 
mass  of  cells,  and  which 
are  so  arranged  that 
small  spaces  are  left  be- 
tween them.  The  secret- 
ing cells  send  out  proc- 
esses into  those  spaces, 
and  these  form  a  union 
with  the  limiting  mem- 
brane or  membrana  pro- 
pria of  the  glands,  which 
is  composed'  of  connec- 
tive tissue.  The  excre- 
tory portion  of  the  gland, 
or  duct,  consists  of  a 
connective-tissue  coat,  a 
structureless  membrane, 
and  bounding  its  luiuen 
are  two  rows  of  epithelial 
cells,  the  free  margins  of 
which  are  covered  by  a 
cuticula.  There  are  no 
muscle  fibres  in  the  coats 
of  the  sweat  ducts.  These 
latter  begin   in  the  inner 

portion  of  the  coils,  and  rise  to  the  surface  in  an  oblique 
direction  having  a  more  or  less  spiral  course,  and  they 
always  reach  the  epidermis  at  an  interpapillary  prolon- 


FiG.  .5ain.  —  Terminal  Coil  of  a 
Sweat  (iland.  from  the  skin  of  the 
Back  of  the  Foot.  Obtained  by 
Professor  Schaffer  as  a  separate 
and  complete  specimen  by  mac- 
eration in  diluted  nitric  acid. 
MagniUed  Sll  diameters,  (After 
Mracek.)  K.  Terminal  coil ;  Bg, 
enveloping  connective  tissue ;  A, 
outlet  of  the  gland. 
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gatiou.  The  duct  here  loses  its  membrana  externa, 
wliifh  goes  over  iuto  the  tissue  of  tlie  papilla,  aud  also 
Us  cuticula,  so  that  the  lumen  is  bounded  for  a  short 
distance   in   the  stratum   spiuosuni   by  the   spiny  cells 
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Fig.  5201.— Portion  of  a  Sweat  Gland  from  tbe  Skin  of  the  Back  of  the  Foot.  Magnifled  VM 
diameters.  (After  Rabl.)  5,  Secreliiii:  imrtion  of  theeoil;  Z>,  gland  cells :  3/,  smooth 
muscle  tlbres;  .Vj*.  memltrana  proviri;i  of  the  irlitinlular  tube;  A.,  cross  sections  nf  Ilie 
outlet  portion  of  the  filand :  Ci(,  ciitiiuhi  of  the  same;  Bl,  blood-vessel.  Speciujeu 
hardened  in  a  saturated  aqueous  solution  of  bichloride  of  mercury,  and  stained  with 
hi^matoxylin  and  eosin. 


alone.  The  cells  which  limit  the  lumen  in  its  course 
through  the  epidermis,  show  granules  of  keratohj^alin 
very  early,  aud  considerably  below  the  level  of  the 
stratum  granulosum ;  and  it  can  further  be  seen  that 
all  the  layers  of  the  epidermis  became  interested  and  aid 
in  forming  the  boundaries  of  this  spiral  canal  in  its 
course  to  the  external  surface.  The  views  which  are 
held  by  Unna,  in  regard  to  this  portion  of  Ihe  duct,  have 
so  much  in  their  favor  as  to  claim  general  recognition. 
He  does  not  consider  that  the  spiral  portion  in  the  epider- 
mis belongs  entirely  and  alone  to  the  duct  of  the  sweat 
gland,  of  which  it  seems  to  be  a  continuation,  but  thinks 
that  it  is  a  canal  which  is  also  in  connection  with  the  sys- 
tem which  couvejs 
the  juices  through- 
out the  epidermis. 
According  to  him, 
the  sweat  duct  ends 
in  the  basic  layer 
of  the  stratum  spi- 
n  o  s  u  m  ,  aud  he 
would,  consequent- 
ly, separate  the  two 
portions  very  sharp- 
ly. He  verj'  right- 
ly points  out,  in 
support  of  this, 
that  we  have  no 
reason  for  conclud- 
ing that  the  fluid 
w  hi  c h  p  ii s s e s 
through  it  comes 
entiix'ly  from  the 
same  source,  inas- 
much as  there  are 
no  grounds  for  as- 
serting that  the 
sweat  is  derived 
from  the  coils  alone. 
All  that  we  do 
know  is,  that  it  appears  upon  the  external  suifaceat 
the  openings  of  these  canals,  but  more  thau  that  has  not 
been  proved. 
The  histological  anatomy  of  the  larger  sweat  glands, 
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Fig.  52l«.-Mo(lel  of  a  Group  of  Sebaceous 
(flands  SuiTounrlintr  a  Hair  of  the  Scalp. 
'After  Rabl.  from  K.  Bauer.)  H,  Hair 
follicle;  T,  sebaceous  gland ;  T.T.,  tubular 
gland  ;  A..T.,  alveolar  gland. 


as  has  been  alreadj-' mentioned,  differs  somewhat  froia 
that  of  those  just  described.  The  ditferences  are  shown 
both  in  the  coils  aud  in  the  duct,  bj'  a  dilatation  and  a 
narrowing  of  the  canal  in  places.  Where  the  lumen  is 
larger  there  is  only  a  single  layer  of 
epithelial  cells;  but  in  the  narrower 
portions  there  are  several.  It  is  also 
claimed  that  muscle  fibres  are  present  in 
the  former  situations,  but  the}'  are  al- 
ways absent  from  the  latter. 

The  Sebaceous  Glands. — Embvyol- 
or/!/. — The  sebaceous  glands  of  the  skin 
make  their  appearance  from  the  begin- 
ning of  the  fourth  to  the  fiflli  mouth  of 
pregnancy  (Gegenbauer).  Those  glands 
which  open  directly  upon  the  external 
surface  of  the  skin,  are  formed  from  in- 
growths of  the  rete  Malpighii,  which 
penetrate  into  the  cutis.  These  epithe- 
lial prolougations  are  at  first  solid,  but 
a  canal  siion  forms  in  them  bj'  the  fatty 
degeneration  of  the  cential  cells.  In  its 
further  development  it  is  found  that,  by 
a  process  of  cell  prolifei-atiou,  solid  buds 
are  given  off  from  the  original  epithelial 
ingrowths,  canals  form  in  the  axes  of 
these,  and  the  gland,  finally  consisting 
of  several  lobules,  has  become  racemose. 
The  origiu  of  the  sebaceous  glands  at- 
tached to  the  hairs  is  the  same,  except 
that  the  epithelial  ingrowths  proceed 
from  the  external  root  sheath  of  the  hair. 
Tl'.ey  appear  very  .soon  after  the  forma- 
tion of  the  hair  follicle  by  the  prolonga- 
tion of  the  rete  into  the  cutis. 

Distribution  and  liize. — The  sebaceous  glands  are  dis- 
tributed very  generally  over  the  body,  and  are  found 
everywhere  in  the  skin,  except  upon  "the  palms  of  the 
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Fig.  5203.— Cross  Section  of  a  Hair  and  X<'i<:liliorinir  Parts  at  the 
Level  of  the  Sebaceous  Glands.  The  sin-riiiifn.  whicli  had  been 
taken  from  the  scalp  of  an  adult,  was  tli>t  hardeni'd  in  Mueller's 
fluid  and  then  stained  with  h;vmatoxylin  and  ettsin.  Maguifled  50 
diameters.  (After  Rabl.)  Hi.  U'>,  Ih.  Cross  sections  of  three 
hairs;  E.Str.,  a  column  of  epithelial  cells,  coustitutin?  the  con- 
necting' link  between  those  which  surrnumi  the  hair  bulbs  (beloug- 
inp  to  the  hairs  shown  in  the  picture)  and  llmse  Iyin!:r  above  the 
papilla  of  a  fourth  hair ;  J",  sebaceous  trlands  bclnnirini:  to  the  hairs 
shown  in  the  cut;  J-TT'.,  inner  root  sheath;  A.}V.,  outer  root 
sheath ;  Arr.y  arrector  pili ;  Bg,  connective  tissue ;  S,  sweat  gland. 

hands,  the  soles  of  the  feet,  aud  the  last  phalauges  of  the 
tingers  aud  of  the  toes.  They  are  particularly  numerous 
upon  the  face  and  the  scalp,  wliere  tliey  are  set  very 
closely  together.     On  the  rest  of  the  body  they  are  found 
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to  be  fewer  in  number  and  more  widely  separated.  Tlie 
glands  vary  very  greatly  in  size.  Of  those  connected 
with  the  hairs,  the  smallest  are  the  ones  on  the  scalp,  0.1 
mm.  to  0. 16  mm.  in  diameter,  but  larger  ones  are  attached 
to  the  hairs  of  the  beard  aud  a.\illa,  from 
0.16  mm.  to  0.24  mm.  ;  but  the  largest 
are  on  the  mons  veneris,  the  labia  ma- 
jora,  aud  the  scrotum.  The  sebaceous 
glands  which  are  in  connection  with  the 
r  lanugo  hairs  are  from  0.35  mm.  to  1 
mm.  in  diameter.  The  length  of  the 
glands  is  from  40  to  160 ;U,  but  the  large 
ones  on  the  nose  measure  even  as  much 
as  1  mm. 

In  shape  there  is  also  considerable  vari- 
ation. The  simplest  ones  resemble  small 
pouches,  but  the  glands  are  usually 
fouiid  to  be  racemose  or  acinous,  that 
is,  composed  of  several  lobules  which 
possess  one  duct  in  common. 

These  glandidar  bodies  are  situated 
for  the  most  part  in  the  upper  portion 
of  the  corium,  above  the  level  of  the 
coils  of  the  sweat  glands.  Some  ex- 
tend, however,  through  almost  the  en- 
tire thickness  of  the  cutis. 

They  are  found  either  directly  attached 
to  the  hair  follicles,  into  wiiich  their 
ducts  open,  at  a  variable  distance  from 
the  orifice  on  the  cutaneous  surface,  aud 
empty  the  fatty  matter  secreted  by 
them;  or  the  external  opening  of  their 
ducts  is  situated  on  the  surface  of  the 
skin.  These  latter  are  the  glands  with 
which  the  lanugo  hairs  are  associated. 
Besides  these  two  forms,  there  are  others 
which  are  entirely  unconnected  with 
hairs,  and  wliich  also  open  directly  upon 
the  outer  surface  of  the  skin. 

The  sebaceous  glands  v.-hich  open  into 
the  cavity  of  the  hair  follicles  are  the 
most  numerous.  They  are  seen  wher- 
ever fully  developed  hairs  exist,  as  on 
the  scalp,  the  beard,  etc.  There  is  sometimes  onl}'  one 
gland,  but  more  often  there  are  two,  situated  on  opposite 
sides  of  the  follicles,  of  different  sizes,  aud  at  differ- 
ent heights.  Their  excretory  ducts  are  short  aud  pass 
obliquely  upwanl  to  enter  the  follicles,  the  larger  glands 
opening  more  superficially,  the  smaller  ones  more  deeply, 
but  the  common  location  is  at  the  junction  of  the  upper 
and  middle  thirds. 

The  sebaceous  glands  which  are  associated  with  the 
lanugo  hairs,  and  which  open  directly  upon  the  external 
surface,  are  distributed  over  the  forehead,  cheeks,  sides 
of  the  nose,  and  areola  especiall}'.  They  occur  also  more 
or  less  scattered  over  the  trunk,  the  extremities,  and  the 
genitals.  These  glands  are  the  largest,  and  also  the  most 
complicated  in  their  structure.  The  duct  is  usually 
broad,  and  its  oritice  dilated.  The  hair  attached  to  it  is 
really  an  appendage,  and  passes  through  the  duct  to 
reach  the  outer  surface  of  the  skin.  It  has  no  follicle  of 
its  own,  except  at  its  deepest  portion. 

The  glands  which  are  iu  no  way  associated  with  hairs, 
and  which  open  directly  upon  the  external  surface,  are 
certain  ones  situated  in  special  localities.  They  have 
received  disting\iishing  names,  aud  are  known  "as  the 
Meibomian  glands  in  the  eyelids,  and  the  glands  of  Tyson 
on  the  glaus  penis  aud  prepuce.  To  this  class  also  belong 
the  large  glands  of  the  labia  minora,  and  those  of  the 
vermilion  border  of  the  lip. 

_  Histological  Anatomy. — A  sebaceous  gland  ma}-  be  con- 
sidered to  be  composed  of  an  outer  wall  and  an  inner  mass 
of  cells.  The  wall  is  formed  of  connective  tissue,  which 
is  derived  from  the  external  sheath  of  the  hair  follicles; 
but  in  those  glands  which  are  associated  with  the  rudi- 
mentary or  lanugo  hairs,  and  in  those  unconnected  in  any 
way  with  hairs,  tlie  tibrous  envelope  is  obtained  from  the 
corium.     The  wall  acts  as  a  support  (Morel)  for  a  base- 


ment or  membrana  propria,  wliich  Iiears  upon  its  iimer 
surface  a  layer  of  cylindrical  epithelial  cells,  and  it  also 
contains  the  nerves,  blood-vessels,  and  lymphatics  .sup- 
plied to  the  glands.     The  membrana  propria  is  exceed- 
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Fig.  52(H.— Section  or  the  Skin  of  the  Shoulder  of  a  Child.  Tlie  blood-vessels  have  been 
eonipletely  tilled  with  gelatin  colored  with  carmine.  Maffiiifled  40  dianiet«»rs.  (After 
Rabl.)  £,  Eiildi'rmis ;  P.  paplIliP ;  Cw.  corium  ;  F,  suliciuaneous  fat  tissue;  /f,  shaft 
of  hair;  K,  bulb  of  hair;  S,  coll  of  sweat  Bland.  The  specimen  therefore  shows, 
besides  the  l;ir<;i'r  trunks  of  blood-vessels,  the  capillaTii-s  belonping  to  the  papillary 
layer,  the  swcal  elands,  parts  of  blood-vessi-ls  that  suiiply  the  hairs  and  also  those 
vessels  which  Ijelcntr  to  the  fat  tis.sue.  The  laiL-c  trunk  o{  a  blood-vessel  seen  at  the 
lower  margin  of  the  picture  is  situated  in  tln'  hori/cnilal  plane  of  connective  tissue 
which  serves  to  separate  the  subcutaneous  fat  tissni^  into  two  superposed  layers.  In 
the  picture  only  the  upper  half  of  the  panniciilus  adipusus  is  visible. 


ingly  thin  and  amorphous.  The  single  row  of  cells  which 
are  in  connection  with  it  is  a  continuation  of  the  basic 
layer  of  the  epidermis,  the  spiny  cells  stopping  at  the  neck 
of  the  glands.  Thecavity  of  the  glands  is  filled  witli  large 
oval  and  polyhedral  cells  having  large  nuclei,  but  in  the 
central  portions  thei'e  is  a  semifluid  homogeneous  mass, 
the  sebum.  The  source  of  the  sebum  seen  in  the  seba- 
ceous glands  are  the  cells,  which  are  fouud  presenting 
all  stages  of  fatty  degeneration.  The  most  external  ones 
are  granular,  the  succeeding  ones  contain  small  drops  of 
fat,  which  gradually  increase  in  size  as  the  central  por- 
tion of  the  cavity  is  reached,  until  there  is  no  trace  of 
proto])lasm  remaining,  the  cell  being  completely  filled 
with  fat. 

The  Blood- vessels  of  the  Skin. — The  vessels  which 
supply  the  skin  with  blood  are  branches  from  the  larger 
arteries  which  lie  below  the  subcutaneous  fatty  tissue. 
They  pass  up  through  this  latter  aud  form  at  its  "junction 
with  the  corium  a  more  or  less  horizontal  network. 
From  this  network  further  branches  are  given  off,  some 
to  supply  certain  portions  of  the  skiu,  otliers  to  ascend 
obliquely  and  perpendicularly  through  the  cutis,  having 
onl}-  few  branches,  until  they  reach  the  subpapillary 
layer  of  the  corium.  Here  they  again  form  a  more  or 
less  horizontal  network,  which  also  gives  off  many 
branches. 

The  plexus  of  arteries  at  the  junction  of  the  cutis  and 
subcutaneous  tissue  is  very  rich.  It  supplies  the  papillae 
of  the  hair,  the  coils  of  the  sweat  glands,  and  also  sends 
off  branches  which  break  up  into  capillaries  in  the  pan- 
niculus  adiposus.  The  subpapillary  network  of  arteries 
supplies  vessels  to  the  external  root  sheath  of  the  hair, 
the  sebaceous  glands,  tlie  unstripcd  muscles,  and  the 
ducts  of  the  sweat  glands.  In  addition,  this  plexus 
gives  off  branches  which  break  up  into  capillaries  just 
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below  the  iJivpilUc,  and  into  each  of  these  a  tortuous  arte- 
rial capillary  ascends  almost  to  its  upper  end,  where  it 
forms  a  Iciop  and  goes  over  into  a  venous  capillary. 
These  latter  unite  to  form  veuules  iu  the  same  plane  as 
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Fig.  5305.— Section  of  the  Skin  of  the  Palm  of  the  Hand.  The  cutting 
was  done  in  a  direction  parallel  to  the  ridpes.  The  bli"Hl-vfsspls 
have  been  lllled  with  gelatin  colored  by  carmine.  MMtrninrd  50 
diameters.  (After  Rabl.)  C,  Stratum  corneum :  i,  siiatiim  lu- 
cidura:  Ch',  stratum  granulosum ;  iV,  stratum  .Mal|iigliii;  P, 
papilUt ;  Cit,  corium  ;  V.  vein  at  the  lower  bunlcr  of  tlif  corium ; 
S,  orifice  of  a  sweat  gland.  Portions  of  thf  cntaneoiK  ple.NUs  of 
blood-vessels  and  of  the  capillaries  belonging  to  the  papilla;  are  also 
shown  in  the  picture. 

the  arteries,  and  course  along  them.  When  they  arrive 
at  the  subcutaneous  layer  they,  together  witli  the  veins 
from  the  other  portions  of  the  cutis,  unite  to  form  large 
venous  trunks  in  the  same  plane  as  the  large  arteries. 
Between  the  two  horizontal  plexuses  of  arteries  there 

is  a  portion  of 
the  cutis  which 
has  a  very 
poor  blood 
supply,  and 
here  even  the 
bundles  of 
fibres  which  go 
to  for  m  the 
jjars  reticula- 
ris do  not  re- 
ceive any  ves- 
sels. 

There  are 
considerable 
diUcreuces  in 
the  distribu- 
tion  of  tlie 
blood  -  vessels 
of  the  skin, 
and  i  u  the 
area  suiiplicd 
by  any  one 
branch.  These 
areas  are  very 
small  on  the 
palms  of  the 
b  a  u  d  s ,  t  li  e 
soles  of  the 
feet,  and  the 
face;  also  at 
the  sulcus  co- 
ronarius  and 
the  corona  glandis,  in  which  places  each  brancli  fi-om 
the  sub]iapillary  arterial  plexus,  when  it  breaks  up 
into  capillaries,  supplies  only  a  few  papilUe.  The 
areas  which  are   furnished  with  blood  by  one  arterial 


Fig.  .5200.— Meissner's  1  u  tile  Corpuscle  in  a 
Papilla  of  the  Tip  of  the  Finger.  The  nerves 
have  been  stained  by  Fischer's  gold  method. 
(.■\fter  Rabl.  from  Kufflni.)  An  afferent 
meduUated  nerve  fibre  enters  the  corpuscle 
from  below  and  subdivides  into  a  number  of 
non-meduUated  varicose  fibrill'.v  which  traverse 
the  corpuscle  cliielly  in  a  horizontal  direction. 


branch  are  much  larger  in  the  greater  part  of  the  skin- 
the  vessels  breaking  up  into  a  number  of  capillaries- 


MSch. 
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Fig.  5207.— Papilla  from  the  Skin  of  the  Tip  of  the  Finger,  showinpr 
Capillary  Blood-vessels  and  Numerous  Nerve  FibriUiB.  Gold 
preparation.  (From  Rabl,  after  UulHnl.l  IV,  Nerve  trunk :  C.Sch., 
capillary  loop;  N.Sch.,  nerve  lllaments  surrounding  the  capillaries. 
(Greatly  enlarged.) 

and  it  is  iu  general  observed  that  they  are  more  exten- 
sive on  the  extensor  than  on  the  flexor  surfaces  of  the 
extremities. 


StrM. 


Peculiar  cir- 
culatory con- 
ditions  are 
found  iu  cer- 
tain portions 
of  the  skin. 
On  the  ear,  the 
al£e  nasi,  and 
in  the  region 
of  the  lips, 
large  lacuuic 
arc  seen  into 
which  the  ve- 
nous capilla- 
r  i  e  s  empty 
fro  111  above, 
while  from  be- 
low the  ven- 
ules are  given 
off.  Oir  the 
ends  of  the  lin- 
gers there  is 
likewise  a  spe- 
cial  arrange- 
ment of  the 
vessels.  It  has 
been  found 
that  here  some 
branches  of  the 
digital  arteries 
e  m  ])  t  i  e  d  d  i  - 

rectly  into  the  large  veins  of  the  bed  of  the  nails,  with- 
out there  being  any  intervening  capillaries.  ALso  it  is 
observed  that,  after  the  vessels  for  the  panniculus  adi- 
jiosus  and  sweat  glands  had  been  given  off,  but  Ijefcire 
the  upper  horizontal  plexus  for  the  supply  of  the  papilke 


Fig.  .5208.— Meissner'9  Tactile  Corpuscle  from  the 
Skin  of  the  Tip  of  an  .•\<iuU  Finger.  Specimen 
harileued  Iu  alcohol  ami  slaiued  by  means 
of  liiematHXylin  and  pirnitucbsiii.  (After 
Habl.i  .1/A",  Meissner's  tactilH  cuiiiuscle;  N., 
alVeient  nerve  llbre ;  I',  papilla;  Str.M, 
stratum  Malplghii ;  I}|/..  connective  tissue  of 
the  body  of  the  papilla  ;  lit,  blood-vessel. 
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Fig.  -5309.— Papilla  of  the  Skin  of  the  Finger. 
Staining  bv  Fischer's  gold  method.  (After 
Rabl,  from  nmllni.)  The  iKipilla  contains,  at 
its  e-\trciiiiiy.  a  Meissner's  tactile  corpuscle 
{MK.);  faiTher  down,  a  <-aiiillary  loop  (C),  and 
on  the  left  three  imiciMMidctit.  fascicular  ter- 
minal plexuses  of  m-rvi-  iibiiihe  IB);  £,  small 
terminal  knobs  of  the  iici  \  c  llbrillip. 


had  been  formed,  small  arterial   branches  divided  and 
broke  up  into  many  small  coils.     lu  the  inner  portion  of 

these     the  y 
3^j»-v»  emptied    di- 

'^\^  rectlvinto  ven- 

^^X  ules." 

""'  The     lumen 

of  the  arteries 
of   the  skin  is 
narrow,  but 
that  of    the 
veins  is   large 
and     wide. 
Their  coats 
are   sliglitly 
marked  in  tlie 
cutis,  and  tlu-y 
show  only  near 
the    subctita- 
neous   connec- 
tive tissue  an 
adventitia  and 
a  media.     But 
even     there 
these  are  poor- 
ly   developed. 
All  the  vessels 
of    the    papil- 
lary   layer    of 
the  corium  are 
capillary  in 
character,  that 
is,  simple    cu- 
d  o  t  h  e  1  i  a  1 
tubes. 
The  Lyai- 
PHATics. — There  are  in  the  integument  of  the  body  two 
forms  of  channels  which   contain  tlie  lymphatic  fluid, 
and   through    which   it  flows,   viz., 
the  lymphatic  vessels   proper,  those 
whieli  possess  an  endothelial  lining, 
and  the  numerous  spaces  which  oc- 
cur between  the  elements  composing 
the  various  layers  of  the  skin. 

In  regard  to  the  latter,  it  lias  been 
proved   that   they  are  the  origin  of 
the  lymphatic  s^'stem  of  the  skin,  by 
the  successful  injection  of  the  inter- 
cellular spaces  in   the  spiny  layer  of 
the  rete  Malpighii  from  the  lympha- 
tics of  the  subcutaneous  connective 
tissue  (Retzius,  Axel   Ke)',  et  alii). 
Other   lymph   spaces  exist  between 
the   membrana   propria  and   the  se- 
creting cells  of  the  coils  of  the  sweat 
glands,   and    between   the   epithelial 
cells  of  the  sweat  ducts.     The  inter- 
cellular spaces  in   the   stratum   spi- 
nosum  of  the  hair  folhcles  and  in  the 
sebaceous  glands  are  also  points  of 
Fig.  5210.— Krause's    origin  for  the  lymphatics.     The  bun- 
Terminal  Bulb  from    dies  of  unstriped   muscle  fibres  and 
the  Palpebral  Con-    the  coils  of  the  sweat  glands  and  the 
]unct)va.    Nerves    i,,,„  n  t  ••         »•  ^i 

stained  by  means  of    bundles   of   connective  -  tissue   fibres 
me_thy_[ene  blue,    forming   the  cutis  are  sheathed   by 
lymph    spaces,    as   are   also   the   fat 
clusters.     According  to  Klein,   veiy 
tine  channels  proceeding  from  these 
lymph    sheaths    penetrate    into    the 
latter  and   ramify  betweeen  all  the 
fat  cells  of  which  they  are  composed. 
Tlie   papilke  are   also   extensively 
traversed  by   lymph    spaces,    which 
empty    into    the    lymphatic    vessels 
proper.     Tiiese  vessels  are  lined  with 
endothelium,  and  begin  in  the  upper  third  of  the  papilla 
(the  Hoggans)  by  means  of  a  cul-de-sac.     They  course 
downward  in  the  form  of  a  plexus  through  tlie  cutis, 
Vol.  VIII.— 3G 


(After  Rabl,  from 
Dogiel.)  .1/.  Affer- 
ent m  e  d  u  1 1  a  t  e  d 
nerve  flbre :  .Y,  one 
of  the  non-medul- 
lated  nen'e  flbrillie 
resulting  from  the 
subdivision  of  the 
flhre  31;  E.  ter- 
minal coil;  By,  con- 
nective -  tissue  cap- 
sule. 


and  at  its  junction  with  the  subcutaneous  connective 
tissue  unite  to  form  a  few  large  vessels,  which,  accord- 
ing to  Heming,  have  a  muscular  coat. 

The  Nerves  op  the  Skin.— The  nerves  which  are  ' 
supplied  to  the  skin  are  derived  from  branches  of  the 
cerebro-spinal  system.  They  pass  up  through  the  sub- 
cutaneous connective  tissue,  in  the  same  manner  as  the 
blood-vessels,  from  the  larger  trunks  .situated  below. 
In  the  upper  part  of  the  panniculus  adiposus  the  course 
of  the  nerves  is  a  horizontal  one,  and  they  give  off  a 
large  number  of  small  branches  for  its  "innervation. 
They  penetrate  the  cutis  together  with  the  arterial  ves- 
sels, and  accompany  them  more  or  less  in  their  distri- 
bution. In  their  cour.se  they  give  off  branches  to  supply 
the  various  constituent  portions  of  the  cutis.  Those 
which  supply  the  hair  follicles  pass  to  them  in  the  neigh- 
borhood of  the  sebaceous  glands,  to  which  fibres  are 
sent.  They  penetrate  the  hair  sheath  and  are  distributed 
between  the  cells  of  the  root  sheaths.     The  sweat  glands 

J 


Fig.  5211.— Pacinian  Corpuscle  from  an  Amputated  Foot.  Magnified 
70  diameters.  (After  Rabl,  from  Henle  and  Kolliker.  i  M, 
Medullated  nerve  flbre;  JV,  non-medullated  nerve  flbre  within  the 
inner  club-shaped  sheath,  J :  L,  lamella;  of  the  outer  bulb-shaped 
envelope ;  A',  nuclei  of  the  connective-ti.ssue  cells  ;  V,  spot  where 
two  contiguous  lamellue  unite,  the  lines  of  union  forming  an  acute 
angle ;  Q,  spot  where  the  line  of  union  runs  transversely  ;  Bg,  con- 
nective tissue  outside  the  corpuscle. 

and  their  ducts  are  also  furnished  with  nerves.  Unna 
claims  to  have  seen  nerve  endings  between  the  secretory 
epithelial  cells  of  the  coils. 

When  the  nerves  arrive  at  the  upper  portion  of  the 
cutis  they  take  a  horizontal  course  and  form  a  rich  plex- 
us just  below  the  epidermis,  which  gives  off  a  great 
number  of  branches.  These  break  up  into  fine  fibrilU?, 
and  are  distributed  in  every  direction.  These  fibrillai 
terminate  either  in  the  endothelium  of  the  papillaiy 
blood-vessels,  or  free  in  the  connective  tissue  of  the  pap- 
illary body,  or  penetrate  into  the  interepithelial  spaces 
of  the  stratum  spinosum.  Longer  branches  from  this 
plexus  ascend  into  the  papilla",  and  in  certain  portions  of 
the  integument  end  in  the  tactile  corpuscles. 

The  nerve  fibres  which,  it  is  claimed,  have  been  traced 
between  the  cells  of  the  epidermis  are  non-medullated. 
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riiey  are  said  to  be  distributed  generally  throughout  the 
rete"3Ialpiglni,  as  far  upas  the  stratum  grauulosum,  and 
Id  end  in  "the  intercelhdar  spaces,  either  tapering  to  a 


Fig.  5212.— Transverse  Seelion  of  a  Pacinian  Corpuscle,  from  the 
Skin  in  the  Neighborhood  of  the  Anus.  Specimen  hardened  in  a 
solution  of  picrin  and  bichlonde  of  mercury  and  stained  with 
hjematoxylin  and  osin.  Mafrnifled  200  diameters.  (After  Rabl.) 
-4,  Axis  cylinder  lying  in  a  narrow,  circular,  perfectly  clear  space, 
the  inner  club-shaped  sheath ;  i,  lamellae  of  the  outer  capsule  or 
envelope;  C,  capillaries;  F,  fat  cells. 

point  or  with  a  small  rounded  extremity.  Unna  claimed 
that  they  terminated  in  small  discs  ujjon  the  cells,  but  his 
view  has  not  received  recognition. 

Besides  the  above-mentioned  ways  in  which  the  nerves 
end  in  the  skin,  there  are  special  forms  of  termination. 
These  are  represented  by  the  tactile  corpuscles,  the  tac- 
tile discs  of  Ranvier.  the  Pacinian  bodies,  and  the  end 
bulbs  of  Krause. 

I'actile  Corpuscles. — The  tactile  cor]>uscles  are  very 
small,  oblong  bodies  from  40  to  300 /i  in  length,  and  from 
30  to  (30 /i  in  breadth.  They  are  situated  in  the  upper 
portion  of  a  broad  papilla,  and  ai'e  found  especiallj-  on 
the  fingers  and  toes,  aud  in  the  palm  of  the  hand.  They 
have  a  distinctly  sti'iated  appearance,  and  are  directly 
connected  with  one  or  two  nieduUated  nerve  fibres  which 
wind  ai'ound  the  corpuscle,  and,  on  entering  it,  lose  their 
medullary  sheath,  the  perineurium  becoming  continuous 
with  the  capsule  of  the  corpuscle.  The  nerves  split  up 
into  branches,  which  end  in  flattened  knobs  between  the 
connective-tissue  cells  of  which  the  corpuscle  is  com- 
posed. They  often  consist  of  two  or  three  sections  lying 
close  together,  each  one  being  supplied  with  a  nerve. 

Bnnvier's  Tactile  Discs. — These  discs  are  small  cu])- 
shaped  bodies,  the  concave  side  of  which  is  always 
directed  toward  the  free  surface  of  the  epidermis.  At 
sevei'al  points  on  the  convexity  of  the  disc  the  termina- 
tion of  a  non-medullated  nerve  fibre  is  seen.  Ranvier 
claims  that  this  nerve  ends  only  on  the  surface  of  these 
discs,  but  according  to  others  this  takes  place  in  the  cell 
between  the  nucleus  and  the  external  membrane.  This 
form  of  nerve  ending  has  been  found  in  the  deeper  por- 
tions of  the  epidermis,  near  the  sweat  duct,  and  in  the 
corium  just  below  the  rete. 

The  Pacinian  Bodies. — The  Pacinian  bodies  were  first 
thoroughly  described  by  Pacinius.  though  they  had 
alread.v  been  mentioned  by  Vater  over  a  hrmdred  years 
ago.  They  are  small,  oval,  transpai'ent  bodies  fi'om  2  to 
3  mm.  long  and  1  to  3  mm.  broad,  and  are  situated  in  the 
subcutaneous  connective  tissue,  almost  exclusively  upon 


the  branches  of  the  nerves  which  supply  the  skin  of  the 
palms  of  the  hands  and  of  the  soles  of  the  feet,  but  also 
upon  the  dorsal  nerve  of  the  penis  and  of  tlie  clitoris. 
They  are  likewise  found  in  other  jjlaces.  as  around  the 
joints,  whei'e  they  are  deepl.v  situated,  and  also  in  the 
mesentery,  etc.  The  major  part  of  the  Pacinian  body  is 
formed  by  the  capsule.  This  capsule  is  deiived  from 
the  perineurium  of  the  nerve,  which  ends  in  the  corpus- 
cle, and  is  in  reality  composed  of  a  large  number  of  con- 
centrically arranged  lamina',  which  are  separated  one 
from  the  other  by  a  layer  of  flat  endothelial  cells.  Be- 
tween any  two  of  these  there  is  a  more  or  less  large  cjuan- 
tity  of  an  albuminous  fluid,  and  connective-tissue  fibres 
forming  septa  are  also  seen.  This  larainatedand  concen- 
trically arranged  capsule  suiTouiids  a  nari-ow  cylindrical 
space,  which  contains  a  granular  subs.ance  in  which  a 
few  cells  are  seen,  and  the  tei'minationof  the  nerve  fibre. 
At  its  entrance  into  the  cavity  of  the  Pacinian  body,  the 
nerve  loses  its  meduUated  character  and  the  axiscylinder 
alone  passes  in.  It  appears  as  a  pale,  finely  granular, 
uari-ow  band,  which  ends  in  a  single  small  knob  or  in  a 
sei'ies  of  them.  The  nerve  has  also  been  observed  to  pass 
entirelv  through  one  of  these  bodies  and  end  in  another. 
A  small  artery  penetrates  the  capsule  of  the  Pacinian 
bodies  along  witli  the  nerve,  and  forms  a  capillary  plex- 
us between  the  pei'iphcral  lamiuaj. 

End  Bnlhs  of  Krause. — The  end  bulbs  of  Krause  are 
minute  oval  or  cylindrical  bodies,  wliich  are  regarded  as 
being  moi-e  or  less  related  to  the  tactile  corpuscles.  They 
consist  of  a  connective-tissue  capsule  containing  a  lai-ge 
number  of  cells  which  form  a  core.  Between  these,  one 
or  more  nerve  fibres  end.  They  are  found  in  the  con- 
junctiva and  the  mucous 
membranes  of  the  mouth, 
the  glans  penis,  clitoris,  and 
vagina,  where  they  are 
termed  genital  corpuscles. 
The  capsiile  of  these  eud 
bulbs  is  derived  from  the 
perineurium,  but  the  natui'e 
of  the  core  which  it  contains 
is  still  a  mooted  point.  The 
axis  cylinder  alone  penetrates 
into  this  core,  having  lost  its 
medulla,  and  it  ends  in  the 
upper  portions  either  free  or 
as  a  small  button-like  pro- 
tuberance. 

The  Append.^.ges  of  thil 
Skin. 

The  Nails, — Embryology. 
— The  first  steps  in  the  dc 
velopment  of  the  nails  occur 
in  the  third  month  of  ftetal 
life,  and  consfst  in  the  mark- 
ing out  of  the  nail  bed  and 
furrow.  This  is  covered  by 
the  ordinary  stratum  cor- 
neuni  of  that  period  of  life, 
and  it  represents  the  epo- 
nyehium  of  Unna.  Under- 
neath the  eponychium  the 
embryonic  nail  remains  up 
to  the  fifth  month.  Accord- 
ing to  KoUiker,  thei'e  ap- 
pears in  the  fourth  month, 
between  the  eponychium  and 
the  stratum  mucosum,  a  la)'- 
er  of  large,  pale  -  colored, 
horny  plates,  which  cover 
the  bed  of  the  nail  and  re- 
present   its    primary    form. 

The  nail  in  its  further  growth  increases  in  thickness 
(luite  lapidly,  possesses  a  free  border  by  the  sixth  month, 
aud  by  the  seventh  month  is  fully  formed.  KoUiker  also 
claims  that  the  development  of  the  nail  takes  place  from 


Fig.  .5213.— Hair  from  the  Lip 
of  a  Human  Embryo  19..5  cm. 
long.  (After  Rabl,  from  G. 
Reiziiis.)  JY,  Afferent  nerve 
fibre,  which  first  gives  off  a 
small  forked  branch  in  an  up- 
ward direction,  and  then  sub- 
divides into  a  ring-like  phxiis 
(/I'l  iiimpleti'ly  surrouudiuf 
the  outer  sheath  uf  the  hair 
root  which  at  this  point  is 
somewhat  thickened.  This 
plexus  consists  of  a  few  nearly 
horizontiil  fibrilirt'  tjetween 
which  run  numerous  vertical 
ones;  £)r,  sebaceous  gland. 
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the  entire  uail  bed,  but  Uona  insists  that  he  has  ob- 
served tlie  formatidii  of  a  germinal  spot  in  the  matrix, 
from  wliicli  the  emliryonic  nail  grows  and  pushes -itself 
forward  beneath  the  eiiouyehium. 

trenerid  Cliiinicteristics. — The  nails  of  hiuiian  beings 
are  elastic  structures  of  a  horny  texture  situated   upon 


Fig.  .i21J.— Longitudinal  Section  of  the  Bed  of  the  Nail,  with  the  Posterior  End  of  the  Root  of 
the  .Nail.  The  entire  .specimen  was  dissected  free  from  ihe  hone  Hast  joint  of  toe.)  Alcohol 
was  used  for  hardeninft  the  tissues  and  ha?matoxvlin  and  iiicrotuchsin  for  colorinj;  them. 
JIaKnined  80  diametei-s.  (.\fterRaW.)  J\'.ir.,  Wall  of  the  nail ;  Eji,  eponychiuin  ;  Str.yi:. 
stratuEU  pranuiosuin  ;  Str.c,  stratum  corneuin,  colored  a  reddish-vellow  hv  means  of  picro- 
fuchsin  ;  ^Y,  nail,  colored  yellow  :  M,  matrix  of  the  nail ;  1',  papilla ;  I',  vein  of  the  corium 
heneath  the  matrix. 


the  dorsum  of  the  last  plialanges  of  the  fingers  and  of  the 
toes.  Each  one  is  convex  upon  its  external  surface,  con- 
cave upon  its  internal  and  moulded  upon  the  cutis,  to 
■which  it  is  firmly  adherent.  The  exposed  portion  of  the 
nail  is  called  its  body;  the  anterior  extremity,  the  free 
edge ;  the  semilunar  portion  posteriorly,  which  is  of  a 
■white  opaque  color,  the  lunula.  The  portion  of  the  cutis 
upon  which  the  nail  is  situated  is  the  nail  bed.  It  is 
bounded  laterally  by  two  rolls  of  the  skin,  which  are 
known  as  the  walls  of  the  nail.  Around  the  uail  bed 
is  a  groove  which  is  covered  by  the  nail  wall,  and  in 
this  lie  the  lateral  edges  of  the  nail,  while  the  posterior 
portion,  the  nail  root,  is  implanted  in  a  similar  though 
much  deeper  groove;  this  latter  represents  the  matrix, 
and  it  is  from  here  that  the  growth  of  the  nail  takes 
place. 

Ilhtoloiiicfil  Anatomi/. — The  bed  of  the  uail  consists  of 
the  corium  and  the  stratuiu  mucosum.  The  connective- 
tissue  bundles  of  the  cutis  run  here  partly  longitudinally 
and  parallel  to  the  axis  of  the  fingers,  partly  in  a  perpen- 
dicular direction  from  the  periosteum  to  the  external 
surface.  Tlie  epithelium  covering  the  corium  is  com- 
posed of  cells  identical  with  those  in  the  .stratum  muco- 
sum of  the  cpiilerniis,  and  is  sharply  defined  from  the 
nail,  except  at  the  matrix. 

The  corium  at  the  matrix  of  the  nail  shows  a  ■well- 
developed  papillary  body,  and  is  very  vascular,  each 
papilla  receiving  a  blood-vessel.  In  front  of  this  and 
beneath  the  lunula  the  papill*  are  very  small,  and  still 
more  so  anteriorly  ;  the  cutis  forming  the  nail  bed  has  no 
papilliB  but  fine  longitudinal  ridges,  in  which  run  the 
blood-vessels,  which  give  off  capillars  branches  at  regu- 
lar intervals.  These  ridges  of  tlie  coriinn  are  covered  Ity 
the  epithelial  cells  of  the  stratum  mucosum,  which  also 
dips  down  between  them. 

The  nail  itself  consists  of  horny  lamellse,  which  are 
closely  bound  together,  and  which  are  composed  of  cells 
similar  to  those  of  the  epidermis,  except  that  they  con- 
tain nuclei. 

In  the  formation  of  the  nail  the  matrix  plays  the  im- 


portant part,  and  it  is  from  this  portion  that  regeneration 
of  the  nail  is  continually  going  on. 

The  tiAUis.—Embri/ulogi/.—'TUe  first  steps  in  the  de- 
velopment of  the  hairs  occur  at  the  end  of  the  third  or- 
the  beginning  of  the  fourtli  month  of  fietal  life.  They 
are  shown  by  the  formation  of  small,  solid  jirolongatious  of 
the  rete  Malpighii,  jicnetrating  into 
the  cutis  and  increasing  in  length 
b_v  the  proliferation  of  the  cells  com- 
posing them.  Arriving  in  the  deeper 
portion  of  the  cutis,  the  lower  end 
of  the  prolongations  is  very  soon  sur- 
rounded by  an  aggregation  of  round 
and  spindle  cells,  which  partly  form 
the  papilla  of  the  hair  and  partly 
grow  around  the  epithelial  ingro^ivth 
in  order  to  form  the  sheath  of  the 
hair  follicle  (Unna).  During  this 
time  changes  also  take  place  in  the 
epithelial  column.  In  its  inner  por- 
tion  a  conical-shape<l  mass  of  cells, 
with  its  apex  directed  externalh', 
becomes  differentiated  from  the  re- 
mainder, and  this  reprcseuts  the 
primitive  hair  body.  From  it  the 
hair  and  its  inner  root  sheath  are 
formed.  The  prinutive  hair  body 
having  grown  around  the  newly 
formed  papilla,  it  increases  in 
length  upward  and  kcratotication 
begins  and  proceeds  from  above 
downward.  The  external  root 
sheath  is  constituted  by  the  por- 
tions of  the  epithelial  ingrowth  of 
the  rete  Malpighii  which  remain 
after  the  differentiation  of  the  prim- 
itive hair  body  and  surround  the 
entire  hair. 

From  the  .sixth  to  the  eighth  mouth  of  life  the  fcetus 
has  become  covered  with  hair,  which,  however,  falls  out. 


.-.e'-ti^  • 


Fig.  521.5. — Cross  Section  of  the  Basal  Portion  of  Ihe  Nail  of  an  Adult. 
Specimen  hardened  in  Mueller's  fluid  and  stained  with  hiema- 
toxvlin  and  eosin.  Magnified  25  diameters.  (After  Rabl.j  E. 
Epidermis  of  Ihe  wall  of  the  uail  (A'lC);  Ep.  eponychium;  N, 
nail ;  .V,  matrix  of  the  nail :  L,  longimdinal  border  of  the  matri.v ; 
yti.,  bed  of  the  nail ;  P,  perlo.steum  :  K,  bone ;  ETjh.,  bone  marrow. 

and  is  replaced  by  new  hair.     This  regeneration  of  the 
hair  on  the  foetus  is  continuous  as  in  adults,  but  the 
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rapidity  of  the  change  ceases  a  few  weeks  after  birth. 
The  emhiTOiiic  or  laiui<ro  hairs,  whicli  have  a  much 
shorter  lenirth  of  life  than  Uiosc  wliich  urow  after  birtli, 
give  i>lace  to  more  perniancut  ones,  ami  on  certain  por- 


Fig.  5116.— LonffifiHlinjil  Section  itf  a  Papilla,  a  Hair  Bulb,  and  the 
Lowest  Pan  of  tlir  >liiift  of  tln'  Hair  witli  its  Sliwitlis.  from  tlH>  Scalp 
ofan.idult.  .Mauniillwl  :!iiiidianii'tcrs.  I .\fter  Itabl.i  Pp..  Papilla; 
P.li..  neck  of  tbe  papilla;  Bl.,  blood-vessel;  .V.  cells  of  the 
medulla  of  Ibe  hair;  i?,  cortical  cells;  MM.,  mairl.\  cells  of  the 
medulla:  Mli.,  matrix  cells  of  tbe  corte.x:  Tft..  cells  undergoing 
karvokinesis;  P.  pipment;  Cy>,  membranous  envelope  of  tbe  liair; 
Cr.,  membranous  envelope  of  the  root  sheath  ;  }]n.  Huxlev's  layer; 
He.  Henle's  layer;  FT,  outer  root  sheath;  G,  vitreous  Tiieintnane; 
J,  innermost  layers  of  the  connective-tissue  hair  follicle  I'lf;  H/i.' ; 
H,  kollastln. 

tions  of  the  body  acquire  a  much  greater  development 
than  they  do  on  otliers.  The  new  liairs  originate  from 
the  epitlielium  forming  the  external  root  sheatli  of  the 
lanugo  liairs,  whicli  sends  out  solid  buds  from  whicli  tlie 
hair  develops  in  exactly  the  same  way  as  has  just  been 
described,  and  grows  up  alongside  of  the  embryonic  hair 
to  the  external  opening  of  the  follicle.  The  old  hair  lias, 
in  tlie  mean  time,  been  separated  from  tlie  papilla  and 
become  completely  liorny,  owing  to  its  loss  of  nourish- 
ment, and,  lieing  pushed  upward  by  the  new-formed  hair, 
falls  out  when  the  external  surface  is  reached.  In  this 
way  the  temporary  hairs  are  replaced  by  the  permanent 
ones,  and  an  entirely  similar  procedure  is  furthermore 
constantly  seen  repeating  itself,  even  in  adults. 

Generiil  Vlnimcie.risticn. — The  hairs,  which  are  modifi- 
cations of  the  ejiidermis,  are  found  in  greater  or  less 
amount  over  the  entire  body,  with  the  exce])tion  of  the 
palms  of  the  hands,  th»  soles  of  the  feet,  the  vermilion 
border  of  the  lips,  the  glans  penis,  the  laliia  minora,  and 
inner  surface  of  the  labia  majora.  Over  the  majority  of 
the  surface  they  are  short,  rather  colorless,  having  the 
character  of  the  embryonic  hairs,  and  hence  are  termed 


the  lanugo  hairs;  but  on  tlie  head,  the  eyebrows  and  the 
eyelids,  in  the  axillii?,  on  the  pubes,  and  in  the  male  sex 
on  the  elieek  and  upper  lip,  they  attain  a  much  higher 
grade  of  development. 

The  hairs  whicli  are  present  upon  the  scalp,  eyebrows, 
and  eyelids  become  gradually  more  marked,  tliicker,  and 
longer  after  birth,  but  at  the  age  of  puberty  the  hairs  on 
the  pubcs  and  in  the  axilla,  and  the  beard  in  the  male, 
begin  to  develop  and  to  increase  rapidly.  Hair  also  is 
found  around  the  anus  in  the  male.  It  is  not  unusual  to 
see,  in  certain  races,  that  in  women,  as  they  approach 
and  pass  tlie  eliinaeterie,  a  stronger  growth  of  hair  ap- 
pears on  the  ujiper  lip  and  face. 

The  hairs,  both  the  lanugo  and  the  fullv  developed 
ones,  are  for  the  most  part  placed  obliquely  in  the  skin 
and  are  situated  in  follicles  termed  the  hair  follicles. 
These  latter  are  sometimes  short,  the  papilla  lying  high 
up,  or,  again,  of  considerable  length,  and  deep  down  in 
the  subcutaneous  connective  tissue.  The  portion  of  the 
hair  situated  in  the  follicle  is  the  root,  that  above  the 
level  of  the  skin,  the  .shaft.  At  the  lower  extremity  of 
tlie  root  there  is  a  whitish,  soft,  bulbous  enlargement, 
the  hair  bulb,  which  has  a  concave  end  lliat  fits  upon  the 
conical  vascular  eminence  already  mentioned  as  being  the 
hair  papilla.  i 

The  hair  follicle  itself  may  be  divided  into  three  part.s, 
according  to  its  form.  From  its  upper  extremity,  -where 
it  opens  out  upon  the  surface  of  the  skin,  it  descends, 
shaped  like  a  funnel,  as  far  down  as  the  opening  of  the 
duct  of  the  sebaceous  gland.  It  then  becomes  narrowed 
for  a  short  distance,  but  broadens  again  near  the  papilla 
to  receive  the  hair  bulb. 

The  hair  shaft  varies  considerably  in  shape,  being  in 
some  cases  round,  in  others  mucli  tlattened,  or  again 
an,gular. 

On  cross  section  the  hairs  are  either  round,  or  oval,  or 
triangular,  or  square,  liaving  convex  or  concave  sides. 
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Fig.  5217.— Hair  of  an  Adult  at  its  Point  of  Emergence  from  the  Scalp. 
Specimen  hai-dened  in  Mueller's  fluid  and  stained  with  hipma- 
toxvlin  and  eosiu.  Masinlfled  .W  diameters.  (Aft«r  Ralil.)  K, 
Shaft  of  hair:  J.  II'..  Iniier  sheath  of  root  of  hair:  .til'.,  outer 
sheath  of  root ;  T.  sebaceous  sf land  ;  -1/,  outlet  of  this  gland  ;  .4  rr.^ 
ari'ector  pill ;  Str.c,  stratum  corneum  ;  Stt\^f.,  stratum  Malpijrhii; 
Str,p.,  stratum  papillare  corii ;  S,  sweat  glan<l. 

The  augtilar  and  flattened  hairs  are  found  in  these  locali- 
ties wliere  the  hair  is  curly,  the  round  ones  where  it  is 
straight. 
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Sklu  and  Its  Ap- 


At  its  free  external  end  the  hair  is  pointed  when  in  its 
natural  state,  but  owing  to  the  fact  that  it  is  continually 
subjected  to  mechanical  influences,  such  as  rubbing,  etc!, 
it  is  usually  found  to  have  a  more  or  less  rounded  ex- 
tremity. 

Hiatolnriy  of  the  Hair  and  of  its  Follicle. — Hair  Follicle. 
— The  hair  follicle  is  represented  bj'  a  sac-sliajied  cavity 
composed  of  connective  tissue.  At  its  lower  end,  which 
is  more  or  less  deeply  situated  in  the  cutis,  an  eminence 
is  seen,  analogous  to  the  papilla;  in  the  upper  portion  of 
the  coriuni,  which  is  known  as  the  hair  papilla.  This 
body,  upon  which  the  concave  extremity  of  the  hair  root 
is  accurately  fitted,  is  oval  in  shape,  and  at  its  base  is  a 
distinctly  marked  constriction — the  neck  of  the  papilla. 
It  is  composed  of  connective  tissue,  similar  to  that  of  the 
cutis,  of  which  it  is  a  part,  and  contains  blood-vessels. 
(See  also  Fig.  5203.) 

The  hair  follicle  envelops  the  lower  two-thirds  of  the 
hair  and  of  its  shcatlis,  but  above  the  openings  of  the 
ducts  of  the  sebaceous  follicles  it  is  not  demonstrable  as 
a  separate  formation,  becoming  lost  in  the  tissue  compos- 
ing the  papillary  body.  It  consists  of  three  coats.  The 
most  external  of  these  is  a  portion  of  the  cutis  proper, 
and  is  composed  of  connective-tissue  fibres,  which  arc 
closely  bound  together  and  run  longitudinallj'  in  the 
axis  of  the  hair,  and  is  quite  rich  in  connective-tissue 
cells.  In  it  are  distributed  the  blood-vessels  and  nerves 
supplied  to  the  hair.  The  next  innermo.st  coat  is  com- 
posed of  elements  similar  to  those  which  are  found  in  the 
•  most  external,  but  they  are  arranged  in  a  circular  manner 
running  around  the  hair  follicle.  There  are  many  nuclei 
found  in  this  coat,  the  long  axes  of  wliich  are  directed 
parallel  with  the  course  of  the  fibres,  and  they  resemble 
very  strongly  the  nuclei  seen  in  un.striped  muscles;  but 
this  resemblance  is  in  all  probability  due  to  the  tension  to 
which  the  fibres  are  subjected. 

The  innermost  of  the  coats  of  the  hair  follicle  is  a  hya- 
line basement  membrane,  which  has  a  glass}',  transparent 
appearance.  It  is  in  immediate  contact  with  the  cylin- 
drical layer  of  epithelial  cells  belonging  to  the  external 
root  sheath  of  the  hair.  It  is  not  always  demonstrable, 
varying  greatly  in  thickness,  and  is  most  clearly  marked 
in  the  lower  third  of  strongl}-  developed  hairs.  In  the 
lanugo  hairs  the  connective-tissue  envelope  of  the  hair  is 
absent,  the  root  sheaths  being  derived  from  the  epider- 
mis forming  the  hair  follicle. 

The  Ilnir  Sheaths.- — The  root  of  the  hair  proper  is  in 
the  greater  jiortion  of  its  extent  covered  by  an  envelope, 
which  consists  of  several  layers  of  cells  very  adherent  to 
it.  It  constitutes  the  inner  root  sheath  of  the  hair,  and 
lies  in  contact  with  the  external  root  sheath,  by  which  it 
is  separated  from  the  connective-tissue  envelope  of  the 
hair  follicle. 

Tlie  Hair  Proper. — When  a  fully  developed  hair  is  ex- 
amined imder  the  microscope,  it  can  be  seen  that  it  is 
composed  of  three  tissues,  which  differ  from  each  other 
in  appearance.  These  three  portions  are  termed  the 
cuticula,  the  cortex,  and  the  medulla.  Each  of  these  can 
be  easily  recognized  in  the  shaft  of  the  hair,  but  not  so 
readily  at  the  bulb.  Still,  if  the  hair  is  treated  with 
liierocarmine,  the  cuticula  can  be  traced  here,  and  it  can 
lie  seen  that  it  starts  from  the  neck  of  the  hair  papilla 
(Unna).  By  the  same  method,  it  is  also  found  that  the 
cortex  develops  from  the  lateral  portions  of  the  papilla, 
and  the  medulla  from  the  apex. 

The  Carter. — The  most  voluminous  portion  of  the  shaft 
of  the  hair  is  constituted  by  the  cortex,  a  transparent 
fibrillar  mass  of  varying  color.  In  it  are  seen  dark  spots 
and  longitudinal  streaks,  which  are  situated  between  the 
horny  elements  of  the  hair,  and  are  caused  by  the  pres- 
ence of  air.  Pigment  granulesare  also  present  in  greater 
or  lesser  quantities. 

When  the  hair  is  treated  with  sulphuric  acid  the  cor- 
tex breaks  up  into  the  fibres  of  which  it  is  composed, 
and,  if  the  action  of  the  acid  has  been  long  continued,  it 
may  even  separate  into  long,  narrow,  spindle-shaped 
plates.  In  tlie  centres  of  these  latter  an  indistinct  linear 
ti.^ure  is  oftentimes  traceable.     It  represents  the  remains 


of  the  nucleus  of  the   cell  from  which   the  plate  was 
derived. 

The  development  of  the  hair  from  cells  is  very  distinct- 
1\'  seen  at  the  papilla.  The  portion  of  the  hair  in  imme- 
diate contact  with  this  body  is  hollowed  out  or  concave 
in  shape,  and  it  is  composed  of  a  row  of  cylindrical  epi- 
thelial cells  entirely  similar  to  those  forming  the  basic 
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Fig.  5218.— Cross  Sertion  of  a  Hair  and  its  Slieatli,  from  tlie  Scalp. 
S[)ecinien  hardened  ip  Mueller's  fluid  and  stained  with  haeniatoxylin 
and  eosin.  The  cut  was  madi-  al  thi' li'vcl  of  tin-  ri'ijion  in  which 
lie  the  sebaceous  glands.  Mamiilli'd  u'.'.i)  iliiuiieicrs.  i, After  Itiihl.) 
i?.  Cortical  portion  of  the  hair  .sliaft  Uht-  nifdullarv  sulisiarirp  is 
lacking  in  this  specimen)  ;  Cu.p..  cuticula  of  the  hair;  C'li.i'., 
cuticula  of  the  sheath  of  the  root ;  Hu,  Hu.\ley's  layer ;  He,  Henle's 
layer;  .4 .  H^,  outer  sheath  of  the  root ;  By.,  connective  tissue;  T, 
sebaceous  glands. 

layer  of  the  epidermis.  This  layer  of  cells  is  termed  the 
matrix  of  the  hair,  and  it  is  upon  it  that  the  growth  of 
the  hair  depends.  Starting  from  this  point,  it  can  also 
be  seen  how  the  cells  and  their  nuclei  grow  longer,  be- 
come finely  flbrillated  and  granular,  and  finally,  when 
entirely  horny,  appear  as  small  plates.  These  successive 
changes  should  be  studied  on  hairs  which  are  little  pig- 
mented, for  in  them  they  can  be  seen  much  more  easily 
than  when  the  opposite  is  the  case.  The  cells  of  which 
the  cortex  of  the  hair  root  is  formed  have  been  found  by 
Waldeyer  to  be  composed  of  small  fibres.  Each  cell  is 
united  to  the  contiguous  ones  by  short  spines,  in  a  man- 
ner analogous  to  the  cells  composing  the  epidermis. 

The  pigment  which  gives  the  hair  its  various  shades  of 
color  is  an  important  constituent  of  the  cortex.  It  varies 
greatly  in  quantity,  and  in  proportion  to  its  abundance 
or  comparative  absence  the  hair  is  dark  or  light  in  color. 
It  occurs  both  in  a  diffuse  form  and  also  in  gi-anules. 
The  elements  of  the  cortex  are  diffusely  pigmented  by 
the  former,  but  the  pigment  granulesare  distributed  here 
and  there,  and  are  situated  in  and  between  the  cells  com- 
posing the  cortex  (Waldeyer).  This  deposition  of  the 
jiigment  gi'anules  in  the  cells  is  most  clearly  seen  in  the 
root  of  the  hair.  The  source  of  the  pigment  is  not  yet 
fully  established,  though  Riehl  and  others  more  lately 
have  thrown  some  light  on  the  subject.  In  the  tissue 
of  the  papilla  of  the  hair  irregular-shaped  nucleated 
cells,  the  protoplasma  of  which  contains  a  considerable 
amount  of  pigment,  have  been  foimd.  They  were  pres- 
ent as  far  up  as  the  matrix  of  the  hair,  between  the  cells- 
of  which  they  sent  long  prolongations,  and  they  could 
also  be  traced  higher  up  as  fine  intercellular  pigment 
deposits.  Riehl  also  observed  that  the  cells  of  this  por- 
tion of  the  hair  root,  which  were  not  yet  horny,  con- 
tained granules  of  pigment  around  their  nuclei,  and  also 
that  the  cells  of  the  matrix  were  quite  closely  connected 
with  the  prolongations  of  the  wandering  pigment  cells  of 
the  hair  papilla,  from  which  their  protoplasm  took  up 
pigment  granules.     In  regard  to  the  source  of  these 
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granules,  Rielil  argued  that,  inasmuclias  wandering  pig- 
ment cells  were  regularly  met  with  in  the  papilla  of  the 
hair  and  following  the  coiu'se  of  the  lilood-vessels,  the 
blood  must  be  the  source  of  the  pigment,  and  this  latter 
must  be  carried  by  tlie  cells  to  the  liair. 

The  Mcdulhi. — The  medulla  is  situated  in  the  axis  of 
the  hair  throughout  almost  its  entire  length,  but  it  nar- 
rows and  ternnuates  at  some  distance  from  the  free  end. 
It  is  marked  in  the  stronger  liairs,  but  is  usually  absent 
in  the  lanugo  hairs,  and  often  also  in  those  of  the  scalp. 
The  presence  of  the  medulla  is  shown  by  a  more  or  less 
broad,  longitudinal  baud  of  a  dark  color,  which  is  due  to 
the  air  situated  between  its  composing  elements.  These 
latter  arc  cells  which  are  shrunken  into  irregular  shapes, 
possess  no  nuclei,  and  are  furnished  with  spines  and 
prongs  ( Waldeyer). 

Atlhebidb  of  the  hair,  the  medulla  differs  very  sMght- 
ly  from  the  cortex.  Over  the  apex  of  the  papilla  and 
above  the  cylindrical  cells  situated  there,  which  repre- 
sent the  matrix  of  the  medulla,  large  nucleated  cells  are 
seen,  and  in  their  protoplasm  are  large  drops  of  kerato- 
hyalin.  In  proportion  as  the  shaft  is  ascended,  these 
cells  become  shrunken,  harder,  lose  their  nuclei,  and  the 
keratohyalin  disappears.  They  are  boiuid  together  by 
means  of  the  spines  and  prongs  on  their  surface,  between 
which  are  left  spaces — intercellular  spaces.  Below  the 
external  surface  these  spaces  serve  as  channels  through 
which  nourishment  is  furnished  to  the  young  cells  of  the 
medulla,  but  where  the  hair  is  exposed  to  the  external 
atmosphere  this  fluid  evaporates,  and  the  spaces  become 
tilled  with  air. 

The  Cuticula. — The  hair  is  also  furnished  with  a  cu- 
ticula,  which  surroiuids  the  greater  part  of  that  portion  of 
the  hair  which  lies  in  the  follicle.  It  is  formed  by  a  layer 
of  horny  plates,  arranged  like  tiles  on  a  roof,  and  they 
are  closely  botmtl  together.  The  cuticula  originates  from 
the  neck  of  the  papilla  of  the  hair,  between  the  matrix 
of  the  cortex  and  that  of  the  inner  root  sheath.  At  this 
point  it  consists  of  several  rows  of  cylindrical  nucleated 
cells,  which  divide  soon  after  leaving  the  matrix  into  two 
layers.  One  of  these  goes  to  form  the  cuticida  of  the 
hair,  the  other  the  cuticula  of  the  inner  root  sheath.  The 
cells  of  the  former  are  at  the  middle  of  the  hair  papilla, 
directed  perpendicularly  to  the  circumference  of  the  hair, 
but  gradually  become  more  and  more  inclined  toward  it. 
At  the  upjier  portion  of  the  hair  follicle  the  cuticula  is 
no  longer  distinguishable  and  becomes  a  constituent  por- 
tion of  the  cortex.  At  the  matrix  the  cells  are  epithelial 
in  character,  but  they  Ijecome  transformed  into  solid 
transparent  horn  plates  without  nuclei. 

Tlie  lii'/ut  Sheiiths. — The  hair  root  is  further  enveloped 
by  two  coats — the  root  sheaths — which  are  closely  adhe- 
rent to  it.  They  are  known  individually  as  the  inner  and 
the  outer  root  sheath.  The  former  is  immediately  around 
and  in  contact  with  the  hair,  and  ends  within  the  hair 
follicle;  the  latter,  more  external,  pas.ses  up  to  the  orifice 
of  the  follicle,  where  it  becomes  continuous  with  the 
spinj'  layer  of  the  epidermis. 

The  Inner  Hmt  tSheitth. — The  inner  root  sheath  is  com- 
poseil  of  three  laj'ers — the  cuticula,  the  one  nearest  the 
hair.  Henle's  layer,  the  most  external,  and  between  these 
two  Huxley's  layer. 

The  cuticula  of  the  inner  root  sheath  arises  from  the 
same  matrix  at  the  ueck  of  the  hair  papilla  as  the  cutic- 
ula of  the  hair.  The  cells  composing  it  are  so  arranged 
that  their  long  axes  are  parallel  to  the  circumference  of 
the  hair,  that  is,  in  an  opposite  direction  to  the  cells  form- 
ing the  cuticula  of  the  cortex.  They  undergo  transforma- 
tion in  a  manner  entirely  analogous  to  the  one  which  has 
been  already  described  for  the  cuticula  of  the  cortex. 
The  cuticula  of  the  inner  root  sheath  is  lost  sight  of 
within  the  follicle,  becoming  a  part  of  the  sheath.  " 

The  Layers  of  Ilnxhy  and  uf  llenle. — The  portion  of  the 
inner  root  sheath  which  is  situat<'d  between  the  cuticula 
just  described  and  the  external  root  sheath  is  composed 
of  the  two  laj'ers  known  as  those  of  Huxley  and  of 
Henle.  They  also  take  their  origin  from  the  neck  of  the 
papilla,  and  at  that  point  appear  as  a  layer  of  three  or 


more  cylindrical  epithelial  cells.  Drops  of  keratohyalin, 
however,  appear  very  soon  in  these  cells,  and  this  sub- 
stance increases  rapidly  in  quantity.  The  change  in 
their  appearance  due  to  the  presence  of  the  keratohyalin 
is  very  marked  on  a  level  with  the  apex  of  the  papilla, 
and  the  cells  are  seen  here  to  have  attained  a  much 
larger  size.  The  cells  forming  the  layer  of  Ilenle — the 
most  external — contain,  however,  a  greater  amount  of 
keratohyalin,  and  undergo  hornification  much  more 
rapidly  than  they  do  iu  the  lajer  of  Huxley.  Conse- 
(luently,  Henle's  layer  is  found  represented  by  horny, 
polygonal,  non-nucleated  elements  at  a  much  lower  level 
than  Huxley's  layer.  This  latter,  the  inner  portion  of 
the  inner  root  sheath  of  the  hair,  is  composed  at  the  pa- 
]ulla  of  cells  which  contain  a  smaller  amount  of  kerato- 
hyalin. Keratofieation  in  them  is  not  so  rapid  as  iu  the 
cells  of  Henle's  layer,  the  nuclei  do  not  disappear  so 
early,  and  the  complete  transformation  of  the  elements 
of  Huxle}''s  layer  into  horny  masses  occurs  at  a  higher 
level  than  is  seen  in  the  former  one.  The  inner  root 
sheath  ends  iu  the  hair  follicle. 

Tlie  External  Root  Sheath. — In  describing  the  embry- 
ology of  the  hair,  it  was  stated  that  the  first  changes 
observed  consisted  in  a  proliferation  and  prolongation 
downward  into  the  cutis  of  a  portion  of  the  cells  forming 
the  stratum  spinosura  of  the  epidermis.  The  further 
steps  which  occurred  in  the  evolution  of  the  hair,  and 
which  took  place  iu  the  central  portion  alone  of  this  pro- 
longation, it  has  also  been  seen,  resulted  in  the  formation 
of  the  shaft  of  the  hair,  but  the  remaining  portion  also 
serves  an  important  purpose.  It  represents  the  external 
root  sheath,  or  envelope,  of  the  hair,  and  is  separated  by 
it  from  the  connective  tissue  composing  the  follicle. 

The  outer  root  sheath  is  not  imiforin  throughout  its 
entire  extent,  but  is  lined  on  the  surface  next  to  the 
hair  shaft,  and  as  far  down  as  the  opening  of  the  duct  of 
the  sebaceous  gland,  by  the  stratum  corneum  and  stra- 
tum granulosum.  From  here  to  the  level  of  the  hair 
papilla  the  stratum  spinosum  descends  iu  its  entirety, 
but  then  narrows,  and  at  the  neck  of  the  papilla  is  re- 
duced to  a  layer  of  two  or  three  cylindrical  cells.  It  lies 
at  this  point  in  close  contact  with  the  cells  from  which 
the  inner  root  slieatli  is  formed. 

The  appendages  of  the  hairs  are  the  sebaceous  glands, 
and  bundles  of  unstriped  muscular  fibres  are  also  attached 
to  them.     They  have  been,  however,  alreadv  described. 

George' T.  Elliut. 

SNAILS. — A  popular  term  applied  to  those  forms  of 
the  gasteropod  mollusks.  belonging  chiefly  to  the  order 
Pubnonata,  which  are  jirovided  with  a  shell.  They  are 
divided  into  the  land,  fresh-water,  and  marine  species, 
belonging  respectively  to  the  suborders  Geophila.  Limno- 
philii,  and  Thalassaphila.  There  are  some  few  terres- 
trial species  and  a  large  number  of  fresh-water  and 
marine  forms,  belonging  to  the  order  Asi/f/ahrani'/iia.  to 
which  the  term  snail  is  also  sometimes  aiiplied.  The 
fresh-water  and  marine  forms  are  perhaps  more  com- 
monly known  as  periwinkles  and  whelks,  while  allied 
genera  not  provided  with  a  shell  are  ordinarily  spoken  of 
as  slugs. 

The  order  Pulmonuta  is  characterized  by  a  lingual 
membrane  provided  with  numerous  teeth  arranged  iu 
manv  uniform  transverse  rows;  mouth  usually  supplied 
with  one  or  more  horny  jaws,  a  respiratory  organ  in  the 
form  of  a  closed  chamber  lined  with  pulmonic  vessels  on 
the  back  of  the  animal  and  covered  by  the  shell  when 
present;  the  edge  of  the  mantle  being  attached,  and  the 
entrance  to  the  air  chamber  being  through  an  opening  in 
the  side  closed  by  a  valve.  The  operculum  is  almost 
imiversally  absent.  The  tentacles  and  eye  pediuicles 
are  retractile  or  contractile.  The  shell  varies  in  form, 
and  is  sometimes  rudimentary  or  wanting.  They  are 
hermaphrodites,  with  reciprocal  impregnation,  generally 
oviparous,  and  all  forms,  whether  terrestrial,  fluviatile, 
or  marine,  respire  free  air. 

The  American  species  of  terrestrial  snails  live  mostly 
in  the  forest  shelteretl  under  the  trunks  of  fallen  trees. 
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layers  of  decayed  leaves,  stones,  or  in  the  soil  itself. 
Tliey  are,  as  a  rule,  solitarj-  in  their  habits;  only  excep- 
tionalh',  as  sometimes  in  the  early  days  of  spring,  do 
the}'  congregate  in  considerable  numbers  in  wamraud 


Fig.   5220.  — Pomatla   Aspersa. 
(From  Binney.) 


Fig.  5219.— Helix  Pomatia  Linn. ;  the  European  Vineyard  Snail,  the 
one  most  extensively  eaten.    (From  Keferstein. ) 

sunny  situations,  but  these  assemblies  do  not  last  more 
than  a  few  days;  they  then  scatter  and  again  resume  for 
the  rest  of  the  year  their  solitary  mode  of  living.  They 
are  rarely  seen  abroad  excejit  on  damp  dark  days  or  at 
twilight,  and,  indeed,  Ihey  almost  disappear  as  the  for- 
ests are  cut  down,  and  seem  to  flee  the  appi'oach  of  man. 
The  European  species,  on  the  other  hand,  follow  in  the 
track  of  cultivation  and  are  common  in  gardens  and 
fields,  on  walls  and  hedges,  and  other  places  exposed  to 
the  action  of  light.  It  is  probably  owing  to  this  radical 
difference  in  their  habits  of  life  that  the  large  ma.iority 
of  our  species  are  .so  plain  and  uniformly  dull-colored, 
while  the  European  species  are  brightly  C()lored.  In 
size  the  snails  vary  from 
those  minute  species  a  quar- 
ter of  an  inch  or  less  in 
length  to  the  gigantic  Afri- 
can species  belonging  to  the 
genera  Achatiua  and  Ba- 
linus,  which  sometimes  at- 
tain the  length  of  eight 
inches. 

The  eggs  are  laid  in  the 
early  spring.  Some  few- 
forms  are  viviparous.  As 
soon  as  hatched,  which 
takes  place  in  from  twenty 
to  thirty  days,  the  young 
snail  devotes  himself  strict- 
ly to  the  business  of  eating.  He  first  devours  his  own 
shell,  and  then,  according  as  his  instinct  leads  him,  be- 
gins on  either  vegetable  or  animal  food.  The  majority 
of  them  prefer  vegetable  food,  though  it  is  certain  that 
some  forms  are  also  fond  of  animal  food,  and  sometimes 
prey  upon  earthworms,  their  own  eggs,  or  even  upon 
each  other.  The  amount  they  can  eat  is  enormous,  as 
can  well  be  testified  to  Ijy  the  gardener,  who  often  finds 
a  whole  field  of  vegetal)les  almost  destroyed  in  a  single 
night.  As  might  be  expected  from  this,  their  rate  of 
growth  is  veiy  rapid,  and  they  frequently  double  in  size 
within  a  week.  At  the  first  approach  of  frost  they  re- 
tire into  secluded  and  sheltered  spots  under  logs  or  stones, 
or  partially  burrow  into  the  soil,  withdraw  into  their 
shells,  and  dispose  themselves  for  their  annual  sleep  or 
hibernation,  only  to  be  awakened  again  in  from  four 
to  six  months  by  the  warmth  of  spring. 

They  possess  the  power  of  secreting  a  mucus-like  mate- 
rial from  the  general  surface  of  the  body  at  will.  The 
slugs  have  this  function  developed  to  a  much  greater 
degree,  and  it  is  used  by  them  as  a  means  of  defence. 
"Whenever  a  foreign  substance  touches  them  they  secrete 
a  quantit}-  of  the  mucus,  which  forms  a  kind  of  mem- 
brane interposed  between  themselves  and  the  irritating 
substance.  This  mucoid  material  is  a  non-conductor  of 
heat  and  impervious  for  a  time  to  liquids,  so  that  by  its 
means  they  are  enabled  for  a  considerable  time  to  with- 
stand the  action  of  corrosive  gases,  alcohol,  and  even 
boiling  water.  The  fresh-water  and  marine  forms  live 
on  the  rocks  and  aquatic  plants  at  the  bottoms  of  ponds 
and  rivers,  and  along  the  seashore,  where  they  may  be 


seen  in  immense  numbers  when  at  any  time,  as  at  el)b- 
tide,  the  rocks  are  exposed. 

There  are  a  large  number  of  species  of  snails  which 
have  been  used  as  food.  Most  of  these  belong  to  the 
genus  Helix,  of  which  more  than  twelve  hundred  species 
have  been  described.  Few  of  the  American  forms  have 
been  so  used,  partly  for  the  reason  that  it  has  never 
become  the  custom  here,  and  partly,  probafily,  from  the 
curious  fact,  already  mentioned,  that  the  forms  indige- 
nous to  this  country  are  mostly  solitary  and  do  not  col- 
lect in  herds  or  communities.  Many  of  the  European 
species,  on  the  contraiy,  herd  together  in  immense  num- 
bers and  so  are  very  easy  to  collect  and  peculiarly 
adapted  to  colonization.  The  "  edible  snail, "  Ilelix  pom<t- 
tia,  is  the  one  most  commonly  eaten  in  Europe,  but  II. 
aspersa  and  II.  /lortensis  are  also  very  generally  used. 
The  first  of  these  has,  I  believe,  never  been  introduced 
into  this  country,  but  aspersa  and  /unieiisis  both  have 
been,  and  are  now  found  in  considerable  numbers  in  cer- 
tain localities.  They  retain  their  habits  of  congregation, 
and  will  no  doubt  in  time  be  inncli  more  general!}-  used 
as  an  article  of  diet  than  they  aie  at  present. 

The  ancient  Greeks  and  Romans  regarded  snails  as 
one  of  their  greatest  delicacies,  and  imported  them  from 
all  parts  of  the  then  known  w-orld  to  be  reared  and  fat- 
tened in  their  extensive  snail  ponds.  In  many  parts  of 
Africa  the  large  species  which  are  indigenotisthere  are 
used  as  a  daily  food  all  the  year  round.  At  the  present 
time  in  Austria,  Fi'ance,  Switzerland,  Spain,  and  Italy, 
the  collection,  rearing,  and  jjreparing  them  for  market 
afford  occupation  to  a  large  number  of  people.  An  idea 
of  the  extent  of  the  industry  may  be  gained  from  the 
fact  that  from  Ulm  alone  some  four  million  are  annually 
exported,  and  about  ninetj-  thousand  pounds  are  sold  in 
the  Paris  markets  every  year. 

The  wild  snails  are  collected  and  placed  in  small  plots 
of  laud  cleared  of  trees  and  covered  with  heaps  of  moss 
and  pine-twigs,  and  separated  from  each  other  by  moats, 
or  trails  of  sawdust,  for  which  snails  have  a  natural  antip- 
athy. They  are  kept  here  and  fed  on  fresh  grass,  cab- 
bage leaves,  mint,  and  other  aromatic  herbs.  In  the 
course  of  a  week  or  ten  days  they  have  become  quite 
obese  and,  besides,  have  attained  a  very  delicate  flavor: 
they  are  then  starved  for  a  few  days  to  allow  them  to  get 
rid  of  excrementitious  matter,  when  they  are  ready  for 
the  market.  To  prepare  them  for  the  table  they  arewell 
w-ashed,  then  broiled,  baked,  or  boiled,  shell  andall,  when 
they  are  either  extracted  and  served  with  various  suit- 
able sauces,  or  are  placed  on  the  table  entire,  to  be  re- 
moved at  the  time  of  eating  by  placing  the  shell  to  the 
mouth  and  drawing  out  the  animal  b}-  sucking  it. 

The  sea  snails  are  not  so  extensively  iisecl  as  food, 
though  in  England  the  common  periwinkle  (Littorina 
littorea)  is  consumed  in  immense  quantities  by  the  poorer 
classes  on  the  coasts  as  well  as  in  London.  About  three 
thousand  tons  of  them,  valued  at  £15,000,  are  annually 
shipped  to  Londou  alone. 

There  has  been  a  number  of  cases  of  poisoning  from 
eating  snails  which  have  been  allowed  to  feed  on  hemlock 
and  belladonna,  so  that  now  there  has  been  an  inspector 
apjjointed  in  Paris  w-hose  business  it  :s  to  see  that  they 
are  in  fit  condition  for  consumption. 

In  some  persons  the  ingestion  of 
snails  brings  on  marked  attacks  of 
urticaria— fhe  same  as  is  seen  in  cer- 
tain cases  after  eating  clams,  oysters, 
and  other  shell  fish.  In  these  cases 
it  will  be  understood  that  there  is  a  k-w      t      h 

more  or  less  marked  idiosyncrasy  in   ^'gort^^liT^  fr*"!  o^m 
the  person.  Binney.) 

An  idea  of  the  nutritive  value  of 
these  mollusks  may  be  gained  from  the  following  an- 
alysis of  the  "edible  snail,"  made  by  Mr.  Charles  Mene: 

Water 72.747 

Nitroeeneous  matter 17.653 

Fatty  substances 1.125 

Non-nltrogeneous  matter 6.300 

Salts 2.176 

Nitrogen 2.823 
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Fig.  5222.— Diagram  sbowiiiff  tl)f'  Bran- 
chial Clefts  and  tlie  Glands  aTisiiiir  from 
them  in  the  Shark.  (From  HtTtwij^,  af- 
ter de  Meuron.)  s-r/(i.  .^f/*".  First  and 
sixth  branclitiil  pncl^i-ts  ;  .sf/.  tliyroid;  th, 
th>*mus ;  nsf.1,  lateral  thyruid. 


In  some  parts  of  the  world  the  snail  has  more  or  less 
of  a  reputation  as  a  "cure  "  for  constunplion,-  concerning 
■svliich  it  is  only  necessaiy  to  sa.y  that  it  may  be  con- 
sidered a  food  of  some  value  as  affording  a  change  of 
diet.  William  Barnes. 

THYMUS  GLAND,  DEVELOPMENT  OF.— The  first 
statements  regartlins  the  development  of  the  thymus 
glaud  contradicted  each  other  completely,  Arnold  '  as- 
serted that  it  arose  in  common  with  the  th3'roid  from 

the  entoderm  of  the 
pharyn.\,  while  Bi- 
schoff  '^  in  general  de- 
nied this.  Remak/ 
in  his  great  work, 
confirmed  Arnold 
and  ailded  that  this 
gland  arises  from  one 
of  the  branchial 
clefts;  but  he  was 
placed  in  doubt  after 
Ecker  liad  described 
the  large  gland  in 
the  neck  of  the  chick 
as  the  thymus.  From 
now  on,  the  prevalent 
view  continued  to  be 
that  the  thymus  was 
mesodermal  in  ori- 
gin. 

We  can  well  un- 
derstand why  these 
various  views  should 
be  entertained  when  we  consider  that,  for  studies  of  this 
sort,  the  methods  at  that  time  were  very  crude ;  but  in 
spite  of  all  this  we  are  under  obligations  to  Reinak  for 
so  much  light  regarding  many  problems  in  embryol- 
ogy, and  it  really  seems  a  pity  that  his  own  view, 
which  later  on  proved  to  be  correct,  should  have  been 
abandoned  on  account  of  his  over-caution.  By  the  more 
improved  methods,  both  KoUiker''  and  His^  observed 
that  the  thymus  must  be  of  epithelial  origin,  and  there- 
fore accepted  the  old  view  of  Remak.  It  may  be  added 
that  at  this  very  same  time  two  elaborate  papers  were 
published  by  Afanas.siew*  and  Watney,'  in  which  they 
attempted  to  demonstrate  that  the  gland  arises  from  the 
mesoderm.  More  accurate  methods  were  now  intro- 
duced, and  it  soon  was  demonstrated  by  Stieda "  that  in 
man}'  animals  the  thymus  arises  from  the  third  branchial 
pocket.  This  was  also  confirmed  by  Born '  (and  many 
others,'"'  ",),  who  in  this  study  introduced  his  well-known 
method  of  reconstruction. 

In  the  third  part  of  his  "Anatomic  menschl.  Embrj'- 
onen,"  His'  brought  forth  the  view  that  the  thymus 

arises  from  the  si- 
nus prxcervicalis, 
and  is  therefore 
purely  ectodermal 
in  origin.  This  view 
he  a  1 1  e  m  p  t  e  d  to 
strengthen  in  a  la- 
ter publication,-" 
and  it  was  quite 
generally  accepted. 
Later,  however,  in 
a  response  to  a  pa- 
per by  the  author,'^ 
His "  retracts  his 
older  view  and  ad- 
mits that  the  bulk 
of  the  thymus  has 
its  origin  from  the 
entodermal  lining 
of  the  third  branch- 
ial cleft.  He  there- 
fore considers  the  origin  of  the  thymus  still  an  open 
question,  and  until  more  careful  researches  are  made, 
accepts  the  view  of  Fischelis ''•*  and  of  Kastschenko,'"'" 


icA» 


sd 


th 


nsd 


Fig.  5223.— Diagram  shnwinjr  the  Branchial 
Clefts  and  the  Glanils  ai'i.sirifr  from  them 
in  the  Reptiles.  ( From  Hertwig,  after  de 
Meuron.J  sch'.  First  branchial  pocket; 
Krf,  thyroid ;  th,  thymus ;  nmU  lateral 
thyroid. 


and   ento- 


FIG.  ■5224.  —  Diagram  showing  the 
Branchial  Pockets  and  the  Glands 
arising  from  them  in  the  Chick. 
(Modifled  from  de  Meuron.)  sd. 
Thyroid;  sell',  first  branchial  pocket; 
th,  thymus;  nsd,  lateral  thyroid. 


that   is,  that   it  arises   from   both   ectoderm 
derm. 

Shortly  after  the  branchial  arches  are  formed  there 
appears  at  the  dorsal  side  of  each  cleft  a  thickening  of 
the  eutodermal  cells, 
which  soon  separate 
from  the  entoderm  to 
form  distinct  groups 
of  glands.  This  is  tlie 
condition  of  things  in 
low  vertebrates,  and 
as  the  scale  is  ascended 
certain  groups  become 
more  and  more  promi- 
nent, until  man  is 
reached,  wlien  only 
the  two  groups  from 
the  third  branchial 
pocket  remain  to  form 
the  thymus. 

In  the  fishes  the  gen- 
eral relation  of  these 
glands  to  the  branchial 
clefts  is  shown  in  Pig. 

5323.  These  individual  glands  are  soon  united  into  one 
large  gland  on  either  side  of  the  pharyn.x ;  in  the  bony 
fishes  these  groups  unite  into  one  gland  before  they  have 
separated  from  the  pharynx.  In  the  reptiles  the  num- 
ber of  glands  are  reduced  (Pig.  5223)  to  correspond  with 
this  number  of  branchial  clefts.  Van  Bemmelen  discov- 
ered in  the  elasmobranehs  that  the  posterior  cleft,  or 
rudimentary  cleft,  produced  a  distinct  body  which  did 
not  unite  witli  the  thymus.  This  he  has  termed  the 
suprapericardial  body,  and  later  its  homology  was  found 
in  many  classes  of  vertebrates.  In  man}'  reptiles  it  is 
unilateral,  as  shown  in  the  figure.  Considering  their 
origin,  they  seem  to  be  intimately  related  with  the  thy- 
mus, but  in  mammals  it  is  probable  that  they  are  added 
to  the  thyroid,  and  will  be  discussed  under  that  heading. 

In  birds  the  third  branchial  pocket  gives  the  main 
origin  of  the  thymus,  as  shown  in  Fig.  5224.  Here  we 
have  a  sliarperline  of  demarcation  between  ectoderm  and 
entoderm,  as  the  branchial  clefts  do  not  breakthrough  as 
in  fishes.  We  can  now  state  with  great  certainty  "from 
what  embryonic  layer  this  gland  arises,  provided  we 
have  good  serial  sections  to  study.  Very  recently  Kast- 
schenko  discovered  a  small  gland  in  connection  witli  the 
second  branchial  pocket,  but  as  yet  its  fate  has  not  been 
determiued.  It  is  no 
doubt  a  remnant  of 
the  portion  of  the 
thymus  which  arises 
from  the  same  place 
in  lower  vertebrates. 
The  third  branchial 
pocket,  however,  be- 
comes very  promi- 
nent, grows  toward 
the  head,  and  is  at 
no  time  blended  with 
the  ectoderm  (Fig. 
5225).  To  be  sure,  it 
comes  iu  apposition 
with  the  ectodermal 
invaginations  of  the 
clefts,     but      recent 

work  has  shown  that  these  have  to  do  with  the  ganglia 
of  the  cranial  nerves,  and  do  not  unite  with  the  thymus 
as  thought  by  His  and  others.  Moreover,  it  is  by  no 
means  probable  that  these  sense  organs  of  Froriep  and 
Beard  should  suddenly  leave  the  nerve  ganglia  in  certain 
regions  and  unite  with  glands.  Both  observations  and 
principles  of  development  contradict  this.  The  fourth 
branchial  pocket,  as  well  as  a  rudimentary  fifth  (fossa 
subbranchialis),  gives  rise  to  a  few  small  bodies,  the  na- 
ture of  which  is  not  as  yet  truly  known.  That  from 
the  rudimentary  fifth,  no  doubt,  gives  the  gland  which  is 
homologous  with  Van  Bemmelen's  suprapericardial  body. 


Fig.  5225.— Dorsal  View  of  a  Reconstruc- 
tion of  a  Chick  110  hours  old.  X  35. 
II,  III,  and  IV,  Branchial  pockets;  O, 
operculum  :  S,  thyroid  :  spr,  sinus  pr8&. 
cervicalis :  T,  thymus ;  X,  body  de- 
rived from  the  fourth  branchial  pocket; 
oe,  oesophagus. 
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Tliyniiis  Gland. 
'Tliyniiis  Gland. 


la  mammals  the  condition  of  things  is  much  simpler 
(Fig.  5226).  The  branchial  grooves  lie  on  the  outside  of 
the  body,  are  shallow  on  their  dorsal  side,  and  deep  on 
their  ventral.  As  these  arches  fall  over  one  another,  the 
grooves  as  well  as  the  third  and  fourth  arches  are 
buried  in  the  side  of  the  neck;  while  this  is  taking 
place  a  pit  is  first  formed,  the  sinus  praecervicalis  of 
His. 

From  the  dorsal  side  of  the  first  groove  an  invagi- 
nation unites  with  the  ganglion  of  the  fifth  nerve; 
from  the  second,  the  invagination  is  to  the  ninth 
nerve ;  and  from  the  third  and  fourth  it  is  to  the 
tenth  nerve.  A  section  tlirough  these  organs  in  the 
region  of  the  vagus  and  of  the  thymus  is  sliown  in 
Fig.  5337.  The  ectodermal  invagination  is  abso- 
lutely blended  with  the  vagus  and  is  only  in  appo- 
sition with  the  thymus. 
The  pharynx  side  of 
the  branchial  clefts  pre- 
sents about  the  same  ap- 
pearance as  the  external. 
The  entodermal  lining  is 
in  the  form  of  slit-like 
pockets,  which  are  bet- 
ter called  branchial  pock- 
ets, to  differentiate  them  from 
the  ectodermal  side,  or  bran- 
chial grooves.  As  the  head 
flexes  upon  the  body  the 
pharynx  widens  near  the 
mouth  and  becomes  narrower 
where  the  trachea  is  formed. 
There  is  a  peculiar  kinking  of 
this  region  due  to  the  rotation  of  the  heatl.  The  first 
branchial  pocket  is  converted  directly  into  the  Eustachian 
tube;  the  second  disappears  completelj' ;  the  third  forms 
the  thymus  (Fig.  5328);  and  the  fourth  becomes  rudi- 
mentary and  gives  rise  to  the  auxiliary  thyroid  glands. 

The  general  appearance  in  the  human  embryo  is  quite 
similar  to  that  in  other  mammals,  as  Fig.  5339  .shows. 
Already  in  this  early  stage  of  development,  the  third 
branchial  pocket  shows  an  ingrowth  which  indicates  the 
origin  of  the  thymus.  The  portion  of  the  cleft  repre- 
sented by  the  fundus  (F)  is  not  continuous  with  the  thy- 
mus tube,  and  uo  doubt  never  plays  any  part  in  its  for- 
mation. 

The  general  view  of  the  branchial  pockets  in  a  human 
embryo  is  shown  in  Fig.  5330.  The  whole  pharynx  is 
represented  as  a  cast  and  the  branchial  pockets  are  rep- 


soon  becomes  separated  from  the  pharynx  and  then  grows 
into  the  thorax. 

Before  the  thymus  is  separated  from  the  jiharynx  it 
contains  a  distinct  lumen.     This  is  soon  lost  in  "birds 


.Afrf: 


Fig.  5326.— Diafrrain  showing 
Branchial  Pm-kets,  and  the 
Glands  arising  from  them  in 
the  Human  Embryo,  .sc/i', 
8ch*^  First  and  second  bran- 
chial pockets;  f/i,  thymus; 
«d,  thyroid;  )iS(/,  lateral 
thyroid. 
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Fig.  .5228.— Dorsal  Reconstruction  of  the  Branchial  Region  of  a  Dog"s  Emhrvo, 
1(1  mm.  long.  X  2.5.  NA  iV'",  Ganglia  of  facial  and  vagus  nerves;  BR'P', 
niiP',  branchial  pockets;  BRG.  branchial  grooves;  A^.  .4*,  aortic 
arches;  B  ^,  aortic  bulb;  Tr.,  trachea ;  Mxx.,  external  meatus  of  the 
ear;  S,  thyroid;  T,  thymus  ;  F.PR.,  fundus  pnecervicalis. 


where  the  thj-mus  grows  toward  the  head.  In  mam- 
mals, where  the  thymus  grows  into  the  thorax,  the  upper 
part  contains  a  lumen,  while  the  lower  part  grows  by  a 
mass  of  sprouts  (Fig.  5231).  This  continues  for  quite  a 
while  until  the  whole  organ  is  lobulated.  New  blood- 
vessels and  lymph  cells  grow  through  the  epithelial  gland 
and  change  its  nature.  The  entodermal  cells  become 
packed  together  into  the  Hassal's  concentric  bodies  as 
shown  by  Maurer  for  the  fishes,  and  by  Ecker '"  and  by 
His  '"•  for  mammals.  These  bodies  correspond  with  the 
"pearls"  in  carcinomata,  which  are  present  in  cancers, 
that  arise  from  the  whole  epidermis,  as  well  as  those  from 
the  opsophagus.  The  Hassal's  bodies  do  not  therefore 
indicate  that  the  thymus  arises  from  the  ectoderm. 

During  the  first  two  years  of  life  the  organ  continues 
to  grow  and  the  two  halves  gradually  approach  each 
other  more  and  more,  until  they  seem  as  a  single  body. 
It  now  lies  immediately  in  front  of  the  heart,  and  often 


Fig.  -5227.- Section  through  the  Thymus  and  Fundus  Praecervicalis  of 
a  Pog's  Embryo,  10  mm.  long.  X  80.  Ph.,  Pharynx;  A',  A', 
aoi tic  arches  :  .S.Pr..  sinus  praecervicalis;  t'.X,  jugular  vein ;  T., 
thymus  still  in  connection  with  the  pharynx. 

resented   by  the   figures  1,  2,  8,  and  4.     It  is  the  one 
marked  3  which  is  destined  to  become  the  thymus.     It 


Fig.  5329.— Section  through  the  Branchial  Region  of  a  Human  Em- 
bryo, Five  Weeks  Old.  (From  Minot,  after  His.)  //.  ///.  IV, 
Branchial  arches ;  Sp,  second  branchial  grooves ;  lyj.  inf  uudibulum 
praecervicale ;  F,  fundus  of  the  infundibulum  :  3,  4,  third  and 
fourth  branchial  pockets,  with  the  thymus  arising  from  the  third; 
^0^,  Ao*,  aortic  arches  ;  Ep.,  epiglottis  ;  IX,  glosso-pharyngeal 
nerve  ganglion;  XII,  hypoglossal  nene;  id,  superior  laryngeal 
nerve. 

sends  two  horns  which  extend  on  either  side  of  the  neck 
to  the  thyroid,  as  is  the  case  in  the  birds.  From  now  on, 
the  organ  gradually  atrophies. 

In  the  study  of  "the  human  embryo  Sudler'"  finds  no 
indication  of  the  thymus  in  a  human  embryo  of  the  sec- 
ond week,  but  in  one  of  the  fourth  week  the  third  vis- 
ceral pouch  appears  as  a  ridge  with  a  ventral  free  end, 
with  uo  differentiation  of  tissue  to  suggest  a  thymus.     In 
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an  embryo  four  and  one-half  weeks  old  this  ridge  has 
disap]icarcd  and  tlie  third  visceral  pouch  ]irojects  out 


Fig.  533(1.— Reconstruction  of  a  Human  Embryo  Four  Weeks  old. 
(No.  2.)  Enlarge(J  sLxteen  times,  and  viewed  from  the  left  side.  H, 
Hypophysis:  1,  2,  3,  and  i,  branchial  pockets:  M.  mouth  :  A.  auri- 
cle :  V,  ventricle ;  AD,  descending  aorta  :  L,  lung :  S,  stomach : 
P,  pancreas. 

directly  from  the  pharynx  (Fig.  52321.  In  the  next 
stage,  of  about  five  weeks,  it  is  very  similar  to  one  de- 
scribed by  Born,  in  which  the 
thymus  has  become  completely 
separated  from  the  pharynx,  and 
its  original  hollow  is  reduced  to  a 
crescent-shaped  oijening  which  is 
quite  characteristic  of  the  gland 
at  this  stage.  The  thymus  now 
is  a  curved  elongated  body  with 
an  enlarged  cephalic  end.  The 
lower  end  of  this  and  the  thyroid 
(Fig.  5233)  run  parallel,  though 
without  coming  in  coutact  with 
each  other  till  the  thyroid  bends 
abruptl}'  and  crosses  the  middle 
line.  An  embryo  slightly  older 
shows  practically  the  same  con- 
ditions, the  differences  being  that 
the  enlarged  head  is  relatively 
smaller  and  the  general  curve  of 
the  thymus  is  less.  A  small  proc- 
ess projects  dorsally  and  laterally. 
In  an  embryo  of  the  sixth  week 
the  relative  position  of  the  thj'- 
mus  is  lower  and  the  division  into 
different  areas  has  disappeared. 
The  head  of  the  tliymus  is  only 
slightly  enlarged  and  the  thymus 
and  thyroid  have  both  approached 
the  middle  line  at  the  aboral  end 
though  still  wilhiiut  meeting.  In 
au  embi'yo  slightly  older  the  thy- 
mus is  still  lower,  so  that  the  th}'- 
.  roid  is  higher  even  than  the  head 

tol^^^t'-EnK'sixteen  ««  "le  thymus.  The  whole  of  the 
Days  Old.  (After  von  thymus  iirojects  beyond  the  thy- 
Kiiiiiker.j  a.  Duet  of  roid  and  is  nearer  tlie  middle  line, 
the  thymus:  b,  head  of  n^,  oldest  i-mbrvo  stmlieil  was 
the  thymus;  c,  posterior  ^  ne  oiuest  (morj  o  stuintil  was 
enlargement  of  the  one  of  the  seventh  week,  which 
Bland.  shows   the    thyroid    rudiment    as 

having  sunken  relatively  still 
lower.  It  is  in  contact  with  the  thyroid  along  "half  of 
its  upper  surface,  the  lower  end  being  free.  In  this  free 
half  the   thymus  and  the  thyroid  approach  each  other 


and  meet  in  the  middle  line  where  the  ends  are  slightly 
swollen  and  bend  veutrally.  This  a])peai-s  to  be  a  be- 
ginning of  the  folding  of  the  thymus  found  in  the  adult 
organ.      In    this  embryo   the  thymus   shows   the   same 


Fig.  .'J232.— Lateral  View  iif  a  Human  Embryo  Four  and  One-hi. 
Weeks  1 11(1  1X0.113 ).  Enlarged  ten  times.  (After  Sudler.)  HypI 
HypophysLs  :  oe.  (esophagus:  ni)/''.m.,  median  thyroid  rudiment 
Ti-.  trachea  :  I'.P'-T.Piv,  flrst  to  fourth  visceral  pouches. 

lack  of  bilateral  symmetry  which  is  apparent  in   tl 
development  of  the  pharynx  in  the  human  embryo 


,^n*-ii5f=r'r^.r 


/ 


Fig.  5233. — Lateral  View  of  the  rharvn.\  of  a  Hu:nan  Embryo  Five 
Weeks  Old  (No.  109).  Enlarged  ten  times.  (After  Sudler.)  iV, 
Nose :  I/,  larynx :  Tr.  trachea:  T?!)/??!.  thvmus;  T/iyr.m.,  median 
thyroid ;  T.P'-TPi-,  flrst  to  fourth  visceral  iwuches. 

well  as  that  of  some  other  animals.  In  this  the  rudi- 
ment extends  a  little  higher  on  the  right  side  than  on 
the  left. 

From  the  study  of  these  embryos  it  is  apparent  that  in 
man  the  rudiment  of  the  thymus  arises  from  the  entoderm 
of  the  third  visceral  pouch.  Fninkiin  P.  Mall. 
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THYROID 

after  KalliUe 


Fig.  .5234.  —  Reconstnu-tlon   of 
the  Mouth  ot  a  Chick  KlRlity 


GLAND.  DEVELOPMENT  OF.— Sliortly 
discovered  the  Ijruiicliial  arches  iti  liigher 
animals,  Huschlic '  advanced 
the  idea  tliat  tlie  thyroid 
gland  arises  from  the  first 
arch.  Later,  however,  he 
states  that  after  the  arches 
disappear  the  tliyroid  remains 
as  their  remnant.'^  A  year 
later.  Rathke  ^  asserted  that 
the  thyroid  arises  as  a  bilat- 
eral orjtan  from  the  posterior 
part  of  the  trachea,  imme- 
diately behind  the  laryu.x. 
Tliis  \-iew  was  alHrmetl  by 
Arnold.''  Bischoll''  accepted 
neither  of  these  views,  but 
.added  a  third.     According  to 


the  moiitli  is  exposed  bv  cut- 
tiut'oil  the  back  of  the  head. 
Dorsal  view.  X  20.  T.,  Tu- 
berculuin  Iiupar,  back  ot 
which  is  the  opening  of  the 
thyroid ;  77,  777,  branchial 
arches ;  3,  4,  third  and  fourth 
aortic  arches. 


eight  Hours  Old.    Thelloorof    Jnm,  the   thyroid  arises  as  a 
.1  „ „„„..,i i|j|.j{p^.jj     organ     from     the 

blood-vessels  on   either   side 
of  the  neck. 

The  tirst  careful  investiga- 
tions were  made  by  Reinak ' 
upon  the  chick.  In  this  sub- 
ject, as  well  as  in  many 
others  in  embryology,  he  was  the  first  to  give  accurate 
iuformatiou.  He  found  that  the  thyroid  is  entodernial  in 
origin  and  ari.ses  from  the  ventral  median  line  of  the 
phavyiix.  At  first  it  api)eai'S  as  a  single  vesicle,  which 
soon  divides  into  two  ])arts,  each  half  lying  on 
either  side  of  the  trachea.  Gotte,'  Muller,* 
and  Seessel '  confirmed  Remak's  views  in  gen- 
eral, differing  only  in  minor  points.  They  dis- 
cussed whether  or  not  the  organ  divided  is  a 
vesicle  or  is  a  solid  body,  although  none  of 
them  found  stages  in  whicli  the  thyroid  was 
dividing.  Remak  placed  the  origin  of  the 
thyroid  at  seventy-nine  hours  in  the  chick; 
Jliiller  in  the  third  da}';  and  Seessel  very  defi- 
nitely in  the  .second  day  before  the  head  fiexed 
upon  the  body. 

His  '"  revived  the  old  view  of  Rathke  by 
discovering  that  certain  bodies  arise  from 
either  side  of  tlie  pharynx ;  he  believed  them 
to  be  the  thyroid  and  the  .auxiliary  thyroid  of 
Remak.  According  to  the  illustrations  which 
accompany  his  paper,  the  gland  arises  from  the 
branchial  cleft  between  the  second  and  third 
aortic  arches,  therefore  the  second  cleft.  Later, 
however,  he  abandoned  this  view  and  accept- 
ed that  of  Seessel,  who  worked  under  his 
guidance.  Later,  KOlliker"  accepted  the  old 
Remak-Seesscl  view  for  the  rabbit,  as  His'- 
did  for  man. 

This  group  of  excellent  workers  seemed  to  set  the  sub- 
ject aside  for  a  while,  but,  immediately  following  their 
work,  two  authors  simultaneously  described  the  thyroid 
as  being  bilateral  in  origin,  arising  from  a  branchial  cleft 


on  either  side  of  the  neck.  Stieda '■=  proved  definitely 
that  a  glandular  organ  arises  from  the  clefts  on  either 
side  of  the  neck,  but  did  not  know  from  which  cleft, 
although  he  was  inclined  to  accept  the  fourth.     Wblfler  '•' 


FIG.  .5235.— Alimentary  Canal  of  a  Human  Embryo.  X  30.  (After 
His.)  Vk.  Lower  jaw;  Sd., thyroid:  I,!/., lung;  Jt7(;.,  stomach  ;  P., 
I>aucreas;  L/iy.,  bile  duct;  Tl'.,  Wolffian  duct, 

did  not  emploj'  very  accurate  methods,  and  therefore  got 
the  location  of  the  origin  of  the  gland  in  the  first  bran- 
chial cleft — the  one  which  later  forms  the  Eustachian 
tube.  He  was  so  enthusiastic  over  his  discovery  that  he 
denied  altogether  a  median  thyroid,  although  he  had 
never  seen  the  thyroid  in  connection  with  any  cleft. 
Discussions  naturallj'  bring  forth  more  accurate  investi- 
gations, and  in  this  case  they  bore  their  fruits  in  Bnni's 
paper. '=  The  paper  of  Born  not  only  threw  a  great  deal 
of  light  upon  the  subject  in  question,  but  also  added 


Fig.  ,5236.— Proflle  Reconstruction  of  a  Dog's  Embryo.  6  mm.  long.  X  2.5. 
iV'.  Nf",  y.  X".  ganglia  or  cranial  nerves;  7,  II,  branchial  arches;  AV., 
auditory  vesicle;  Tr.,  trachea;  OE.,  oesophagus:  V.J.,  jugular  vein;  A.D., 
descending  aorta;  B.A.,  bulbus  aortie;  S..  thyroid  gland. 


greatly  to  our  methods  of  investigation.  He  introduced 
a  method  which  to  us  now  seems  so  logical  that  it  is  a 
surju'ise  that  it  was  not  employed  earlier.  He  began 
with  embryos  of  the  pig  before  tlie  thyroid  appeared,  and 
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followed  them  stage  by  stage  until  the  organ  was  fully 
foniit'd.  In  each  stage  the  enlarged  sections  were  drawn 
upon  wax  plates  of  the  [n'oper  thickness,  then  cut  out 
and  the  pieces  i)ili'd  ujion  one  another,  thus  forming  very 
accurate  models  of  tlie  various  specimens  studied.  He 
then  followed  the  lateral  tliyroids  of  Stieda  and  Wiilfler, 
and  found  that  later  on  they  were  added  to  the  median 
thyroid  of  Remak.  The  great  difficulty  was  therefore 
soiveil  by  this  method.  Instead  of  these  various  authors 
contradicting  one  another,  they  in  reality  described  cor- 
rectly only  diiferent  portions  of  the  same  story.  Accord- 
ing to  B(n-n  tlie  lateral  thyroids  arise  from  the  fourth 
branchial  clefts.  Since  then,  Bern's  view  has  been  cou- 
lirmed  in  a  variety  of  mammalian  embryos  by  different 
writers.'*-'' 

The  subject  of  the  origin  of  the  thyroid  and  thymus 
(see  2'hymus)  has  been  greatly  complicated  by  a  group  of 
glands  which  arise  from  the  degenerating  branchial  clefts 
and  form  the  so-called  auxiliary  thyroid  glands.  From 
a  phylogenetic  standpoint  all  glands  which  arise  from  the 
clefts  must  be  viewed  as  thymus.  The  great  bulk  of 
thyroid  arises  from  the  vSntral  wall  of  the  pharynx  in 
the  region  of  the  second  cleft.  As  the  clefts  gradually 
disappear  in  the  evolution  of  the  vertebrates,  the  glands 
from  the  hindermost  clefts  no  longer  unite  with  the  main 
bulk  of  the  thymus,  and  often  remain  as  distinct  glands 
— thesuprapericardial  bodies  of  van  Bemmelen,  accessory 
tliyroids  of  de  Jleuron,  post-branchial  body  of  Maurer, 
or  as  the  corpus  Y  of  the  writer.-'  In  the  mammals  the 
main  bulk  of  the  thymus  arises  from  the  third  cleft,  and 
the  auxiliary  thj'roids  seem  to  unite  with  the  median 
thyroid  as  described  by  Born.  In  spite  of  the  great 
amount  of  work  which  has  been  done  upon  this  subject, 
it  still  seems  to  the  writer  that  there  is  yet 
considerable  darkness  regarding  it. 

The  general  vie«'  is  that  the  thyroid  has 
three  distinct  origins  in  nearly  all  vertebrates 
— a  median  and  two  lateral.  The  median 
arises  from  the  ectoderm  of  the  middle  line  in 
the  neighborhood  of  the  second  branchial  arch 
(Fig.  5234),  and  the  lateral  from  the  most 
posterior  branchial  clefts;  in  mammals,  the 
fourth. 

The  median  thyroid  arises  in  all  vertebrates 
from  the  entoderm  of  the  pharynx  shortly 
after  the  branchial  arches  are  well  formed 
(Fig.  5235).  This  has  been  known  since  the 
time  of  W.  Muller,  and,  although  contra- 
dicted many  a  time,  has  of  late  been  verified  by  so 
many  careful  observers  that  there  is  no  longer  any  doubt 
whatever  regarding  it.  In  some  mammals  (the  dog.  for 
instance)  it  arises  as  a  vesicle,  which  becomes  solid  before 
it  separates  from  the  pharynx,  and  when  separated  soon 
becomes  lobulated.  It  now  gradually  shifts  itself  into 
the  tissue  of  the  neck,  and  in  early  stages  lies  in  front  of 
the  aorta  just  as  it  leaves  the  heart  (Fig.  5236).  The 
median  gland  now  becomes  constricted  into  two  parts, 
one  of  which  is  situated  on  either  side  of  the  neck,  but 
they  remain  connected  by  a  band — the  isthmus.  Its  ori- 
gin In  the  human  embryo  is  much  the  same  (Figs.  5337 


ever,  the  formation  of  the  ligamentum  hypothyroideiua 
cuts  the  duct  (rf.  ihyreofflossus)  into  two,  thus  forming 
two  ducts.  The  half  communicating  with  tlie  mouth 
has  been  termed  by  His  ductus  linyualis,  and  the  one  with 


C''.t!im 


Fig.  5238.— Reconstruction  of  the  Thyroid,  Thymus,  and  Pharynx  of 
a  Human  Embryo  Five  Weeks  Old.  (Slightly  modified  from  His.) 
Uim.  Thymus;  thr,  thyroid;  c,  carotid;  ao',  ascendinfc  aorta; 
ai),  descending  aorta;  t/".,  trachea. 

the  thyroid  as  the  ductns  thywideiis.  His  has  found  the 
ductus  lingualis  in  five  adults,  and  in  all  cases  the  duc- 
tus thyroideus  was  present  also.  The  latter  is  always 
eiiibedded  in  a  median  lobe  of  the  thyroid,  and  the  former 
opens  into  the  foramen  ciecum  of  the  tongue.  The  duc- 
tus thyreoglossus  may  be  broken  into  a  series  of  vesicles, 
as  first  described  by  Verneuil,  but  as  a  rule  it  disappears 
fully,  its  only  remnant  being  the  foramen  coecuni.* 

The  lateral  thyroids  were  first  demonstrated  by  Stieda 
and  by  Born,  although  Rathke,  His,  and  others  had  in  all 


Fio.  6239. 


FIG.  5240. 


O,  glottis ; 


tlir. 


Fig.  5237.— Pharynx,  Thyroid,  and  Tlivnnis  of  a  Human  Embryo, 
X  25.  (From  Quain,  after  His.)  (c,  tongue;  fc. ,  foramen  ciEcum; 
cp.,  epiglottis ;  Him.,  thymus;  (fir.,  median  thyroid;  Oir',  lateral 
thyroid ;  (!,  ductus  thyreoglossus. 

and  5238).  According  to  His,  it  remains  a  vesicle  for 
quite  a  long  time,  and  the  separation  from  the  pharynx 
occurs  quite  late  or  may  not  take  place  at  all.    Later,  how- 


FIGS.  5239  AND  5240.— Diagrams  of  Two  Stages  of  the  Development  of  the  Lateral 
Thyroids.    (Slightly  modifled  from  Bom.)  R,  Border  of  the  pharynx  ;  I".,  thymus; 
L.S.,  lateral  thyroids. 


probabilitj'  described  them  from  time  to  time.  The  true 
meaning  of  them  was  fully  made  out  by  Born  and  by  de 
Meuron,  the  former  having  discovered  that  they  unite 
with  the  median  thyroid  in  mammals,  the  latter  having 
studied  them  from  a  comparative  standpoint.  Diagrams 
of  the  branchial  pockets  for  some  of  the  different  classes 
of  vertebrates  are  given  in  the  article  Thymus,  and  by 
them  it  is  shown  that  a  rudimentary  branchial  pocket 
exists  in  all  of  the  classes.  In  certain  reptiles  there  is 
but  a  single  one  on  the  left  side,  the  one  on  the  right  not 
having  developed.  We  can  view  this  state  of  things 
only  as  an  intermediate  one  between  the  reptiles  (in  which 
they  develop  on  both  sides)  and  the  birds.  In  all  classes 
the  hindermost  cleft  gives  rise  to  a  distinct  gland  known 
as  the  supra])erieardial  body  of  van  Bemmelen  and  as  the 
accessory  thyroid  of  dc  Meuron.-^*-""  In  the  selacians 
these  bodies  remain  far  away  from  the  median  thyroid, 
and  they  never  unite  with  it.  In  higher  animals  they 
gradually  approach  the  median  thyroid  nearer  and  nearer, 
and  in  mammals  they  unite  completely  with  it.  Fig. 
5238  shows  the  general  relation  of  these  glands  in  a 
human  embryo  before  the  lateral  thyroid  is  fully  sepa- 
rated from  the  pharynx.  Figs.  5239  and  5240  show  two 
stages  in  which  the  lateral  thyroid  is  approaching  and 
uniting  with  the  median.     This  is  brought  about  by  a 

*  From  the  standpoint  of  evolution  it  is  interesting  to  note  that 
Dohrn^"  has  advanced  the  hypothesis  that  the  thyroid  represents  a 
lost  branchial  cleft.  These  speculations  are,  of  course,  the  natural 
outf'ome  when  genetic  relation  is  taken  into  consideration  in  the 
study  of  comparative  embryology. 
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double  shifting.  The  median  thyroid  .sinks  deeper  and 
deeper  into  the  tissue  of  the  neck,  and  practically  lies  in 
contact  with  the  lateral  thyroids  before  they  separate 
from  the  pharyu.x.  When  these  in  turn  separate  from 
the  pharynx  they  arc  shoved  into  tlie  tissue  of  the  median 
thyroid  instead  of  into  the  ordinary  mesoderm  tissue  of 
the  neck. 

It  will  be  noticed  that  the  lateral  thyroids  do  not 
always  arise  from  the  same  branchial  clefts:  in  selaciaus 
from  the  seventh:  in  reptiles  from  the  fifth;  in  manunals 
from  the  fourth.  It  is  onlj'  in  mammals  that  they  really 
unite  with  the  median  thyroid.  Viewing  the  thing  from 
the  standpoint  of  homologj-,  what  is  lateral  thyroid  in 
mammals  is  thymus  in  lower  animals ;  in  both  selacians 
and  reptiles  the  fourth  cleft  gives  rise  to  a  portion  of  the 
thymus.  We  must  therefore  view  the  lateral  thyroid  as 
.a  portion  of  the  thymus  which  is  now  united  with  the 
thyroid.  In  lower  animals  the  secondary  union  of  the 
gland  from  degenerating  clefts  with  the  median  thyroid 
■does  not  take  place,  and  they  remain  in  the  tissue  of  the 
neck,  as  in  the  au.\iliary  thyroid  glands,  which  have  per- 
plexed so  many  investigators.  According  to  Kastscheuko 
the  lateral  thyroid  of  mammals  pla3'S  a  very  minor  part 
in  the  formation  of  the  mature  organ,  while  according  to 
His  it  forms  the  major  part.  A  true  blending  of  the  two 
4oes,  however,  take  place,  as  shown  by  the  investiga- 
tions of  Born  and  of  His  (Fig.  .5241). 

The  further  development  of  the  thyroid  is  by  means  of 
^sprouting,  so  that  the  enlarged  organ  is  a  plexiform  mass 
of  cylinders  of  epithelial  cells.  Blood-vessels  grow  in 
between  them,  and  soon  the  cylinders  show  constrictions 
which  cut  them  up  again  and  again.  They  now  become 
hollow,  and  at  the  same  time  there  is  a  secretion  of  the 
colloid  substance.  The  cut-up  cylinders  become  more 
and  more  distended,  and  thus  the  adult  thyroid  is  com- 
posed of  a  mass  of  hollow  spheres  covered  with  a  layer 
of  epithelial  cells  and  tilled  with  colloid  substance. 
When  half  of  the  thyroid  is  removed  by  an  operation  or 
otherwise,  the  remaining  portion  soon"  loses  its  colloid 
and  returns  to  its  "embryonic  state."  It  enlarges  to  its 
former  size  and  again  forms  the  colloid  spheres  much 
after  the  fashion  it  did  in  the  embryo.^' 

In  the  human  embryo  Sudler^'  finds  the  thyroid  rudi- 
ment in  the  earliest  one  studied,  an  embryo  at  the  end  of 
the  .second  week.  It  appears  as  a  rounded  eminence  on 
the  ridges  uniting  the  tirst  pair  of  visceral  pouches.  Its 
outline  is  elliptical,  being  broader  from  side  to  side  than 
it  is  ventroflorsally.  This  is  the  rudiment  of  both  the 
thyroid  gland  and  the  ductus  thyreoglossus. 

In  an  embryo  of  the  fourth  week  the  rudiment  appears 
.as  a  solid  body  extending  dorsally  from  the  apex  of  the 


Fig.  o3tl.— Section  through  the  Thvrokl  of  the  Embryo  of  the  Pig, 
-'I.o  mm.  long.  X  80.  (From  Hertwig,  after  Bom.)  tr.  Trachea; 
is.,  lateral  thyroid ;  MS,  median  thyroid  ;  (/.  g.  blood-vessels. 

angle  formed  by  the  meeting  of  the  first  visceral  pouches 
(Fig.  .'5342).  Just  oral  to  it  is  the  hollow  cavity  repre- 
senting the  inner  of  the  second  visceral  arches  and  direct- 


ly aboral  is  the  hollow  cavity  representing  the  tubercu- 
lum  impar.     Its  appearance  is  that  of  a  knob  on  a  short 
slender  stem.     The  fourth  visceral  pouch  at  this  stage 
shows  no  thickening  or  development  into  the  lateral  thy-, 
roid  rudiment. 

In  an  embryo  of  tour  and  one-half  weeks  the  thyreo- 
glossal  duct  remains  as  a  small  conical  eminence  on  the 
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Pig.  5242.— Ventral  View  of  a  Model  of  the  Pharynx  of  an  Embryo 
Four  Weeks  Old  (No.  2).  (After  Sudler.)  flj/p..  Hypophysis;  Oe., 
oesophagus;  r.i.,  depression  of  the  tuberculum  mjpar;  Thyr.m., 
median  thyroid  rudiment;  Tr.,  trachea;  VPt-VP'^,  Urst  to  fourth 
visceral  pouches. 

ridge  connecting  the  first  visceral  pouches.  It  is  at  the 
junction  of  the  tuberculum  impar  and  the  two  dorsal 
rudiments  of  the  tongue  (Fig.  5243).  The  median  thy- 
roid rudiment  has  become  entirely  disconnected  and  has 
sunk  to  the  level  of  the  third  visceral  fold.  It  has  spread 
out  laterally  and  has  a  bilobed  structure.     The  left  lobe 
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Fig.  .5243.— Ventral  View  of  a  Model  of  the  Pharynx  of  an  Embryo 
FourandOne-half  Weeks  Old  (No.  16:i).  (After  Sudler.)  D.Th.yl., 
ductus  thyreoglossus. 

is  much  the  longer  and  approaches  closer  to  the  floor  of 
the  mouth  than  the  right.  In  this  the  fourth  visceral 
pouches  appear  as  two  ventral  projections  with  enlarged 
knobs  bent  sharply  dor.sal. 

In  an  embryo  of  five  weeks  the  median  thvroid  rudi- 
ment has  become  U-shaped,  though  the  left  arm  is  much 
longer  than  the  right  (Fig.  5244).  Its  outline  is  quite 
irregular.  In  this  the  trans\erse  part  of  the  U  which 
runs  across  the  middle  line  has  sunk  to  the  level  of  the 
fourth  visceral  pouch.  This  part  shows  the  usual  net- 
work structure  formed  by  cords  of  solid  cells.  The  arms 
are  crescentic  in  cross  section,  with  the  hollow  looking 
away  from  the  middle  line  and  embracing  tlie  thymus, 
although  the  two  do  not  come  in  contact.  The  lateral 
thyroid  rudiments,  which  consist  of  hollow  tubes  sur- 
mounted by  solid  expansions,  are  still  connected  with  the 
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pliaryiix.  Tlie  two  sides  are  imsynimetrieal.  Ou  the 
right  side  the  ventral  knob  is  smaller  tliau  the  dorsal, 
while  on  the  left  they  are  about  equal  in  size  and  placed 
on  the  same  level. 

In  an  embryo  only  sliglitly  older  tlie  median  tliyroid  is 
still  U-shaped,  though  the  right  arm  is  still  smaller  than 

,,D.Th.gI. 
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FIG.  5244.— Ventral  View  of  the  Pharvnx  of  an  Embryo  Five  Weeks 
Olil  (No.  109).     (AfterSiicller.i 

in  the  last  and  not  so  long  as  the  one  on  the  left  side. 
The  latei-al  rudiments  show  in  this  embryo  the  greatest 
lack  of  symmetry  of  any  of  those  studied  by  Sudler  (Fig. 
524o).  The  right  rudiment  is  still  connected  with  the 
pharynx  by  a  small  hollow  stalk,  while  on  the  left  side 
this  couneeliou  has  entirely  disappeared.  On  the  right 
side  the  ventral  knob  touches  the  middle  of  the  right  arm 
of  the  median  rudiment,  but  there  is  no  histological  con- 
tinuity, whereas  on  the  left  .side  the  ventral  knob  not  only 
touches  the  median  rudiment,  but  there  is  actual  conti- 
nuity. As  in  the  embryo  described  before,  the  ventral 
knob  on  the  right  side  is  much  smaller  than  the  dorsal 
one,  while  on  the  left  side  tliey  are  of  almost  the  same  size. 
The  median  and  lateral  thyroid  rudiments  have  united 
on  both  sides  in  an  embryo  of  the  sixth  week,  and  all 
connection  with  the  pharynx  has  disappeared.  They  still 
appear  as  distinct  rudiments. 

In  a  slightly  older  stage  the  lateral  rudiments  and  the 
median  have  so  completely  imited  that  all  there  is  to  show- 
that  they  were  once  separate  are  a  few  prominent  lobules 
at  their  point  of  union.  The  loop  of  the  U  has  become 
smaller  and  the  arms  larger,  and  they  have  become  lobu- 
lated,  so  approaching  the  condition  of  the  adult  gland. 
In  the  last  embryo  studied,  one  of  the  seventii  week, 

the  sliape  is  al- 
most that  of  the 
adult  thyroid. 
The  two  lateral 
lobes  are  pyri- 
form  and  are 
connected  by  a 
small  isthmus, 
which  is  at- 
tached to  them 
at  the  smaller 
end. 

In  the  human 
embryo,  as  well 
as  in  the  bird 
iVnd  some  of  tlie 
mammals,  the 
pharj-nx    devel- 
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Fig.  5245.— Dorsal  View  of  the  Pharynx  of  an  qds  more  slowlv 
Embryo  13  mm.  long  i.No.  175).  (After  J"  „  .-  ,  ,  .  f 
SiKiler.)  The  lateral  thyniid  on  one  side  is  ""  ^'"^  iigni  side 
attached  to  the  pharvnx  aud  ou  the  other  is  than  on  the  left, 
separated  from  it.  and      the     most 

striking  e-\am- 
ple  of  this  is  in  the  thyroid.  This  may  be  due  to  the 
development  of  the  heart  and  the  bending  of  the  head  to 
the  left. 

From  these  different  embryos  Sudler  draws  the  con- 
clusion that  "the  thyroid  arises  in  the  human  embryo 
from  the  union  of  a  median  rudiment  situated  at  the 
point  of  junction  of  the  tuberculum  impar  and  the  two 


dorsal  rudiments  of  the  tongue  witli  a  paired  rudiment 
arising  as  a  dillercntiation  of  a  lining  of  the  fourth  vis- 
ceral pouch."  Franklin  P.  Mall. 
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TICK    FEVER,    or    SPOTTED     FEVER.— A  disease 

known  liy  the  latter  of  these  two  names  is  found  in  the 
States  of  jNIontana,  Idaho,  Nevada,  Wyoming,  and  Ore- 
gon. As  two  other  diseases  (viz.,  typhus  fever  and  cere- 
bro-spinal  meningitis)  are  already  known  as  spotted 
fever,  it  would  be  well,  as  suggested  by  Anderson,  to 
call  the  disease  under  discussion  tick  fever. 

Etiology. — Tick  fever  or  spotted  fever  is  found  in  the 
mountainous  districts  in  the  above-named  States  at  an 
elevation  of  over  three  thousand  feet.  It  does  not  seem 
to  be  prevalent  outside  the  latitude  of  40°  to  47"  N.  The 
disease  is  only  found  in  persons  whose  occupation  causes 
tliem  to  be  exposed  to  the  bite  of  the  tick;  such  are  lum- 
bermen, ranchmen,  aud  sheep-herders.  Males  in  the 
prime  of  life  are  most  liable  to  the  disease:  this  would 
be  expected  from  the  occupations  just  mentioned.  Be- 
yond this,  age  and  sex  liave  no  etiological  significance. 
The  disease  is  in  all  probability  caused  by  a  parasite. 

T/ie  Parnsite. — "  Wilson  and  Chowning  noticed  ovoid 
intracorpuseular  bodies  in  stained  preparations  of  the 
blooil  from  their  earlier  cases.  They  did  not  determine 
the  character  or  significance  of  these  bodies  until  they 
examined  the  fresh  blood,  when  the.y  found  ovoid  in- 
tracorpuseular bodies  showing  ama'boid  movements. 
These  observations  they  confirmed  in  all  the  later  cases 
which  they  examined.  To  "Wilson  and  Chowning,  then, 
belongs  the  credit  of  discovering  a  parasite  which  is 
very  probably  the  cause  of  spotted  (tick)  fever."  Ander- 
son further  says  that  in  his  studies  upon  the  cause  of 
this  disease  he  "had  the  ojiportunity  of  examining  the 
blood,  both  fresh  and  stained,  in  a  number  of  cases. 
Two  cases  were  in  a  hospital  in  Jlissouia,  and  daily  ex- 
aminations were  made.  In  the  fresh  blood  a  few  cells 
were  found  to  contain  parasites.  Three  forms  were  seen. 
Tlie  most  common  was  a  single  ovoid  body,  refractile, 
situated  within  the  cell,  usually  near  its  edge.  When 
the  slide  is  warmed  this  body  possesses  the  power  of  pro- 
jecting quite  rapidly  pseudopodia  and  of  effecting  a  slight 
change  of  position.  This  form,  which  is  ajiparently  an 
earl}'  or  voung  form,  is  about  1..5  -iu  in  length,  and  0..5-1 
fi  in  width  at  its  widest  part.  It  closely  resembles  tlie 
earliest  intracorpuseular  parasites  of  a'Stivo-autuinnal 
malaria. 

"Another  form,  not  so  common,  was  larger,  being 
about  2-2.5  by  1-1.5  //,  larger  at  one  end  and  showing  in 
the  larger  end  a  dark  granular  spot ;  this  was  also  ama>- 
boid. 
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"  The  third  form  uoted  was  arranged  iu  pairs,  distinctly 
pyriform,  with  the  smaller  endsapproaohiug,  and  iu  two 
cases  a  tine  thread  uniting  the  small  ends  was  seen.  Mo- 
tion was  not  observed  in  this  form,  but  the  spot  mentioned 
in  the  second  form  was  seen. 

"  The  parasites  are  never  found  iu  very  large  numbers, 
it  being  usually  necessary  to  search  several  fields  of  the 
slide  to  find  one.  Sometimes  tliey  occur  in  groups  two 
or  three  infected  cells  being  found  in  one  field.  In  lioth 
fresh  and  stained  preparations  e.xtracorpuscular  bodies 
closely  resembling  the  small  single  iutracorpuscidar  form 
were  seen.  I  was  unable  definitely  to  decide  tin'  charac- 
ter of  these  bodies,  but  am  strongly  iuelined  to  think  that 
they  are  the  young  form  of  the  parasite  which  has  not 
yet  invaded  the  red  cells. 

"  In  the  cases  of  spotted  (tick)  fever  which  I  had  the 
opportunity  of  examining  I  had  no  gi-eat  dilliculty  in 
finding  both  in  fresh  and  iu  stained  preparations  the  bodii'S 
above  described.  Their  constancy  iu  the  blood  of  ]Hr- 
sous  suffering  with  spotted  fever,  their  persistence  for 
some  time  in  the  blood  of  these  persons  after  recovery, 
their  absence  from  the  blood  of  persons  suffering  from 
other  diseases  and  of  healthy  persons  make  it  very  prob- 
able that  they  are  the  cause  of  the  disease,  and  that  one 
more  has  been  added  to  the  rapidly  growing  list  of  dis- 
eases of  man  due  to  animal  parasites."  (Anderson:^ 
"Spotted  Fever  (Tick  Fever)  of  the  Rocky  Mountains.") 

ilethml  of  1)1  fiction. — "  The  life  history  of  the  organisms 
of  malaria  and  Texas  fever  naturally  suggested  that  some 
insect  was  concerned  in  the  transmission  of  the  disease. 
On  investigation  it  was  found  that  the  ticks  appeared  in 
tlie  valle_v  about  the  last  of  February,  but  were  inactive 
until  the  middle  of  JIarch  or  1st  of  April,  the  first  cases 
of  fever  appearing  about  the  last  of  March.  The  ticks 
begin  to  diminish  greatly  in  number  from  about  Jime 
1st,  and  after  the  middle  of  July  very  few  are  .seeu;  the 
cases  of  fever  also  begin  to  diminish  about.  June  1st.  the 
latest  date  on  which  the  disease  lias  been  known  to  occur 
being  July  20th. 

"^Mosquitoes  do  uot  appear  in  the  valley  until  after  the 
first  cases  of  fever  develop,  and  remain  some  time  after 
the  last  cases  appear.  Bedbugs  and  other  house  insects, 
I  think,  were  well  excluded,  by  the  fact  that  there  has 
never  bi'en  known  an  instance  in  which  two  cases  oc- 
curred the  same  year  in  the  same  house. 

"On  a  closer  study  of  the  cases  of  spotted  (tick)  fever 
it  was  always  found  that  there  was  a  history  of  tick  bites 
about  one  week  before  the  onset.  In  four  cases  there 
was  a  history  of  a  single  bite  two,  three,  five,  and  seven 
days,  respectively,  before  the  initial  symptoms.  The 
usual  time  between  the  bite  and  the  onset  of  the  fever  is 
about  seven  days.  If  the  tick  transmits  the  disease,  it 
may  be  asked.  Why  do  not  more  persons  become  infected, 
and  why  is  the  infection  confined  to  the  west  bank  of  the 
Bitter  Root  River?  I  think  this  may  be  answered  by  the 
very  olivious  fact  that  the  tick  is  unable  to  travel  any 
great  distance,  unless  carried  on  some  person  or  object. 
Again,  it  is  very  luuisual  for  a  tick  to  bite  a  person  and 
not  be  discovered  in  a  short  while,  and  the  result  is  the 
death  of  the  tick.  If,  as  iu  Texas  fever,  the  development 
of  the  parasite  takes  place  iu  the  female  tick  and  the 
young  ticks  transmit  the  infection,  the  very  small  num- 
ber of  ticks  which  escape  detection  in  persons  explains 
the  small  number  of  infected  ticks.  Where  do  the  female 
ticks  get  their  infection?  I  examined  a  recovered  case 
twenty-four  days  after  dischai'ge  by  the  physician  and 
had  no  troulde  iu  finding  the  parasite  in  the  fresh  blood. 
This  child  had  been  out  of  doors  for  over  two  weeks,  and 
if  a  female  tick  (ticks  were  quite  numerous  near  the 
hou.se)  had  bitten  iier  and  escaped  destruction  the  para- 
sites in  the  blood  taken  in  by  the  tick  would  have  under- 
gone development,  and  the  young  licks,  when  hatched 
out,  would  be  ready  to  infect  prospective  victims. 

"  While  the  above  facts  and  conclusions  tend  strongly 
to  the  belief  that  the  ticks  are  necessary  for  the  transmis- 
sion of  the  disease,  the  actual  fact  cannot  be  proved  .scien- 
tifically until  carefully  controlled  experiments  are  made 
I'i'  n  i:i-?niniunc  persons."     (Anderson,  lit  supra.) 


The  tick  in  question  is  iu  all  probal.iility  Dermaccntor 
reticiilatus. 

MoKWD  Anatomy, — Rigor  mortis  is  intense,  and  ap- 
pears earl}'.  The  skin  is  jaundiced,  has  a  mottled  ap- 
pearance, and  the  wounds  caused  by  the  tick  bites  may  be  ' 
present.  Petechial  spots,  bright  to  dark  purple  iu  color, 
and  from  1  to  3  cm.  in  diameter,  are  found,  chiefly  on  the 
wrist,  ankle,  arm,  and  leg.  The  spleen,  liver,  and  pan- 
creas are  much  enlarged;  the  kidnej-s  are  also  enlarged. 

Symptoms. — There  is  a  period  of  incubation  of  about  a 
week.  The  patient  complains  of  nausea,  general  malaise, 
and  a  chill;  this  latter  is  followed  by  a  fever  which 
reaches  its  highest  point  about  the  tenth  day,  is  charac- 
terized by  evening  rise  and  morning  remissions,  lasts 
about  two  weeks,  and  may  be  followed  by  subnormal 
temperature.  In  severe  cases  the  morning  remissions 
may  be  absent,  aud  the  fever  remains  high  (from  104°  to 
106'  F.).  There  are  general  pain  and  soreness,  particu- 
larly during  the  first  week,  coated  tongue  with  red  edges, 
sordes,  eonstiiiaf  ion,  nausea  which  persists  iu  severe  cases, 
scanty  urine  with  albumin  aud  easts,  aud  epistaxis.  The 
liver  and  spleen  may  be  enlarged.  The  pulse  is  high, 
and  out  of  all  proportion  to  the  fever ;  tlie  respiration  is 
also  increased.  An  examination  of  the  blood  shows:  (1) 
the  parasite  described  above;  (2)  a  decrease  in  tlie  per- 
centage of  hemoglobin;  (3)  a  decrease  in  the  uumber  of 
the  red  blood  cells;  (4)  a  slight  leucocytosis,  chiefiy  of 
the  large  mononuclears.  Bronchifisis  present  duriug  the 
second  week ;  and  in  severe  cases  lobar  pneumonia  super- 
venes, with  a  grave  prognosis. 

"  77(e  eruption  appears  usuall}'  on  the  third  day,  first 
on  the  wrists  aud  ankles,  then  on  arms,  legs,  forehead, 
back,  chest,  and,  last  and  least,  on  the  abdomen.  It  is 
never  very  abuudant  on  the  abdomen,  but  the  other  por- 
tions of  the  bod}-,  in  some  cases,  are  literally  covered  by 
the  eruption. 

"  At  first  the  spots  are  of  a  bright  red  color,  macular  at 
all  times,  from  a  pin  point  to  a  split  pea  in  size.  At  first 
they  disappear  readily  on  pressure  aud  return  quickly, 
but  if  the  case  is  a  severe  one  they  soon  become  darker 
and  in  some  cases  are  almost  purple.  From  about  the 
sixth  to  the  tenth  day  of  the  disease  they  fail  to  disap- 
pear on  pressure  and  are  distinctly  petechial  iu  character. 
In  favorable  cases,  about  the  fourteenth  day,  they  liegin 
to  lose  their  petechial  character  and  disappi'ar  slowly  on 
pressure.  In  some  cases  the  eruption  consists  of  small, 
brownish  spots,  giving  a  turkey-egg  appearance. 

"As  the  fever  declines  the  eruptiou  begins  to  fade; 
but  a  slight  return  of  fever  or  a  free  perspiration  will 
cause  it  to  show  disliuctly. 

"When  convalescence  is  well  advanced  desquamation 
begins  and  extends  over  the  entire  body.  In  very  severe 
eases  there  may  be  gangrene  of  the  fingers  or  toes,  and 
still  more  frequently  of  the  skin  of  the  scrotum  and 
penis.  The  skin  is  always  jaundiced  to  a  greater  or  less 
degree.  This  is  usually  "first  noticed  in  the  conjunctivae, 
the  vessels  of  which  are  congested  from  the  outset." 
(Anderson,  lit  supra.) 
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Diagnosis.— Tliis  is  made  from:  (1)  The  case  occurring 
in  tlie  region  liuown  to  be  infected;  (2)  liistory  of  a  ticlc 
bite:  (3)  tlio  eruption  appearing  on  tlie  tliird  da)',  and 
being  seen  lirst  on  the  wrist  and  ankles;  and  (-1)  the  pres- 
ence of  the  parasite  in  the  blood.  The  diseases  from 
which  it  is  to  be  differentiated  are  typhoid  fever  and 
typhus  fever,  particularly  the  latter.  The  preceding 
tiible  will  assist  in  making  a  diagnosis. 

Pkogxosis. — This  is  unfavorable.  Vp  to  the  present 
the  death  rate  from  tick  fever  has  been  seventy  to  ninety 
percent,  in  Montana;  l)ut  in  Idahoand  Ncvadait  ismuch 
lower.  The  disease  varies  in  malignancy  both  in  differ- 
ent localities  and  in  different  years  in  the  same  locality. 

Tre.vtment. — The  treatment  has  so  far  been  unsatis- 
factory; but  in  five  cases,  all  treated  by  quinine,  all 
recovered.  Anderson  suggests  the  bimuriate  of  quinine, 
1  gm.  (gr.  xvi.)  hypodermatically,  q.  0.  h. ;  or,  by  mouth, 
the  sulphate  of  quinine  in  similar  doses,  q.  4.  h.  This 
drug  should  be  given  persistently  from  the  commence- 
ment of  the  disease.  The  treatment  is  otherwise  symp- 
tomatic, and  includes  cardiac  stimulants,  Dover's 
powder  for  the  jjains  and  soreness,  tepid  baths  for  the 
fever,  and  plenty  of  water  to  flush  out  the  kidneys.  The 
site  of  the  tick  bite  should  be  cauterized  with  ninety-five- 
per-cent.  carbolic  acid.  R.  J.  E.  Scott. 

Referenxe. 

Anderson,  Jobn  F. :  Spotted  Fever  (Tick  Fever)  of  the  Rockv  Moun- 
tains. Bull.  No.  U.  Hyg.  Lab.,  U.  S.  Pub.  Health  and  Marine- 
Hospital  Service.  Washington,  p.  50.  From  this  pamphlet,  which 
gives  all  that  is  known  ot  spotted,  or  tick  lever,  the  above  article 
has  been  compiled. 

TYPHOID  FEVER,  BACTERIOLOGY  OF.— The  bacil- 
lus of  typhoid  fever  was  discovered  by  Eherth  in  1880, 
but  not  until  four  years  later  was  it  obtained  in  pure  cult- 
ure. This  pure  culture  was  isolated  by  Gatfkv  from 
the  spleen  and  mesenteric  lymph  glands  of  patients  dying 
from  typhoid  fever.  In  cover-slip  preparations  from 
pure  cultures  it  stains  well  with  anj-  of  the  ordinary  ani- 
line dyes. 

Morphology. — The  morphological  characteristics  of 
this  organism  are  as  follows:  Its  length  varies  from  1  to 
4/i,  its  diameter  from  0.4  to  0.9//.  The  ends  are  always 
rounded.  In  cultures,  and  more  especially  in  potato  and 
old  bouillon  cultures,  these  organisms  are  often  found 
grouped  together  in  chains,  sometimes  as  many  as  four 
or  five  in  a  chain.  They  are  rapidly  motile,  this  motility 
being  due  to  the  fact  that  they  possess  flagella,  the  num- 
ber of  which  varies  from  eightr  to  twenty.  These  flagella 
are  attached  to  the  bacillus  at  all  points  of  its  surface, 
that  fte,  not  only  on  the  ends,  as  is  the  case  in  many  bac- 
teria, but  also  at  its  sides.  For  demonstrating  these  it  is 
necessary  to  use  a  special  method  of  staining.  In  my 
experience  Loeftler's  method  has  proved  to  be  the  best. 
Take  two  cover  slips  which  have  been  thoroughly  cleansed 
and  are  free  from  grease,  and  place  on  each  one  of  these 
a  drop  of  sterile  water;  then  with  a  platinum  needle 
touch  the  surface  of  an  eighteen-hour  agar  culture  of  the 
bacillus,  and  draw  the  needle  thus  charged  through  first 
one  drop  and  then  the  other;  finally,  cause  the  drop  to 
spread  out  over  a  larger  area  ami  allow  it  to  dry.  By 
this  method  we  obtain  a  good  dilution  in  parts  of  the 
smears.  There  is  no  need  to  fix  in  the  flame,  as  the  mor- 
dant is  a  good  fixative.  The  solutions  required  are  as 
follows;  First,  a  twenty-percent,  aqueous  solution  of 
tannic  acid ;  second,  a  saturated  aqueous  solution  of  fer- 
rous sul'.phate  (not  to  be  heated);  third,  a  saturated  alco- 
holic solution  of  either  fuchsin  or  gentian  violet.  Take 
of  solution  number  one.  ten  parts;  of  number  two,  five 
parts;  and  of  number  three,  one  part.  Let  them  stand 
for  an  hour  and  then  filter;  use  at  once.  Flood  the  cover 
slip  with  this  mordant  (either  of  the  first  two  solutions) 
for  one  minute,  and  then  wash  gently  in  distilled  water; 
drain  off  the  excess  of  water,  and  flood  the  slip  with  ani- 
line fuchsin  or  aniline  gentian  violet,  and  warm  carefully 
for  one  minute.  Do  not  heat  sulficiently  to  produce 
steam.  Wash  again  in  water  anddiy;  then  mount  in 
Canada  balsam.     Another  good  method  is  that  described 


by  L.  Smith  in  the  Journal  of  Medical  Research,  vol.  i., 
new  series,  p.  341.  The  dye  which  he  uses  is  night  blue , 
it  gives  a  very  beautiful  picture,  and  is  very  easy  to 
manage. 

Cultural  CnARACTERtsTics. — The  bacillus  grows 
best  at  body  temperature  (37.5°  C),  but  it  grows  well  at 
room  temperature.  Its  thermal  death  point  is  60°  C, 
after  an  exposure  for  twenty  minutes.  According  to  Park 
the  organism  will  live  for  "five  months  when  frozen,  but 
not  longer.  It  grows  well  on  all  media.  In  bouillcjn  it 
foims  a  uniform  cloud  throughout  the  tube,  and  often 
will  develop  a  heavj'  pellicle  on  the  surface.  On  agar  It 
produces  a  growth  of  a  pearlj'  white;  on  gelatin  the 
growth  is  whitish  and  no  liquefaction  takes  place;  on 
potato  the  growth  can  hardly  be  seen  at  the  end  of  forty- 
eight  hours,  but  still  older  cultures  may  show  a  dirty- 
yellow  growth.  This  organism  grows  well  in  milk  with- 
out the  production  ot  acid  from  the  lactose.  There  is, 
however,  a  slight  primary  production  of  acid.  It  does 
not  coagulate  the  milk.  In  Dunham's  solution  it  does 
not  form  indol.  It  does  not  catise  any  of  the  sugars  to 
ferment  with  gas  production.  These  last  three  cultural 
characteristics  are  used  as  a  means  of  differentiating  the 
typhoid  bacillus  from  the  colon  and  paracolon  and  the 
paratj'phoid  groups. 

During  the  past  few  years  there  have  been  isolated 
from  patients  suffering  from  what  seemed  clinically  to 
be  a  tj-phoid  infection  bacilli  which  did  not  answer  cult- 
urally to  the  Bacillus  typhosus,  and  did  not  agglutinate 
in  serum  which  agglutinated  this  bacillus.  The  serum 
from  the  patient  from  which  the  organism  had  been  iso- 
lated did  not  agglutinate  the  typhoid  bacillus,  but  did 
agglutinate  the  isolated  organism.  These  organisms 
when  tested  culturally  behaved  in  some  ways  like  the 
B.  tj-phosus,  while  in  other  ways  their  behavior  was  like 
that  of  the  Bacillus  coli  communis ;  hence  they  have  been 
termed  intermediates,  and  some  bacteriologists  have  gone 
so  far  as  to  divide  them  into  sub-groups.  The  organ- 
isms are  often  spoken  of  indiscriminately  as  para-typhoid 
or  paracolon  bacilli. 

So  many  of  these  intermediates  have  been  isolated  that 
it  will  be  impossible  to  discuss  them  all  here.  It  might 
be  stated,  however,  that  the  great  majority  of  the  cases 
suffering  from  infection  with  these  intermediate  organ- 
isms have  run  a  very  mild  course,  and  they  do  not  seem 
to  be  as  pathogenic  a  group,  on  the  whole,  as  that  of  the 
Bacillus  typhosus. 

The  following  short  table  will  give  a  good  idea  of  the 
position  of  this  group : 


1.  Formation  of  indol  in  Dunham*s 

solution  in  forty-eight  hours. 

2.  Coagulation  of  milk 


3.  Fermentation  with  production  of 
gas  in— 
(n )  glucose  bouillon 


{h)  lactose  bouillon  . 


<c)  mannlt  bouillon. 


4.  Agglutination  with  specific  serum— 
Ut)  typhoid  serum 


(ft)  intermediate  serum . 
(c)  colon  serum 


Bacillus 
typhosus. 


Negat  i  V  e 
results. 


Negative 
results. 


Inter- 
mediates. 


Some  pos- 
itive re- 
sults. 

Negat  i  v  e 
results. 


Negative  Positive 
results,      results. 
Negative  No   pos- 
itive re- 
sults. 
Some  pos- 
itive rC' 
suits. 


Negati  v  e 
results. 


Pos  i  1 1  V  e 
results. 

Negat  i  v  e 
results. 

Negative 
results. 


Negat  i  v  e 
results. 

Pos  i  t  i  v  e 
results. 

Negat  i  v  e 
result. 


Colon 
bacillus. 


Positive 
results. 


Positive 
results. 


Positive 
results. 

Positive 
results. 

Positive 
results. 


Negative 
results. 

Negative 
results. 

Positive 
results. 


Of  the  intermediates  which  have  thus  far  been  isolated, 
the  following  are  among  the  luore  important,  historically 
as  well  as  bacteriologicall)':  Gaertner's,  Cushing's, 
Gwyn's,  Schottmi'iller's,  Buxton's,  and  Libman's. 

Agglutination. — This  phenomenon  does  not  belong 
exclusively  to  the  subject  of  this  article,  but  I  shall  treat 
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of  it  fully  for  two  reasons:  first,  because  it  was  the  study 
of  this  reaction  with  the  B.  typhosus  that  stimulated  a 
great  amount  of  research  in  regard  to  this  phenomenon 
as  au  aid  to  diagnosis;  secondly,  because  of  the  impor- 
tance of  this  test  and  on  account  of  the  many  errors  to 
which  it  ma}-  lead  unless  it  be  fully  understood.  In  1884 
Charrin  and  Roger,  while  working  with  the  Bacillus 
pyocyaueus.  observed  the  clumping  of  the  bacilli,  but 
tliey  "pushed  their  study  of  this  phenomenon  no  further, 
and  it  was  not  till  1896  that  it  was  again  brought  for- 
ward, this  time  by  Gruber  and  Durham.  These  investi- 
gators immunized  animals  against  various  strains  of 
bacteria,  and  they  found  that  the  serum  of  these  animals 
had  the  property  of  clumping  the  bacteria  when  the  bac- 
teria were  brought  in  contact  with  it;  and.  furthermore, 
they  found  that  this  action  was  fairly  specific,  that  is, 
the  serum  from  any  animal  which  they  had  immunized 
would  onl}' clump  the  species  of  bacteria  which  had  been 
used  to  bring  about  this  immunization.  They  therefore 
advocated  that  this  phenomenon  be  utilized  for  the  pur- 
pose of  differentiating  species  of  bacteria.  The}'  diti  not, 
however,  in  their  published  work,  suggest  the  use  of 
serum  taken  from  these  patients  as  a  means  of  determin- 
ing what  species  of  bacteria  were  causing  the  infection. 

During  this  same  jear  (1896)  there  was  published  a 
paper  by  Widal  and  Grunbaum  in  which  they  outlined  a 
clinical  "test  for  typhoid  fever  based  on  the  phenomenon 
of  clumping.  They  were  the  first,  therefore,  to  point 
out  the  value  as  a  means  of  diagnosis,  and  the  first  also 
to  devise  a  technique  for  carrying  out  the  test.  Since 
their  paper  was  published  this  test  has  been  used  in  all 
parts  of  the  world,  and  legion  are  the  papers  that  have 
teen  pulUished  on  it. 

The  TECUNUiUE. — The  requisites  are:  1.  An  actively 
motile  culture  of  B.  typhosus.  This  is  best  obtained 
by  emulsifying  a  twenty-four  hours'  old  agar  culture 
in  10  c.e.  of  au  0.85  per  cent,  sodium-chloride  solu- 
tion ;  or  by  transferring  from  three  to  six  loopfuls  of 
a  twenty-four-hour  agar  culture  to  a  tube  containing 
bouillon",  shaking  this  thoroughly  and  incubating  at 
37°  C.  for  an  hour  or  two :  or  else  one  may  transjilant  the 
typhoid  bacilli  from  day  to  day  into  tubes  of  bouillon  and 
let  the  growth  proceed  on  the  top  of  the  thermostat.  2. 
The  blood  to  be  tested  may  either  be  in  a  dried  condition 
or  else  it  may  be  collected  in  capillary  tubes  and  the 
serum  obtained  from  these  after  coagulation.  By  the 
latter  method  we  can  measure  our  dilutions  with  almost 
perfect  accurac}-,  a  thing  which  it  is  impossible  to  do  if 
we  use  a  dried  specimen.  In  the  latter  case  it  is  neces- 
■<ary  to  dissolve  out  the  substance  representing  the  serum 
by  letting  the  water  used  for  the  solvent  completely  sur- 
round the  dried  spot  or  stain.  Then  be  careful  not  to 
move  hastily  or  rub  any  of  the  clot  loose.  Only  in  this 
way  is  it  possible  to  obtain  a  serum  free  from  fibrin  and 
blood  corpuscles. 

The  mi.\tureof  the  culture  and  serum  may  be  observed 
in  two  ways:  First,  in  the  test  tube;  and,  second,  in  the 
hanging  drop.  For  the  latter  test  are  needed  a  micro- 
scope with  a  No.  3  or  a  No.  4  eyepiece,  a  one-s;xth  or 
one-seventh  objective,  hoUow-groimd  slides,  and  abso- 
lutely clean  cover  slips  (No.  1  or  No.  2"i.  Surround  the 
hollow  on  the  slide  with  vaseline  or  alboline.  so  that  when 
the  cover  slip  is  placed  over  it  its  edges  will  be  sealed. 
and  thus  evaporation  will  be  prevented. 

In  the  hanging-drop  method,  one  drop  of  the  fluid  con- 
taining the  bacteria,  and  one  drop  of  the  serum  fluid  are 
mixed  on  the  cover  slip  and  examined.  In  mj-  experience 
[the  hanging-drop  method  is  the  most  accurate  if  it  be 
properly  controlled.  In  the  test  tube  the  reaction  is 
[apparent  to  the  naked  eye,  for  when  the  organisms  are 
'  clumped  they  collect  at  the  bottom  of  the  tube  in  a  floc- 
culeut  mass. 

,  Tlie  clumping  of  the  bacilli  should  take  place  in  thirty 
minutes  with  a  dilution  of  1  to  30;  if  it  takes  more  than 
thirty  minutes  or  a  dilution  of  less  than  1  to  20,  it  should 
not  be  regarded  in  the  light  of  a  positive  reaction,  for  it 
may  then  be  due  to  a  number  of  other  factors  which  are 
tXK)  numerous  to  mention  here.  Some  specimens  of  serum 
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will  not  a.gglutinate  in  a  dilution  of  1  to  20.  but  will  do 
so  if  the  dilution  be  increa.sed  1  to  50. 

Instead  of  a  clumping  of  the  bacilli  we  maj'  have  what  ' 
is  known  as  a  thread  reaction ;  that  is.  the  bacilli  become 
arranged  end  to  end,  or,  failing  to  separate  completely  as 
they  multiply,  they  remain  in  the  form  of  threads  or 
chains. 

The  Distribution  of  the  Typhoid  B.^cii.li  in  the 
Body. — These  organisms  are  found  in  the  different  tissues 
and  fluids  of  the  body  as  well  as  in  the  contents  of  the 
intestinal  canal.  We  will  consider  these  different  locali- 
ties in  regular  order,  but  in  a  very  brief  manner. 

The  Bloi'd. — The  typhoid  bacilli  are  found  with  the 
greatest  constanc_y  in  the  blood.  In  the  earlier  examina- 
tions the  search  for  these  organisms  in  the  blood  gave 
very  unsatisfactory  results.  At  a  later  date,  however,  it 
was  found  that  by  the  use  of  blood  in  bouillon  highly 
diluted  the  presence  of  the  bacilli  could  be  demonstrated 
in  the  great  majority  of  cases. 

Ihe  Spleen. — Masses  of  the  bacteria  are  found  in  the 
sinuses  of  the  spleen,  and  splenic  puncture  has  been 
recommended  as  a  means  of  securing  an  early  diagnosis. 
Such  an  exploratory'  puncture,  however,  is  not  free  from 
danger  to  the  patient,  and  the  procedure  is  therefore  not 
to  be  recommended. 

The  Rose  Spots. — The  bacilli  may  be  obtained  from 
these  spots  as  early  as  on  the  seventh  or  eighth  day  ap- 
parently, in  most  instances,  before  the  development,  in 
the  blood,  of  the  sub.stances  which  give  rise  to  the  Widal 
reaction  (Hiss). 

The  Intestines  and  Their  Contents. — It  is  here  that  the 
bacilli  make  their  earliest  appearance  in  the  majority  of 
cases.  They  are  constantly  found  in  Beyer's  patches, 
and  more  particularly  at  the  base  of  those  which  are 
ulcerated.  They  pass  from  these  tissues  doubtless  by 
wa}'  of  the  13'mphatics.  and  find  lodgment  in  the  mesen- 
teric lymph  nodes.  Man}-  of  them  are  found  in  the 
phagocytic  cells  of  the  lymphatic  system  and  also  in  the 
tixed  phagocytic  connective-tissue  cells  of  the  spleen. 
They  are  found  also  in  large  numbers  in  the  fa'ces. 

The  Lire/: — In  this  organ  there  have  been  observed 
small  areas  of  degeneration,  which  have  been  termed 
focal  necroses.  They  are  caused  by  the  lodgment  of  the 
bacilli  at  these  points,  and  as  these  organisms  grow  their 
toxin  causes  a  degeneration  of  the  cells  surrounding 
them.  According  to  some  reports  the  bacilli  have  been 
found  in  the  gall  bladder  many  years  after  an  attack  of 
typhoid  fever,  and  it  is  even  believed  by  .some  writers 
that  they  furnish  a  nucleus  for  the  formation  of  gall 
stones.     Bile  often  causes  an  agglutination  of  the  bacilli. 

The  Kidneys  and  the  Urine. — The  bacilli  have  been 
demonstrated  in  the  kidneys,  and  they  are  found  in  the 
urine  in  about  twenty-five  per  cent,  of  the  cases,  b'ut  not 
before  the  fourteenth  or  fifteenth  day  of  tlie  disease;  in 
fact,  they  are  not  to  be  foimd  in  the  urine  in  some  cases 
until  convalescence  is  established.  According  to  most 
observers  the  bacilli  may  persist  in  the  urine  for  days  or 
even  weeks.  It  is  even  claimed  by  some  authorities  that 
thej'  continue  to  be  present  in  the  urine  for  a  period  of 
several  months. 

The  Movth  and  r^rool— The  finding  of  typhoid  bacilli 
by  Besson  in  the  tonsils  of  six  out  of  ten  patients  investi- 
gated warrants  the  belief  that  they  also  exist  in  the 
mouth. 

The  Lungs. — In  some  rare  cases  in  which  there  has  been 
a  pneumonic  form  of  infection,  the  bacilli  have  been 
found  in  the  lungs.  Indeed,  in  those  cases  in  which  an 
overwhelming  blood  infection — in  other  words,  a  septi- 
cemia— occurs,  they  will  be  found  in  all  the  tissues  of  the 
body. 

As  the  infection  is  not  symmetrically  distributed  in  all 
cases,  there  can  be  no  one  method  of  securing  an  early 
diagnosis.  Hence,  if  he  wishes  to  make  a  sure  bacterio- 
logical diagnosis,  the  bacteriologist  must  take  time,  and 
it  often  happens  that  the  clinician  can  be  fairly  certain 
of  his  diagnosis  before  he  hears  from  the  laboratory. 
Nevertheless,  a  bacteriological  diagnosis  is  most  impor- 
tant as  a  means  of  corroborating  the  clinical  diagnosis. 
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Animals  infecteil  witli  B.  typhosus  have  developed  only 
in  rare  instances  a  disease  at  all  com]iarable  to  that  in 
man.  So  far  as  practical  serum  therapy  is  concerned,  it 
has  ever,  in  this  disease,  shown  negative  results. 

Meui.\  Used  .\s  .\n  Aid  to  tiik  Isol.\tion  of  the 
B.\cii,Lrs  TvPHOsrs, — Many  different  media  have  been 
devised  for  use  in  isolating  this  organism,  but  there  are 
only  four  which  have  stood  the  test  of  time,  and  whicli, 
in  the  hands  of  the  trained  bacteriologist,  are  admitted 
to  be  more  or  less  effective  in  isolating  the  typhoid  bacilli. 
The  simplest  one  is  that  devised  by  Hiss.  For  complet- 
ing the  differentiation,  however.  Hiss  uses  two  different 
media.  His  first  step  is  to  plate  out  some  of  the  sus- 
pected material  in  a  medium  the  composition  of  which 
is  as  follows: 

Ui»s'  Plating  Medium. 

Gra. 

Agar 15. 

Gelatin    15. 

Liebig's  extract 5. 

Sodium  chloride 5. 

Dextrose 10. 

Distilled  water 1,000. 

The  agar  is  first  melted  and  then  the  rest  of  the  ingre- 
dients are  added.  After  the  mixture  has  boiled  for  a  few 
minutes,  it  is  allowed  to  cool  and  is  cleared  with  the 
white  of  two  eggs.  Then  it  should  be  boiled  again  and 
filtered  through  a  thiu  layer  of  absorbent  cotton.  Before 
filtering  see  that  the  total  amount  of  fluid  is  1,000  c.c. ; 
and,  if  it  be  found  to  be  less  than  this  amount,  add 
enough  hot  distilled  water  to  bring  it  up  to  that  point. 

I  have  found  that  this  is  one  of  the  most  important 
points  in  making  up  this  plating  medium.  No  acid  or 
alkali  need  be  added  to  the  mixture. 

In  this  plating  medium  the  typhoid  colonies  form 
thready  growths,  while  the  colon  colonies  are  round  with 
smootli  edges.  The  colonies  showing  threads  are  fi.shed 
out  and  plated  in  Hiss'  tube  medium,  which  is  composed 
as  follows: 

Hiss'  Tube  Medium. 

Gm. 

Agar 5. 

Gelatin 80. 

Liebig's  extract 5. 

Sodium  chloride 5. 

Dextrose  10. 

Distilled  water 1,000. 

This  medium  differs  from  the  first,  as  will  be  observed, 
in  having  10  gm.  less  of  agar  and  05  gm.  more  of  gelatin. 
The  mixture  is  also  cleared  with  the  white  of  two  eggs 
and  is  corrected  to  1.5  acid,  phenolphthalein  being  the 
indicator. 

In  this  tube  medium  the  Bacillus  typhosus  clouds  it 
throughout  in  twenty-four  hours.  B.  coli  generally 
shows  growth  and  gas  formation  only  along  the  line  of 
puncture.  This  medium  has  given  us  many  excellent 
results,  and  I  prefer  it  to  all  the  others. 

Elmer's  Method  (after  Park).— 1st.  Grate  0.5  kgm.  of 
small  potates  to  a  tine  pulp  and  add  one  litre  of  cold 
■water ;  let  it  stand  over  night  in  a  cool  place. 

2d.  Wash  thoroughly  and  strain  through  a  fine  cloth. 
This  must  be  done  while  the  mixture  is  cold. 

3d.  Boil  the  filtrates  and  filter  again. 

4th.  Add  ten  per  cent,  of  gelatin  and  boil  until  it  is 
dissolved. 

5th.  Test  the  acidity  and  have  it  so^hat  3  c.c.  of  a 
decinormal  sodium-hydrate  solution  will  neutralize  10 
c.c.  of  the  medium,  phenolphthalein  being  tlie  indicator. 

6th.  Boil  and  clear  with  egg. 

7th.  Filter  through  cotton  and  then  through  paper. 

8th,  To  the  filtrate  add  one  per  cent,  of  potassium 
iodide,  (U.se  a  solution  so  made  that  1  c,c,  shall  contain 
1  gm,  of  the  salt.) 

9th.  Decant  into  tubes  and  sterilize. 

The  incubator  for  this  medium  must  be  kept  at  from 
22°  to  24°  C. 


The  plates  must  be  thoroughly  cooled  before  placing 
in  the  incubator,  as  otherwise  the  difference  between  B, 
typhosus  and  B.  coli  would  not  be  observed. 

The  colon  colonies  are  the  first  to  develop,  Tliey  arc 
rough  aud  granular,  and  have  a  greenish-brown  culor; 
later,  the  tyjihoid  cohmies  develop  and  arc  small,  while, 
and  gleaming,  and  can  best  be  described  as  being  diw- 
drop-like  in  appearance,  although  occasionally  somewhat 
granular.  This  is  apt  to  cause  some  confusion  in  the 
mind  of  the  beginner,  but  one  who  is  familiar  with  the 
use  of  this  medium  is  very  little  likely  to  make  a  mistake. 
The  potassium  iodide  prevents  nearly  all  other  organisms 
from  developing  in  this  medium. 

This  plating  medium,  used  in  coniunctiou  with  Hiss' 
tube  medium,  gives  us  a  very  satisfactory  differential 
method. 

The  Capaldi  plating  medium  and  that  formulated  by 
von  Drigalski  and  Conradi  have  in  my  hands  furnished 
such  variable  results  tliat  I  scarcely  think  it  necessary  to 
describe  them  here.  The  latter  is  a  very  complicated 
medium,  by  no  means  easv  to  prepare. 

Disirihuiiim  of  the  BuciUi  Oiitnidc  the  Body.— The  Ba- 
cillus typhosus  ma}' remain  in  contaminated  soil  for  from 
two  to  three  months,  and  in  water  for  neaiij-  the  same 
length  of  time.  On  the  other  hand,  if  either  the  soil  or 
the  rater  contains  enough  organic  matter  for  the  support 
of  the  organism,  it  may  remain  there  indefinitely. 

The  past  few  years  have  witnessed  no  change  in  our 
ideas  regarding  the  transmission  of  typhoid  fever.  In 
fact,  the  theories  of  that  time  have  merely  been  strength- 
ened, and  all  are  now  agreed  that  in  the  vast  majority 
of  cases  it  is  through  the  alimentary  tract  that  the  infeo- 
tion  gains  entrance  to  our  system.  In  a  few  rare  in- 
stances it  is  believed  that  the  infection  has  been  brought 
about  bj'  the  inhalation  of  the  Bacillus  typhosus  into  the 
lungs. 

There  still  remain  to  be  considered  the  different  metliods 
by  which  this  organism  can  gain  entrance  to  the  intes- 
tines. First,  we  may  have  a  direct  infection,  that  is, 
from  a  person  suffering  from  the  disease  to  one  who  lias 
come  in  contact  w  ith  the  patient,  'When  infection  oc- 
curs in  this  manner  some  infected  material  must  pass, 
through  carelessness,  to  the  alimentary  canal  of  the  in 
dividual  contracting  the  disease ;  for.  if  perfect  cleanliness 
and  caution  are  observed,  this  form  of  infection  need 
never  occur. 

Unless  the  excreta  of  the  patient  be  thoroughly  disin- 
fected they  will  pollute  the  soil,  and  the  infective  organ- 
isms which  they  contain  will  remain  quiescent  until  tlicy 
are  washed  info  some  water  supply,  from  which  they 
gain  entrance  into  some  other  human  being.  This  may 
liappen  in  any  of  the  following  ways:  directly,  as  in 
drinking  water  or  in  ice,  or  in  milk  to  which  contami- 
nated water  has  been  added,  either  for  purposes  of  dilu- 
tion or  in  cleansing  the  recept.aele.  In  milk  the  bacilli 
will  multiply  rapidly,  unless  the  milk  be  kept  constantly 
iced.  If  there  be  a  large  source  of  pollution,  from  which 
the  polluted  material  drains  into  a  river  or  creek,  the  sub- 
merged banks  of  which  are  used  for  the  fattening  of  oys- 
ters, these  will  take  in  the  bacilli  and  will  furnish  them, 
if  decomposition  should  begin  to  develop  in  the  host,  with 
a  soil  most  favorable  for  their  rapid  multiplication.  It  i.s 
under  these  circumstances  that  oysters  may  serve  as  the 
source  of  typhoid  infection  among  those  who  eat  them  in 
an  uncooked  state,  (At  some  later  date  the  author  pro- 
poses to  pulilish  the  experiments  which  he  has  made  in 
this  special  field,) 

If  the  excreta  be  thrown  into  sinks  and  privies  where 
flies  congregate  in  large  numbers,  these  insects  will  trans- 
fer the  infect«i  material  to  the  house — i.e..  they  will  de- 
posit it  upon  any  food,  cooked  or  uncooked,  to  whicli 
they  may  gain  access.  This  is  probably  a  frequent 
mode  of  spreading  typhoid  infection  among  the  differeiii 
members  of  a  family  after  one  of  their  number  has  been 
taken  ill  with  the  disease.  Nothing  short  of  tlie  mosi 
thorough  disinfection  will  prevent  such  a  spreading  of 
tvphoid  fever. 

Raw  vegetables  may  serve  as  carriers  of  the  disease 
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proviik'J  they  liave  been  watered  with  infected  niateiuU 
or  have  been  washed  iu  infected  water,  in  preparation 
for  their  appearance  on  the  table. 

lee  cream,  when  manufactured  of  milk  or  cream  wliicli 
contains  typhoid  bacilli,  and  which  has  not  been  cooked, 
ma}'  seive  to  communicate  the  disease. 

Major  Firth,  of  the  English  Army  Medical  Corps,  has 
recently  shown  that  clothing  which  has  been  soiled  by 
the  excreta  of  a  patient  sutTering  with  this  di.sease  may 
retain  the  virulent  typhoid  bacilli  at  the  end  of  eighty- 
four  days.  Consequently  soiled  clotliing.  unless  disin- 
fected, may  be  a  means  of  spreading  the  disease.  The 
same  authority  has  also  shown  that  the  bacilli  may  re- 
main fully  virulent  in  the  soil  for  eighty  five  days,  and 
we  know  from  other  observations  that  it  can  remain  so 
for  much  longer  |ieriods.  Major  Firth  also  claims  that 
they  may  retain  their  virulence  for  twenty-five  days  after 
having  been  dried  and  blown  about  as  dust.  If  this  be 
so,  it  is  certainly  a  matter  of  great  importance,  for  it 
shows  that  the  typhoid  bacillus  is  a  much  more  resistant 
organism  than  we  have  given  it  credit  for  being.  This 
observation,  however,  must  first  be  confirmed  b}'  other 
authorities  before  we  can  accejit  it  as  a  fact. 

To  sum  up,  then,  we  find  that  there  are  three  great 
roads  by  wliich  infection  reaches  human  beings..  These 
are,  first,  personal  contamination  from  person  to  person; 
second,  contamination  of  water  supjily  and  therefore  of 
milk  and  food ;  and  tliird.  the  spread  of  the  bacilli  by 
household  insects  such  as  flies,  cockroaches,  etc. 

From  this  it  will  be  seen  tliat  the  great  weapons  for 
combating  the  spread  of  this  disease  are,  first,  thorough 
disinfection  of  all  excreta  from  the  patient;  and  at  this 
point  I  wish  to  emphasize  the  fact  that  it  is  of  the  great- 
est importance  to  disinfect  and  to  handle  carefully  the 
urine  of  these  patients.  Our  second  weapon  is  the  thor- 
ough sanitary  supervision  of  our  water  supplies  so  that 
our  water-sheds  may  escape  contamination. 

Cyrus  Wcsl  Field. 
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VISION.  DISORDERS  OF:  CHROMATOPSIA  {Colored 
Vision). — Chromutopsia  is  a  modification  of  the  visual 
sensation,  as  a  result  of  wliich  all  objects  appear  of  a 
certain  color  (red,  purple,  blue,  yellow,  green,  white), 
without  any  effect  upon  the  acuteness  of  vision  or  any 
visible  changes  in  the  fundus. 

Eri/thropsia  (Bed  Vision),  the  most  common  vaiiety,  is 
not  infrequent  after  cataract  extraction,  occurring  iu 
three  to  five  per  cent,  of  cases  (Beckei),  and  after  ex- 
posure to  intense  light,  for  example,  sunlit  snow  fields 
especially  iu  high  regions,  brilliant  electric  light,  flashes 
of  lightning,  and  observation  of  the  sun.  This  visual 
disturbance  becomes  more  marked  when  the  illumination 
is  suddenly  diminished,  as  after  going  from  the  open  into 
I  house.  After  cataract  extraction  there  is  less  frequent- 
ly purple  or  blue  vision  {kyanopsiu),  or  tlie  patient  com- 
plains of  objects  appearing  of  a  glaring  white.  The 
phenomenon  generally  appears  shortly  after  the  opera- 
lion,  or  after  some  days  or  weeks;  it  lasts  a  variable 
number  of  hours,  days,  weeks,  or  months;  it  may  be 
constant  or  intermittent;  it  generally  disappears  in  the 
course  of  a  few  days  or  weeks.  No  treatment  is  called 
for  beyond  the  wearing  of  .smoke-tinted  glasses;  potassic 
bromide  has  been  recommended  in  these  ca.ses. 
j  Independently  of  cataract  extraction,  the  occurrence 
'of  colored  vision  is  favored  by  dilatation  of  the  pupil, 


congenital  coloboma  of  the  iris,  iridectomy,  by  excitement 
of  any  sort,  and  by  elevation  of  body -temperature.  Red 
vision  is  an  occasional  symptom  of  optic-nerve  atrophy,  . 
glaucoma,  nyctalopia,  migraine,  hysteria,  hystero-trau- 
matic  amblyopia,  and  amauro.sis,  exhausting  diseases, 
and  severe  fevers;  it  sometimes  occurs  with  intra-ocular 
hemoiTliage ;  it  maybe  part  of  the  epileptic  aura;  it  is 
said  to  be  caused  by  coffee  in  rare  instances.  Blue  vision 
is  occasionally  complained  of  by  patients  sufl'ering  from 
retinitis  albuminurica  and  detachment  of  the  retina,  and 
may  also  follow  the  use  of  cannabis  indica.  Green  risiim 
(chloropsiu)  is  a  rare  sj'mptom  of  detachment  of  the  retina, 
optic-nerve  atrophy,  and  aphakia  as  the  result  of  cataract 
extraction.  Blind  eyes  occasionally  are  conscious  of 
colored  lights,  probably  due  to  irritation  of  the  visual 
centres. 

It  seems  probable  that  chromotopsia  maybe  due  either 
to  central  irritation  or  to  local  causes.  No  entirely  satis- 
factory explanation  of  the  phenomenon  has  yet  been 
offered.  Fuchs  attributes  red  vision  to  the  action  of 
strong  light  on  the  visual  purple  and  its  slow  regene- 
ration under  less  inten.se  light;  but  the  absence  of  visual 
purple  at  the  macula  upsets  tiiis  theory.  Snellen  be- 
lieves it  to  be  due  to  the  coloring  of  white  light  by  its 
passage  through  the  translucent  and  vascular  lids  and 
choroid,  and  the  subsequent  diffusion  of  this  reddish 
light  over  the  retina.  After  the  extraction  of  cataract, 
upon  exposure  to  bright  light,  the  lids  are  partly  closed  ; 
there  is  thus  a  small  central  pupillary  opening  for  white 
light,  while  the  periphery  of  the  retina  is  flooded  with 
red  light  which  has  come  through  the  lids.  When  the 
intensity  of  the  illumination  is  reduced,  the  red  percep- 
tion of  the  periphery  changes  to  a  complementary  green 
as  a  result  of  fatigue,  while  central  vision  appears  red 
by  contrast.  The  blue  vision  after  cataract  extraction  is 
attributed  b.y  Burnett  to  fatigue  of  the  retina  as  a  result 
of  long-continued  exposure  to  light  rendered  yellow  by 
passage  through  amber-colored  cataracts,  giving  blue  a& 
a  residual  sensation  in  white  light. 

To.rie  Chromatopsia. — Colored  vision,  usually  yellow 
(xant/iopsi/t),  is  one  of  the  symptoms  of  the  poisonous 
effects  of  certain  drugs,  of  which  santonin  is  the  most 
common  example;  this  agent  may,  however,  produce 
green  vision,  or  rarely  red  or  blue  vision.  Other  drugs 
which  may  produce  chromatopsia  are  amyl  nitrite,  picric 
acid,  chromic  acid  (as  a  result  of  local  applications),  os- 
mic  acid,  digitalis,  carbonic  oxide,  and  tobacco.  Xan- 
thopsia also  occurs  as  an  early  symptom  of  catarrhal 
jaundice,  being  due  probably  to  the  discoloration  of  the 
dioptric  media  and  the  structures  of  the  eyeball  by  bile 
pigment.  Yellow  vision  is  also  seen  after  dazzling  from 
electric  light,  and  occasionally  accompanies  nyctalopia. 

C/uirles  11.  May. 

WOLFFIAN  BODY,  PATHOLOGY  OF.— In  mamma- 
lian embryos  the  inesouephros  or  Wolffian  body  is  a 
rather  pyriform  body  symmetrically  placed  in  the  ab- 
dominal cavity.  In  very  young  embrv'os  it  is,  next  to 
the  liver,  the  largest  abdominal  organ.  It  was  first  ob- 
served by  Wolff'  iu  1709.  The  exact  origin  of  the  Wolf- 
fian body  is  not  yet  determined  ;  some  authors  hold  that 
it  is  ectodermal,  others  that  it  is  mesodermal,  while  others 
still  ascribe  to  it  both  an  ectodermal  and  a  mesodermal 
origin.  It  is  developed  from  the  prouepliric  or  Wolffian 
duct  and  from  the  mesoncphric cords.  The  origin  of  the 
latter  has  not  yet  been  wholly  worked  out  in  the  case  of 
the  human  body.  In  the  lower  mammals  tliey  arise 
through  aggregations  of  the  cells  of  the  WolflSan  ridge 
into  solid  cords  which  at  first  are  not  connected  with  the 
Wolffian  duct  or  the  coelomic  epithelium.  These  cords 
acquire  a  lumen  and  connect  at  one  end  with  the  duct, 
while  at  the  other  end  there  is  a  condensation  of  the 
mesoderm,  forming  the  glomeruli,  into  which  vessels 
from  the  aorta  penetrate.  The  tubules  increase  in  length 
rapidly  and  in  the  human  embryo  assume  an  S-shape. 
Secondary  and  tertiary  tubules  develop  in  connection 
with  each  of  the  primary  ones,  but  the  mode  and  origin 
of  these  have  not  yet  been  determined,  some  writers  hold- 
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iiig  that  tbfV  arise  as  buds  of  the  iirimary  tubules,  others 
that  they  have  au  iiKU'pencicnt  origin.  Througli  tlie 
ileveloimient  of  llicse  additional  tubules  and  the  pro- 
gressive elongation  of  all  tlie  tuliules.  the  Wolffian  ridge 
becomes  a  volunnnous  body  attached  to  the  dorsal  wall 
by  a  distinct  mesentery  anil  luojecting  into  the  coelomic 
cavity.  Embedded  in  its  substance  on  its  lateral  portion 
is  the  Wolffian  duct;  and  on  its  mesial  surface  anteriorly 
is  the  developing  genital  ridge.  In  the  human  embryo 
tlie  Wolffian  body  reaches  its  greatest  develojiment  at 
about  tlie  si.\th  or  seventh  week,  after  whicli  time  it 
begins  to  degenerate.  The  tubules  undergo  retrogres- 
sion and  the  glomeruli  become  occluded,  so  that  by  the 
si. \t cent h  week  the  organ  has  nearly  entirely  disappeared. 
Portions  of  the  tubules,  however,  persist  in  both  sexes. 
In  general  the  tuluiles  of  the  Wolffian  body  consist  of 


duct  representing  the  upper  end  of  the  Wolffian  duet. 
Kiilliker  holds  that  the  eiiviiiiiiing  cells  of  the  (iiaatiau 
follicle  probably  arise  from  the  Woltlian  body.  The  ex- 
cretory portion  persists  as  the  paroophoron,  a  rudimen- 
tary body  composed  of  tubules  lying  in  the  broad 
ligament  near  the  tube.  In  about  one-third  of  adult 
females  remains  of  the  Wolffian  duct  are  found  in  tlie 
form  of  a  straight  tube  lined  by  cylindrical  epithelium 
surrounded  liy  muscle,  or  of  a  muscle  bundle  without 
epithelium,  lying  anteriorly  and  to  the  .side  of  tlie  uterus 
and  vagina  (duct  of  Giirtner).  According  to  Aieliel  the 
cortex  of  tlie  suprarenals  is  also  derived  from  the  Wolf- 
fian bod_y,  the  medullary  portion  coming  from  the  sym- 
pathetic system.  The  origin  of  suprarenal  tissue  from 
the  Wolffian  body  is  made  very  probable  from  the  fact 
that  acces.sor_y  suprarenal  tissue  (adrenals  of  ilarcliand)  is 
found  in  the  broad  ligament  in  the 
female,  and    along    the    spermatic 


ii"ni;i-like  Remains  uf  the  Wolttian  Body,  within  the  Uterine  Musculature  tfor- 
uialin,  alcohol,  liL^matoxylin,  eosinl.     X  1(W.     (After  Zit^gler.) 


secreting  and  collecting  portions,  the  epithelium  varying 
in  the  two,  being  low  and  cubical  in  the  collecting  por- 
tion and  columnar  in  the  secreting.  In  1834  Jacobs(m 
discovered  that  the  organ  excreted  uric  acid  whicli  was 
carried  into  the  allantois.  He  therefore  called  it  the 
primordial  kidney.  According  to  Lorsel  the  W^olffian 
body  liberates  and  accumulates  fatty  substances  in  its 
cells.  It  therefore  jilays  the  part  of  an  embryonic  organ 
and  at  the  same  time  that  of  an  excretory  organ. 

In  the  male  the  upper  or  genital  portion  of  the  Wolffian 
body  persists  as  a  whole  in  the  efferent  ducts  of  the  testis, 
forming  the  globus  major  of  the  cpididj'mis.  By  some 
writers  the  seminal  tubules  are  also  regarded  as  arising 
from  the  Wolffian  body.  The  excretory  jiortion  almost 
wholly  disappears,  only  a  small  part  remaining  as  the 
]iaradidymis  or  organ  of  Giraldes.  A  single  elongated 
tubule  arising  from  that  portion  of  the  Wolffian  duct 
which  forms  the  globus  minor  of  the  ejjididymis  persists 
as  the  vas  aberrans.  The  hydatid  of  Morgagni  is  be- 
lieved by  Roth  to  stand  in  close  relation  to  the  Wolffian 
bodj'.  The  Wolffian  duct  is  retained  entire,  a  portion 
forming  the  body  and  globus  minor  of  the  e])ididymis, 
the  remainder  becoming  converted  into  the  vas  deferens 
and  the  ejaculatory  duct.  In  the  female  the  genital  por- 
tion of  the  Wolffian  body  persistsasa  group  of  from  ten  to 
fifteen  tubules  lying  between  the  two  layers  of  the  broad 
ligament  near  the  ovary,  and  known  as  the  epoophoron. 
or  parovarium,  or  organ  of  Rosenmiiller.  Toward  the 
ovary  the  tubules  possess  blind  ends,  but  at  the  otlier 
end  they  are  somewhat  coiled  and  open  into  a  collecting 


mil 

body,  or  which  have  their  origin  in 
rudiinentary  or  persisting  structures 
derived  from  this  organ  or  duct, 
may  be  classed  as  follows: 
Mfdformatiiins. — The  fact  that  both  male  and  female  se.x- 
ual  organs,  internal  and  external,  develop  from  aniage 
which  are  at  first  identical  makes  it  a  priori  very  prob- 
able that  disturbances  in  the  differentiation  of  the  sexual 
apparatus  might  be  brought  about  through  an  asymme- 
trical development  of  the  aniage  of  the  right  and  left 
sides,  or  through  the  formation  of  organs  peculiar  to 
both  sexes,  or  to  a  lack  of  harmony  in  the  development  of 
the  internal  and  external  sexual  organs.  The  close  rela- 
tions between  the  Wolffian  bod}'  and  the  developing 
sexual  glands,  and  the  part  whicli  the  genital  portion  of 
the  former  plays  in  the  development  of  the  genital  tract 
give  strong  support  to  the  view  that  anomalies  and  dis- 
turbances in  llie  development  of  the  mesonephros  arc  re- 
s])oiisible.  at  least  in  part,  for  some  of  the  mal  formal  ions 
of  the  internal  si-xual  apparatus.  Landau  and  Pick  have 
described  a  congeuilal  atresia  of  the  cervix  and  uterus, 
which  they  explain  as  due  to  a  hyijerplasfic  adenomyo- 
ma  of  mesoneiihric  origin.  Persistence  of  portions  of 
the  Wolffian  liody  and  duct  are  not  infrequently  found 
in  cases  of  pSeudoherniaidirodism.  In  p.seudohernia- 
lihrodismus  femininus  inlernussucli  structures  are  foiuitl 
in  the  broad  ligament  and  uterovaginal  wall,  sometimes 
extending  to  the  clitoris.  At  an  early  jieriod  of  develop- 
ment the  urogenital  tract  is  rejiresented  bj-  the  Wollliiiii 
body,  the  Wolffian  duct,  the  Jliillerian  duct,  and  the 
de  .'eloping  ovary  or  testis.  There  exists  therefore  at 
this  time  an  indifferent  stage  from  which  the  develop- 
ment ]iroceeds  either  in  one  direction  to  become  an  ovary 
or  in  the  other  to  form  a  testis.     During   this  differen- 
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tiation  the  Wolffian  body  in  part  undergoes  dejreneration 
ami  in  part  persists  in  tlie  form  of  certain  rudimentary 
organs,  as  already  mentioned.  In  the  male  the  JliUlerian 
duct  degenerates,  in  the  female  only  rudiments  of  the 
Wolffian  duct  are  preserved.  Theoretically  it  is  easily 
seen  how  disturbances  of  this  normal  dilferentiation  of 
the  se.xual  glands  and  ducts  might  arise,  but  the  actual 
occui-rence  of  such  disturbances  remains  lo  be  demon- 
strated, although  pathological  lindings  are  not  wanting 
to  prove  the  possibility  of  such. 

Ter«tom(tla  and  Dermoid  Ci/sts. — The  teratomata  and 
dermoid  cysts  of  the  ovary  and  testis  are  believed  by  a 
number  of  writers  to  arise  from  the  Wolffian  ln.idy  and 
duct.  Handler  in  particular  has  defended  this  view. 
He  holds  that  in  the  development  of  the  retroperitoneal 
dermoid  cysts  and  the  retrorectal  tumors  the  Wolffian 
body,  the  Wolffian  duct,  and  the  caudal  intestine  play 
the  important  role.  The  ovarian  dermoids,  he  believes, 
contain  only  ectodermal  and  mesodermal  jiroducts,  ami 
these  arise  as  the  result  of  the  displacement  of  ectotler- 
mal  and  mesodermal  tissues  in  the  formation  of  the  Wolf- 
fian duct  and  Wolffian  body.  Regarding  the  duct  as  of 
ectodermal  origin,  and  holding  the  view  that  the  Wolf- 
fian body  arises  from  the  duct,  he  therefore  regards  the 
derivatives  of  the  AVolfflan  body  as  ectodermal.  While 
Bandler's  views  are  not  generally  accepted  (see  Terato- 
ma). Wilms  regards  the  simple  dermoid  cysts  of  the 
retroperitoneal  region  and  of  the  broad  ligament,  and 
also  the  mixed  tumors  of  the  cervix  and  vagina,  as  due 
to  a  displacement  of  ectodermal  and  mesodermal  cells  by 
the  Wolffian  duct.  Von  Recklingliausen  found  in  one 
cyst  of  the  ovary  a  formation  which  he  regarded  as  re- 
sembling in  structure  the  Wolffian  body.  The  cysts 
which  arise  from  the  remains  of  the  Wolffian  Ijody  and 
duct  found  in  the  broad  ligament,  uterine  wall  and  tubes, 
and  also  those  arising  in  the  cervix,  portio  vaginalis, 
vagina,  and  hymen  from  the  duct  of  Gartner  ma^'  also  be 
classed  with  the  teratomata.  Remains  of  the  Wolffian 
body  may  also  take  part  in  the  foinialion  of  the  mixed 
tumors  of  the  kidney.  If  the  view  tliat  adrenal  tissue  is 
also  derived  from  the  Wolffian  body  be  accepted  the 
tumors  (hypernephroniata)  arising  in  the  kidney  and  else- 
where slioidd  also  be  classed  as  teratomata  derived  from 
the  Wolffian  bo<ly. 

Tumors  Derire'd from.  Wolffian  Bod//  AV.vA<.— During  the 
last  decade  much  has  been  written  upon  the  origin  of  the 
adenocj'stomata  and  adenomyomata  of  the  ovary,  broad 
ligament,  tube,  uterine  wall,  cervix,  and  vagina.  These 
tumors  play  a  role  of  great  clinical  importance  in  gyn;e- 
(  ological  ]iathology,  and  in  recent  years  much  attention 
lius  been  paid  to  their  histogenesis  and  etiology.  As  a 
result  of  the  discussion  concerning  the  histogenesis  of 
I liese  tinuors  the  wiiters  upon  this  subject  may  be  divided 
into  two  schools:  the  one  affinuing  the  origin  of  these 
mowths  from  remains  of  the  Wolffian  body,  the  other 
Imlding  that  they  arise  from  misplaced  epithelium  of 
Midler's  duct.  Some  writers  have  compromised,  in  so 
far  as  the  adenocystomataand  adenomyomata  of  the  ute- 
rine wall  are  concerned,  by  the  hypothesis  that  the\' arise 
from  a  combination  of  remains  of  the  Wolffian  body  and 
the  Miillerian  duct.  The  majority  of  writers, 
however,  agree  with  von  Recklinghausen,  who 
holds  that  the  adenomyomata  of  the  uterine 
wall  may  be  divided  into  two  groups;  those 
arising  in  the  peripheral  layers  of  the  myome- 
trium and  those  arising  centrally  or  presenting 
themseli'es  as  submucosal  tumors,  the  latter 
being  characterized  by  the  fact  that  the  ade- 
nomatous portions  unite  to  form  ducts  which 
empty  into  the  uterine  cavitj'.  The  possibility 
of  the  second  group  arising  from  the  Miiller- 
ian duct  is  admitted.  According  to  Neumann 
the  intramiual  and  subserous  adenocystomata 
of  the  uterus  and  tubes  arise  most  probably  from  embryo- 
nal remains  of  the  Wolffian  body  in  connection  with 
".-■mains  of  Jliiller's  duct  or  from  a  combination  of  the 
two.  The  pathological  glands  and  cyst  formations 
found  in  the  ovary  arise  from  the  epoophoral  portion  of 


the  Wolffian  body  and  correspond  to  the  medullary 
coi-ds.  The  tumors  of  the  tubes  ai'e  of  pure  jiaroophoral 
origin.  The  structural  resemblances  existing  between 
the  adenomyomata  of  the  ovary,  tubes,  broad  ligament, 
inguinal  region,  round  ligament,  and  cervix,  make  it 
very  proljable  that  all  of  these  are  derived  from  the 
AVolllian  bod_y,  and  they  may  therefore  be  classed  as  mes- 
one[ihric  adeuom_vomata.  The  various  arguments  ad- 
vanced in  support  of  this  view  may  be  found  in  the 
literature  cited  below. 

The  adenosarcomata  of  the  kidney  have  also  been  ex- 
plained as  arising  from  inclusions  of  portions  of  the 
Wolffian  body.  A  similar  origin  has  been  ascribed  to  the 
adenosarcomata,  adenomata,  and  adenocystomata  of  the 
testis  and  epididymis.  Some  writers  have  described 
glandular  structures  included  within  pelvic  lymph 
glands,  and  have  explained  such  inclusions  as  remains  of 
the  Wolffian  body  or  duct.  From  such  inclusions  ade- 
nomata, cystadenomata,  and  carcinomata  might  arise. 

To  Aicliel  belongs  the  credit  of  demonstrating  that 
adrenal  tissue  (cortex)  is  found  in  the  closest  relations 
with  derivatives  of  the  Wolffian  body  (epoophoron, 
paroophoron,  epididymis,  paradidymis,  broad  ligament, 
etc.).  From  such  accessory  adrenal  tissue  (classed  by 
Aichel  as  adrenals  of  ilarchand)  tumors  similar  to  those 
arising  from  the  adrenals  themselves  may  come.  Pick 
has  reported  the  occurrence  of  a  hypernejihroma  of  the 
ovary,  and  a  number  of  other  writers  have  found  adi'cnal 
tissue  associated  with  adenomyomata.  If  the  adrenals  of 
Marchand  are  derived  from  the  Wolffian  body,  as  accord- 
ing to  Aichel,  such  hypernephromata  must  be  regarded 
as  mesonephric.  Aldred  IScutt  Warthin. 

LlTKnATVRE. 

Banrtler:  Arch",  f.  Gyn.,  Bd.  HI,  19IX). 
Landau  and  Pick  :  .\rch.  t.  Gyn.,  Bd.  W,  l«t)l. 
Neumann :  Arch.  f.  Gyn.,  Bd.  ,58,  t8!». 
Picli :  Arch.  f.  Gyn.,  Bd.  57,  189S;  Ihid.,  Bd.  64,  1901. 
Vassmer:  Arch.  t.  Gvn.,  Bd.  Ii4, 1901. 
Von  Babo:  Arch.  f.  Gyn..  Bd.  til,  1901). 

Von  Recklinfrhausen  :  Die  Adenomyonie  und  Cystadenome  der  tJterus- 
und  Tubetiwandunfr  etc-,  Betliu.  istto. 

WORMIAN  BONES,  AND  FONTANELS.- Wormian 
bones  are  small  bones  varying  in  diameter  from  1  or  3 
mm.  to  more  than  20  mm.  They  are  to  be  found  ordi- 
narily at  the  angles  of  the  sutures  of  the  cranium,  and 
particularly  in  the  lamlxloid  sutures  (Fig.  5348).  They 
take  the  ntime  of  Wormian  bones  from  Claus  Wormius, 
a  ph}'sician  of  Copenhagen,  who  first  gave  a  detailed 
description  of  them,  though  an  account  of  them  had  been 
given  before  b}'  Ga-thes. 

The  Wormian  bones  are  regarded  bj'  some  writers  as 
evidence  of  retarded  ossification,  while  by  others  they 
are  considered  to  indicate  excessive  ossification.  Doubt- 
less both  theories  are  true.  In  some  instances  the  usual 
centres  of  ossification  do  not  go  on  to  the  full  develop- 
ment, and  the  coalescence  which  occurs  in  the  formation 
of  a  perfect  bone  fails  to  take  place ;  this  is  probably 
what  happens  in  the  case  of  the  largest  Wormian  bones, 
which  are  found  in  the  fontanels. 

According  to  Jleckel,  isolated  osseous  germs  develop 


Fig.  5247.— Wormian  Bones.     (After  Broia.) 

at  the  circumference  of  the  occipital  bone  and  unite  them- 
selves with  it.  Sometimes,  though  raiely,  thicker  ones 
develop  about  the  articular  regions.  When  there  is  an  ar- 
rest of  evolution  of  one  or  more  of  these  infei'ior  centres, 
Wormian  bones  are  formed.     Gosse,  -^ho  considers  Wor- 


581 


■Wormian  Bonos. 
Yolloiv  l'"evor. 


REFERENCE   HANDBOOK   OF  THE   MEDICAL   SCIENCES. 


mian  bones  to  lie  due  to  an  arrest  of  ossitication,  attributes 
their  formation  to  a  rachitic  or  scrofulous  condition,  to 
llie  elTects  of  violent  pressure,  or  to  hereditary  transmis- 
sion. 

Tlie  Wormian  bones  wliich  present  tlie  greatest  inter- 
est are  those  wliicli  are  occasionally  found  in  both  tlic 


Fig.  .52-18.— Skull  dug  up  in  tlie  Vicinity  of  the  Church  of- St.  Etieiine 
du  Mont.     (After  Jacquart.  I 

anterior  and  posterior  fontanels.  Those  in  the  posterior 
fontanels  are  more  fi-equent  (Figs.  5248  and  5349).  A 
Wormian  bone-of  large  size  may  be  confounded  with  the 
interparietal  bone,  wliich  has  given  rise  to  so  much  eth- 
nological discussion ;  a  number  of  interesting  and  learned 
papers  having  been  ■written  by  anthropologists  upon  this 
subject.  M.  Rivero  and  M.  Tschudi,  in  the  "  Antiquites 
Peruviennes,"  published  in  1851,  gave  drawings  show- 
ing the  bone  which  Anoutchune,  after  making  studies 
of  the  skulls  in  various  museums,  announced  was  to  be 
found  in  twenty  per  cent,  of  the  Peruvian  skulls.  The 
name,  "the  bone  of  the  Ineas,"  ■was  given  to  it,  though. 
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FIO.  5349.— Skull  of  a  ^e!,'rL•ss,  of  Sahara.     (Aflcr  Jaciiuurt.) 

as  Jacquart  tliinks.  unjustly.  In  an  elaborate  paper  he 
shows  that  it  is  found  frequently  in  other  races.  The 
question  among  .savants  has  arisen  as  to  whether  this  is  a 
mere  anomaly,  or  a  reversal  to  a  lower  type,  since  the 


interparietal  bone  occurs  in  rodents,  ruminants,  dogs,  and 

eats.  The  upper  portion  of  the  occipital  bone  dc-velops 
from  four  osseous  centres,  which  are  separate  in  early 
fietal  life,  but  gradually  coalesce.  The  lateral  union  is 
accomplished  first,  and  afterward  the  two  segments 
above  and  below  unite;  •when  union  of  these  two  lattei 
fails  to  take  place,  the  interparietal  bone  is  formed.  The 
recent  line  of  union  shows  very  well  in  the  skull  of  the 
new-born.  Cuvier,  Milne-Edwards,  Geotfroy  St.  Hilaire, 
and  the  other  writers  aheady  mentioned,  insist  that  a  dis- 
tinction should  be  made  between  the  interparietal  bone 
Mild  the  large  fragments  occurring  in  the  posterior  fonta- 
nel, which  are  the  true  Wormian  bones.  Anoutchune, 
in  his  researches,  made  the  following  divisions  in  stim- 
luing  up  his  percentages: 

1.  Complete:  Os  Incas,  or  interparietal  bone. 

2.  Incomplete:  The  os  bi-,  tri-,  or  quadripartitum,  or, 
in  other  words,  theepactal  bone,  os  triquetrum,  os  quad- 
ratum. 

3.  Os  lambdoideum. 

It  will  therefore  be  seen  that  these  bones  may  be  single 
or  multiple ;  even  as  many  as  eight  having  been  observed 
by  one  writer  quoted  by  Geoifroy  St.  Ililaire. 

The  effect  of  Wormian  bones  occurring  in  fontanels 
at  childbirth,  and  the  relation  which   these  bear  to  the 


-Skull  from  a  Breton,  showing  Interparietal  Bone. 
Jacquart.) 


(After 


moulding  of  the  skull  at  that  time,  are  questions  which 
have  received  some  consideration  by  the  author  of  this 
paper. 

The  possibility  that  such  bones,  if  of  considerable  size 
and  if  they  occurred  in  the  posterior  fontanel,  might  exert 
a  detrimental,  if  not  fatal,  influence,  ■was  suggested  by 
three  eases  which  came  under  observation  at  the  liospital 
of  the  New  York  Infirmaiy  for  Women  and  Children. 
The  histories  of  the  three  cases  were  almost  identical. 
The  mothers  were  all  primipara'.  There  was  nothing 
abnormal  in  the  measurements,  either  of  tlie  pelves  of 
the  mothers,  or  of  the  heads  of  the  infants.  The  pre- 
sentations were  all  of  them  the  usual  left  anterior  oc- 
cipito-iliac.  The  labors  progressed  slowly  but  normally 
through  tlie  first  stage,  but  the  second  stage  was  very 
slow,  lasting  between  two  and  three  hours  in  each  ca.se. 
lustruments  were  not  used  in  any  instance,  as  there  was 
a  constant  expectation  that  the  labors  would  termiuiite 
naturally.  The  irregularity  of  the  fontanel  could  be  very 
easily  detected.  In  the  first  two  casesit  gave  rise  loeon- 
fu.siou  in  determining  the  position:  but  in  the  tliird  and 
last  case,  the  attendant,  having  had  the  experience  with 
the  two  others,  easily  discovered  that  the  posterior  fon- 
tanel contained  AVorinian  bones  (Fig.  5251).  Each  cliild 
was  still-born.     The  skulls  of  two  were  preserved,  but 
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AVoriiiian  Bones. 

Vollow  Fovor. 


the  family  would  not  permit  an  autopsy  to  be  made  upon 
the  third  child,  which  was  taken  away  for  burial.  It 
could,  however,  be  easilj'  felt  that  "Wormian  bones  were 


Wormian  Bones,  as  seen  in  the  Author's  Case. 


present  and  that  their  shape  and  number  were  the  same 
as  in  the  other  two  cases,  there  being  two  triangular 
pieces,  one  larger  than  the  other. 

The  writer  believes  it  to  be  possible  that  during  labor 
these  bones  may  prevent  the  usual  overlapping  of  the 
sutures  of  the  skull,  and  that  during  the  second  stage — 
i.e.,  when  the  pressure  is  greatest — they  ma}'  even  in- 
flict serious,  possibly  fatal,  injury  upon  the  contents  of 
the  cranium.  The  question  tlien  arises,  Could  this  be 
avoided  by  the  prompt  and  early  use  of  instruments?  It 
is  hoped  that  otjstetricians  will  record  cases  of  a  like  na- 
ture, and  I'eport  upon  them  with  a  view  of  determining 
the  effects  produced  by  "Wormian  bones  during  the  prog- 
ress of  childbirth.  Cri-ace  Peckltam  Murray. 
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YELLOW  FEVER:  HISTORY  AND  GEOGRAPHIC 
DISTRIBUTION.— The  geogiuphical  range  of  yellow 
fever  is  more  restricted  than  tliat  of  any  other  acute  in- 
fectious disease,  and  within  tlie  area  of  its  prevalence  it 
is  essentially  a  disease  of  the  littoral,  and  especially  of 
seaport  cities.     While  occasional  epidemics  have  occurred 


upon  the  southwest  coast  of  the  Iberian  peninsula,  the 
disease,  as  an  epidemic,  is  unknown  elsewhere  in  Eui-ope, 
and  there  is  no  evidence  that  it  lias  everinvaded  llie  great 
and  populous  continent  of  Asia.  In  Africa  it  is  limited 
to  the  west  coast.  In  North  America,  altliough  it  has 
occasionally  prevailed  as  an  epidemic  in  every  one  of  our 
seaport  cities  as  far  north  as  Boston,  and  in  tlie  Jlissis.sip- 
]ii  Valley  as  far  north  as  St.  Louis,  it  has  never  established 
itself  asanendemicdisease  within  the  limits  of  the  United 
States.  Vera  Cruz,  and  ])robably  other  points  on  the 
gulf  coast  of  Mc-xico,  are,  however,  at  the  pi'csent  time, 
endemic  foci  of  the  disease.  In  South  America  it  has 
prevailed  as  an  epidemic  at  all  of  the  seaports  on  the 
gulf  and  Atlantic  coasts,  as  far  south  as  Montevideo  and 
Buenos  Ayres,  and  on  the  Pacific  along  the  coast  of  Peru. 

The  region  in  which  the  disease  hits  had  the  greatest 
and  most  frequent  prevalence  is  bouniled  liy  the  shores 
of  the  Gulf  of  Mexico,  and  includes  the  "West  India  isl- 
ands. Within  the  past  few  years  yellow  fever  has  been 
carried  to  the  west  coast  of  North  America,  and  has  pre- 
vailed as  an  e|iideinic  as  far  north  as  the  Mexican  port  of 
Guaymas,  on  the  Gulf  of  California. 

The  idea  that  yellow  fever  may  originate  (le  7)oi-o,  with- 
in the  area  of  its  occasional  prevalence,  was  entertained 
by  luany  medical  authors  during  the  fiist  half  of  the  past 
century.  ThusCornillac(1880)  says:  "  In  the  zone  which 
is  habitual  to  it.  yellow  fever  may  develop  at  a  given 
moment  without  apparent  cause.  It  is  born  sponta- 
neously at  a  point  of  this  zone,  or  at  several  at  a  time, 
iuid  neither  the  temperature,  moistui'c,  barometric  press- 
ure, electricity,  nor  finally  effluvia  given  off  from  the 
soil,  can  explain  this  sudden  invasion."  It  is  true  that, 
in  localities  where  the  disease  is  endemic,  cases  occur 
which  are  not  directlv  traceable  to  imjiortation,  but  it  is 
also  true  that  in  the  principal  endemic  foci  of  the  disea.se, 
such  as  Vera  Cruz,  Havana,  and  Rio  Janeiro,  yellow 
fever  was  at  one  time  unknown,  and  we  have  reliable 
historical  data  fixing  the  date  of  its  importation.  In 
short,  a  careful  consideration  of  the  historical  evidence 
relating  to  the  disease  gives  no  support  to  the  idea  of 
independent  local  origin,  any  more  than  in  the  case 
<if  .smallpox,  cholera,  or  other  specific  infections  diseases. 

But  the  early  history  of  the  disease  is  involved  in  ob- 
seiirity,  and  we  are  at  present  unable  to  determine 
whether,  as  maintained  by  some,  it  was  endemic  at  cer- 
tain points  on  the  shores  of  the  Gulf  of  Mexico  at  the 
time  of  the  discovery  of  the  "new  world,"  or  whether  it 
was  imported  to  the  "West  Indies  from  the  African  coast, 
as  maintained  by  others.  The  early  historians,  Herrera, 
Oviedo,  Rochefort,  and  others,  make  reference  lo  epi- 
deiuics  among  the  natives  which  occuri-ed  prior  to  the 
discover}-  of  the  Antilles,  and  to  fatal  pestilential  dis- 
eases among  the  first  settlers  of  these  islands;  but  their 
accounts  are  not  sufficiently  exact  to  enable  \is  to  affirm 
that  the  disease  referred  to  by  them  was  yellow  fever. 
The  west  coast  of  Africa  was  discovered  and  colonized 
to  some  extent  before  the  discovery  of  America,  but  the 
fii-st  authentic  accounts  of  the  prevalence  of  yellow  fever 
on  this  coast  date  back  only  to  the  year  1778,  over  two 
centuries  after  the  first  settlements  had  been  established. 
On  the  other  hand,  this  very  epidemic  of  1778  at  St. 
Louis  (Senegal)  was  traced  to  importation  fi-om  Sierra 
Leone,  a  portion  of  the  African  coast  which,  according 
to  Hirsch,  "appears  to  be  the  headquarters  of  the  dis- 
ease, and  the  starting-point  of  its  epidemic  inroad  into 
the  teiTitoi'ies  lying  to  the  north  and  south,  as  well  as 
into  the  "West  African  islands. " 

Rochefort,  whose  "Histoire  naturelle  et  morale  des 
isles  Antilles  de  I'Amerique"  was  published  in  Holland 
in  1.558,  says  of  the  West  Indies:  "The  air  of  all  those 
islands  is  very  temperate,  and  healthy  when  one  is  accus- 
tomed to  it.  The  peste  was  formerly  unknown  there  as 
well  as  in  China  and  other  places  in  the  Orient;  hut  some 
years  since  the  islands  were  afflicted  with  malignant 
fevers,  which  the  phy.sicians  considered  contagious. 
The  bad  air  was  brought  there  by  some  ships  wliich 
came  from  the  coast  of  Africa,  but  at  present  we  hear 
nothing  more  of  these  maladies." 
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It  seems  very  probable  that  a  pestilential  malad}' 
wliieh  prevailed  for  a  time  iu  these  usually  healthy  isl- 
ands and  then  disappeared  was  iu  fact  yellow  fever,  and 
that  it  was  iutrndueed  by  ships  froiu  the  west  coast  of 
Africa  is  not  at  all  incredible.  Indeed,  it  almost  seems 
necessary  to  look  for  an  original  endemic  focus  of  the 
disease  outside  of  the  West  Indies,  for  the  reason  that,  in 
the  comparativel}'  few  places  where  it  is  now  endemic, 
there  is  historical  evidence  to  show  that  there  was  a  first 
importation  and  a  previous  period  of  exemption  ;  while, 
on  the  other  hand,  the  conditions  upon  which  endemicity 
at  the  present  day  seems  mainl}'  to  depend  were  former- 
ly unknown — conditions  arising  from  the  aggregation  of 
population  at  seaport  cities,  as  at  Havana,  Vera  Cruz, 
and  Rio  Janeiro. 

Some  authors  liave  attempted  to  itlentify  the  epidemic 
disease  mentioned  by  Humboldt — called  by  the  natives 
"  Matlazabuatl  " — which  prevailed  in  Mexico  in  1545, 
1576,  1736-37,  and  1761-63,  with  yellow  fever;  but,  as 
pointed  out  by  Ilirsch,  this  disease  prevailed  almost  ex- 
clusively among  the  natives  of  the  interior  and  of  the  ta- 
bleland of  Mexico,  while  yellow  fever  is  essentially  a  dis- 
ease of  the  littoral. 

Cornillac,  a  French  author  who  has  made  a  care- 
ful study  of  the  sanitary  history  of  the  West  Indies,  as 
contained  in  the  works  of  Oviedo,  Herrera,  Goraara, 
and  other  SpauLsh  authors  of  the  sixteenth  century, 
arrives  at  the  conclusion  that  the  pestilential  disease 
from  which  the  settlers  in  the  first  Spanish  colony  at 
Nueva-Lsabella,  and  at  Santo  Domingo  (1494-1514),  are 
said  to  have  suffered,  anil  which  was  characterized  by  a 
"saffron-yellow  "  color  of  the  skin,  was  in  truth  yellow 
fever.  While  it  appears  quite  probable  that  this  was  so, 
■we  cannot  accept  it  as  demonstrated,  as  the  first  authentic 
accounts  of  yellow  fever  in  the  West  Indies  date  from 
about  the  middle  of  the  following  century. 

In  1635  a  French  colony  was  established  upon  the  isl- 
and of  Guadeloupe,  and  shortly  after  their  arrival  a 
pestilential  di.seasc  appeared  among  the  colonists  which, 
from  the  account  given  Iij'  Dutertre,  a  Catholic  priest 
who  came  to  the  island  five  years  later,  is  accepted  by 
Hirsch  and  by  Cornillac  as  having  been  yellow  fever. 
From  Dutertre's  account,  however,  as  quoted  by  Cornil- 
lac, it  would  appear  that  yellow  fever  was  first  imported 
into  the  island  of  Guadeloupe  in  the  year  164S,  and  that 
the  great  mortality  previously  reported  was  due  to  other 
causes.  Dutertre  says:  "During  this  same  j-ear  1648, 
the,  peste.  until  then  unknown  in  these  islands  since  they 
were  inhabited  by  the  French,  was  brought  there  by 
some  vesseLs.  It  commenced  at  Saint-Christophe,  and 
during  the  eighteen  montlis  that  it  lasted  carried  away 
nearly  one-third  of  the  inhabitants.  This  epidemic  peste 
caused  in  those  who  were  attacked  a  violent  mat  de  tete. 
great  debilitj'  iu  all  the  members,  and  continual  vomit- 
ing, so  that  in  three  days  it  put  a  man  in  his  tomb.  This 
contagious  lualady  was  brought  to  Guadeloupe  by  a  ship 
from  La  Rochelle,  called  Le'~Biviif.'' 

At  Barbadoes  the  disease  may  have  prevailed  for  some 
years  prior  to  its  introduction  into  Guadeloupe,  but  the 
first  authentic  account  I'elates  to  the  year  1647.  Richard 
Ligon,  who  arrived  at  the  island  in  the  mouth  of  Septem- 
ber of  this  year,  sa^'s  that  the  city  of  Barbadoes  was  at 
that  time  suffering  from  a  scourge  which  caused  great 
ravages,  so  that  the  living  scarcely  sufficed  to  bury  the 
dead.  According  to  this  author,  "the  cause  of  the  epi- 
demic was  unknown;  it  was  uncertain  whether  it  had 
been  imporb'd,  or  whether  it  originated  from  b.ad  foo<l, 
the  use  of  marsh  water,  and  the  intemperance  of  the 
colonists.  Ligon  inclines  to  attribute  it  largely  to  the 
latter  cause,  and  remarks  that  not  more  than  one  woman 
died  for  every  ten  men.  We  may  safely  assume,  froin 
the  subsequent  history  of  the  island  of  liarbadoes,  that 
the  epidemic  plague  referred  to  by  Ligon  was  not  of 
local  origin,  for,  with  a  rapidly  increasing  population 
this  island  has  enjoyed  considerable  periods  of  immunity 
from  yellow  fever,  and  when  epideiuics  have  occurred 
they  have,  as  a  rule,  been  clearly  traced  to  importation. 
From  this  time — 1647-48 — the  history  of  yellow  fever  in 


the  West  Indies  is  a  ]iistor\-  of  epideiuic  outbreaks  at 
varying  intervals,  at  the  principal  se;iport  towns,  traced 
sometimes  to  iinportation,  but  more  commonly  assumed 
to  be  of  local  origin.  It  was  epidemic  in  .Jaiuaiea  in 
1655,  and  again  in  1671;  at  Santo  Domingo  in  1656;  at 
JIartini(iue  in  16s,s  and  1696.  In  1699  it  prevailed  wide- 
ly as  an  epidemic  in  the  West  Indies,  and.  according  to 
Hincmann,  made  its  first  appearance  at  Vera  Cruz,  the 
principal  seaport  on  the  gulf  coast  of  Mexico. 

Cuba. — I  cannot  attempt  to  follow  here  the  histoiy  of 
yellow  fever  in  the  West  Indies  generally,  but  shall  give 
an  accoiHit  of  its  prevalence  in  Havana. 

The  historian  Pezuela  records  the  prevalence  of  a 
malignant  pestilential  disease  in  Havana  in  1648.  a  year 
in  which,  as  we  liave  seen,  j'ellow  fever  was  epidemic 
in  the  islands  of  Guadeloupe  and  of  Barbadoes.  He 
says;  "In  this  year  there  occurred  in  Havana  a  great 
pest  of  ])utrid  fevers  which  remained  in  the  port  almost 
all  the  summer.  A  large  part  of  the  garrison  and  a 
larger  part  of  the  crew  and  passengers  in  the  ves.sels 
died."  Tlie  epidemic  contiiuied  the  following  year,  and 
in  1653-54,  according  to  the  author  above  quoted,  "the 
epidemic  was  renewed  with  equal  fury  " ;  and  in  16.55 
"in  the  capital  continued  to  carry  away  its  victims  with- 
out regard  to  rivalries  and  passions."  According  to  Dr. 
S.  E.  Chaille,  president  of  the  Havana  Yellow-fever 
Commission  (1879),  from  whose  report  we  have  quoted 
the  above  extracts  from  Pezuela,  tluTe  is  no  historical 
evidence  of  the  prevalence  of  yellow  fever  in  Havana  for 
more  than  a  hundred  j'cars  after  the  date  mentioned. 
"On  the  contrary,  tliere  are  repeated  records  of  the  great 
salubrity  of  tlie  climate  and  the  absence  of  epidemic  dis- 
eases. " 

It  was  not  until  the  year  1761  that  yellow  fever  estab- 
lished Itself  in  the  previously  healthy  city.  Pezuela 
gives  the  following  account  of  its  introduction;  "Al- 
though Havana  is  situated  on  the  northern  boundary  of 
the  torrid  zone,  it  was  very  Justly  considered  one  of  the 
most  healthy  localities  on  the  island  before  its  invasion, 
in  a  iJermanent  manner,  by  the  coniito  nei/ro,  imported 
from  Vera  Cruz  in  the  summer  of  1761.  ...  In  May 
there  came  from  Vera  Cruz,  with  materials  and  some 
prisoners  destined  for  the  works  on  the  exterior  fortifica- 
tions of  Havana,  the  men-of-\var  Reiita  anil  America, 
wliich  communicated  to  the  neighborhood  the  epidemic, 
known  by  the  name  of  '  vomito  negro.'  At  the  end  of 
the  following  June  there  were  stationed  in  this  port  nine 
men-of-war,  despatched  froiu  Cadiz,  and  sent  to  the  chief 
of  the  squadron,  Don  Entienne  de  Hevia;  they  brought 
a  reinforcement  of  2,000  men.  ]\Iore  than  3,000  persons 
succumbed  to  the  epidemic  on  this  the  first  appearance  of 
the  vomito." 

From  this  time  the  new  levies  of  troops  sent  from 
Spain"  to  Cuba  continued  to  suffer  enormous  losses  from 
the  endemic  pestilence.  In  1779  there  arrived  from 
Spain,  then  at  war  with  Great  Britain,  "an  army  of 
3.500  men,  which  was  immediately  decimated  by  the 
vomito."  In  1780,  during  the  month  of  August,  an 
army  of  8,000  men  was  landed  in  Havana,  which  during 
the  two  following  months  suffered  a  loss  of  about  2,000 
men  with  the  vomito.  Pezuela  records  the  fact  that  in 
1794,  in  the  garrison  and  squadron,  there  were  more  than 
1,600  victims  to  the  disease. 

The  endemicity  of  yellow  fever  in  Havana  was  fully 
established  by  the  reseaches  of  the  commission  sent  to 
that  city  in  1879,  by  the  National  Board  of  Health,  Dr. 
Chaille,  president  of  this  conuiiission.  says  in  his  elabo- 
rate report,  published  in  1881:  "Since  1761  yellow  fever 
has  prevailed  certainly  in  Havana,  and  probably  in  other 
places  in  Cuba,  every  year,  and  the  dates  of  prevalence 
recorded  iu  our  text-books  indicate  no  more  than  the 
years  of  greatest  prevalence.  The  disease  prevails  iu 
Havana,  and  in  some  other  places  in  Cuba,  not  only 
every  year,  but  also  every  month  in  the  year;  records 
iu  1837  indicate  that  at  that  ilate  the  monthly  preva- 
lence had  become  habitual  in  Havana;  the  statistics, 
solely  of  the  military  and  civil  hospitals,  prove  that 
during  the  408   mouths,    1846-79,    there  was  only  one 
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single  month  free  from  officially  recorded  cases  of  yel- 
low fever." 

The  following  tables  are  from  the  "  Prelimiuar}-  Report 
of  the  Havana  Yellow-fever  Commission  ": 

moxthlt  jlaxisirm  axd  minimum  deaths  by  yellow  fever  in 
Havana  During  the  Ten  Years  1870-79. 


Montbs. 

Janunrv  — 
February  ... 

Marcli 

April 

May 

June 


Mini- 

Maxi- 

mum. 

nuim. 

6 

33 

4 

2+ 

4 

33 

4 

37 

13 

103 

66 

378 

Months. 


July 

AUgU.«!t   . . . 

September 
October . . . 
November. 
December . 


Mini- 
mum. 


68 
70 
35 
28 
5 
9 


Maxi- 
mum. 


675 

418 
234 
185 
150 


In  no  one  of  the  ten  years  1870-79  have  there  ever  been 
fewer  deaths  than  in  the  first,  nor  more  than  in  the  sec- 
ond, column,  and  the  total  deaths  by  yellow  fever  for 
each  year  were  as  follows: 

Total  Deaths  by  Yellow  Fever  in  Havana. 


In  1870 685 

Inl871 991 

In  1872 515 

In  1873 1,244 

In  1874 1,425 


In  1875 1,001 

In  1876 1,619 

In  1877 1,374 

In  1.S78 i„5,i9 

In  1879,  to  Oct.  1st. .  1,3.53 


The  disease  continued  to  prevail  in  Havana  up  to  the 
time  of  the  occupation  of  that  city  by  the  United  States 
troops  in  1898.  According  to  Colonel  Gorgas  the  mor- 
tality during  the  month  of  October  between  the  years 
1889  and  1899  ranged  from  25  in  1899  to  2-10  in  1896 
(average  for  ten  years  66.27).  After  the  demonstration 
by  Major  Reed  and  his  associates  (1900)  that  3-ellow  fever 
is  transmitted  through  the  agency  of  mosquitoes,  Colonel 
Gorgas  (then  Major  Gorgas,  surgeon  U.S.A.)  inaugu- 
rated his  successful  campaign  again.st  infected  mosqui- 
toes, and  in  November,  1901,  was  able  to  report  that: 
"During  the  month  we  have  had  no  cases  an<l  no  deaths 
from  yellow  fever.  Last  year,  1900,  we  had  during  this 
month  214  cases  and  54  deaths.  This  year  the  last  case 
occurred  ou  September  28th,  that  is,  we  have  gone  over 
two  months  without  a  single  case  or  death  belonging  to 
Havana. "  This  record  has  been  continued  since,  and  the 
city  of  Havana  has  ceased  to  be  one  of  the  endemic  foci 
of  the  disease  under  consideration. 

The  board  for  the  study  of  yellow  fever  in  the  island 
of  Cuba  was  appointed  upon  my  recommendation  and 
received  its  instructions  from  me.  It  was  constituted  as 
follows:  Major  Walter  Heed,  surgeon  U.S.A.,  Dr.  James 
Carroll,  contract  surgeon  U.S.A.  (now  assistant  surgeon 
U.S.A.),  Dr.  A.  Agramonte,  contract  surgeon  U.S.A.,  and 
Dr.  Jes.se  W.  Lazear,  contract  surgeon  U.S.A.  The 
demonstration  that  yellow  fever  is  transmitted  by  in- 
fected mosquitoes  was  made  during  the  summer  of  1900 
and  announced  in  a  "  Preliminaiy  Note  "  read  at  the  meet- 
ing of  the  American  Public  Health  Association,  October 
22d,  1900.  The  conclusions  of  this  board  have  been  fully 
confirmed  by  the  commission  sent  by  the  French  Govern- 
ment in  1901  to  investigate  yellow  fever  in  Rio  Janeiro. 
This  commission  found  that  the  blood  serum  of  yellow- 
fever'  patients  is  virulent  up  to  the  third  day  of  the 
disease,  but  not  later.  The  virus  passes  with  the  serum 
through  a  Chamberlain  filter  (l.iougie  F).  This  is  in  ac- 
cord with  the  results  obtained  by  JIajor  Reed  and  his 
associates,  who  found  that  blood  serum  from  a  yellow- 
fever  patient,  obtained  during  the  first  three  days  of  the 
disease,  when  passed  through  a  Berkefeld  filter  still  con- 
tains the  specific  infectious  agent,  as  proved  by  succes.s- 
ful  inoculations  in  susceptible  individuals. 

These  results  are  in  accord  with  mj'  own  conclusions, 
reached  after  extended  investigations  made  iu  Cuba,  in 
Brazil,  and  in  j\Ie.\ico  (in  1878,  1887,  1888,  and  1889).  In 
my  final  report  I  say : 

"  The  specific  cause  of  yellow  fever  has  not  yet  been 
demonstrated. 

"It  is  demonstrated  that  micro-organisms  capable  of 


development  in  the  culture  media  usually  employed  by 
bacteriologists,  are  only  found  in  the  blood  and  tissues  of 
yellow-fever  cadavers  in  exceptional  cases,  when  cultures 
are  made  very  soon  after  death." 

The  inference  from  filtration  experiments  considered  in 
connection  with  the  fact  that  it  has  not  been  possible  to 
demonstrate  the  presence  of  a  specific  micro-organism  in 
tlie  virulent  blood  of  yellow-fever  patients  appears  to  be 
that  the  germ  of  yellow  fever  is  so  minute  as  to  be  ulti'a- 
microscopic. 

Yellow  fever  prevailed  almost  annually  in  some  of  tlie 
other  seaports  of  tlie  island  of  Cuba  prior  to  the  American 
occupation  of  that  island,  especially  in  Matanzas,  Cien- 
fuegos,  Santiago  de  Cuba,  and  Manzanillo. 

Vera  Cruz,  the  principal  seaport  on  the  gulf  coast  of 
Mexico,  is  also  the  principal  endemic  focirs  of  yellow 
fever  upon  this  coast.  According  to  Hinemann,  the  first 
epidemic  occurred  in  1699,  a  year  in  which  yellow  fever 
was  widely  prevalent  iu  the  West  Indies,  and  in  which 
it  prevailed  for  the  first  time  as  an  epidemic  in  the  city 
of  Philadelphia. 

The  following  table,  which  I  copy  from  a  paper  by  Dr. 
Zacarias  R.  Molina,  a  medical  officer  of  the  JNlexican  army 
who  has  for  a  number  of  years  been  on  duty  in  the  Mih- 
tary  Hospital  at  Vera  Cruz,  show.s  the  continued  preva- 
lence of  the  disease  iu  that  city  during  a  period  of  nearly 
fifteen  j-ears: 

Mortality  from  Yellow   Fever   in  the  City  of  Vera  Crcz 
FROM  JcLY,  1867,  TO  December,  1881. 


Months. 

i 

i 

i 

o* 

~3 

i 

2 

i 
1 

1 
1 

1 
7 

i 

1 
16 

i 

6 

3 

1 

January.. . 

7 

28 

Feliniary  . 

6 

2 

3 

2 

1 

5 

4 

??. 

iMarch  .... 

7 

1 

4 

4 

2 

1 

!W 

April 

31 

2 

6 

5 

3 

11 

1 

1 

1 

29 

May 

42 

19 

14 

1 

2 

29 

4 

1 

94 

June 

16 

113 

45 

19 

3 

93 

7 

.58 

1 

3.33 

July 

8 

28 

1 

71 

.53 

.59 

11 

118 

.54 

114 

'> 

1 

133 

August  .   . 

29 

21 

1 

17 

39 

,59 

24 

105 

7 

\H 

110 

1 

3 

39 

September 

;« 

21 

10 

29 

74 

7 

41 

9 

161 

62 

3 

9 

23 

( )c-toljer  . . . 

17 

9 

1 

3 

15 

11 

20 

12 

13 

K 

45 

4:^ 

25 

November 

11 

2 

2 

5 

2 

10 

11 

2 

1 

.50 

24 

92 

18 

December. 

8 

3 

2 

4 

6 

I 

6 

3 

27 

98 

4 

Totals. , . 

109 

193 

7 

10 

271 

210 

223 

79 

4aj 

34 

52S 

444 

21 

349 

675 

There  is  no  evidene  of  continued  prevalence  at  other 
towns  upon  the  Mexican  Coast,  but  epidemics,  which 
have  usually  been  traced  to  importation  from  Vera  Cruz, 
have  occurred  at  Mtitamoras,  at  Tampico,  at  Tuxpan,  at 
Campeche,  and  at  Manzanillu. 

The  gulf  coast  of  South  America,  and  especially  the 
English  and  French  settlements  iu  Guiana,  have  been 
frequently  visited  by  epidemics  of  yellow  fever,  and  it  is 
probable  that  the  disease  is  endemic  at  one  or  more  points 
upon  this  coast.  Its  epidemic  prevalence  is  recorded  for 
the  following  vears  at  Demerara :  1793-96,  1800,  1803, 
1818,  1819,  1820,  1831,  1825,  1827,  1828,  1831,  1837-39, 
1841-45,  1851-53,  1861-66  (Hirsch). 

In  Venezuela  the  disease  has  prevailed  at  the  capital, 
Caracas,  and  the  neighboring  seaport.  La  Ouayru. 

In  Central  America  epidemics  have  occurred  at  all  of 
the  principal  seaports;  Panama,  Portobello,  Belize,  Xiea- 
raflua. 

Brazil. — The  Portuguese  author  EI  hastiao  da  Rocha 
Pitti  has  given  an  account,  in  his  "  History  of  Portu- 
guese America,"  published  in  Li.sbon  in  the  year  1730,  of 
an  epidemic  malady  which  prevailed  in  Pernambuco  in 
the  year  1686,  which  very  probably  was  yellow  fever. 
This  author  says  (Book  VH. ,  p.  427  tt  seq.):  "In  the  year 
1686,  commenced  in  Pernambuco  that  terrible  plague 
(contagious  disease,  Biclia)  which  must  be  attributed  to 
the  sins  of  the  population  of  these  provinces,  corrupted 
b3'  the  vices  into  w-hich  they  were  enticed  b_y  the  wealth 
and  freedom  of  Brazil.  Many  causes  are  alleged,  the 
most  worthy  of  attention  being  the  arrival  of  some  bar- 
rels of  meat  which  returned  from  the  island  of  Sao 
Thome  (St.  Thomas).     These  were  opened  by  a  cooper. 
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who  sliortl.v  afterward  fell  dead.  Soon  after  several  per- 
sons of  his  familj-,  to  whom  he  had  conimunieated  the 
disease,  also  dietl.  Tlic  epidemic  spread  to  sueh  an  ex- 
tent among  the  inliabitants  of  Recipe  (Pi'rnambuco)  that 
the  mortality  exceeded  I  wo  tlioiisand,  which  was  very 
large  in  proportion  to  the  population.  Thence  the  dis- 
ease extended  to  OJinda  and  its  vicinity,  and  very  few 
were  the  persons  who  escaped  it.  sueh  were  its  virulence 
and  intensity."  Tlic  account  given  by  tlie  historian  of 
the  clinical  "features  of  tliis  pestilential  disease  is,  of 
course,  very  imperfect,  but  il  seems  to  justify  the  belief 
that  the  disease  was  really  yellow  fever. 

The  highest  medical  authorities  in  Brazil  agree  that 
yellow  fever  was  not  endemic  in  the  principal  seaports 
of  the  empire  prior  to  the  year  1841),  when  it  was  intro- 
duced into  the  city  of  Bahia  by  the  North  American  brig 
Brazil,  wliicli  sailed  from  New  Orleans,  where  yellow- 
fever  was  prevailing,  and  touched  at  Havana.  Two  of 
the  crew  of  this  brig  died  of  yellow  fever  during  her 
voyage  from  the  latter  jiort  to  Bahia.  Soon  after  her  ar- 
rival the  disease  made  its  appearance  among  those  who 
had  communicated  with  the  ship,  and  later  on  other 
vessels  in  the  harbor.  The  first  case  occurred  a  few  da3'S 
after  the  arrival  of  this  brig  (November  3d).  A  part  of 
her  cargo  is  said  to  have  consisted  of  little  barrels  of  beef 
which  had  become  putrid.  From  Bahia  the  disease  was 
carried  to  Rio  Janeiro,  where  during  the  epidemic  season 
of  1850  it  caused  a  mortality  of  4,160. 

According  to  Professor  Barata,  of  the  Faculty  of  Medi- 
cine of  Rio  Janeiro,  yellow  fever  continued  to  prevail  in 
Brazil  until  the  year  1861,  when  it  disappeared  for  eight 
years,  to  rea]5pear  in  1869-70,  as  the  result  of  a  fresh  im- 
portation. The  Italian  ship  Creolla  del  Plata,  which  had 
touched  at  St.  lago,  where  yellow  fever  was  prevailing, 
is  named  as  the  vessel  which  introduced  the  disease  on 
this  occasion. 

The  mortality  from  the  disease  imder  consideration  in 
the  cit}-  of  Rio  from  the  time  of  its  introduction  in  1850 
to  the  year  1886,  is  .shown  by  the  following  table; 


1850 

Mortality 
4.160 

1851 

475 

185a 

1853 

1.943 

a53 

1851 

21 

1855 

0 

185B 

0 

18.57 

ia58 

1.425 

800 

1859 

500 

1860 

1861 

18C2  . . .  . 

ISfa 

1864 

1.249 

.     247 

12 
0 

0 

1865      . . . 

0 

1866 

0 

1867 

U 

1868 

0 

1S70  . 
1871  . 
1872. 
1873. 
1874  . 
1875. 
1876. 
1877  . 
1878. 
1879  . 
1880. 
1881  . 
1882. 
1883. 
1884. 
1885  . 
1886. 


Mortality. 
, . . .  274 
....  1,117 


102 
,659 
829 
,292 
,317 
282 
,174 
974 
,4.33 
219 
ft5 
,338 
618 
278 
,397 


In  18.55  yellow  fever  is  said,  by  Ilirsch,  to  have  pre- 
vailed extensively  in  Brazil,  although  this  was  not  an 
epidemic  year  in  Rio  Janeiro.  Tlie  following  year  it  ex- 
tended along  the  Amazon  far  into  the  interior  of  the 
country.  The  years  of  greatest  epidemic  prevalence 
since  that  date  have  been  1859-60,  1862,  1869-70,  1872- 
73,  1875-77  (Hirsch). 

From  Brazilian  ports  the  disease  has  occasionally  been 
introduced  into  the  cities  at  the  mouth  of  the  Rio  de  la 
Plata,  and  has  there  caused  great  loss  of  life.  The  first 
epidemic  at  Montevideo  was  in  1857,  and  it  was  again 
introduced  into  this  city,  from  Pernambuco,  in  1872.  It 
prevailed  in  the  city  of  Buenos  A/jres  in  1858  and  in  1870. 

Yellow  fever  is  said  to  have  been  conveyed  to  the 
Pacific  coast  of  South  America  by  a  party  of  German 
emigrants,  who  landed  at  Callao,  Pent,  iii  1854.  The 
disease  spread  from  this  port  to  the  capital,  and  in  the 
course  of  the  next  two  or  three  j'cars  to  the  principal 
towns  upon  the  Peruvian  coast,  where  it  continued  to 
prevail  up  to  the  year  1869. 

C/iili,  up  to  the  present  time,  has  remained  exempt 
from  the  disease  (Hirsch). 


Ujion  tlic  M'est  Coast  of  Africa  the  headquarters  of 
yellow  fever  is  that  portion  of  the  coast  which  belongs 
to  the  province  of  Sierra  Leone,  and  epidemics  at  other 
points  iipon  the  African  coast  have  frequently  been 
traced  to  this  locality.  It  seems  very  doubtful,  how- 
ever, whether,  as  some  authors  suppose,  this  is  really  the 
oi-iginal  source  of  the  disease.  The  French  authors 
Berenger-Feraud  and  Bourru  both  call  attention  to  the 
fact  tliat  we  have  no  account  of  the  disease  prior  to  the 
year  1778,  although  tlie  African  coast  was  discovered 
and  colonized  long  before  the  discovery  of  the  West  In- 
dies; and  that,  on  the  other  hand,  the  early  settlers  in 
tliese  islands  suttercil  from  a  pestilential  malady  which 
very  probably  was  yellow  fever. 

At  St.  Louis  (Senegal)  an  epidemic  occurred  in  1778, 
and  this  is  the  first  outbreak  of  the  disease  of  which  we 
have  any  reliable  information  in  this  portion  of  the 
world.  The  disease  in  this  instance  is  said  by  Schotte  to 
have  been  iiiiporled  from  Sieri-a  Leone,  where  epidemics 
are  recorded  to  have  occurred  during  the  past  century  in 
1816,  1823,  1825,  1829-30,  1837-39,  1845-47,  1859,  1862, 
1864,  1865-66,  1868,  1878  (?)  (Hirsch).  Frequent  epi- 
demics linve  also  occurred  at  Senegambia,  and  the  disease 
has  prevailed  upon  the  Gold  Coast  (1852,  1857.  1862),  the 
Conr/o  Coast  (1816,  1860,  1862,  1865),  at  the  Cape  Verde 
Islands  (lSi5,  1862,  1868),  and  the  Canary  Islands  {1701, 
1771,  IblO,  1846,  1863). 

In  Europe  the  ravages  of  yellow  fever  have  been  re- 
stricted mainly  to  the  Iberian  peninsula.  This  is  due,  no 
doubt,  to  the  frequent  intercourse  between  Spain  and 
Portugal  and  the  West  Indian  ports,  in  which  the  disease 
is  most  prevalent,  and  to  the  fact  that  the  summer  tem- 
perature of  these  countries  is  favorable  for  the  epidemic 
extension  of  the  disease;  whereas  the  more  northern  por- 
tions of  Europe  are  practically  outside  of  the  j-ellow- 
fever  zone. 

The  first  epidemic  in  Spain  occurred  in  the  year  1700, 
at  Cadiz.  This  city  also  suffered  in  1730-31,  1733-34, 
1764,  1780,  1800,  1804,  1810,  1819-21.  The  epidemics  of 
1800,  1810,  and  1819  were  not  limited  to  the  city  of 
Cadiz,  but  the  disease  extended  to  the  interior  and 
caused  a  considerable  lo.ss  of  life  in  the  provinces  of 
Granada  and  Andalusia,  and  also  in  some  of  the  townsof 
Mureia  and  Catalonia — especially  in  Barcelona,  from 
which  city  the  disease  was  conveyed  to  the  island  of 
Majorca  during  the  last  epidemic.  No  widespread  epi- 
demic has  occurred  in  Spain  .since  1821,  btit  local  out- 
breaks, as  a  result  of  importation  from  the  West  Indies, 
have  occurred  in  Gibraltar  (1828),  Barcelona  (1870),  and 
Madrid  (1878). 

The  first  epidemic  at  Lisbon  was  in  1723,  a  second  was 
inaugurated  in  1856,  and  during  the  following  year 
developed  into  a  devastating  scourge  which  extended  to 
the  towns  of  Belem,  Olivacs,  and  Almada. 

In  Itali/  yellow  fever  has  only  once  effected  a  tem- 
porary lodgment^at  Leghorn,  in  1804,  into  which  city  it 
was  imported  from  Spain. 

Ships  with  yellow  fever  on  board  have  occasionally 
arrived  at  English  and  French  ports,  but  local  conditions 
have  apparently  not  been  favorable  to  an  extension  of  the 
disease,  except  to  a  limited  extent  at  Brest,  in  1856,  at 
St.  Nazaire,  in  1861,  and  at  Swansea  (Wales),  in  1864. 

Ba/iama.  Islantls. — Yellow  fever  prevailed  as  an  epi- 
demic at  Nassau  in  1861,  1862,  1863,  and  in  1869. 

According  to  Hirsch,  vellow  fever  prevailed,  to  a 
limited  exttnit,  at  Halifax  "(latitude  44°  26),  in  1861,  and 
at  Quebec  (latitude  46°  .50),  in  1805. 

Peevalence  of  Yellow  Fever  in  the  United 
St.\tes. — Sete  Hampshire.  —  Portsmouth  is  the  most 
northern  point  in  the  ignited  States  which  has  suffered  an 
epidemic  of  yellow  fever.  In  1798.  and  again  in  1802, 
during  which  year  the  disease  was  epidemic  in  New'  York 
and  in  Philadelphia,  it  was  also  epidemic  in  this  city. 

Man-iachitselts.  —  In  1693  an  English  expedition  sailed 
from  Boston  for  the  purpose  of  taking  from  the  French 
the  island  of  Martinique.  The  expedition  failed  in  its 
object  and  returned  to  Boston  on  .June  17tli,  with  yellow 
fever  on  board  the  vessels  of  the  fleet.     Hutchinson,  in 
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his  "Histoiy  of  Ma-ssachiisetls  Bay,"  says  the  mortality 
among  tlie  sailors  liad  bceu  1,300,  out  of  a  total  strength 
of  2,lOO.  aud  that  out  of  the  same  number  of  soldiers  the 
loss  was  1,800.  He  states  that  the  disease  spread  from 
tlie  fleet  to  the  town,  and  that  manj-  families  left  town 
and  resided  in  the  countrj'  until  the  infection  had  ceased. 
This  is  the  tirst  authentic  account  of  tlic  occurrence  of 
yellow  fever  within  the  present  limits  of  the  United 
States.  In  1T96  the  disease  prevailed  to  a  limited  e.xtent 
ill  Boston  an<i  in  Newburyport.  In  1T98  it  prevailed  as 
an  epidemic  in  Boston,  where  the  mortality  was  200,  and, 
iu  1802.  60  fatal  cases  occurred  in  the  same  citj'.  Some 
cases  also  occurred  in  the  years  1800.  1819,  and  1858. 

Rhode  Ishnnl. — The  citv  of  Providence  was  several 
times  visited  by  yellow  fever  during  the  latter  part  of 
the  eighteenth  and  the  beginning  of  the  last  century 
—1794,  1795  (mortality  45),  1797  (mortality  45),  1800, 
1805.  The  di.sease  prevailed  at  Newport  in  "l 798,  and  at 
Bristol  in  1797. 

CfjnnecUcnl. — The  disease  prevailed  at  New  London  in 
1795,  and  again  in  1798,  when  the  mortality  was  81. 
Hirsch  records  the  occurrence  of  the  disease  at  New 
Haven  in  1743,  1794,  and  1805;  at  Middletown  in  1820; 
at  Chatham  in  1791),  and  at  Hartford  in  1799. 

Xt'ir  York. — Epidemics  of  greater  or  lesse.xtent  have 
occurred  in  New  York  Citv  and  its  immediate  vicinity  in 
1693,  1702,  1743  (mortality  217),  1745,  1762,  1791,  1794, 
1795  (mortality  730),  1798  (mortality  2,080),  1799  (mor- 
tality 76),  1800,  1801,  1803  (niortalit'v  700),  1805  (mortal- 
ity 340),  1809,  1819,  1822  (mortality  230),  1848,  1853, 
1854,  1856,  1870  (mortality  49). 

Kew  Jcrsei/.  —  Hirsch  records  the  following  local  epi- 
demics: Bridgetown,  1798,  Chews,  1798,  Woodbury, 
1798,  Perth  Amboy,  1811. 

Peiiiisi/iairiiii. — According  to  La  Roche  "the  earliest 
onset  of  the  disease  occuried  in  1699,  when  Pliiladeljihia, 
then  but  seventeen  years  of  age,  was  little  more  in  point 
of  extent  than  an  ordinary  country  town."  There  are  no 
medical  accounts  of  this  epidemic,  but  there  is  no  doubt 
as  to  the  nature  of  the  disease,  which  caused  a  mortality 
of  220  in  the  new  city,  estimated  to  have  contained  less 
than  four  thousand  inhabitants.  The  ne.\t  epidemic  in 
Philadelphia  occurred  in  1741,  when  the  mortality  was 
250.  Subsequent  epidemics  occurred  in  1747,  1762,  1793 
(mortality  4,041),  1794,  1797(mortalitv  1,300),  1798  (mor- 
tality 3,500),  1799  (mortality  1.000),  1802  (mortality  307). 
1803"  (mortality  195),  180.'i  ('mortality  400).  1819,  1820 
(mortality  83),"l853  (mortality  128),  1870  (mortality  18). 

l)el(iiriiir. — In  the  epidemic  of  1798  the  city  of  Wil- 
mington suiTered  a  loss  of  250. 

Min-yland. — Epidemics,  for  the  most  part  of  limited 
extent,  have  occurred  in  Baltimore  in  the  years  1788, 
1794,  1797,  1798,  1799,  1800,  1802,  1819,  1820,  1821,  1822, 
1868,  1876. 

Virginid. — At  Norfolk  epidemics  are  recorded  as  fol- 
lows: 1737,  1741,  1794,  1795,  1797,  1799,  1800  (mortality 
250),  1801,  1821,  1826,  1855  (mortality  1,807).  An  epi- 
demic occurred  at  Petersburg  in  1798,  and  at  Alexandria 
in  1803.  At  Portsmouth  the  disease  prevailed  in  1852, 
1854,  and  1855  (mortality  1,000). 

North  6V(/vV(-;i</.  — Wifmington,  1796,  1800,  1831,  1862 
(mortality  446);  Newbern,  1799,  1864  (mortality  700); 
Beaufort;  1854,  1864  (mortality  68),  1871;  Washington, 
1800;  Smithville,  1862. 

.Soiitlt  Caroliiiii. — The  first  epidemic,  of  which  we  have 
any  account,  in  Charleston,  occuried  in  1693;  from  this 
time  epidemics  have  been  numerous,  and  during  the  first 
half  of  the  present  century  the  physicians  of  Charleston 
generally  considered  the  disease  endemic  in  that  city. 
That  it  was  not  seems  to  be  demonstrated  by  the  immu- 
nity enjoyed  since  1871,  an  immunity  which  is  probably 
due  to  the  diminished  commerce  with  infected  ports  in 
the  West  Indies,  and  to  a  more  efficient  quarantine  .ser- 
vice, since  the  fact  has  been  recognized  that  the  disease  is 
not  endemic. 

The  prevalence  of  yellow  fever  in  Charleston,  during 
the  past  century,  is  shown  in  the  following  table;  re- 
corded epidemics,  prior  to  the  year  1800,  are  as  follows : 


1693,  1699,  1700,  1703,  1728,  1733,  1734,  1739,  1745,  1748, 
17.53,  1755,  1761,  1762,  1768,  1770,  1792,  1794,  1795,  1796, 
1797,  1798,  1799  (mortality  239).  An  epidemic  occurred 
among  the  troojis  stationed  at  Hilton  Head  in  1862 ;  Porti 
Royal,  1877  (mortality  35). 

Georgia. — At  Savannah  epidemics  are  recorded  in  the 
years  1800,  1807,  1808,  1817,  1819,  1820,  1827,  1853,  1853, 
1854  (mortality  580),  18.58,  1876:  at  St.  iMary's  iu  1808 
(mortality  84),  and  in  1854;  at  Augusta  in  1839  and  1854; 
at  Bainbfidge  in  1873;  Brunswick,  1876,  1893. 
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coLA.  FLA..  Mobile,  Ala.,  New  Orleans,  La.,  and  Galveston, 
Texas.  Dcrixg  the  Past  Ce.xtury. 
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*  Number  of  deaths  not  stated. 

Florida. — The  principal  seaport,  Pensacola,  has  suffered 
frequent  epidemics  of  yellow  fever.  Those  which  oc- 
curred during  the  past  century  are  included  in  the  table 
given  above.  Two  epidemics  are  recorded  as  liaving  oc- 
curred prior  to  the  year  1800—1764  and  1765.  At  St. 
Augustine  epidemics  occurred  in  1807,  1831,  1838,  1839, 
and  1841;  at  Key  West  in  1823,  1839,  1841,  1862,  1867, 
1875,  1878,  1887,  1899;  at  Jacksonville  in  1857,  1877,  and 
1888;  at  Fernandina  in  1877  (mortality  498);  at  Tampa 
iu  1839,  18-53,  1871,  1887,  1888;  at  Miami,  1899. 

AlabaiiKi. — The  recorded  epidemics  in  ^Mobile,  prior  to 
the  year  1800,  were  in  1705,  1765,  and  1766;  subsequent 
c|iid'emics  are  included  in  the  table.  Montgomery,  18.53 
(mortality  35),  1854  (mortality  45),  1855  (mortality  30), 
1873  (mortality  102);  Selma,  1853  (mortality  32);  Flor- 
ence, 1878. 

Mississijypi. — The  town  of  Biloxi,  on  the  gulf,  has  suf- 
fered from  epidemics  as  follows:  1703,  1839,  1847,  1853, 
18.58.  1878,  1884,  1897:'  Pascagoula,  1847,  1833,  1875, 
1878;  Port  Gibson,  1878;  Shieldsborough,  1820,  1839, 
1839;  Port  Adams,  1839,  1853;  Grand  Gulf.  18.53;  Nat-- 
Chez,  on  the  Mississippi  River,  1817,  1819  (mortality  180), 
1833  (mortalitv  312).  1825  (mortality  150),  1827,  1839 
(mortality  90),'l837  (mortality  280),  1839  (mortality  235), 
1848,  1853,  1855.  18.58;  Vicksburg,  1839,  1841,  1847,  1853, 
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1855,  1858,  1871,  1873,  1878  (mortality  873):  Jackson, 
1853,  1854,  1878  (mortiility  86),  1898;  Holly  Springs,  1878 
(niorfalitv  309):  Grecnvifk'.  1878  (mortality  301):  Grena- 
da, 1878 "(mortality  320):  Canton,  1878  (mortality  180). 
Our  record  does  "not  include  numerous  smaller  places 
which  sutTered  during  the  epidemic  of  1878,  Ocean 
Springs.  1897,  Edwards,  1897. 

Lduisiiind. — The  first  recorded  epidemic  in  New  Or- 
leans was  in  the  year  1769:  other  outbreaks  prior  to 
the  last  century  were  in  1791,  1793,  1794,  1795,  1796, 
1797,  1799.  The  prevalence  of  the  disease  in  this  city 
subsequent  to  the  year  1800  is  given  in  the  table.  Baton 
Rouge,  1817,  1819,  1822.  1827,  1829,  1837,  1843.  1847, 
1853,  1858,  1878  (mortality  193),  1898,  1899;  Opelousas, 
1837,  1839,  1842,  1853;  St."  Francisville,  1811,  1817,  1819, 
1823  1827,  1829,  1839,  1843,  1840,  1848,  1853:  Shreve- 
port,'  1853,  1873(niortalitv  759):  Port  Hud.sou,  1839,  1841, 
1843,  1853,  1878;  Thibodeau.x,  1846.  1853,  1854,  1878; 
Washington,  1837,  1839,  1852,  1853.  1854.  1867;  Morgan 
Cit_y,  1878  (mortality  109).  Numerous  smaller  places 
durins;  the  epidemic's  of  1873  and  of  1878;  Franklin, 
1898,  Alexandria,  1898. 

Texas. — The  epidemics  at  Galveston  are  included  in 
our  table.  Houston,  1839,  1844,  1847,  1848,  1853.  1854, 
1858,  1859,  1864,  1867.  1870;  Hunlsville,  1867  (mortality 
130);  Hempstead,  1867  (mortality  151);  Indianola,  1852, 
1853,  1858,  1859,  1862,  1867  (mo"rtalitv  80);  La  Grange, 
1867  (mortality  200);  Jlatagonla,  1802  (mortality  120); 
Navazota,  186""  (mortality  154);  Rio  Grande  City,  1867 
(mortality  150):  Victoria,  1867 (mortality  200);  Br'enham. 
1867  (mortality  120):  Calvert.  1867  (mortality  2.50); 
Chapel  Hill.  1867  (mortality  123);  Columbia,  1867  (mor- 
tality 132);  Brownsville,  1853,  1858,  1862,  1882;  Laredo, 
1903'. 

Tennessee— Memphis.  1828,  1853,  1855,  1867,  1873 
(mortality  1,244),  1878  (mortality  5,000).  1879  (mortality 
485);  Chattanooga,  1878  (mortality  135);  Brownsville, 
1878  (mortality  213) ;  numerous  smaller  towns  in  1878. 

.■!(*/;/.?«.*.— Columbia,  1853;  Fort  Smith,  1823,  Little 
Rock.  1873.  Napoleon,  18.53. 

Kentucky. — Bowling  Green,  1878;  Hickman,  1878 
(mortality  1.53);  Louisville.  1878  (mortality  64). 

C»/H:o.^Cincinnati,  1871,  1873,  1878  (mortality  17); 
Gallipolis,  1796,  1878  (mortality  18). 

Illinois.— Cairo,  1873  (mortality  17),  1878  (mortality 
51). 

Missouri. — St.  Louis,  18.54,  1855,  1878  (mortality  16j; 
New  Design,  1797  (mortality  57). 

Oreiif  Epidemics  in  the  United  States.  1793.— The  city 
of  Philadelphia,  after  enjoying  an  immunity  from  yellow 
fever  for  tliirt3--one  years,  sufl'ered  in  1793  a  devastating 
epidemic.  This  epidemic,  no  doubt,  resulted  from  im- 
portjition,  although  a  clear  history  of  its  introduction 
■was  not  made  out  at  the  time,  and  the  leading  physicians 
of  the  city  were  inclined  to  attribute  it  to  local  origin,  as 
a  result  of  unsanitary  conditions  in  connection  with  an 
unusually  high  temperature.  La  Roche  says:  "Dr.  Rush 
and  others  laid  great  stress  on  a  quantity  of  damaged 
coffee  wliicli  was  exposed,  during  the  latter  part  of  July, 
in  a  place  (on  a  wharf  and  in  the  adjoining  dock)  and 
under  circumstances  which  favored  decomposition.  Its 
smell  was  highly  putrid  and  offensive,  insomuch  that  the 
inhabitants  of  the  houses  in  Water  and  Front  streets, 
who  were  near  to  it,  were  obliged  in  the  hottest  weather 
to  exclude  it  by  shutting  the  doors  and  windows.  Even 
persons  who  only  walked  along  those  streets  complained 
of  intolerable  fetor,  which,  upon  inquiry,  was  constantly 
traced  to  the  putrid  coffee." 

As  usual,  the  early  cases  were  not  recognized  as  yel- 
low fever.  Dr.  Rush  saj-s :  "  The  report  of  a  malignant 
and  fatal  fever  being  in  town  spread  in  every  direction, 
but  it  did  not  gain  universal  credit.  Some  of  those 
physicians  who  had  not  seen  patients  in  it  denied  that 
any  such  fever  existed,  and  asserted  (though  its  mortal- 
ity was  not  denied)  that  it  was  nothing  Init  the  common 
annual  remittent  of  the  city.  Many  of  the  citizens 
joined  the  physicians  in  endeavoring  to  discredit  the  ac- 
count I  had  given  of  this  fever,  and,  for  a  while,  it  was 


treated  witli  ridicule  or  contempt.  Indignation  in  some 
instances  was  exerted  against  me."  History  has  repeated 
itself,  in  this  particular,  many  times  in  subsequent  epi- 
demics. The  eaily  cases,  even  in  cities  like  New  Or 
leans,  where  the  physicians  are  well  aequainteil  with  the 
disease,  are  frequently  called  by  some  other  name — 
"bilious  fever,"  "pernicious  fever,"  "malarial  fever," 
etc. — and  the  physician  Avho  first  ventures  to  name  the 
prevailing  disease  "yellow  fever"  is  treated  with  ridicule 
or  with  indignation. 

It  was  not  until  the  middle  of  August  that  a  rapid  suc- 
cession of  fatal  eases  convinced  the  physicians  of  the 
citj'  that  the  fatal  AVest  Indian  pestilence  was  again  pres- 
ent in  Philadeli)hia. 

The  i>re.seuee  of  the  disease  was  officially  recognized 
on  the  22d  of  August,  when  the  mayor  of  the  city  gave 
orders  for  the  cleaning  of  streets  and  general  purification 
of  the  city.  The  disease  continued  to  extend  until  early 
in  October,  when  it  reached  its  height.  It  did  not  cease 
entirely  until  about  the  8th  of  November.  During  this 
short  season  of  prevalence  it  caused  an  enormous  mortal- 
ity, distributed  as  follows:  "August,  325;  September, 
1,"442:  OcbOber,  1,976;  November,  118"  (La  Roche). 

The  population  of  the  city  at  this  time  is  estimated  to 
have  been  a  little  more  than  40,000,  which  gives  a  mor- 
tality of  ten  per  cent,  of  the  total  population  (total  mor- 
tality 4.040).  As  more  than  12,000  of  the  inhabitants 
fled  from  the  city,  the  projiortion  of  those  who  were  at- 
tacked is  very  great.  La  Roche  estimates  the  total  num- 
ber of  cases  at  11.000. 

1797. — The  epidemic  of  this  j'ear  in  the  city  of  Phila- 
delphia was  less  extended  and  less  fatal.  The  whole 
number  of  deaths  is  estimated  to  have  been  about  1,300. 
The  disease,  as  usual,  commenced  in  the  vicinity  of  the 
wharves  (about  the  end  of  July).  Unsanitary  conditions, 
described  1)}'  physicians  who  were  witnesses  of  the  epi- 
demic, furnished  the  favorable  local  nidus  for  the  exotic 
germ,  wliich,  according  to  a  report  of  the  College  of 
Physicians  of  Philadelphia  made  in  response  to  a  request 
from  the  goyernor.  was  imported  by  two  vessels,  one 
from  Havanaand  the  other  from  Port  an  Prince.  In  this 
report  tlie  College  of  Physicians,  contrary  to  the  prevail- 
ing pop\ilar  opinion  and  that  of  many  prominent  physi- 
cians, took  the  ground  that  the  unsanitary  local  con- 
ditions were  simply  secondary  or  accessory  causes,  and 
recommended  "a  more  stringent  system  of  quarantine 
regulations,  as  the  most  effectual  means  of  preventing 
the  reciu'rence  of  the  disease  "  (La  Roclie). 

1798. — The  epidemic  of  1797  was  followed  the  next 
j'car  by  a  still  greater  one,  which  was  not  c<mtined  to  the 
city  of  Philadelphia  alone.  The  disease  prevailed  also 
in  Boston  (mortality  200),  in  Portsmouth,  N.  H.  (mortal- 
ity 100),  in  Newport.  R.  I.  (mortality  2),  in  New  Lon- 
don. Conn,  (mortality  81),  in  New  York  (mortality  2,080), 
in  Wilmington,  Del.  (mortality  2.50),  and  in  Charleston, 
S.  C.  The  mortality  in  Pliiladelphia  was  3,645,  distrib- 
uted as  follows;  August,  626;  September,  3,004;  Octo- 
ber, 943;  November  (from  the  1st  to  the  5th),  72.  The 
mortality,  in  proportion  to  the  nundier  of  eases,  in  the 
city  of  Philadelphia,  was  enormous,  being,  according  to 
La  Roche,  about  as  1  to  1.27  of  those  attacked,  or  nearly 
eighty  per  cent.  This  is  accounted  for  partly  by  the  fact 
that  the  better  classes  of  the  community  left  the  city  as 
soon  as  po.ssible  after  the  outbreak  of  the  disease,  and 
the  cases  which  occurred  were  consequently  among  the 
poorer  classes,  who  inhabited  the  worst  portions  of  the 
city.  The  prevailing  ideas  as  to  the  treatment  of  fevers 
by  depleting  measures,  were  doubtless  responsible  to 
some  extent  for  the  excessive  mortalit_y.  "TheC'oUege 
of  Physicians,  faithful  to  the  tlieoiy  so  long  entertained 
by  it  in  relation  to  the  cause  of  the  disease,  assigned  to 
the  epidemic  this  year,  as  it  had  done  to  (hose  of  preced- 
ing seasons,  a  foreign  origin  "  (La  Roche). 

1802. — An  epidemic  of  smaller  jiroportions  prevailed 
in  the  year  1802,  causing  a  mortality  in  Boston  of  60.  in 
Philadelphia  of  307,  in  Wilmington  of  86,  in  Charleston 
of  96.  The  disease  also  prevailed  "extensively"  in  Bal- 
timore, but  no  record  of  mortality  is  given.     The  preva 
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knice  of  tbe  disease  at  tlie  seaports  mentioned,  especially 
before  the  time  of  railroad  commuuieation,  is  not  to  be 
ascribed  to  an  extension  from  one  to  tlie  others,  or  to  "an 
epidemic  constitution  of  the  atmosphere  "  :  but  it  doubt- 
less occurred,  for  the  most  part,  as  a  result  of  indejiend- 
ent  importation  from  the  usual  source  of  the  disease — the 
West  Indies.  Thus  we  find  that  in  1802,  while  Boston 
and  Philadelphia  suffered  ejjidemics,  New  York,  lying 
between  the  two  infected  points,  was  free  from  the  dis- 
ease (two  cases  only  are  reported). 

1853. — Passing  over  the  minor  epidemics,  for  the  most 
part  limited  to  a  single  city,  or  by  coincidence  merely  to 
two  or  more  distant  seaports,  we  come  to  the  epidemic  of 
1853,  which  extended  through  portions  of  the  States  of 
Florida,  Alabama,  Louisiana,  Mississippi,  Arkansas,  and 
Texas.  The  towns  which  suffered  in  Florida  were  Pen- 
sacola,  Milton,  and  Tampa.  lu  Alalmma,  Mobile  {mor- 
tality 115),  Cahawba,  Citrouelle,  Demopolis,  Fulton, 
Hollywood,  Montgomery  (mortality  35),  Selma  (mortality 
82),  were  the  principal  towns  visited  by  the  scourge.  In 
Lmiiftiana  the  disease  prevailed  at  New  Oilcans,  with  a 
mortality  of  7,970,  at  Alexandria,  Algiers,  Bay  St.  Louis, 
Bayou  Sara,  Centreville,  Clinton,  Coultierville,  Franklin, 
Opelousas,  Pattersonville,  Plaquemine,  Shreveport,  Thi- 
bodeaux,  Trenton,  Washington,  and  various  smaller- 
places.  In  Mhsimppi,  Biloxi,  Brandon,  Clinton,  Grand 
Gulf,  Greenwood,  Jackson,  Natchez,  Pascagoula,  Pass 
Christian,  Port  Gibson,  Washington,  Woodville,  Yazoo. 
In  Arkansas,  Columbia,  Grand  Lake,  Napoleon.  lu 
Texas,  Brownsville,  Cypress  City,  Galveston,  Hockley, 
Houston,  Indianola,  Liverpool,  Richmond,  Saluria. 

1867. — -The  epidemic  of  this  j-ear  was  widely  extended 
in  the  State  of  Texas.  The  first  recognized  case  in  New 
Orleans  occurred  on  the  10th  of  June.  The  total  mortal- 
ity in  this  city  was  3, 093.  Other  towns  visited  in  Louis- 
iana were  New  Iberia  and  Opelousas.  In  Texas  the  first 
cases  occurred  at  Galveston  on  the  26th  of  June,  and  the 
total  mortality  in  this  city  was  1,150.  Other  places 
visited  by  the  epidemic  were  AUeyton,  Anderson,  Aus- 
tin, Bastrop,  Brenham,  Calvert  (mortality  3.50),  Chapel 
Hill  (mortality  123),  Corpus  Christi,  Danville,  Goliad, 
Hempstead  (mortality  151).  Hunlsville  (mortality  130), 
Independence,  Indiauola  (mortality  80),  La  Grange  (mor- 
tality 200),  Liberty,  Millican,  "Navazota  (mortality 
154),  Oldtown,  Port  Lavacca,  Ri<j  Grande  City  (mortal- 
ity 150),  Victoria  (mortality  200). 

1873. — Florida.  Alabama,  Jlissis-sippi,  Louisiana,  and 
Texas  again  suffered  from  an  epidemic  of  yellow  fever 
in  the  year  1873.  At  Pensacola,  Fa.,  the  first  recorded 
cases  occurred  August  6th,  and  the  total  mortality  was 
61.  In  Alahamn  tiie  disease  appeared  at  Mobile  on  the 
21st  of  August,  and  the  total  mortality  was  but  37; 
Montgomery  suffered  a  loss  of  103.  In  Louisiana  the 
mortality  in  the  city  of  New  Orleans  was  only  225,  al- 
though the  epidemic  had  its  origin  in  this  city.  It  was 
imported  by  the  Spanish  bark  Valparaiso,  which  sailed 
from  Havana,  June  15th,  in  l)allast;  arrived  at  the  New 
Orleans  quarantine  station  June  24th  ;  was  detained  two 
days,  and  came  to  the  city  June  36th.  The  first  case 
w-as  the  mate  of  this  vessel,  wlio  was  taken  sick  on  board 
July  4th,  while  she  was  lying  at  the  wharf.  But  for  the 
sickness  and  death  of  the  mate  of  the  Valparaiso,  the 
origin  of  this  epidemic  would  have  remained  obscure, 
and  the  believers  in  the  local  origin  of  the  disease  would 
have  had  a  strong  case,  for  no  other  cases  of  the  disease 
occurred  on  tlie  Valparaiso.  This  is  explained  l)y  the 
fact  that  the  crew  consisted  of  acclimated  Spaniards,  and 
the  mate  seems  to  have  been  the  only  susceptible  person 
on  board  who  cotdd  serve  as  a  test  of  the  infection  of  the 
vessel  at  her  port  of  departure.  From  New  Orleans  the 
disease  was  carried  to  Memphis  by  the  river  steamer  Bee. 
It  caused  a  mortality  in  tliis  city  of  3,000.  River  steam- 
ers from  New  Orleans  also  carried  tlie  disease  to  Shreve- 
port, La.,  where  the  mortality  was  759.  From 
Shreveport  a  refugee  fled  to  the  town  of  Calvert,  Texas, 
where  he  was  taken  sick  and  died :  an  epidemic  followed 
with  a  total  mortality  of  125.  The  disease  was  also  in- 
troduced by  refugees   to  the  town  of  Marshall,  Texas, 


where  36  deaths  occurred.  The  epidemic  of  this  year  at 
Pensacola,  Fla.,  was  due  to  an  independent  importation, 
by  the  ship  Golden  Dream,  and  Montgomery,  Ala., 
became  infected  through  refugees  from  Pensacola. 

1878, — The  last  extensive  epidemic  of  yellow  fever  in 
the  United  States  is  that  of  1878,  which  invaded  132 
towns,  and  caused  a  mortalitj'  of  15,934,  out  of  a  total 
number  of  cases  exceeding  74,000. 

The  origin  of  this  epidemic  was  traced  by  the  president 
of  the  Louisiana  State  Board  of  Health  (Chopin)  to  the 
steamer  Emily  B.  iSovder,  wliich  arrived  from  Havana 
May  33d,  and  was  moored  at  the  foot  of  Calliope  Street, 
New  Orleans.  Dr.  Chopin  says:  "The  first  cases  of  yel- 
low fever  in  New  Orleans  in  1878  were,  undoubtedly, 
two  of  the  officers  of  the  above  steamship,  namelj', 
Clarke,  the  purser,  and  Elliott,  one  of  the  engineers. 
Infected  centres  were  developed  in  the  vicinity  of  the 
houses  in  wliich  these  men  were  sick,  but  not  until  after 
an  interval  of  several  weeks,  during  which,  probably 
owing  to  unfavorable  conditions  as  to  temperature,  the 
'  germs '  remained  dormant,  or  at  least  multiplied  so 
slowly  as  not  to  cause  an  outbreak  of  the  disease." 

Fortunately,  this  great  epidemic  has  been  carefully 
studied  by  a  "Board  of  Experts,  authorized  by  Con- 
gress." anil  we  have  a  very  coiiiplete  liistory  of  its  geo- 
graphical extension,  and  of  the  deadly  results  which 
marked  its  course.  The  following  data  are  from  the 
report  of  this  "  Board  of  Experts." 

Loiii,<tiaiia. — New  Orleans  mortality,  4,600;  Alleniands 
Station,  17;  Baton  Rouge,  193;  Ba3'ou  Cypre,  7;  Ber- 
wick Citv,  7;  Buras  Settlement,  3;  Clinton,  15;  Delhi, 
34;  Delta,  47;  Donaldsonville,  71;  Gretna,  53;  Ham- 
mond, 5;  Henderson,  18;  Houma,  6;  Jesuits  Bend,  2; 
Labadieville,  34;  La  Fourche,  36;  Lagonda  and  other 
plantations,  43 ;  Morgan  City,  100 ;  Napoleonville,  8 ; 
Paincourtville,  15;  Pattersonville,  47;  Pilot  Town,  17; 
Plaquemine,  135  ;  Ponchatoula,  3;  Port  Eads,  13;  Port 
Hudson,  11;  St.  Bernard  Parish,  7;  Tangipahoa,  50; 
Thibodeaux,  65;  Teche  Country  plantations,  81. 

Tennessee. — Bartlett.  9;  Brownsville,  313;  Chattanoo- 
ga, 135;  Colliersville,  56;  Germantown,  35;  Grand  Junc- 
tion, 74;  La  Grange,  37;  Martin,  40;  Mason,  34;  Mem- 
phis, 5,000;  Milan,  12;  Moscow,  35;  Nashville,  6  (all 
imported  cases) ;  Paris  and  suburbs,  23;  Somerville,  57; 
White  Station,  .50;  Williston,  11. 

Ahdxima. — Decatur,  44;  Florence,  50;  Huntsville,  13; 
Leigliton,  1;  Mobile,  90;  Stevenson,  6;  Town  Creek,  4; 
Tuscaloosa,  3;  Tuscumbia,  31. 

Missi-isippi. — Bay  St.  Louis,  82;  Benton,  1;  Biloxi,  45; 
Bolou,  34;  Bovina,  7;  Brown's  plantations,  4;  Canton, 
180;  Vicinity  of  Canton,  47;  Dry  Grove,  41;  Friar's 
Point,  7;  Gainsville,  3;  Goodrich  Landing,  13;  Green- 
ville, 301;  Grenada  and  vicinity,  343;  Horn  Lake,  2; 
Handsboro,  16;  Hernando,  80;  Holly  Springs.  309 ;  luka, 
3;  Jackson,  86:  Lake,  86;  Lebanon,  10;  Livingston,  10; 
McComb  City,  21;  Meridian,  91;  Mississippi  City,  15; 
Ocean  Springs,  30 :  Osyka,  45;  Pass  Christian,  23;  Pearl- 
ingtou,  34;  Port  Gibson,  115;  Country  about  Port  Gib- 
son, 1.50;  Refuge  Landing,  11;  Rocky  Springs,  38. 
Scranton.  30;  Stoneville,  io;  Spring  Hill.  6;  Slilphur 
Springs,  5;  Senatobia,  7;  Terrene,  4;  Vicksburg,  873; 
Vicinity  of  Vicksburg,  300 ;  Water  Valley,  64 ;  Winona, 
3;  Winterville  and  vicinity,  36;  Yazoo  City,  9. 

Kentucky. — Bowling  Green,  19;  Hickman,  153;  Louis- 
ville, 64  (mostly  refugees). 

Ohio. — Cincinnati,  17  (refugees);  Gallipolis,  18. 

Illinois. — Cairo.  51. 

Missouri. — St.  Louis,  16  (Quarantine  near  St.  Louis). 

In  1897  3'ellow  fever  again  jirevailed  quite  extensively 
in  several  of  the  Southern  States.  The  epidemic  had  its 
origin  at  Ocean  Springs,  Miss.  Cases  occurred  in  43 
localities,  the  total  number  reported  having  been  4,325, 
with  a  mortality  of  484.  In  Mississippi  the  largest  num- 
ber of  cases  occurred  at  Biloxi,  Edwards,  Scranton,  and 
Ocean  Springs;  in  Alabama  the  principal  centres  of  in- 
fection were  Mobile,  Montgomery,  Whistler,  and  Floura- 
ton;  in  Louisiana  New  Orleans  furnished  by  far  the 
greater  number  of  cases  (mortality  275). 


589 


T5ell»-»v  Fever. 
Yellow  Fever. 


REFERENCE   HANDBOOK   OF  THE  MEDICAL  SCIENCES. 


Altliougti,  in  the  light  of  our  present  knowledge,  it 

would  iippt'ar  that  the  prevention  of  yellow  fever  should 
be  a  com|);uutivcly  easy  iiiattei-.  and  it  has  in  fact  been 
eradicalc-il  tidin  tlie  cily  of  Havana,  whicli  for  years  was 
one  of  its  principal  cndeniio  foci,  n  recent  (1893)  epidemic 
witliiii  the  linnts  of  the  United  States,  at  J^aredo,  Texas, 
indicates  that  the  histiiry  of  yellow  fever  in  tliis  country 
may  not  yet  be  completed.  There  can  be  no  doubt,  how- 
ever, that  the  extension  of  this  disease  could  be  absolute- 
ly arrested  if  all  infected  individuals  could  be  protected 
from  the  attacks  of  mosquitoes  of  the  species  (S.  fas- 
ciata)  which  serves  as  an  intermediate  host  for  the  para- 
site, or  it  all  the  infected  mosquitoes  could  be  promptly 
destroyed.  g,^,.^^  jy  Sternberg. 

YELLOW  FEVER:  SYMPTOMATOLOGY.  MORBID 
ANATOMY.  TREATMENT— D e f i m t i o n.— Yellow 
fever  is  a  ((imniunicalilc  disease,  traceable  to  populous 
centres  of  the  littoral  of  the  tropical  Atlantic,  and  trans- 
mitteil  from  man  to  man  by  the  bite  of  the  Stegomyia 
mosquito.  The  chief  features  uf  the  disease  are:  (1)  a 
fever  of  from  two  to  seven  days'  duration,  characterized 
by  a  sudden  invasion  and  a  fastigium  of  from  one  to 
four  days'  duration,  followed  by  an  irregular  lysis  which 
may  be  interrupted  by  a  secondary  exacerbation ;  ('2)  a 
steady  fall  of  the  pulse,  commencing  during  the  fastig- 
ium and  leading  to  a  remarkable  slowing  of  the  heart 
beat;  (3)  vomiting;  (4)  jaundice;  (5)  albuminuria;  (6) 
a  tendency  to  stasis  of  the  circulation ;  and  (7)  to  hemor- 
rhages. The  lesions  consist  of  parenchymatous  degene- 
rations of  the  liver,  kidne)-,  and  stomach. 

Genek.^l  Description. — During  the  early  hours  of 
the  morning  the  patient  awakes  with  a  slight  rigor,  and, 
on  moving,  experiences  vertigo  and  numbness  and  heavi- 
ness of  the  lower  extremities.  This  is  followed  by  nau- 
sea, and  in  some  instances  by  vomiting  of  the  remains  of 
the  last  meal;  the  temperature  rises  rapidly;  frontal 
headache,  rachialgia,  and  pains  in  the  limbs  develop,  and 
the  pulse  becomes  frequent.  The  face  assumes  an  in- 
jected, turgid  ajjpearanee;  the  eyes  are  red  and  moist. 
The  patient  looks  like  a  person  who  has  indulged  in  an 
alcoholic  debauch.  During  the  day  the  fever  continues 
to  rise  and  the  patient  complains  further  of  discom- 
fort, pain  or  burning  in  the  epigastrium,  with  sensi- 
tiveness to  pressure.  The  temperature  rises  to  between 
102  and  103°  F.  and  the  pulse  to  100  or  110.  After 
six  or  nine  in  the  evening  of  the  tirst  day  the  tem- 
perature usually  falls,  remitting  one  or  two  degrees 
on  the  morning  of  the  second  day.  After  the  initial 
elevation  of  the  temperature  the  course  of  the  disease 
may  vary  according  to  three  different  types:  the  de- 
scending or  mild  type,  the  continued  type,  and  the  re- 
mitting, complicated  or  secondary  fever  tj'pe.  The 
vasomotor  erethism  will  begin  to  sidjside,  together  with 
the  painful  symptoms,  after  the  diurnal  elevation  of  tem- 
perature of  the  second  day,  and  it  is  rejilaced  either  by 
the  evidences  of  a  gradual  return  to  the  normal,  or  by 
the  signs  of  blood  stasis  with  hemorrhages  from  the 
mucous  membranes,  or  with  the  syndrome  of  a  malignant 
icterus.  The  urine  becomes  albuminous  on  the  second  or 
third  da}'  of  the  disease.  The  ment^il  attitude  is  usuall)' 
one  of  alertness.  Even  when  the  patient  is  delirious  the 
expression  of  the  face  is  apt  to  be  attentive,  though  the 
mind  be  utterly  confused  and  the  speech  wild.  In  some 
cases  there  is  somnolence.  The  pulse  begins  to  fall  on 
the  second  day,  and  continues  to  fall  even  though  the 
temperature  may  rise.  ]{ecovery  is  usually  rapid,  and 
sequelie  are  rare.  Independently  of  the  course  of  the 
temperature  we  may  recognize  certain  types,  such  as  the 
uncomplicated,  the  hemorrhagic,  the  icteric,  the  ataxic, 
and,  as  rarer  forms,  the  anuric,  the  dystolic,  and  the  ful- 
minating. The  various  combinations  of  these,  however, 
are  of  too  frequent  occurrence  to  give  them  any  practi- 
cal value.  'We  shall  find  it  of  greater  clinical  import  to 
study  the  sj'mptoms  in  detail. 

Duration. — The  following  table  will  give  the  duration 
of  the  fever  in  275  carefully  recorded  cases; 
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Fig.  5253.— Composite  Chart  of  Eighty  Cases  of 
Yellow  Fever,  all  Ending  Favorably  on  the 
Seventh  Day.    Tenipemlure, ;  pulse 


From  the  above  table  it  will  be  seen  that  the  duration 
of  the  cases  that  end  in  recovery  is,  in  the  majority  of 
instances,  seven  days;  and  that  fatal  cases  are  more  apt 
to  terminate  on  the  sixth  day.  Cases  of  more  than  ten 
days'  duration  are  comparatively  rare. 

Temperature. — In  the  classical  descriptions  of  yellow 
fever,  dating  from  the  period  before  the  thermometer 
came  into  gen- 
eral use,  we 
find  it  stated 
that  a  remis- 
sion, occurring 
about  the  third 
day  of  the  dis- 
ease, is  a  prom- 
inent feature 
of  the  thermic 
curve  of  yel- 
low fever. 
Some  authoi's 
speak  of  this 
disease  as  a  fe- 
ver of  two  par- 
oxysms sepa- 
rated by  the 
so-called  peri- 
od of  calm.  If 
we  disregard 
the  readings  of 
the  thermome- 
t  e  r  w  e  fre- 
quently are  impressed  with  the  accuiacy  of  this  descrip- 
tion. As  the  vascular  erethism  of  the  period  of  invasion 
subsides,  there  is  a  marked  change  in  the  appearance  of 
the  patient.  In  grave  cases  there  is  a  tendency  to  stasis; 
at  the  same 
time  internal 
hemorrhages 
may  be  setting 
in.  Hence  the 
extremities  be- 
come  cold. 
Especially 
about  the 
wi'ists  we  ob- 
serve coolness 
of  the  surface 
with  or  with- 
out moisture. 
But  all  this 
does  not  coin- 
cide uecessari- 
1}'  Willi  a  fall 
of  the  internal 
temperature. 
In  j'ellow  fe- 
ver, as  in  other 
diseases  in 
which  definite 
lesions    of    an 

acute  character  set  in  during  the  first  week,  oscillations 
of  the  temperature,  remissions,  secondary  fevers  occur 
with  more  or  less  frequency.  We  are,  therefoi-e,  not 
surprised  to  find  that  temperature  charts  of  plague, 
scarlet  fever,  variola,  and  measles,  resemble  very  closely 
those  of  yellow  fever.     The  tropical  form  of  malaria,  in 


Fig.  5253.— Composite  Chart  of  Twenty  Cases  of 
■y allow  Fever,  all  Ending  Fatally  on  the  Sisth 
Day. 
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its  primary  manifestations,  also  frequently  resembles  the 
remitting  "type  of  yellow  fever. 

I  have  decided  to  present  two  composite  charts  of  yel- 
low fever.  Such  charts  are  usually  of  little  value  be- 
cause the  averages  are  ob- 
tained from  cases  that  vary  as 
to  their  intensity,  their  dura- 
tion, and  their  termination. 
Butwith  the  large  material  at 
my  disposal,  I  have  been  able  to 
present  two  groups  of  the  most 
common  class  of  cases,  namely, 
the  cases  terminating  favorably 
on  the  seventh  day,  or  morning 
of  the  eighth,  and  those  termi- 
nating fatallv  on  the  si.xth  day 
(see  Figs.  5253  and  5253). 

As  stated  in  the  general  de- 
scription of  the  disease  three 
types  of  thermic  curve  are 
found  in  yellow  fever: 

1st.  I'he  Desreniliiif/  Tijpe. — 
It  is  usually  mild.  It  is  de- 
scribed by  Fiulay  under  the 
name  of  abortive  type.  It 
represents  the  inflammatory  - 
fever  and  the  acclimating  fever 
of  Creole  physicians.  The  tem- 
]ierature  reaches  its  acme  on 
the  evening  of  the  tir.st  or  sec- 
ond day,  and  descends  in  two, 
three,  or  four  days  through  a 
down-grade  series  of  oscillations.  Occasionally  such 
cases  may  end  fatally  on  the  third  OT  fourth  day  with- 
out a  secondary  rise  (see  Figs.  5254  and  5255). 

EemiUiiig  Type- — Usually  severe.  Many  of  tlie  fatal 
cases  present  a  secondary  rise  of  the  temperature  which 
generally  follows  a  depression  caused  hy  hemorrhage. 
The  persistency  of  the  hemorrhage  may  cause  a  second 
depression  followed  l)y  a  third  rise  of  "the  temperature. 
Many  cases  of  the  remitting  type  end  in  recovery,  and 
some  may  be  quite  mikl  (see  Fig.  525(5). 

It  will" be  observed  in  Fig.  5257  that  the  remission  oc- 
curs during  the  first  night  of  the  disease.  This  case  is 
one  of  the  experimental  cases 
inoculated  by  mosquitoes  at  Las 
Animas  Hospital  in  Havana. 
This  early  remission  is  certainly 
not  the  remission  referred  to  iu 
the  classical  descriptions  of  the 
disease.  Other  observers  have 
not  liad  the  opportunity  given 
us  by  the  experimental  cases  to 
study  the  development  of  the  fe- 
yer  during  the  first  twenty-four 
iiours.  Now,  this  early  remis- 
sion, heretofore  uudescribed,  oc- 
curs in  quite  a  number  of  cases, 
and  is,  to  me,  a  more  striking 
phenomenon  than  the  later  re- 
mission so  much  insisted  upon 
by  many  authorities  (see  Fig. 
5257). 

Contimied  Type.— Usually  fa- 
tal. The  temperature  need  not 
be  very  high,  but  it  is  main- 
tained at  the  same  level  for  sev- 
eral days  with  very  small  oscil- 
lations. The  black  vomit  will 
appear  late  in  the  disease,  when 
the  fall  of  the  temperature  is 
well  established,  showing  the  re- 
lation that  exists  between  the 
two  symptoms.  These  cases  are 
apt  t"o  terminate  with  urtemic 
convulsions,  the  amount  of  urine  being  large  and  of  low 
specific  gravity.  The  patients  are  restless  (see  Fig. 
5260). 
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Re- 


The  diurnal  oscillations  of  the  temperature  vary  con- 
sidei-ably,  conforming  in  general  with  the  normal  type; 
the  minunum  is  reached  about  6  -\..\i.,  and  the  maximum 
between  3  and  6  p.m.     A  rapid  rise  or  fall  may  present , 
itself  at  irregular  hours, 
but  a  regular   ti/p/ius  in- 
ccrsiis  is  rarely  met  with. 

The  Pulse.  —  In  the 
stage  of  invasion,  and 
during  the  first  and,  per- 
haps, the  second  day  of 
the  disease,  the  pulse  is 
similar  to  that  of  other 
acute  febrile  diseases.  It 
is  large,  bounding,  and 
frequent  in  proportion  to 
the  elevation  of  the  tem- 
perature. But  during  the 
second  or  third  day  the 
freqiiency  of  the  pulse 
diminishes,  and  may  con- 
tinue to  drop  until  very 
slow  readings  are  reached 
at  the  time  of  the  defer- 
■  vescence.  The  fall  of  the 
pulse  does  not  follow  upon 
a  corresponding  fall  of  the 
temperature.  The  body 
heat,  in  fact,  may  rise  or 
may  continue  at  the  same 
level  while  the  pulse  is 
falling.  This  deviation 
from  the  usual  correlation 
between  the  temperature 
and  the  pulse  constitutes 

one  of  the  most  characteristic  features  of  the  disease. 
The  temperature  and  pulse  charts  that  have  been  se- 
lected for  this  paper  illustrate  the  point  in  question. 
Even  when  the  general  trend  of  the  pulse  line  does  not 
conform  with  the  type  I  am  describing,  it  will  be  no- 
ticed that  at  some  time  in  the  course  of  the  disease,  be  it 
only  for  a  few  hours,  a  falling  pulse  will  coincide  with  a 
rising  temperature.  It  is  quite  rare  to  find  a  chart  of 
yellow  fever  in  which  at  least  an  occasional  manifes- 
tation of  this  phenomenon 
does  not  show  itself. 

The  pulse  on  the  first 
day  will  rise  to  about  110. 
In'the  descending  type  of 
temperature  the  pulse  will 
rapidly  fall  and  may  reach 
45  or  50  with  the  defer- 
vescence. If  there  be  a 
secondary  rise  of  the  tem- 
perature the  pulse  maybe 
but  slightly,  or  not  at  all, 
affected  by  it.  In  fatal 
cases,  however,  the  pulse 
will  become  frequent  in 
tli»  last  stages  of  the  dis- 
ease, and  it  is  quite  com- 
mon to  find  under  these 
circumstances  a  gradual 
or  sudden  fall  of  the  tem- 
perature with  a  progress- 
ive elevation  of  the  pulse 
— a  symptom  of  very 
grave  import. 

The      relatively     slow 
heart  beat  in  complicated 
cases,  during  the  second- 
ary rise  of   the  tempera- 
ture, may  be  deceptive  to    yig.  5257.-Bemftting   Type ;    Ue- 
the      inexperienced.       He         covery.    E.Nperimental  case, 
who  has  watched  with  ap- 
prehension the  steady  increase  in, frequency  of  the  pulse 
in  grave  cases  of  p"neumonia,  typhoid,  or  the  eruptive 
fevers,  can  scarcely  suspect  the  signs  of  approaching 
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Fig.  5258.— Remitting  Type; 
Fatal.    Anuria,  Jaundice. 


dissolution  in  a  patient  whose  pulse  is  beating  regularly 
anil  with  fair  volume  at  the  rate  of  70  per  minute.  There 
will  Ijc.  however,  a  diminution  of  the  blood  pressure  in 
such  cases,  with  some  coldness  ot  the  extremities,  a  cya- 
notic hue  about  the  li|is  or  of 
the  whole  surface  of  the  bod_y, 
and  a  sighing  respiration,  that 
should  arouse  our  fears. 

The  slow  pulse  may  show 
considerable  tension,  specially 
in  cases  in  which  the  icterus  is 
well  marked.  The  frequent 
ptdse  of  the  last  sta.ges  in  fa- 
tal cases  does  not  ditl'er  from 
the  preagonic  pulse  we  find  in 
other  diseases. 

The  Fades. — The  face  is  de- 
cidedly flushed,  suffused  with 
red  of  the  same  hue  as  (bat  of 
scarlet  fever.  The  eyes  are  in- 
jected and  bright.  Tliere  is  a 
slight  tumefaction  of  the  lids 
and  the  lips.  Even  on  the  first 
day  we  may  notice  already  in 
connection  with  this  injection 
«•  of  the  superficial  capillaries  a 
fleeting  shade  of  yellow.  This 
earl}'  manifestation  of  jaundice 
is  undoubtedly  the  most  char- 
acteristic feature  of  the  facies 
of  yellow  fever.  There  is  really 
no  distinct  jaundice.  In  the 
classical  descriptions  of  the  disease  jaundice  is  not  men- 
tioned until  the  third  day  of  the  fever;  but  I  hold  that 
even  at  the  earlier  date  we  can  detect  a  slight  yellow 
tinge  masked  by  the  peripheral  hyperemia.  Transient 
contractions  of  the  capillaries  will  bring  out  this  discol- 
oration, for  instance,  in  the  imprints  of  the  fingers 
when  we  pick  up  a  fold  of  the  skin,  or  in  the  coujunc- 
tivre  with   the  varying  movements  of  the  eyes.     (_)ften 

more  distinetlj'  at  a 
distance  than  upon 
close  inspection  we 
notice  a  faint  j'cl- 
low  glimmer  pass 
over  the  eye.  The 
same  is  true  of  the 
face,  as  may  be  seen 
when  the  facial 
muscles  contract  in 
speaking  or  smil- 
ing, and  the  redness 
tran.siently  pales. 
Later  in  the  disease, 
about  the  third  day, 
these  waves  of  color 
may  become  quite 
decided.  The  red- 
ness begins  now, 
specially  in  se'i'^re 
cases,  to  assume  a 
purplish  hue;  the 
jaundice  becomes 
more  pronoimced, 
and  the  contrast  be- 
tween the  two  col- 
ors is  sharper. 

The     features 
above     described 
are.  of  course,  more 
striking  in  the  fair 
Northern  races.     It 
is  only  in   connec- 
tion with  the  dark- 
er   races    that    we 
may  accept  the  descrijitive  simile  made  by  those  who 
liken  the  color  of  the  skin  in  yellow  fever  to  that  of 
mahogany. 


Fig.  5259.— Remitting,  Irreprular  Type: 
Fatal.  Albumin  in  the  urine  on"  the 
morning  of  second  day.  (iastric  hemor- 
rhage begins  with  the  drop  of  the  tem- 
perature on  the  evening  of  the  second 
day,  and  continues  abundantly  to  the 
end.  Urine  scanty,  loaded  wiUi  albumin. 
T., ;  P :  R..  _  .  _  .  _. 


The  mental  attitude  and  the  subjective  symptoms  have 
their  natural  influence  upon  the  facial  expression.  Dur- 
ing the  first  day  the  eyes  are  frequently  closed  on  ac- 
count of  the  photophobia,  and  the  expression  of  the  face 
is  that  of  pain  from  the  cephalalgia  and  rachialgia. 
Later  on,  there  may  be  somnolence,  fi'om  which,  however, 
the  patient  is  easily  aroused;  but  more  frequently  the 
expression  is  bright  and  alert,  whether  the  mind  be  "clear 
or  not. 

The  mind  is  always  clear  in  mild  eases,  and  frequently 
also  in  the  gi'aver  and  fatal  cases  even  to  the  last  day. 
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Fig.  5360.— Continued  Type:  Fatal.    Black  vomit  begins  at  7  p.m.  on 
the  seventh  day,  and  is  never  profuse.    Convulsions. 

The  excitement,  the  panic,  that  prevails  in  cities  invaded 
b}'  the  epidemic,  reflects  upon  the  minds  of  the  patients 
in  the  Southern  States  of  the  American  Union.  They 
are  alert,  watchful,  susincious  as  to  the  nature  of  their 
disease.  They  are  apt  to  be  nervous  and  excited.  The 
Spaniard  in  Cuba  who  takes,  or  rather  used  to  take,  the 
disease  as  a  matter  of  course  is  more  calm  or  indifferent. 
All  patients  are  apt  to  be  rather  talkative,  and  the  dry 
mouth,  the  rather  precipitate  speech,  reminiscent  in 
character,   are  peculiar,  and  may  be  premonitory  of  a 


1        2        3        4        5        G         7        8 

p. 
130 

130 

nil 

100 
00 
80 

NO 

T    -U-L     1      J,U  ^    _IM     1 

lL-Ji'    Kk  ...!  .Trt±  :__ 

ti  r    P~'\l\\    -.     . .  r  ,~ 

103'    /  f             /\ (  '                --   --- 

100      '                            Yf\ 

;::: ~it-i  -     ~~  _;  ---;--  - 

'      ^.-•v ,    ul  -i_                       Jl 

■'■'               Trt^i^"  +  " — 

'■    w  '•      1 ;''   ■  rt 

3g               1 J...;.,,      . 

Fig.  5361.— Continued  Type;  Fatal.  Black  vomit  once,  at  2  P.M.  ot 
the  sixth  day.  Delirium.  Convulsions.  Urine  of  the  sixth  day 
I.ISO  c.c.  with  a  specific  gravity  of  1.010.  Albumin  appears  00 
the  second  day  and  is  never  abundant. 

rather  active  delirium.  If  there  be  stupor  it  may  be 
somnolent  or  wakeful,  and  accompanied  with  a  staring 
expression.     The  delirium  is  talkative,  and  may  be  gay 
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or  furious,  generally  dominated  by  some  fixed  idea;  a 
notion  tliat  there  is  some  urgent  reason  for  the  patient  to 
leave  his  bed  and  quarters.  His  attempts  to  do  so  are, 
however,  generally  aindess,  and  limited  to  tossing  about 
.  and  sitting  up  in  bed.  It  is  very  seldom  that  any  I'e- 
straint  beeomes  necessarj-.  Quite  often  there  is,  after  the 
partial  or  complete  loss  of  consciousness,  a  persistent  and 
loud  moaning  which  may  be  kept  up  during  one  or  two 
days  before  death.  Some  cases  of  long  duration  present 
all  the  features  of  the  typhoid  state.  Fiuall}%  we  may 
have  profound  coma  or  convulsions. 

Psychical  disturbances,  usually  transient,  may  show 
themselves  during  the  convalescence.  I  think  they  are 
less  common  than  in  t3-phoid  fever  and  influenza. 

Pains. — The  supra-  and  intraorbital  pains  are  perhaps 
the  most  distressing  and  persistent.  The)'  often  disap- 
pear after  the  invasion,  to  recur  with  secondary  eleva- 
tions of  the  temperature  or  as  a  uremic  manifestation. 
The  pains  in  the  back  and  limbs  may  also  be  very 
distressing,  and  may  even  cau.su  the  patient  to  cry  out  in 
anguLsb.  I  have  met  with  such  severe  aching  only  in 
cases  of  smallpo.x.  In  light  attack.s,  however,  the  pains 
may  cause  little  or  no  distre.ss.  Occasionally  there  are 
marked  hj'perasthesia  of  the  skin  and  deep-seated  ten- 
derness of  the  muscles.  During  convalescence  it  is  not 
very  rare  to  meet  with  painful  neuritis,  specially  of  the 
lower  extremities.  It  usually  affects  one  leg  more  than 
the  other,  and  is  accompanied  witli  paricsthesia  and  very 
slight  paresis.  In  my  experience  there  has  been  only  one 
case  of  serious  peripheral  palsy  with  atrophy,  lasting  sev- 
eral months  and  ending  in  recovery.  Articular  pains 
are  rare.  They  are  probably  due  to  secondary  infections, 
and  may  be  accompanied  with  slight  swelling  of  the 
joint. 

7'he  Skill. — After  the  first  or  second  day  the  skin  is  apt 
to  be  moist,  or  at  least  the  perepiration  can  be  readily 
brought  out  by  warm  covering,  or  hot  driuks,  or  other 
diaphoretics.  Even  during  the  first  two  or  three  days  a 
slight  rnoisture  may  alternate  with  a  dry  burning  skin. 
When  there  is  a  marked  lemission  it  may  be  accompanied 
witli  a  profuse  perspiration,  whether  llie  defervescence 
l)e  final  or  not;  so  that  an  active  skin  cannot  be  looked 
upon  as  a  favorable  sign  or  the  indication  of  a  critical 
diseliarge.  A  moist,  clammy,  cyanotic  skin  is  frequent- 
ly met  with  in  grave  cases  after  the  third  or  fourth  day 
of  the  disease. 

Odoi: — These  perspiring  patients  are  frequently  malo- 
dorous, especially  when,  as  is  not  rarely  the  case,  a  forced 
diaphoretic  treatment  is  insisted  upon;  but  I  have  never 
been  able  to  detect  in  yellow  fever  an  odor  that  may  be 
called  specific. 

]lit.yh  ;  Eruptions. — The  redness  of  the  skin,  previously 
described,  is  usually  most  marked  about  the  face  and 
neck,  but  it  may  be  circumscribed  in  patches  like  an 
irregular  scarlatina,  an  erythema,  or  the  eruption  of 
dengue.  Rarely,  faint  irregular  blotches  may  be  seen, 
resembling  the  initial  rash  of  variola.  Occasionally  we 
meet  with  sudamina,  and  very  rarely  with  discrete  pust- 
ular eruptions.  An  erythema  and  excoriations  of  the 
scrotum  have  been  described  by  some  authors,  but  I 
believe  them  to  be  exceptional  and  connected  with 
chronic  affections  of  the  skin  in  these  regions. 

Gangrene  is  an  extremely  rare  complication  of  the  later 
stages,  or  of  the  period  of  convalescence,  of  yellow  fever. 
I  have  seen  once  gangrene  of  one  leg  as  the  result  of  a 
secondary  endocarditis.  Other  forms  of  localized  gan- 
grene about  the  scrotum  or  about  the  mouth  are  prob- 
alily  connected  with  neglect  in  the  management  of  the 
disease. 

Suppuration  is,  I  believe,  less  frequently'  met  with  in 
yellow  fever  than  in  any  other  infectious  disease.  Ab- 
scess of  the  liver,  suppuration  of  the  parotids,  deep- 
seated  muscular  abscesses  are  mentioned  in  the  litera- 
ture, but  I  have  never  encountered  such  complications. 
It  is  probable,  therefore,  that  the  secondary  infections, 
evidences  of  which  appear  to  exist  in  the  clinical 
history,  are  not  caused  by  pyogenic  micro-organisms.  I 
h.ive  suggested  that  the  Shiga  bacillus,  a  member  of  the 
^VoL.  VIII.— 38 


hemorrhagic  group,  may  be  responsible  for  the  secondary 
infections. 

Digestive  Apparatus. — The  lips  may  be  red  and  slightly 
swollen.  In  the  later  stages  of  the  disease  they  wUl  be 
purplish  in  severe  cases.  Herpes  labialis  is  not  common. 
The  gums,  specially  of  the  upper  jaw,  are  usually  some- 
what swollen  on  the  second  or  tliird  day,  and  covered 
with  a  thin  creamy  coating  which  is  apt  to  form  a  faint 
line  upon  the  gum  at  some  little  distance  from  the  neck 
of  the  tooth.  Later  on,  the  gums  are  almost  always 
spong)-,  and  inclined  to  bleed,  either  spontaneously  or 
upon  pressure. 

The  tongue  presents  no  symptom  of  interest.  It  car- 
ries no  special  coating,  and  may  be  somewhat  pointed 
and  red  about  the  edges.  In  hemorrhagic  cases  when 
the  ha;mophilic  symptoms  have  shown  themselves,  the 
tongue  is  usually  pointed,  smooth,  crimson,  and  moist; 
it  may  also  present  bleeding  cracks  upon  the  surface. 
At  the  same  time  the  mucous  membrane  of  the  mouth 
and  fauces  will  show  a  similar  appearance. 

Exceptionally  the  parotids  are  the  seat  of  swelling  in 
the  initial  stage  of  the  disease.  This  is  probably  due  to 
inflammatory  oedema.  The  tumor  is  rather  soft,  and  dis- 
appears before  the  end  of  the  attack.  I  have  never  seen 
suppuration  of  these  glands. 

T/te  Stomach. — Vomiting  is  by  no  means  a  constant 
symptom  in  yellow  fever.  As  an  initial  symptom  I  be- 
lieve it  to  be  more  common  in  variolaand  scarlatina.  At 
this  stage  it  is  merely  vomiting  of  portions  of  food  still 
remaining  in  the  stomach,  and  occurs  but  once,  at  the 
beginning  of  the  attack.  Persistent  vomiting  is  a  grave 
symptom ;  it  may  continue  upon  the  initial  manifestation, 
or,  more  frequently,  it  will  begin  on  the  second  or  third 
day.  As  a  rule  the  vomiting  will  cease  if  the  stomach 
be  given  absolute  rest.  The  vomitus,  if  we  exclude  the 
initial  emptying  of  the  stomach,  consists  of  a  watery, 
somewhat  opalescent  material,  containing  variable  quan- 
tities of  mucus.  Later  in  the  course  of  the  di.sease,  if  the 
vomiting  should  persist,  it  is  apt  to  become  hemorrhagic, 
as  will  be  shown  at  first  by  the  presence  of  minute  brown- 
ish and  black  specks  floating  on  the  surface;  then  the 
specks  increase  in  size  and  number,  the  li(|uid  becomes 
darker,  until  we  have  the  characteristic  black  vomit.  In 
these  severe  cases,  in  the  intervals — which  may  be  long  or 
short — between  the  acts  of  vomiting,  the  patient  is  usu- 
ally tormented  with  constant  nausea,  or  distress  and 
burning  at  the  epigastrium,  or  hiccough,  and  a  sensation 
of  rawness  and  burning  along  the  cesophagus.  Black 
vomit  may  be  absent  in  severe  and  even  fatal  cases,  but 
then  the  black  fluid  will  almost  certainly  be  found  in  the 
stomach  at  the  autopsy. 

Vomiting  is  frequently  absent  in  mild  cases  unless  pro- 
voked by  medication ;  but  epigastric  tenderness  upon 
pressure  is  rarely  absent.  We  should  note  also  epigastric 
pulsation  as  a  frequent  symptom. 

The  bowels  are  usually  sluggish,  but  amenable  to  the 
action  of  cathartics.  The  stools  are  often  normal;  they 
are  not  clay-colored,  but  in  hemorrhagic  cases  they  are 
frequently  dark,  tarry,  or  bloody. 

T/w  Lirer. — jaundice. — The  liver  is  not  appreciably 
enlarged,  but  may  be  sensitive  to  pressure.  The  lesions 
that  will  be  described  in  connection  with  this  organ  are, 
in  part,  sufficient  to  account  for  the  jaundice  on  the 
generally  accepted  theory  of  a  hepatogenous  origin.  The 
areas  of  swollen,  necrotic,  dislocated  hepatic  cells;  the 
round-cell  infiltration  of  the  perilobular  zone  could  evi- 
dently, and  no  doubt  they  do,  give  rise  to  obstructions  in 
the  canalicular  system;  but  the  liver  cells  do  not  seem  to 
be  very  active  in  the  transformation  of  blood  into  bile 
pigment;  they  do  not  themselves  become  overcharged 
wilh  pigment  as  is  usually  the  case  in  obstructive  jaun- 
dice. In  yellow  fever  the  liver  seems  to  be  comparative- 
ly less  jaundiced  than  are  other  organs  and  tissues.  The 
excess  of  hjemoglobin  in  the  blood  would  lend  support 
to  the  opinion  that  we  have  here  to  do  with  a  form  of 
polychromic  icterus,  but  the  liver  cells  are  so  generally 
disorganized  that  one  cannot  readily  accept  their  ability 
to  elaborate  and  transform  the  excess  of  blood  pigment. 
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Here,  more  so  tlian  iu  connertion  with  an.v  other  dis- 
ease, it  seems  .to  me  tliat  tlie  eliiiieiaii  sliotilil  he  loath  to 
.uive  uji  ahogetherarji'iimeiit  in  favor  of  a  h;ematogenous 
iaundiee.  or  at  least  in  support  of  the  view  that  some- 
thing else  than  hiliruhiu  jiisiy  give  rise  to  tlie  yellow  dis- 
coloration. 

Jaundice  is  seldom,  if  ever,  absent  in  yellow  fever.  It 
may  he  vei'v  slight,  jierliaps  disputed,  in  some  mild  cases. 
Also  in  the  ia]iidly  fatal  ea.'^cs  it  may  not  show  itself  until 
after  death.  The  dead  body  is  always  yellow  in  this 
disease. 

When  speaking  of  the  facies  I  have  mentioned  a  slight 
yellow  discoloration  among  the  initial  symptonis  of  the 
disease.  I  believe  it  may  be  observed  sometimes  before 
the  actual  invasion.  This  symptom  is  first  noticeable  in 
the  sclei'otics.  Now  it  is  hei'e  also  that  the  distinct  jaun- 
dice of  the  tliii'd  or  foni'th  da}'  of  the  disease  tirst  shows 
itself.  It  may  be  limited  to  this  legion,  or  more  fre- 
quently it  extends,  growing  in  depth,  and  invading  the 
regions  that  were  most  intensely  flushed  during  the  initial 
liypera'mia.  until  the  whole  body  may  become  saffron- 
colored.  Usually  the  jaimdice  is  not  so  intense  as  it  is 
in  eases  of  obstructive  icterus,  or  in  Weil's  disease;  tlie 
color  docs  not  tend  to  a.ssume  a  greenish  hue,  but  is 
rather  modilied  by  the  concomitant,  more  or  less  dusky, 
red,  or  purplish  h_vper:emia.  The  jaundice  increases 
during  two,  three,  or  four  days,  and  then  disapjiears 
rather  rapidly,  leaving  usually  no  traces  by  the  end  of 
convalescence.  The  intensity  of  the  jaundice  is  not  of 
itself  a  symptom  of  grave  import,  especially  if  it  be  not 
accompanied  by  a  marked  hemorrhagic  tendency ;  but 
the  early  manifestation  of  the  symptom,  a  well-developed 
jaundice,  for  instance,  on  the  second  day,  indicates  a 
fatal  termination. 

The  Vrinc. — Quantity  and  Specific  Gravity. — The 
daily  averages  for  cases  of  seven  days'  duration,  all  end- 
ing in  recover}-,  are  given  in  the  following  table: 


Day. 

Quantity. 
C.c. 

Sppolflc 
gravity. 

Day. 

Quantity. 
C.c. 

Speciflc 
gravity. 

Fiist 

Second ...... 

Third , 

820          1.020 

991           1.017 

1,084          1.018 

Fourth 

Fifth 

Sixth 

1 

],2n6 

826 
830 

1.018 
1.019 
1.017 

The  daily  averages  for  fatal  cases  of  si.x  or  seven  days' 
duration  are  represented  in  the  following  table: 


Day. 

Quantity. 
C.c. 

Specific 
ffravity. 

Day. 

Quantity. 
C.c. 

Speciflc 
gravity. 

First 

Second 

Third 

775 

809 

1,113 

1.022 
1.018 
1.015 

Fourth 

Fifth 

1,220 
892 

l.Ol.T 
1.013 

In  the  last  two  days  the  urine  is  frequently  lost.  The 
speeilic  gravity  is  usually  low.  and  the  amount  is  reduced 
e\>en  to  al)solute  anuria;  though  the  cases  are  by  no  means 
rare  in  which  the  quantity  and  density  of  the  urine  are 
nol  seriously  disturbed. 

In  all  cases,  mild  or  grave,  the  amounts  of  urea  and  of 
the  chlorides  gradually  diminish  during  the  fever. 

Albumin. — The  presence  of  albumin  in  the  urine  con- 
stitutes one  of  the  chief  characteristics  of  this  disease. 
If  we  divide  the  eases  of  about  one  week's  duration  in 
two  groups,  those  ending  in  recovery,  and  those  ending 
fatally,  we  shall  obtain  tlie  following  instructive  table: 


Albumin  appears 

Recovered, 
per  cent. 

Fatal, 
per  cent. 

On  the  first  day  in 

44 
29 
14 

8 

33 

33 

on  Ihi-  tliH'l  tiiiv  In 

33 

On  thi-  fuiirth  day  in 

On  the  llfth  day  in 

On  the  seveuth  day  In 

In  the  lai-ge  series  of  cases  that  constitute  the  basis  of 
this  article,  albumin  was  found  in  all.  It  is  true  that 
some,  that  were  perhaps  cases  of  yellow  fever,  may  have 
been  excluded  precisely  because  of  the  absence  of  this 
symptom;  but,  if  accepted,  they  would  have  been  at 
best  but  doulitful  eases.  In  none  of  the  infectious  dis- 
eases is  albuminuria  so  frequent  a  symjitom.  I  must 
admit,  liowever,  that  the  careful  examination  made  of 
tlie  urine  in  all  kinds  of  fevers  has  shown  that  this  .symp- 
tom is  met  with — more  fi'equently  than  is  generally  be- 
lieved—in influenza,  typhoid,  and  malaria.  In  these 
diseases,  however,  unless  the  infection  be  severe,  the 
amount  of  albumin  is  less,  or  the  date  of  its  appearance 
later,  tlian  in  yellow  fever. 

Urobilin  is  frequently  found  in  the  urine,  and  liile  pig- 
ments in  the  cases  in  which  jaundice  is  a  lu'ominent 
symptom.  An  abundance  of  tlie  latter  is  looked  upon 
by  some  as  a  favorable  sign.  Azeve<lo  and  Couto  report 
that  they  often  obtain  crystals  of  leuein. 

HiBinaturia  is  rare,  and  ha'inoglobinuria  I  have  never 
met  with  in  iineomplicated  cases. 

Alberlini  has  shown,  and  I  have  confirmed,  that  the 
diazo  reaction  is  not  obtained  in  yellow  fever.  Its  pres- 
ence may  be  looked  upon  as  very  strong  evidence  against 
this  disease. 

Casts  are  found  in  all  but  the  very  mild  cases  of  yel- 
low fever.  They  may  be  hyaline,  granular,  or  eiiitheiial. 
Sometimes  they  are  found  in  great  numbers,  and  one 
cannot  help  being  amazed  at  the  ra|)idity  of  their  disap- 
pearance, together  with  the  albumin,  during  the  conval- 
escence, or  even  before  the  fever  has  entirel}'  subsided. 
A  chronic  form  of  parenchymatous  nephritis",  following 
upon  yellow  fever,  is  to  be  counted  among  the  rarest  of 
sequela'. 

Retention  of  urine  is  not  rare,  but  in  my  experience 
complete  suppression  is  an  uncommon  and  almost  always 
a  fatal  complication. 

Respiration. — The  breathing  is  not  accelerated  except 
moderately  during  the  last  twenty-four  hours  in  fatal 
cases.  Frequent  sighing  and  hiccough  are  rarelj-  absent 
in  the  grave  cases. 

The  Bloml. — The  maintenance  of  a  high  percentage  of 
hicmoglobin  during  the  first  three  or  four  days  of  the 
disease  was  first  discovered  by  Finlay.  Alliertini  has 
made  a  clinical  application  of  this  fact,  and  we  have 
found  in  a  large  niunber  of  cases  values  ranging  between 
90  and  10.5.  The  specific  gravity  of  the  blood  is  not  cor- 
respondingly high.  It  varies,  in  fact,  between  1,040  and 
1,060.  In  3a  cases  of  yellow  fever  examined  with  this 
point  in  view,  the  iicrcentage  of  hemoglobin  has  been 
found  below  90  in  3;  70,  7.5,  and  8'3  respectively.  In 
other  diseases,  such  as  typlioid  and  especially  malaria, 
the  readings  are  almost  invariably  low.  We  consider 
this  sign  to  be  of  distinct  diagnostic  value. 

The  number  of  red  blood  cells  is  not  diminished.  This 
fact,  first  observed  by  Finlay  and  Delgado,  has  been  more 
recently  confirmed  by  myself  and  by  Azevedo  and  Couto. 
The  increase  in  the  number  of  erythrocytes  and  in  the 
amount  of  lucmoglobin  may  persist  untirthe  fifth  day  of 
the  disease.  The  red  cells  show  no  change  morphologi- 
cally or  in  their  color  reaction.  The  ninnber  of  blood 
plaquettes  is  increased. 

Leucocytes. — In  yellow  fever  we  have  hypoleucocyto- 
sis  without  any  characteristic  variation  frorathe  normal  re- 
lations of  the  several  kinds  of  leucocytes.  The  hypolen- 
eocytosis  gradually  disappears  during  couvalesceiice,  and 
is  followed  by  some  augmentation  of  the  number.  There 
may  be  hyperleueocytosis  during  the  prea.gonic  period. 

The  relative  iiroportion  of  the  ditterent  kinds  of  leuco- 
cytes I  have  found  to  vary  as  follows:  Polymor])honu- 
elear  from  60.50  to  79.,50  per  cent,  ;  lymiihocytes  from 
14.10  to  36.40  per  cent;  transition  forms  from  1., 50  to  3 
per  cent.  ;  large  mononuclear  from  1,78  to  9,,50  per  cent 

There  is  usually  some  increase  of  the  mononuclears, 
but  the  readings  are  not  so  high  as  in  malaria.  The  dif- 
feienee,  as  suggested  by  Gray,  may  be  given  some  weight 
in  the  diagnosis,  in  the  case  of  this  disease.  Eosinophiles 
are  seldom  found. 
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Hemonliajrcs.— Out  of  277  ciircfuUy  i-ecoidcd  Ciises, 
123  presciiU'il  lu'iiiorrlnige  us  u  udticeable  syiiiptoiii. 
Probiibl.y  among  tlu;  vemaiiiiug  155  there  were  many  with 
spongy  gums  tliat  could  be  made  to  bleed  slightly  upon 
pressure.  Of  the  non-hemorrhagic  cases  148  patients 
recovered  and  7  died ;  of  the  hemorrhagic  66  recovered 
and  56  died.  The  fatal  cases  had,  with  few  exceptions, 
gastrorrhagia :  most  of  them  had  at  the  same  time  other 
forms  of  hemorrhage.  Of  the  patients  that  recovered  27 
had  black  vomit.  In  most  of  these,  however,  the  symp- 
tom was  not  iirouotmced  ;  that  is,  the  vomitus  contiiiued 
only  more  or  less  numerous  specks  of  altered  blood. 

The  character  of  the  black  vomit  varies  from  tlie  fluid 
just  deseril)ed,  or  one  containing  brownish  Hakes  or 
stri;B  of  a  bright  red  color,  to  a  bUick  syrupy  fluid.  The 
amount  varies  considerably.  Sometimes  large  quantities 
are  repeatedly  ejected  with  foice  to  a  consideral)le  (Us 
tance.  In  tifty-two  |ier  cent,  of  tlic^  cases  the  first  mani- 
festations of  black  vomit  present  themselves  about  the 
fourth  and  fifth  days.  I  have  seen  it  as  early  as  the  sec- 
ond and  as  late  as  the  eleventh  day.  There  can  be  no 
doubt  as  to  the  nature  of  the  dark  fluid  under  consider- 
ration.  The  microscopic,  chemical,  and  spectroscopic 
investigations  show  the  presence  of  variable  quantities 
of  altered  blood. 

Bleeding  of  the  gums  and  nosebleed  are  the  most  com- 
mon forms  of  hemorrhage  in  yellow  fevii-.  Black  vomit 
follows  in  frequency;  but  we  should  not  forget  that  it  is 
not  always  an  evidence  of  .gastrorrhagia,  since  the  blood 
may  have  been  swallowed  from  the  mouth  or  nasal  cavi- 
ties. 5[ela?na  freciuently  occurs  as  a  result  of  the  hemor- 
rhages above  described,  or  fi-om  enteroirhagia. 

Bleeding  from  the  uterus  and  rectum,  petechia',  cuta- 
neous liemorrliagcs  are  all  (juitc  frequent.  Jlinufe 
hemorrha.ges  and  more  or  less  extensive  ecchymo.ses  are 
found  in  the  internal  organs  post  mortem. 

As  an  explanation  of  these  hemorrhages  I  have  sug- 
gested the  possibilit}'  of  secondary  infections  witli  l>ac- 
teiia  of  the  hemonhagic  group.  I  have  once  had  the 
opportunity  of  testing  the  blood  serum  of  a  hemorrhagic 
case  with  a  culture  of  the  Shiga  bacillus,  and  I  found  a 
positive  agglutination  with  dilutions  of  1  to  50.  It  is 
well  known  that  the  blood  of  yellow  fever  patients  will 
agglutinate  at  times  the  Zanarelli  bacillus,  and  that  the 
latter  ma_y  be  found  in  the  tissues. 

The  hemorrhages  usually  occur  with  a  falling  temper- 
ature, and  it  does  not  seem  ([uite  clear  that  the  fall  is  a 
con.sequence  of  the  loss  of  blood.  I  rather  incline  to  the 
view  that  both  iihrnomena  have  a  common  cause. 

Ciiiiiplirdtiniis. — If  we  exclude  the  accidents  that  may 
occur  in  the  coiu-.se  of  the  disease,  and  that  have  been 
already  described,  we  may  Sity  that  complications  are 
quite  rare.  Pulmonary  and  cardiac  inflammations  are 
very  infrequent.  Tiie  authors  of  the  excellent  mono- 
graph in  Nothuagel's  "Specielle  Pathologie,"  Azevcdo 
and  Couto,  believe  that  endocarditis  is  a  common  compli- 
cation, but  such  has  not  been  my  c.xpeiience,  nor  that  of 
American  and  Cuban  observers." 

Malaria  is  not  a  very  rare  complication.  Its  symptoms 
usually  remain  in  abeyance  for  thi-ee  or  four  days,  and 
then  resume  their  periodic  character.  The  complication 
is  a  .serious  one,  but  by  no  means  necessarily  fatal. 

Relapses. — Kclajises  are  very  rare.  Accidents  may  oc- 
cur in  the  course  of  a  slow  defervescence,  giving  rise  to 
renewed  fever;  but  a  second  attack,  interrupting  the 
course  of  convalescence,  I  have  seen  but  once  in  carefully 
observed  cases.  I  also  liave  the  records  of  a  second  at- 
tack occurring  six  weeks  after  complete  recovery  from 
the  tirst.     Both  attacks  were  severe. 

Termination. — The  return  to  health  is  usually  rapid. 
In  the  second  week  the  patient  clamors  for  food,  and  is 
anxiotis  to  resume  his  avocations.  In  severe  cases  the 
favoi'able  result  ma}'  be  delaved  b3'  prostration,  ana'inia, 
impaired  digestion  with  or  without  jaundice,  paresis  of 
tlie  extremities,  neuritis.  Death  results,  in  the  majority 
of  eases,  apparently  from  intoxication  affecting  the  nerve 
centres  and  from  hemorrhage.  Ataxic  symptoms,  delir- 
ium, couvulsiims,  coma,  crowd  one  another  in  the  last 


hours  of  fatal  cases  of  short  duration.  Other  cases, 
usually  with  intense  jaundice,  have  a  less  violent  end! 
and  die  in  an  adynamic  condition  by  asthenia. 

Di.vGNosis. — The  diagnosis  rests  mainlv  upon  the  four 
chief  symptoms;  the  facies,  the  pulse  aiid  temperature, 
the  alliuminuria,  and  the  tendency  to  hemorrhages. 

In  certain  diseases,  usually  benign,  such  as  influenza, 
and  dengue,  that  may  be  confounded  with  mild  ca.ses  of 
yellow  fever,  the  diagnosis  is  at  times  difficult.  At  the 
beginning  of  an  epidemic  the  examination  of  several 
patients  may  be  necessary. 

In  influenza  we  should  expect  to  And  the  catarrhal 
symjitoms,  the  peculiar  appearance  of  the  buccal  mucous 
membrane  and  the  tongue,  the  greater  remissions  of  the 
fever,  the  pidmonary  complications,  the  presence  of  the 
influenza  bacillus.  In  yellow  fever,  on  the  other  hand, 
we  should  find  jaundice  and  albuminuria  much  more  fre- 
quently than  in  influenza  of  the  mild  tvpe  that  we  are 
here  concerned  witli;  and  then,  besides,'in  yellow  fever 
there  is  the  peculiar  pulse  line. 

In  dengue  we  would  rely  upon  the  eruption  and  the 
articular  and  muscular  pains,  and  upon  the  absence  of 
jaundice  ami  albuminuria. 

With  respect  to  graver  forms  of  yellow  fever  it  may  be 
difticult  to  determine  whetiier  we  are  dealing  with  this 
disease  or  with  tyijhoid,  malaria,  and  malignant  forms 
of  jaundice,  or,  more  rarely,  with  plague  and  relapsing 
fever. 

Tjiphoid  Fcrfc— Each  one  of  the  two  diseases— yellow 
fever  and  typhoid  fever— has  its  special  facies.  6uring 
the  first  week,  when  the  mistake  is  likel,v  to  be  made, 
the  tongue  in  tyiihoid  is  heavily  coated.  'The  tempera- 
ture is  more  regular,  and  the  pulse  frequency  does  not 
decrease,  I  need  not  mention  other  symptoms  generally 
found  in  typhoid;  but  our  opinion  "will  be  guided  bV 
the  following  facts:  In  typhoid  our  patient  has  jirobably 
been  sick  with  fever  tw'o  or  three  days;  he  is  likely  to 
have  a  temperature  of  103"  F.  or  thereabout.  The 'fol- 
lowing day  he  will  have  the  same  temperature.  Now 
in  yellow  fever  this  would  mean  a  quite  severe  form  of 
the  disease,  and  the  patient  ought  to  have  a  well-marked 
albuminuria.  In  typhoid  he  will  have  but  little  or  no 
albumin.  This  may  appear  as  a  matter  of  little  impor- 
tance, a  mere  diflereuce  in  degree,  but  it  is  not  so.  The 
pronounced  albuminuria  of  severe  cases  of  yellow  fever 
is  a  very  striking  symptom,  quite  distinct  from  mere 
febrile  albuminuria.  The  albumin  may  increase  in  ty- 
phoid, but  a  case  of  yellow  fever  with  the  temperature 
of  a  typhoid  patient,  kept  up  for  several  days,  would  be 
in  a  very  grave  state,  and  would  show  alfthe  alarming 
and  pecidiar  symptoms  of  the  former  disease.  Besides. 
in  typhoid  we  should  have  the  diazo  reaction  in  the  urine, 
and'  a  low  percentage  of  ha'moglobin  in  the  blood.  At 
the  time  when  the  Widal  reaction  is  obtainable  the  case 
is  not  likely  to  be  mistaken  for  one  of  yellow  fever. 

Malaria. — Tlie  Plasmodium  in  the"  blood  in  malaria, 
and  the  albuminuria  of  yellow  fever  are  the  main  distinc- 
tive features.  A  great  deal  has  been  written  about  a 
certain  form  of  malaria  as  likely  to  be  confounded  with 
yellow  fever;  I  refer  to  the  bilious  remittent  fever.  I 
suspect  that  this  name  was  generally  given  to  the  yellow 
fever  of  the  natives  of  the  j'ellow-fever  zone  wli'o  were 
supposed  to  enjoy  immunity  against  this  disease,  or  else 
it  is  a  form  of  malaria  tliat  has  disappeared  from  our 
malarial  regions. 

The  real  difficulty  in  diagnosis  is  encountered  in  con- 
nection with  cases  of  iPstivo-autumnal  fever  d'uring  the 
first  days  of  the  attack,  and  with  cases  of  yellow  fever  in 
the  first  stage  of  tlie  disease.  It  is  jirecisely  the  absence 
of  the  so-called  bilious  symptoms  at  this  time  in  the  lat- 
ter disease  that  renders  the  diagnosis  difficult.  We  may 
have  to  wait  for  their  appearance,  as  they  are  sure  to 
come  in  a  case  of  yellow  fever  having  the  high  tempera- 
ture and  the  stormy  onset  of  the  tro[ncal  form  of  mal 
aria  in  an  unacclimated  person.  The  same  may  be  said 
of  the  albuminuria;  it  will  be  a  striking  s,vmptom  of 
such  a  case,  whereas  in  malaria,  if  present  at  all.  it  will 
be  no  more  flian  an  ordinary  febrile  manifestation.     In 
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this  diseusp  the  tongue  will  be  flat,  flabb}',  and  coated : 
the  liver  and  spleen  will  be  enlarged:  the  ha'moglobin 
percentage  will  be  about  seventy  or  lower;  the  tempera- 
ture is  likely  at  some  time  to  fall  precipitously  without 
any  hemorrhagic  symptoms;  the  pulse  is  sure  to  rise 
with  the  following  access  of  fever;  the  malarial  parasites 
will  be  found  in  the  blood.  We  should  remember  also 
that  a  yellow-fever  |iatieut  with  the  high  temperatures 
that  are  liUely  to  iirevail  in  malaria,  is  a  very  sick  man, 
whereas  the  malarial  patient  is  less  seriously  affected. 

In  luemoglobiuuric  fever  the  black  water  itself  is  very 
strong  evidence  against  yellow  fever,  especially  if  we  can 
prove  the  absence  of  red  blood  cells  in  the  urine.  The 
attack  usually  comes  on  after  repeated  paro.xysms  of  in- 
termittent fever  Avith  a  severe  chill,  and  the  hremoglobi- 
niu-ia  and  the  jaundice,  the  enlargement  and  tenderness 
of  the  liver  and  spleen,  with  ana;mia  and  low  percent- 
ages of  luemoglobiu  in  the  blood,  are  prominent  features 
from  the  start. 

MtilifjiKint  Jaundice. — Writers  who  were  not  familiar 
■with  yellow  fever  have  supposed  that  there  must  be  a 
marked  resemblance  between  these  affections,  but  this  is 
not  true.  In  acute  yellow  atrophy  we  have  the  following 
distinctive  features:  frequency  of  the  disea.se  iu  connec- 
tion with  pregnancy,  prodromal  gastro-hepatic  disturb- 
ances, early  development,  and  progressive  character  of 
the  jaundice,  absence  of  the  sudden  onset  with  fever  and 
congestive  symptoms,  diminution  iu  thcsiz.e  of  the  liver, 
change  in  the  color  of  the  f;eces,  presence  of  leucin  and 
tyrosin  in  the  urine,  marked  dindnution  of  the  amount 
of  urea,  great  prostration,  pallor,  low  percentage  of  hie- 
moglobin,  and  slight  oedema. 

In  Weil's  disea.se  the  history  of  the  onset  corresponds 
with  that  of  j-ellow  fever,  l)ut  the  gastro-hepatic  sj'mp- 
toms  are  more  prouoimced  from  the  beginning.  The 
jaundice  is  more  intense  and  presents  a  more  greenish 
tint.  There  is  a  tendency  to  diarrhcea;  the  fa;ces  are 
often  clay -colored.  The  liver  and  spleen  are  large  and 
tender.  The  muscular  masses  are  sensitive  to  jjressure. 
The  hemorrhages,  when  present,  are  a  later  manifestation 
than  in  yellow  fever.  The  duration  of  the  disease  is 
longer,  its  course  being  frequently  marked  by  two  dis- 
tinct paroxysms.  The  patient  falls  very  soon  into  a 
typhoid  state,  and  finally  the  urine,  according  to  some 
authorities,  is  apt  to  contain  the  Proteus  flavescens. 

Prognosis. — Attention  has  already  been  given  to  the 
prognostic  significance  of  the  several  symptoms;  hence 
it  is  not  necessary  to  dwell  extensively  upon  this  subject. 
We  may  summarize  the  unfavorable  prognostic  signs  as 
follows:  maintenance  of  the  temperature  at  a  high  level 
for  several  days;  high  temperatures  ccinciding  with  the 
appearance  of  the  jaundice  and  hemorrhages;  persistent 
vomiting  after  the  initial  emptying  of  the  stomach ; 
noticeable  falls  of  the  temperature  after  vondting,  with 
subsequent  elevati<m;  marked  reduction  of  the  arterial 
blood  pressure;  early  development  of  pronounced  jaun- 
dice, albuminuria,  or  gastric  hemorrhage;  loss  of  con- 
sciousness with  active  delirium  or  with  a  staring  expres- 
sion ;  profound  coma;  suppression  of  urine. 

The  mortality  from  yellow  fever  varies  in  the  different 
epidemics.  The  series  of  377  eases  treated  at  Las  Animas 
Hospital  in  Havana,  which  have  been  specially  analyzed 
in  this  paper,  gave  a  mortality  of  32.7  per  cent. 

I  have  myself  seen  the  range  of  mortality  vary,  in  dif- 
ferent epidemics,  between  4  and  ii6  per  cent.  Among 
soldiers  confined  in  barracks  the  mortality  is  said  to  have 
been  as  high  as  93  per  cent.  It  is  low  among  children 
anil  very  low  in  the  full-blooded  negro.  I  have  not  been 
able  to  tind  any  decided  differences  in  the  mortality  of 
the  whites  from  the  various  nations.  Reports  to  the 
contrary  are,  in  my  opinion,  to  be  explained  by  acci- 
dental conditions  afteeting  at  the  time  one  race  more  than 
another.  The  natives  of  one  country,  for  instance,  will 
be  better  looked  after;  they  will  come  in  for  treatment 
earlier  than  others.  At  Las  Animas  Hospital  tiie  mor- 
tality among  those  who  were  admitted  within  the  first 
forty-eight  hours  of  the  di.sca.se  was  17.7  per  cent.,  while 
among  those  who  were  admitteil  later  it  rose  to  33.3  per 


cent.     Now,  the  first  were  mostly  Americans ;  the  second 

were  Spaniards.  Italians,  etc. 

Before  concluding  this  description  of  yellow  fever  I 
wish  to  state  that  though  I  have  made  special  use  of  the 
material  at  my  disposal,  which  is  derived  from  the  study 
of  cases  in  Havana  during  1900  and  1901,  my  knowledge 
of  the  disease  is  based  upon  the  study  of  many  epidemics 
observed  in  the  United  States,  in  Cuba,  and  in  Ulexico. 
I  mention  this  because  I  wish  to  declare  that  I  have 
found  the  di.sease  everywhere  and  at  all  times  to  be 
always  the  same.  The  number  of  mild  cases  will  be 
greater  at  one  time  than  at  others.  There  may  be  a  dif- 
ference in  intensity ;  but,  aside  from  this,  I  have  never 
been  able  to  discover  characteristic  features  that  would 
distinguish  one  epiilemic  from  another. 

MoiiiiiD  An.vtomy.* — External  ajipearance  of  the 
body.  The  cadaver  of  yellow-fever  patients  presents  a 
characteristic  coloration.  The  shade  of  yellow  is  va- 
riable up  to  a  deep  saffron  color.  This  is  not  uniformly 
distributed  as  in  other  forms  of  jaundice,  but  rather  ap- 
pears with  greater  intensity  in  the  depending  portions  of 
the  body.  At  the  same  time  we  find  extensive  areas  of 
cadaveric  lividity  due  to  hypostasis.  The  face  appears 
livid  and  turgid.  From  tlie  mouth  and  nostrils  we  gene- 
rally tind  oozing  a  dark  fluid,  or  dark  crusts  or  coagula 
are  found  about  these  orifices.  The  conjunctiva;  are  yel- 
low and  often  ecchymotic. 

Tlie  Heart. — This  organ  is  not  as  a  rule  seriously  af- 
fected in  yellow  fever.  This  opinion  does  not  conform 
with  that  of  Soudre  and  Couto  as  expressed  in  Nothna- 
gel's  "System  of  Medicine."  The  size  and  weight  of  the 
organ  are  normal.  The  consistence  is  generally  firm, 
with  few  exceptions.  The  external  aspect  indicates  in 
some  cases  a  slight  increase  of  the  subjiericardial  fat, 
specially  toward  the  base,  and  along  the  transverse  and 
longitudinal  furrows.  This  is  not  an  evidence  of  degene- 
ration since  the  underlj'ing  muscular  tissue  is  generally 
found  to  be  normal.  On  the  surface  we  may  find  a  few 
ecchymotic  spots,  but  they  are  not  more  numerous  than 
those  found  elsewhere.  Soudre  and  Couto  describe  iu 
one  case  a  hemorrhagic  focus  about  the  size  of  an  al- 
mond, involving  the  whole  thickness  of  the  left  ven- 
tricular wall.  On  o].)eniug  the  heart  the  muscle  appears 
somewhat  paler  than  normal,  and  the  thickness  of  the 
ventricular  wall  is  normal,  or  may  be  slightly  increased. 
This  is  described  as  constant  by  Couto  and  Soudre.  The 
left  auricle  and  the  right  side  present  nothing  abnormal. 
Some  post-mortem  clots  are  generally  found  in  the  cavi- 
ties. The  endocardium  presents  to  the  naked  eye,  in 
some  cases,  a  yellowish  discoloration,  more  marked  tow- 
ard the  tendinous  extremities  of  the  papillary  mus- 
cles. Ecchymotic  points  may  be  seen  generally  near  the 
large  vessels.  These  are  not  constant  changes.  The 
valves  may  be  slightly  thickened  toward  the  borders,  hut 
usually  they  are  normal.  The  valvular  thickening  and 
vegetative  endocardial  lesions  described  b)'  Couto  and 
Soudre  as  constant,  we  have  not  been  able  to  find. 

Histologi/. — Alterations  of  the  muscular  fibre  occur 
only  in  rare  cases.  The  striatiou,  which  is  never  as  (lis 
tinct  in  the  cardiac  as  in  the  voluntary  muscles,  shows 
quite  clearl}-  iu  most  of  our  preparations  as  soon  as  we 
apply  the  sufficient  amplification.  The  continuity  of  the 
fibre  is  not  altered,  and  it  is  well  known  that  in  the 
degenerated  heart  this  is  easily  broken.  The  nuclei  take 
the  stains  readily,  and  do  not  present  the  deformities  and 
elongations  that  are  found  in  other  infections.  The  in- 
terstitial connective  tissue  is  not  increased  or  proliferated. 
The  vessels  show  no  alterations.  Occasionally  we  find 
small  extravasations  near  theendo-  or  pericardium.  The 
subpericardial  fat  appears  to  be  somewhat  increased. 
This  probably  explains  the  augmentation  in  the  size  of 
the  organ.  Karely  we  have  met  with  alterations  in  the 
muscular  fibre.  These  are  by  no  means  uniform.  More 
or  less  granular  cells  are  found  among  perfectly  normal 
ones.     The  former  are  slightlv  vacuolated,  and  their  stri- 
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atidns  may  be  complt'tely  lost.  The  nuclei  ivill  be  found 
to  take  the  stains,  aud  to  show  no  pi-ofound  alterations. 
The  fatty  degeneration,  described  by  others,  we  iiiid  to 
be  exceptional.  Nowhere  have  we" found  evidences  of 
acute  endocarditis.  lu  one  case  we  found  a  minute  ac- 
cumulation of  round  cells,  separating  muscular  fibre.s 
which  were  jierfectly  normal. 

The  pleura  and  lungs  present  no  lesions  that  are  char- 
acteristic of  yellow  fever. 

The  Spleen. — Its  size  is  usually  not  altered.  On  section 
the  iiulp  presents  a  dark  wine  color,  with  reddish  areas. 
The  Malpighian  corpuscles  are  not  prominent.  The  con- 
sistence of  the  organ  is  somewhat  diminished.  Histo- 
logically we  tiud  the  organ  but  slightly  afiected.  The 
Malpighian  bodies  show  neither  proliferative  nor  degene- 
rative lesions,  but  the  connective-tissue  stroma  appears 
to  be  slightly  increased.  The  parenchyma  of  the  organ 
iscongested.  The  small  veinsare  particularly  distenci'ed. 
In  some  cases  we  met  with  hemorrhagic  foci.  There  is 
no  increase  in  the  amount  of  pigment  contained  in  the 
spleen.  Some  aiithors  describe  cloudy  swelling  limited 
to  small  areas  of  tlie  parenchyma.  This  we  have  not 
been  able  to  conlirm.  nor  have  we  found  any  appreciable 
change  in  the  vascular  walls. 

T/ie  Kidneys. — By  the  naked  eye  we  discover  profound' 
lesions  that  appear  to  be  constant.  The  size  is  more  or 
less  increased.  The  color  is  generally  yellowish-red. 
Upon  section  the  color  appears  reddi.sh-yellow  or  gray- 
isli.  The  ves.sels  are  dilated  and  tlie  blood  flows  freely. 
The  medullary  zone  contrasts  with  the  cortical  tlu-ongh 
the  normal  or  somewhat  cyanotic  hue  of  the  former.  Tlie 
capsule  peels  easily,  and  the  surface  appears  reddish-yel- 
low with  va.scular  arborizations. 

Morbid  Ilistohxiy. — Two  kinds  of  lesions  are  found  in 
our  preparations:  one  is  constant  and  the  other  variable. 
The  glomeruli,  though  sometimes  normal,  present  in 
most  instances  evident  lesions.  At  times  the  capsule  is 
thickened  through  proliferation  of  its  cells,  but  it  is  more 
frequently  normal,  except  that  the  epithelium,  parietal 
or  visceral,  is  more  or  less  degenerated.  The  cavity  is 
generally  filled  with  an  exudate  of  variable  character. 
It  may  be  granular,  containing  exfoliated  cells,  or  it 
may  present  minute  fatty  areas  or  evidences  of  hyaline 
degeneration.  The  exudate  takes  a  rose  color  with  the 
ha?matoxylin-eosin  stain,  orgives  the  reactions  of  hyaline 
matter.  The  capsular  degeneration  does  not  appear  to 
be  constant ;  nor  is  it  necessarily  fatty,  even  in  cases  in 
which  the  fatty  change  is  quite  apparent  in  other  por- 
tions of  the  kidne.y.  The  glomerule  is  retracted  and 
small  in  proportion  to  the  amount  of  exudate,  and  it 
rarelv  shows  evidences  of  cloudy  swelling.  In  our  ex- 
perience the  more  constant  lesions  are  found  in  the  con- 
voluted tubules.  Their  lumen  may  be  dilated,  and  eon- 
tains  granular  matter  from  the  disintegration  of  cells 
and  from  the  coagulation  of  albumin.  Together  with 
this  material  we  find  cells  in  a  more  or  less  degenerated 
state,  and  fragments  of  the  same,  in  conjunction  with 
deformed  free  nuclei,  still  capable  of  taking  the  basic 
stains.  In  some  places  we  find  hyaline  masses,  true 
casts,  filling  the  lumen.  In  preparations  stained  after 
Marchi,  Golgi,  or  Weigert  we  find  here  and  there  fine 
fatty  granules  or  droplets  of  varying  size.  Tliis  is 
by  no  means  always  the  case,  for  we  find  many  tubules 
in  an  advanced  state  of  degeneration  without  signs  of 
the  fatty  reactions.  "We  have  not  been  able  to  find 
the  colloid  bodies  and  crystals  described  by  Council- 
man. The  epithelial  lining  of  the  convoluted  tubules 
is  intensely  degenerated,  in  the  shape  of  cloudj'  swell- 
ing or  fatty  change.  Osmic-acid  pre^iarations,  stained 
by  safranin  and  carmine,  will  show  cells  infiltrated  with 
fat.  and  still  presenting  complete  integrity  of  the  nucleus. 
Jlitotic  figures  are  rare.  We  find  also  the  special  form 
of  necrosis  described  l)y  Councilman,  namely,  minute, 
rounded,  or  irregular  bodies,  well  differentiated  from  the 
protoplasm.  They  sfcun  intensely  with  eosin,  and  should 
be  studied  with  liigh  ]iowers.  The  straight  collecting 
tubes,  the  descending  loop  of  Henle,  the  excretorv  ducts 
are  less  affected.     Here  the  integrity  of  the  epithelium  is 


bettei'  preserved,  and  the  form  of  degeneration  most  fre- 
quently encountered  is  the  cloudy  swelling.  The  tubes 
in  the  pyramids  are  often  obstructed  with'" cylinders  cor-- 
responding  with  those  that  are  found  in  the'urine.  Tlie 
interstitial  connective  tissue  also  participates  in  the  proc- 
ess. AVe  find  recent  round-cell  infiltrations  around  the 
glomerules  (])eriglomerulitis),  and  about  the  cortical  and 
medullary  tubules.  In  some  sections  tlie  infiltration  is 
such  as  to  invade  the  tubules  themselves.  The  epithelial 
cells  are  found  degenerated  and  compressed  among  con- 
nective-tissue cells  of  new  formation  and  leucocytes. 

Twice  we  have  met  with  small  abscesses  of  the  kidney 
at  the  line  of  contact  of  cortical  and  medullary  jiortions. 
Bearing  upon  the  question  of  .secondary  infections  we 
should  state  that  one  of  these  cases  was  of  short  duration. 

The  renal  vessels  are  at  times  dilated,  especially  the 
larger  ones,  the  interlobular  and  arciform  ;  but  no  appre- 
ciable changes  are  found  in  the  walls  of  these  or  of  the 
smallest  vessels.     Hemoriiiages  are  rarely  met  with. 

We  may  classifj'  the  renal  process  in  yellow  fever  as  a 
ha?matogenous  acute  parenchymatous  nephritis. 

The  Stdiiineh. — The  size  of  the  organ  is  normal  or 
slightly  increased.  On  opening  the  viscus  we  find  al- 
ways more  or  less  of  a  dark  fluid,  resembling  coffee  infu- 
.sious  of  variable  density.  Frequently  we  lind  remnants 
fif  food,  and  at  times  fine  shreds  of  mucous  membrane. 
The  spectro.scopic,  chemical,  and  microscopic  investiga- 
tions show  that  the  coloring  matter  of  this  fluid  is 
hjemoglobin  or  some  one  of  its  derivatives.  Tlic  mucous 
membrane  presents  a  reddish-gray  color  and  ecehymotic 
points  especially  about  the  cardia  and  pylorus.  The  re- 
mainder of  the  surface  presents  also  reddish  points  corre- 
sponding with  the  dilated  vessels. 

Histology. — The  changes  foiuid  vary  in  different  cases. 
Sometimes  they  are  limited,  in  the  mucosa,  to  a  simple 
congestion,  specially  characterized  by  a  distention  of  the 
intertubular  vessels  that  empty  into  the  veins  of  the  sub- 
mucosa.  In  these  cases  only  the  superficial  part  of  the 
mucosa  is  altered.  The  nucleus  and  the  protoplasm  do 
not  take  the  stain  well,  but  the  epithelium  is  generally 
preserved.  Such  losses  of  it  as  may  be  encountered  are 
to  be  ascribed  to  cadaveric  changes.  We  find  in  these 
stoiuaclis  small  superficial  hemorrliagic  foci,  and  at  times 
small  exti'avasations,  but  without  any  evidence  that 
the  capillaries  have  suffered  in  their  "integrity.  Over 
the  places  just  described  the  more  superficial  layers  of 
the  epithelium  are  degenerated,  and  the  cells  are  found 
mixed  in  a  magma  composed  of  exfoliated  cells,  altered 
red  globtdes,  and  free  pigment.  Other  cases  present 
deeper  lesions.  These  are  more  pronounced  toward  the 
fundus  and  pylorus,  especially  the  former.  The  chief  or 
central  cells  of  the  glands  present  lesions  that  are  charac- 
terized by  lack  of  affinity  with  the  ha^matoxylin,  and  a 
granular  condition  of  the  protoplasm :  but  we  have  not 
been  able  to  demonstrate  the  presence  of  fat.  These 
alterations  do  not  generally  affect  uniformly  the  whole 
length  of  the  gland.  In  the  glandulte  propria-  of  Kolli- 
ker  we  find  normal  chief  cells  alongside  others  more  or 
less  degenerated.  The  fundus  of  the  gland  is  general- 
ly less  affected  than  the  periphery.  In  these  cases  the 
interstitial  connective  tissue  participates  in  the  degenera- 
tive process.  This  tissue  presents  a  certain  degree  of 
translucency,  and  a  lack  of  definition  of  its  elements. 
These  alterations  are  more  manifest  in  the  superficial  lay- 
ers. These  do  not  stain  distinctly  with  the  eosin  or  with 
the  fuchsin  in  van  Gieson's  process.  The  elastic  fibres 
cannot  be  easily  distinguished.  We  have  seen  no  evi- 
dence of  active  connective-tissue  proliferation,  such  as  is 
found  in  most  of  the  forms  of  gastritis,  specially  the 
hemorrhagic.  We  do  find  accumulations  of  round  cells 
in  the  mucosa  and  submucosa,  but  without  evidences 
of  degeneration  or  active  proliferation.  The  submucosa 
presents  small  areas  of  degeneration  in  the  nuiscularis 
mucosa".  We  have  not  been  able  to  discover  the  punc- 
tated appearance  described  by  Couto  and  Soudre.  The 
vessels  are  often  dilated,  but  no  alterations  can  be  found 
in  their  walls.  The  lumen  is  generally  packed  with  red 
cells  and  a  few  leucocytes.     In  one  case  connective-tissue 
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rk'rucnts  of  new  formation  were  found  inliltrating:  the  sub- 
niucosa  about  the  veins,  but  even  hen-  no  ehange  couhi 
l)e  demonstrated  iii  tlie  vascular  wall.  The  nniseular 
coat  is  normal  in  volume  aiiil  shows  no  sign.s  of  degene- 
ration. Distended  vessels  are  seen  among  the  layers  of 
I  he  musculature.  TIk'  fat  of  the  subserosa  is  not  in- 
ciea.sed.  nor  is  this  mend)iaiie  in  any  way  altered. 

The  Intesliites. — The  k-sions  vary  with  the  form  and 
intensity  of  the  infection.  In  those  cases  in  which  there 
have  been  intestinal  hcmorrliages  the  lesions  are  more 
inlense.  Invaginations  of  llie  small  intestines  have  been 
met  with.  In  one  of  our  cases  there  were  two  such  dis- 
locations: one,  at  1.5  metre  from  the  duodenum,  and  the 
other  30  cm.  lower  down.  There  were  no  adhesions  nor 
inllammatory  exudate  upon  the  serosa,  but  simplj'  a  con- 
gestion of  the  invaginated  portkra  of  the  intestine. 

On  opening  the  intestine  we  tind  the  color  to  be  uor- 
mal.  except  at  some  places  where  a  reddish  and  cyanotic 
discoloration  is  apparent.  This  is  more  marked  in  the 
upper  jiart  of  the  intestine.  Peyer's  patches  are  not 
swollen  or  ulcerated.  Histological!}'  we  tind  no  serious 
lesions  of  the  mucosa.  It  is  less  con,!rested  than  that  of 
the  stomach.  In  most  of  our  prejiarations  there  are 
marked  cadaveric  lesions,  specially  toward  the  duode- 
num. The  ei)ithelium  covering  the  villi  mav  be  want- 
ing or  macerated,  but  it  is  generally  present.  The 
glands  of  Lieberkiilm  show  no  evidences  of  catarrhal 
intlanimation,  and  the  cells  of  the  glands  of  Brunner  pre- 
sent nothing  abnormal.  AVe  tind  no  abnormal  round-cell 
or  leueocytic  intiltration.  In  hemorrhagic  cases  we  tind 
foci  similar  to  those  described  in  the  stomach.  The  sub- 
mucosa  and  the  serosa  are  normal. 

The  large  intestines  are  usuall.v  not  affected.  When 
we  meet  with  lesions  they  are  generally  encountered  in 
tlie  lower  portkms  of  the  gut  and  are  catarrhal  in  char- 
acter. The  rectum  generally  contains  fa'cal  matter,  the 
consistence  of  which  varies  considerably.  Hemorrhagic 
lesions  are  occasionally  met  with. 

The  Liirr. — The  volume  of  the  organ  is  normal  or 
sliglitl}-  augmented.  In  (iO  autopsies  performed  by 
Couto  and  Soudre  the  weight  averaged  l.tiSO  gm.  The 
minimum  was  1,200  and  the  maximum  3,200  gm.  In  8 
cases  it  varied  between  1.400  and  l.oOO.  Thirteen  cases, 
investigated  by  I)i'.  Araujo  Vianna.  gave  a  specitic 
weight  as  follows: 
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Color. — The  color  of  the  organ  is  characteristic  of  the 
<iisease.  It  may  be  compared  with  new  leather  or  box- 
wood. Minute  reddish  points  are  generally  found  on  the 
inferior  surface.  On  section  we  observe  the  same  dis- 
coloration, and  we  notice  some  reddish -grav  iioints  corre- 
sponding to  portal  spaces.  The  gall  bladder  usually 
contains  small  quantities  of  bile  of  dark  color  andsyrupv 
consistence.  The  liiliar.v  passages  are  patulous,  and  on 
compression  of  the  gall  bladder  the  bile  tlows  freely  into 
the  duodenum. 

Histology. — From  the  study  of  our  cases  we  conclude 
that  the  liver  is  the  organ  most  serious]}'  affected  in  yel- 
low fever.  We  are  at  once  struck  by  the  deformity  and 
<lisnrder  that  prevail  in  the  hepatic  lobule.  The  cells  are 
not  ra<liall}'  (listriliiited  around  the  central  vein,  and  the 
vascular  net  appears  more  tortuous  than  normally.  For- 
eign elements,  such  as  leucocytes  and  connective  tissue 
of  new  formation,  among  the  hepatic  cells,  give  ri.se  to 
this  disorder.  The  protoplasm  of  the  cells  is  more 
granular  than  normally,  and  presents  vacuoles  of  vai'v- 


ing  size.  Tliese  gradually  gain  upon  the  protoplasm 
until  tlie,v  invade  it  totally.  Hi.glily  refractive  hyaline 
bodies,  more  or  less  rounded  generally,  but  at  tinii's  pre 
senting  slight  prolongations,  are  found  in  the  cells  and 
between  them.  These  bodies  take  the  eosin  stain  intense 
ly,  and  take  an  orange  color  by  the  van  Gieson  method. 
According  to  Councilman  they  represent  a  i)anial  necro- 
sis that  is  characteristic  of  the  acute  fatty  degenerations 
of  the  liver.  ("  Report  of  the  Etiology  and  Prevention 
of  Yellow  Fever,"  by  George  M.  Sternberg.  "  Report  of 
the  United  States  Marine  Ilospital  Service,"  1890. )  The 
nucleus,  usually  excentric,  generally  stains  well  with  the 
basic  colors.  This  integrity  of  the  nucleus contras'.s  in  a 
remarkable  manner  with  the  disintegration  of  the  proto- 
plasm, and  probably  explains  the  rapid  recuperation  of 
the  functional  activity.  Some  nuclei  are  degenerated, 
as  evidenced  by  si,gns  of  caryorrhexis  and  vacuolization. 
This  occurs  especially  in  tlie  neighborliood  of  the  portal 
spaces.  Here  also  we  meet  occasionally  with  evidences 
of  proliferation:  double  nuclei,  various  manifestations  of 
mitosis,  and  small  hepatic  cells.  In  preparations  colored 
by  the  J'archi  method,  or  fixed  in  Fleinming's  fluid,  we 
tind  that  the  vacuolizations  of  the  protoplasm  re])resent 
simply  fat  globules.  These  take  the  black  color  with  the 
osmic  acid.  Their  number  varies  from  two  to  four,  or 
they  may  run  together,  occupying  the  whole  body  of  the 
cell.  We  rarely  tind  necrotic  areas.  In  one  case  the 
necrotic  areas  were  contiiud  to  the  periphery  of  the  lob- 
tde,  while  the  central  i)ortion,  charged  with  fat,  pre- 
sented a  normal  coloration  of  the  nuclei. 

The  interstitial  connective  tissue  participates  actively 
in  the  pathologic  process.  This  is  especially  true  in  the 
portal  spaces,  where  we  encounter  accumulations  of  round 
cells  gathered  around  the  blood-vessels  and  bile-ducts, 
and  fre<|uently  pressing  upon  the  latter  and  obliterating 
their  lumen.  This  obliteration  is  not  constant,  for  we 
meet  with  open  ducts  even  in  the  midst  of  the  prolife- 
rated connective  tissue.  In  the  interior  of  the  aciiu  we 
tind  also  a  considerable  number  of  round  and  fusiform 
cells,' together  with  tibrilhc  of  connective  tissue  and  a 
few  leucocytes. 

It  is  a  remarkable  fact  that  we  meet  nowhere  with  evi- 
dences of  a  decided  pigmentation  of  the  organ.  The  free 
pigment  is  relativel}'  scarce.  It  is  manifested  b}-  a  finely 
punctated  appearance,  and  does  not  give  the  iron  reac- 
tions. Pigment  is  also  fomid  within  the  cells.  The 
scantiness  of  pigment  in  the  yellow-fever  liver  is  in 
strong  contrast  with  the  findings  in  other  forms  of  .iaun- 
dice.     The  walls  of  the  biliary  passages  are, normal. 

The  blood-vessels  of  the  liver  present  no  alteration  of 
the  walls.  Their  lumen  is  not  distended,  and  in  their 
contents  we  tind  b\d  rarely  an  increase  of  the  leucocytes. 
Hemorrhages  are  very  rare. 

The  Piiiicredti. — In  the  few  cases  in  which  we  have 
studied  this  gland  we  have  found  only  cadaveric  changes. 
We  could  not  demimstrate  the  existence  of  the  fatty  de- 
generation described  by  some  ob.servers. 

The  yenvim  Si/Ktem. — The  meninges  are  generally  in  a 
normal  condition.  Sometimes ecchymotic  spots  are  found 
in  the  dura.  The  sinuses  are  generally  found  tilled  with 
blood  in  those  individuals  who  die  in  a  comatose  state. 
The  arachnoid,  the  pia,  and  the  choroid  plexus  are  con- 
gested, and  occasionally  we  meet  with  small  extravasi\- 
tions.  On  section  the  blood  flows  somewhat  freely  from 
the  vessels.  The  ventricles  are  dilated.  Their  walls,  as 
well  as  the  cerebro-spinal  Huid,  are  slightly  stained  yel- 
low. The  brain  is  of  normal  consistence,  but  somewhat 
softened  in  prolonged  cases.  On  section  the  color  is  nor- 
mal and  the  punctated  appearance  is  rather  prominent. 
The  spinal  cord  presents  similar  appearances  with  less 
prominence  of  congestive  signs.  The  histology  of  the 
nervous  system  has  not  been  carefully  investigated. 

TnKATMf;NT. — The  mortality  statistics,  referred  to 
under  the  head  of  Prognosis  (and  thev  correspond  with 
others  from  various  sources)  show  the  importance  of  early 
treatment  in  yellow  fever.  Not  that  we  possess  any  spe- 
citic that  should  be  applied  during  the  first  hours  of  the 
disease,  but  that  those  patients  are  more  likely  to  recover 
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who  are  put  to  bed  at  once,  and  wlio  arc  kept  on  an  at)- 
solute  diet.  Nothing  else,  if  we  except  tlie  administra- 
tion of  a  laxative  and  the  eniploj-nient  of  sunie  palliative 
measures,  was  done  for  the  patients  admitted  to  Las 
Animas  and  the  Mercedes  hospitals  during  the  first  two 
days  of  the  disease.  The  results  compare  very  favorably 
with  those  obtained  without  tlie  proper  sick-room  disci- 
pline, and  willi  active  medication.  I  recommend  in  this 
connection  the  reading  of  a  paper  entitled  "  Notes  on  tlic> 
Treatment  of  Yellow  Fever  at  Las  Animas  Hospital,"  by 
Col.  W.  C.  Gorgas,  in  the  Jimniiil  of  the  AsisuHatioii  nf 
Militiiry  S'lrcjeonn,  for  October,  1903. 

The  "patient  should  be  put  to  bed  at  once  and  kept  in 
the  horizontal  position.  Clean  linen  for  the  bed  and  per- 
son should  be  furnished  plentifidly.  Windows  and 
doors  should  lie  left  open  (screened  against  mosquitoes, 
of  course),  care  being  t^iken  to  avoid  only  the  direct  ac- 
tion of  strong  currents  of  air.  Thecpiartersshoidd  be  as 
clean  as  possible.  Patients  seem  to  do  well  when  treated 
in  tents,  whereas  the  mortality  is  generally  high  in  old 
yellow-fever  hospitals.  The  skin  should  he  clean.sed  and 
rublied  with  hot  water  and  soap,  and  clean,  loose  gar- 
ments shoidd  l)e  substituted  for  the  clothing  worn  by 
the  patient.  It  is  not  unreasonable  to  believe  that  these 
measures  may  lessen  the  chances  of  secondary  infections'. 
At  any  rate,  tlie  ]iatients  so  treated  do  better  than  others. 

A  inild  purgative — calomel  and  jalap  or  castor  oil — is 
ordered,  and  water  is  given  freely  through  a  drinking 
tube  or  feeding  cup.  From  fifty  to  eighty  ovmces  of 
fluid  are  given  in  the  twenty-four  hours.  Plain  water, 
pleasant  alkaline  waters,  ginger  ale,  lemonade,  orange 
leaf  tea,  are  given,  preferably  cold,  though  some  patients 
call  for  warm  drinks.  Weak  solutions  of  bicarbonate  of 
sodiiun  may  take  the  place  of  mineral  waters.  The  pa- 
tient is  not  allowed  to  sit  tip  to  empty  the  bladder  and 
rectum. 

Absolutely  no  drugs  are  given  until  we  see  clear  indi- 
cations for  thein,  a  condition  that  is  not  likely  to  arise  in 
a  large  number  of  cases,  or  only  from  the  third  day  on- 
ward in  the  grave  cases.  During  this  interval  nuich  can 
be  done  to  relieve  the  sufferings  of  the  patient  and  to 
gain  his  confidence. 

K.xtcrnal  applications  should  be  freely  used;  light 
sinapisms  to  the  back  of  the  neck,  to  the  calves  of  the 
legs,  to  the  loins,  or  to  the  epigastrium;  ice  caps  to  the 
head  or  to  the  back  of  the  neck;  rubbing  of  the  legs  or 
back  with  alcnhol  or  some  liniment;  warm  applications 
over  the  bladder  if  there  be  retention  of  urine;  sedative 
water  to  the  forehead.  If  tlic  body-temiierature  be  very 
high  the  surface  should  be  sponged  with  cool  water  and 
alcohol,  or  an  enema  of  cold  water  may  be  given. 

If  by  night  time  the  patient  be  suffering  much  from 
pains  ill  the  back  and  head,  a  dose  of  five  grains  of  plieu 
acetin  may  be   given,   and  repeated,  if  necessary,  once 
during  the  night.     After  the  third  night  this  drug  is 
scarcely  called  for,  and  its  use  is  probably  harmful. 

The  "first  sym|itoni  that  is  likely  to  "call  for  special 
treatment  is  'vdiiiiting.  If  the  bo"wels  have  not  acted 
since  the  initial  purge  we  should  now  give  a  Seidlitz 
powder  in  broken  doses,  or  effervescing  magnesia,  or 
calomel  in  minute,  often  repeated  doses.  If  the  vomit- 
ing does  not  stop  readily,  we  should  discontinue  the  ad- 
ministration of  liquids  by  the  mouth,  and  allow  nothing 
but  cracked  ice  in  small"  quantities.  At  the  sami'  time 
rectal  injections  of  warm  physiologic  salt  solution  in 
doses  of  si.x  (mnecs  every  four  hours  should  be  pre- 
scribed. It  is  to  be  hoped  now  that  the  rectum  has  not 
been  made  irritable  by  the  excessive  use  of  purgatives, 
for  much  depends  upon  the  continued  administration  of 
these  injections  perhaps  for  several  days.  When  we 
have  readied  the  fifth  or  sixth  day  of  the  disease,  tlic 
qucsti(m  of  feeding  these  patients  presents  itself.  If 
there  has  been  no  vomiting  one  ounce  of  milk  may  Vic 
given  every  two  hours  by  the  mouth;  but  if  we  have 
been  forced  to  use  the  rectal  injections,  two  or  three 
ounces  of  milk  should  be  injected  with  the  salt  solution. 

If  the  vomiting  and  retching  be  very  frequent,  a  few 
doses  of  cocaincin  tablet  form  should  be   tried,  or  ice 


may  be  a|iplied  to  the  throat.  The  oft-repeated  vomit- 
ing is  almost  sure  to  lead  to  hemorrhage.  Immediately 
upon  the  first  appearance  of  brown  flakes  in  the  vomitus 
I  prescribe  tincture  of  the  chloride  of  iron  in  flve-drop 
doses  every  two  hours.  I  give  it  usually  with  a  little 
glycerin  and  lemon  juice.  The  iron  almost  always  re- 
duces the  frequency  of  the  vomiting.  I  have  tried  adre- 
nal extracts  without  success.  If  tliere  be  much  hemor- 
rhage from  the  mouth  I  prefer  to  use  a  mouth  wash 
containing  antipyrin.  Wherever  the  source  of  the  hem- 
orrhage may  be,  I  think  the  iron  should  be  insisted  ujion. 

The  remainder  of  the  treatment  reduces  itself  to  sus- 
taining the  strength  of  the  patient,  antl  stimulating  the 
action  of  the  heart  and  kidneys  by  the  judicious  use  of 
strychnine  and  digitalis  and  aleoliol ;  the  two  I'urmer  by 
the  hypodermic  method,  and  the  latter  liy  the  mouth  or 
rectum.  Alcolml  is  not  well  borne  in  large  doses;  a 
tablespoonful  of  champagne  or  some  whiskey  in  car- 
bonic-acid water,  given  occasionally  when  symptoms  of 
collapse  appear,  is  without  doubt  useful.  Hypodermics 
of  strychnine,  or  of  digitalin  in  doses  of  gr.  ^'^  or  gr.  yi^ 
may  be  given  every  six  hours  with  advantage.  I  do  not 
believe  these  patients  will  stand  as  niucli  strychnine  as 
those  suffering  from  other  iiifecliiius  diseases. 

Digitalis  is  more  specially  indicated  when  the  kidneys 
are  inactive.  In  suppression  of  urine  cold-water  rectal 
injections  liave  been  recommended,  and  in  some  few- 
cases  I  think  I  have  done  good  through  tlie  diuretic 
action  of  calomel. 

Tlie  prolonged  typhoid  cases,  generally  marked  by 
intense  jaundice,  require  alcohol  and  strychnine.  Most 
of  them  have  to  take  iron  for  a  tew  days  on  account  of 
the  hemorrhages;  hut,  as  these  subside,  I  think  they  are 
benefited  by  the  use  of  small  doses  of  chlorate  of  potas- 
sium. Later  on,  in  the  period  of  convalescence,  they 
should  take  muriatic  acid  and  nux  vomica. 

As  already  mentioned,  about  the  fifth  day  we  should 
begin  to  give  milk,  with  lime  water,  if  necessary.  The 
close  should  be  gradually  increased,  and  about  the  ninth 
day  a  mild  solid  diet  maybe  ordered.  Ice  cream  is  much 
relished,  and  may  be  given  before  tliis. 

The  [latient  should  be  allowed  to  get  on  his  feet  grad- 
ually, and  in  the  majority  of  cases  he  is  up  and  about  at 
the  end  of  the  second  week.  Very  mild  cases  will  have 
recovered  coiniiletely  in  ten  days,  while  others  will  re- 
quire the  use  of  peptonized  food,  tonics,  and  massage 
for  a  f(^w  days. 

Pi!oi-nvi,.\xis. — The  perfect  success  of  the  prophylac- 
tic measures  against  yellow  fever  is  based  on  the  com- 
plete knowledge  we  now  possess  of  the  mode  of  propa- 
gation of  the  disease.  It  is  transmitted  by  the  Stegomy  ia 
fasciata;  the  insect  becomes  ni/fctoniy  biting  the  yellow - 
fever  patient  at  any  time  during  the  first  three  days  of 
the  disease ;  the  insect  becomes  infecting  twelve  days  after 
it  has  bitten  the  yellow-fever  patient.  The  application 
of  this  knowledge'  to  prophylactic  practice  is  ijerfectly 
feasible. 

The  patient  should  be  treated,  if  possible,  within  an 
enclosure  known  to  be  free  from  the  Stegomyia  mos- 
quito. In  cities  exposed  to  the  introduction  of  yellow 
fever  there  should  be  kept  always  in  readiness  such  an 
enclosure— a  mosquito-proof  ward.  In  the  city  of  Ha- 
vana we  have  no  hesitation  in  receiving  cases  of  yellow 
fever  from  the  shipping.  We  have,  almost  forcibly  and 
with  the  idea  of  protecting  the  ship  and  the  port  to  which 
it  was  bound,  removed  such  a  patient  from  a  vessel  and 
brought  him  into  the  city.  Our  security  in  this  city  de- 
pends simply  on  our  having  such  an  enclosure.  The 
patient  is  brought  under  a  mosquito  bar  to  the  mosquito- 
proof  wards  of  Las  Animas  Hospital,  where  he  is  cared 
for  by  attendants,  many  of  whom  are  non-immunes. 
This  has  been  done  now" for  three  consecutive  summers 
without  a  single  instance  of  propagation  of  the  disease. 

If  the  patient  must  be  treated  at  home  steps  should  be 
taken  to  screen  the  windows  and  doors.  If  possible  a 
room  should  be  first  fumigated  to  destroy  the  mosquitoes, 
and  screened  before  the  patient  is  brought  into  the  apart- 
ment. 
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It  is  apparent  that  the  source  of  infcctiou.  the  patieut, 
is  quite  under  our  control  in  most  instances.  Of  Course 
the  possibility  always  exists  of  mild  ambulatory  cases 
that  may  escape  our  observation.  I  have  always 
thought  that  such  cases,  specially  among  the  negroes, 
arc  responsible  for  the  spread  of  some  epidemics. 

If  the  patient  has  had  the  opportunity  to  infect  mos- 
quitoes before  he  comes  under  observation,  it  becomes 
necessary  to  destroy  the  infected  insects.  Here,  again, 
we  observe  how  completely  this  disease  is  under  our  con- 
trol. The  insects  give  us  time  to  act.  They  can  do  no 
harm  before  the  la]'sc  of  twelve  days.  Furthermore  the 
Stegomyia mosquito  is  a  domestic  insect.  It  is  not  likely 
to  migrate  far  from  the  patient.  It  will  remain  in  the 
same  room  or  at  least  in  the  same  house.  If  the  patient 's 
quarters  are  protected  against  the  smoke,  the  other  parts 
of  the  building  may  lie  fumigated  with  pyrethrum.  The 
houses  immediately  adjoining  should  lie  fumigated  at  the 
same  time.  After  the  recover}-  or  death  of  the  patient  tlie 
room  occupied  by  him  should  also  be  fumigated. 

Although  the  pyrethrum  is  not  so  certain  an  insecticide 
as  are  certain  other  substances,  it  is  more  manageable,  and 
can  be  applied  iu  all  places  and  at  all  times.  If  care  be 
taken,  during  fumigation,  to  leave  a  sheet  of  paper,  wet 
with  mucilage,  underaglass  window,  or  under  some  open- 
ing pasted  over  with  paper,  the  insects  are  sure  to  tly  to 
the  light,  and  will  drop,  when  paralyzed,  upon  the  paper 
beneath.  In  this  manner,  and  by  carefully  sweeping  the 
room,  before  freely  opening  the  windows,  after  fumigat- 
ing for  four  hours,  we  are  quite  sure  of  collecting  all  the 
mo.squitoes.  These  should  be  burnt  at  once,  or  placed  iu 
a  bottle,  if  we  desire  to  determine  the  kind  of  insects 
found  iu  the  premises. 

The  complete  success  attained  in  Havana  by  these 
methods  was  in  part  due  to  the  fact  that  most  of  the  pa- 
tients affected  with  yellow  fever  were  hospital  patients; 
that  is,  they  could  be  removed  at  once  to  Las  Animas,  or 
to  some  of  the  private  hospitals  in  which  the  sanitary 
department  liad  seen  to  the  preparation  of  adequate 
wards, 

A  tine  was  imposed  on  the  physician  who  failed  to  re- 
port a  case  of  yellow  fever,  and  a  commission  of  experts, 


whose  opinion  as  to  the  diagnosis  was  tinal,  visited  the 
patient  at  once,  and  reported  upon  the  nature  of  the  dis- 
ease. Preventive  measures  already  instituted  were  con- 
tinued or  not  aecoj-ding  to  the  tiuding  of  the  commission. 

At  the  same  time  that  these  direct  measures  of 
prophylaxis  are  being  carried  out.  every  effort  should  be 
made  to  diminish  the  number  of  the  Stegomyia  mos- 
(piitoes  iu  the  locality.  Deposits  of  water  of  all  kinds 
should  be  reduced  to  a  minimum.  Waste  waters,  sinks, 
and  pools  should  be  fre(iuenlly  oiled  with  petroleum,  and 
water  barrels,  tanks,  and  cisterns  should  be  screened. 

The  above  simple  method  of  prophylaxis  is  based  on 
the  well-known  studies  of  Dr.  Finlay,  and  Drs,  Reed, 
Carroll,  Lazear,  and  Agramonte,  These  authors  had  left 
undetermined  the  duration  of  the  period  of  infectivity  of 
cases  of  yellow  fever.  From  their  experience  and  my 
own  it  appeared  probable  that  this  period  of  infectivity 
was  limited  to  the  first  three  days  of  the  disease.  In  the 
report  of  the  French  commission  (JIarchoux,  Salimbeni, 
Simond)  sent  to  Kio  by  the  Pasteur  Institute,  we  find 
(Aiiniiles  (ie  Vlnxlitiit  I'dsliiir,  November,  I'JOo)  that  spe- 
cial attention  was  paid  to  this  point,  and  that  inoculation 
exiieriments  were  made  to  show  that  a  case  of  yellow 
fever  on  the  fourth  tlay  was  not  capable  of  transmitting 
the  diseas''. 

Other  experiments  of  tlie  said  commission  are  of  inter- 
est from  the  point  of  view  of  individual  prophylaxis, 
although  I  do  not  believe  that  they  are  capable  of  exten- 
sive practical  application.  Our  system  of  general  pro- 
phylaxis is  so  ccnuplete.  the  results  are  .so  certain,  that 
we  can  scarcely  believe  that  methods  of  individual  pro- 
phylaxis will  ever  be  called  for. 

The  experimenters  of  the  French  commission  have  im- 
munized individuals  by  injecting  serum  of  yellow-fever 
jiatients  previously  treated  by  heating  for  five  minutes  at 
a  temperature  of  55  C,  or  by  keeping  it  under  a  layer 
of  vaseline  during  eight  days.  Dr.  Carroll  had  already 
suggested  the  attenuation  of  the  virus  by  heat.  The 
commission  also  show  that  the  serum  of  convalescents 
jjossesses  preventive  properties,  and  perhaps  curative 
properties,  as  suggested  by  Finlay. 

Juan  Gnitems. 
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Explanation  of  Signs.— The  Roman  niminvils  refer  to  the  volume,  the  Arabic  to  the  page. 


Aaclicu. 
.ibwenoe. 


Aachen,  incdiciual  spiiugsat,  i.  1 
Aagrini.  ii.  828 
Abattoirs,  v.  724 

saiiiiurv  iiispcclioii  of.  v.  72.5 
Abbe's  lateral  anastomosis  of  iu 

testines  liy  ^ulun-.  v.  ITil 
Abbreviations  iisotl  in  donoliiig  tlio 

clei-tiii.-al  iciiclions,  iii.  771,  770 
Abdomen,  suiatoniy  of.  i   2 

(Icfoiiiiities    of,   (letLTiniiu-d    by 

cyrtomettr,  iii.  iUl 
dcvelopmeut    of    orifans   of,    i. 

179 
empliysoiuu  of.  viii.  4^0 
e.xamiualion  of,  in  diseases  of  llie 

stomacli.  vii.  488 
examination   of,  in  medico  legal 

antopsy,  i.  G59 
fascist  of,  i.  'S 
form  and  aiipcaiancc,  i.  3 
gunshot  wonnds  of,  iv.  4.14 
incisions  in,  i.  5 
injuries  of.  i.  16,  670 
lyinpliatics  of.  v.  635 
massage  of,  v.  Gi)'> 
malformations  of,  vii.  702 
muscles  of,  1.  3 
regions  of,  ill 
section  of,  iu  new  born,  vi.  27.5 
surgery  of.  i.  16 
wounds  of,  i.  17 
Abdominal   lianilage,   for    soldiers, 
V.  796 
aorta,  aneurism  of,  i.  3.5,  336 
cavity  and  contents,  i.  11 
lympliatic  glands,  v.  636,  640 
mus'jles,  anomalies  of,  vi.  61 
pregnancy,  iv.  .57 
ring,  external,  anatomy  of,  i.  3 

internal,  anatomy  of,  i.  6 
tumors,  diagnosis  of,  i.  22 
viscera,  anatomical  relations  of, 
i.  12 
gunshot  ■wounds  of.  iv.  455 
relative  positions  of  the,  i.  12 
wall,  i.  3 

abscess  of,  v.  .535 
posterior,  i.  10 
Abductor  liallucis  muscle,  anomalies 
of,  vi.  59 
indicis  muscle,  vi.  55 
minimi  digiti  muscle,  anomalies 

of.  vi.  55.  59 
ossis  metatarsi  quinti  muscle,  vi. 

59 
pollicis  muscle,  anomalies  of,  vi. 

55 
jiollieis  longiis  muscle,  iv.  243 
Abenakis  Springs,  i.  39 


Aberration,  chromatic,  iv.  91 

mental,  v.  25  {see  also  Insaniti/) 

splierical.  iv.  84,  91 
Aberystwith,  i.  39 
Abies  abies,  vi.  639 

balsamca.  ii.  624 

canaiicnsis,  vi.  639 
Abietic  acid,  i.  39 
Abiotrophy  of  the  myon.  vi.  62 

nl  I  lie  motor  neurones,  vi.  62 
Ablution,  general,  iv.  789 
Abnormalities  of  size,  vii.  672 
detective,  vii.  673 
excessive,  vii.  672 

of  position,  vii.  672 

transposition  of  viscera,  vii. 
673 
Abogate,  i.  191 
Abortion,  i   39 

criminal,  i.  42.  671;  viii.  512 

examination    in     cases    of    sus- 
pected, i.  43 

indications  for  induction  of,  vi. 
309 

laws  against  criminal  induction 
of,  i.  42 

leucorrha'a  following,  v.  495 

methods  of  inducing,  vi.  310 

missed,  i.  41 

pathology  of,  iii.  62 

post-mortem    indications    of,    i. 
670 
Abortives,  vi   691 
Abrachius,  vii.  714 
Abrasions  of  cervix  uteri,  viii.  69 
Abrin,  v.  260 
Abrus  precatorius,  v.  260 
Abscess,  i.  44.  47 

alveolar,   v.  248,    vii.  610;   viii. 
490 

amirbic,  i.  44 

ajjpendicular,  i.  39 

aspiration  of.  i.  580 

brouchiectatic,  viii.  406 

caused  by  iiuiuiue,  iii.  422 

cervical,  ditVuse,  vi.  593 

cyld,  i.  46,  48 

cutaneous,  i.  49 

embolic,  i.  46 

extradural,  ii.  222,  415,  v.  709 

formation  and  healing  of,  v.  6, 
11 

ilio-psoas,  i.  36 

in  axilla,  vii   207 

in    hip  -  .ioiut    disease,    v,    268, 
284 

in  ischiorectal  fossa,  i   394 

in  neck,  vi.  192 

in  Pott's  disease,  vii.  407 


Abscess,  intracranial,  ii.  411 

ischiorectal,  i.  48,  394;  vi.  564 

manunary,  ii.  474 

near  rectum,  i.  394 

of  abdominal  wall,  v.  535 

of  auricle,  iii.  607 

of  bladder,  vii.  708 

of  brain,  ii.  218,  249.  411 

a  cause  of  headache,  iv.  .5.52 
complicating     inflammation 

of  the  ear,  iii.  655 
due  to  chronic  purulent  in- 
flammation of  the  middle 
ear,  v.  707 
traumatic',  iv.  561 

of  cerebellum,  ii.  219 

of  cornea,  iii.  283;  iv.  100 

of  Fallopian  tubes,  vii.  709 

of  finger,  iv.  502 

of  jaw  (lower),  v.  253 

cif  larynx,  v.  410 

of  liver,  v.  530 

of  lung,  V.  586;  vii.  755 

of  mamma,  ii.  474 

of  mediastinum,  v.  732 

of  nasal  septum,  vi.  10£ 

of  oesophagus,  vi.  340 

of  omentum,  vi.  360 

of  ovary,  vii,  709 

of  palm  of  hand,  iv,  .104 

of    pancreas.    Sec    Pancreatitis, 
Acute  Suppiiriitire 

of  spleen,  vii.  427,  429 

of  testicle,  vii.  709 

of  tongue,  vii.  795 

of  tympanic  membrane,  iii.  625 

pelvic,  i.  394 

peri-a-sophageal,  vi.  340 

psoas,  vi.  779 

rectal  (deep),  i.  394 

retropharyngeal,  vi.  599 

serous,  i.  46 

sputum  in,  character  of,  vii.  432 

subareolar,  ii.  474 

subdiaphragmatic,  viii.  502 

sublingual,  vi.  593 

submammary,  ii.  474 

subphrenic,  "iii.  437;  viii.  506 

suburethral,  i.  772 

treatment  of.  i.  47 

tropical,  i.  44;  v.  532 

tuberculous,  v.  207 
Abscesses,   metastatic,  in  walls  of 

arteries,  ii.  98 
Abscission  of  uvnla,  viii.  108 
Absence  of  adrenals,  vii.  566 

of  cervix  uteri,  viii.  73 

of  iris,  v.  217 

of  larynx,  v.  419 
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Absence    of   mainmaiy   uland.    ii. 

Accidents  by  machinery,  measures 

Achromatic  spindle,  ii.  764 

471 

for  preventing,  vi."  330 

Achromatolysis,  vi.  661 

of  nails,  vi.  93 

from  electric  current,  iii.  754 

Achromatopsia,  ii.  13;  viii.  245 

of  nipple,  ii.  465 

Acclimatization,  i.  53 

Achylia  gastrica,  vii.  503 

of  (esophagus,  vi.  338 

diseases  interfering  with,  i.  53 

Acroodextrins,  iii.  472 

of  ovary,  vi.  431 

hygiene  of,  i.  53 

Acidophiles,  ii.  30 

of  patt'ila.  vi.  .517 

obstacles  in  the  way  of,  i.  .53 

Acids  (and  see  also  under  the  Eng- 

of pericardinm.  vi.  558 

Accommodation,  i.  54;  iv.  93 

lish  name  of  the  acid) 

of  spleen,  vii.  425 

and  refraction,  disorders  of,  i.  54 

abietic,  i.  39,  65 

of  tongue,  vii.  793 

changes  in  eye  in,  i.  .54;  iv.  93 

acetic,  i.  65,  67 

of  ureter,  viii.  11 

disorders  of,  i.  54,  59;  iv.  94 

acetyl-salic.ylic,  i.  581 

of  uterus,  viii.  72 

influence  of  age  upon,  iv,  95 

aconitic,  i.  85 

of  uvula,  viii.  109 

mechanism  of,  iv.  93 

acrylic,  i.  68 

of  vagina,  viii.  153 

nerves  of  apparatus  of,  iv.  95 

action  of,  on  tissues,  i.  71 

Absinthe  habit,  i.  50;  viii.  316 

range  of,  i.  55;  iv.  94 

agaric,  i.  138 

Absinthin,  viii   316 

regRin  of,  vi.  78 

agaricic,  i.  138 

Absinthism,  i.  50 

Seheiner's  experiment,  iv.  93 

agaricinie,  i.  138 

Absinthium,  viii.  316 

spasm  of  muscles  of,  i,  60 

alantic,  iii.  743 

Absinthol,  viii.  316 

varying  shape  of  the  lensduring, 

alkaptonic.  viii.  47 

Absorbent     material    for   dressing 

iv.  93 

alpha-toluic,  vi.  609 

wounds,  iii.  5.55 

Accounts  of  physicians.     See  Fees 

amido-,  i.  68 

system,  v.  624.     See  also 

Lviii  - 

A.  C.  E.  mixture  as  an  anaesthetic. 

amido-acetic,  i.  68,  754 

plhi'tir  Si/stein 

i.  292 

amido-stearic,  vi.  788 

Absorption,  i.  50 

Acephalus,  vii.  681 

anacardic,  ii.  707 

in  cataract,  ii.  735 

Acer  barbatum,  vii.  548 

angelic,  i.  848 

spectre,  vii.  275 

saccharuni,  vii.  548 

arachidic,  i.  68. 

Abstract  of  Ignatia.  iv.  843 

Acervulus  cerebri,  ii.  166 

aromatic,  i.  69 

Aijstracts,  v.  735 

Acervus  cerebri,  ii.  166 

sulphuric,  vii.  563 

Abuta,  v.  859 

Acetabulum,  iv.  690 

arsenons,  i.  534 

rufescens,  v.  8.59 

fractures  of,  i.  60 

artanthic,  v.  714 

Acacia,  iv,  427 

Acetal,  i.  63 

as  antidotes,  i.  373 

catechu,  ii.  738 

Acetaminol,  i.  63 

as  beverages,  i.  72 

Senegal,  iv.  437 

Acetanilid,  i.  63 

as  caustics,  ii.  756 

suma,  ii.  738 

relation   of,    to   phenacetiu,  vi.. 

as  digestants,  iii.  471 

vera,  iv.  427 
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as  disinfectants,  i.  687 

Acsena^  vi.  1000 

Acetanilide,  i   63 

as  escharotics,  i.  73 

Acanthacese,  i.  51 

Acetate  of  ammonium,  i.  216 

as  lotions,  i.  72 

Acanthia  coKimbaria,  v.  156 

of  iron,  v.  225 

aspartic,  i.  68 

inodora,  v.  156 

of  lead,  V.  471 

benic,  vi.  68 

liiruudi'nis,  v.  1.56 

of  potassium,  vi.  744 

benzoic,  i.  744 

pipistrelli,  v.  156 

of  zinc,  viii.  339 

beta-oxvbutyric.  viii.  48 

Acanthocephala,  vi,  224 

Acetic  acid,  i.  65 

bile,  i.  68;  viii.  .50 

Acanthosis  nigricans,  i.  51 

as  a  caustic,  ii.  757 

boric  or  boracic,  ii.  130 

Acardiac  monsters,  vii.  679 

as  a  germicide,  iv.  330 

Boswellic,  vi.  355 

Acardius,  vii.  679 

concentrated,  poisoning  by,  i.  663 

Boswellinic,  vi.  355 

aceplialus,  vii.  681 

Acetic  ether,  i.  65 

burns  from,  ii.  520 

acormus,  vii.  680 

Aceto-arsenite  of  copper,   poison- 

butj'ric, i.  67 

amorphus,  vii.  682 

ing  by,  i.  063 

camphoric,  ii.  628 

completus,  vii.  680 

Acetone,  i.  65 

camphoronic,  ii.  634 

Acari,  see  Afnchnidn,  i.  438 

as  a  germicide,  iv.  330 

capric,  i.  68 

Acarian  furrows,  i.  433 

in  diabetic  urine,  i.  66;  iii.  430 

caproic,  i.  67 

Acarida,    i.   429.     See  also   Arnch^ 

Acetone-chloroform,  i.  321 

caprylic,  i.  68 

II  idii 

Acetonuria,  i.  65;  viii.  49 

carbamic,  i.  68 

Acaroides  gum,  viii.  318 

an  auto  into.xication,  i.  645 

carbazotic,  vi.  633 

resin,  viii.  318 

in  insanity,  v.  40 

carbolic,    i.    363,    369,    687;    it 

Acarus  dyseuteris,  i.  434 

Acetophenone,  iv.  SU 

655 

exulceraus,  i.  431 

Aceto  -  phenone-ortho-oxy-quin- 

carbonic,  ii.  661 

lactis,  i.  434 

olin,  i.  67 

carminic,  iii.  225 

scabiei,  i.  431 ;  vii.  34 

Acet-ortho-toluid,  i.  67 

carthamic,  vii.  3 

siro,  i.  431,  434 

Acet-para-toluid,  i.  67 

catechu-tannic,  ii.  739 

Accelerator  urinas  muscle,  auom 

Acetracts,  i.  65 

cathartic,  vii.  117 

alies  of,  vi.   62 

Acetum,  v.  740 

cerotic,  i.  68 

Accessory  abdominal  oblique 

mus- 

Acetyl- benzoyl-aconine,  i.  84 

cetraric,  vi.  1 

cle,  vi.  61 

Acetylene,  ii.  664;  iv.  761 

chelidonic,  ii.  760 

gluteus  minimus  muscle,  v 

i.  56 

Acetyl-para-amido-salol,  vii.  15 

chelidoninic.  ii.  760 

lead  to  quadriceps  cruris  muscle, 

Acetyl-salicylic  acid,  i.  581 

cholalic,  i.  68,  754 

vi.  57 

Acetyl -thymol,  i.  67 

cholic,  i.  754 

inferior  oblique  muscle,  vi 

43 

Acheiria,  iv.  493 

chromic,  iii.  70 

palmar  abductor  indicis  muscle. 

Achillea,  viii.  318 

chrysophanic,  iii.  76;  vi.  974 

vi.  55 

Achillein,  viii.  318 

cinnamic,  iii.  93 

suprarenals,  vii.  .566 

Achilles  jerk,  vi.  874 

citric,  iii.  136                                  . 

thyroids,  vii.  775 

Achillo-bursitis,  iv.  315 

columbic,  iii.  226                            , 

Accidental    injuries,    ampti 

;ation 

]Hisleriiir,  iv.  316 

comenic,  vi,  385 

in.  i.  235 

Achillodynia,  iv.  315 

corrosive,  burns  from,  ii.  519 

conservatism  iu  treatment 

of,  i. 

Acholia,  v.  536 

cresotic,  vii.  9 

230 

Achorion  Schonleinii,  i.  720 

cresotinic.  vii.  9 

Accidents  a  cause  of  deaf-mutism, 

Achroma,  ac([\nred.     See  Vitiligo 

cresylic,  iii.  339                              ' 

iii   365 

congenital.     See  Albinism 

crude  pyroligneous,  i.  65 
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Acids,  (lextrnrotary  lactic,  viii.  48 
(liacclif,  viii.  4!) 
dibroinogullic.  iv.  299 
digallic,  vii.  OSfi 
ili-io(lo-salic3lic,  v.  310 
effect  of,  oil  ek'Clrotouus.  ii.  776 
crucic,  vi.  08 
eriodictyimic.  viii.  334 
ethereal  sulplnirir,  i.  (59 
fatty,  i,  lj7;  viii.  47 
formed  from  aliuliol  bv  bacteria, 
i.  68") 
from  carb<iliydrates  by  bai;- 
teria,  i.  68o 
formic,  i.  67;  iv.  247 
gallic,  i.  596;  iv.  399 
gallo-tannic,  vii,  036 
geiUisic,  iv.  337 
glacial  acetic,  i.  05 
glutamic,  i.  68 
glj'cocliolic,  i.  08 
glycol ic,  i.  08 

glycvirouic,  in  urine,  viii.  40 
gynocardic,  ii.  803 
bederic,  v.  338 
bedero-tannic,  v.  '2'M* 
lii]i|iuric,  i.  69;   viii,  46 
liomogentisinic,  viii.  47 
byilriodic,  iv.  775 
liyilrobroniic,  iv.  776 
liy<lrocliloric,    iv.  780 
bydroeyanic,  iv,  780 
liydrotluoric,  iv.  786 
igasuric,  vi.  308 
in  urine,  viii.  53 
iodo-salicylic,  v.  310;  vii.  9 
ipecacuanliic,  v.  311 
isoanemonic,  vi.  797 
isolactic,  v,  403 
isovalerianic,  i.  67 
kombic,  vii,  541 
krameria-tannic,  vi,  964 
lactic,  i.  08;  v.  402;  viii.  48 
lactucic.  V.  403 
Ucvo-rotatory  lactic,  i.  68 
larixiuic,  v.  405 
hnuic,  1.  68 
lepidotic,  iii.  225 
malic,  V,  680 
margaric,  i,  68 
nieconic,  vi.  385,  380 
metacojiaivic,  iii.  378 
mouo-plieuetidin    citric,  v.  854 
morrhuic,  vi.  789 
muriatic,  iv,  780 
myristic,  i.  68;  vi.  417 
nitric,  vi,  389 
nitroliydrocbloric,  vi.  294 
nucleic,  i.  69 
of  cinchona,  iii.  92 
oleic,  i.  68 ;  vi.  349 
ortlio-oxy-benzoic.     See  Sdlici/lic 
orthopbosphoric.  vi.  620 
osmic,  vi.  418 
oxalic,  i.  08:  vi.  453 
oxy butyric,  i.  68 
palmitic,  i,  08 
papaveric,  vi.  735 
paralactic,  i.  08;  viii.  48 
])lienaceturic,  viii.  47 
phenic,  ii.  0.55 
plienolsul phonic,  vii.  558 
phenyl  acetic,  vi.  609 
]ili('nyl-acrylir,  iii,  93 
pbenylbvdraziue    levulinic,    vi. 

009 
pbenylic,  ii.  655 
phenylsalicylic,  vi.  609 


Acids,  phosphoric,  vi.  630 

phytolaccic,  vi,  738 

picric,  vi.  633 

podopbyllic,  vi.  689 

polygalic,  vii,  114 

propionic,  i.  67 

prussic,  iv.  780 

pyrocomenic,  vi.  385 

pyrogallic,  vi,  818 

pyroligneous,  i,  05 

rhatauia-lannic,  vi,  964 

rheadic,  vi.  735 

rbeic,  iii.  70 

liieotannic,  vi.  974 

rlieumic,  vi.  974 

licinoleic,  ii.  709 

rutinic,  vi.  1003 

salicylic,  vii.  7 

salicylous,  vii.  9 

salicylsulplionic,  vii.  9 

sarcolactic,  i.  68;  viii.  48 

scammonic,  vii.  44 

sozolic,  i.  570 

stearic,  i.  68 

strychnic,  vi.  308 

succinic,  i.  OK.  208 

sulpliocarbolic,  vii,  558 

sulphuric,  vii.  562 

sulphurous,  vii.  563 

tannic,  i.  596;  vii.  636 

tartaric,  vii,  040 

taurocholic,  i.  68 

temulent.ic,  vi,  701 

tetra-iodidi-chlor-salicylic,     vii, 
729 

therapeutic  action  of,  i.  71 

thiolinic,  vii,  741 

thio-salicylic,  vii.  742 

toxicodendric,  vi.  696 

toxicology  of,  i.  69 

tribenzol-gallic.  vii.  878 

tribcuzoyl-gallic,  vii.  878 

trichloracetic,  vii.  880 

uric,  i.  09 

uroleucinic,  viii.  47 

valerianic  and  vaU'ric,  viii.  181 

vegetable,  in  plants,  i.  101 
Acini  of  manuna,  ii.  407 
Acipenser,  v.  234 
Acme  distillers,  vi.  170 
Acne,  i.  72 

albida,  v.  818 

atrophica,  i.  78 

bromide,  i.  74 

cachecticorum,  i,  73;  v.  508 

erythematosa,  i.  79 

frontalis,  i.  78 

indurata,  i.  73 

iodide,  i.  74 

necrotica,  i.  78 

of  the  auricle,  iii,  606 

of  the  eyelids,  iv.  117 

picea,  i.  78 

pilaris,  i.  78 

punctata,  iii,  236 

rodeus,  i.  78 

rosacea,  i.  79;  iii.  714;  v,  615 

scrofulosorum,  v.  .508 

sebacea  i  oruca.  v.  306.     See  also 
Keratosis  /(Micularis 

simplex,  i.  73 

treatment  of,  i,  76,  81 

varioliformis,  i.  78;  v,  850 
Acocanthera,  vi.  430 
Acocantherin,  vi.  430 
Acoin,  i.  83 
Aconite,  i.  82;  vi.  705 

as  a  cardiac  depressant,  ii.  688 


Aconite,  toxicology  of,  i.  84 
Aconitic  acid,  i.  85 
Aconitine,  i.  85 

effect  of,  on  heart  and  circuhi- 
tion,  ii.  688 
Aconitum  ferox,  i.  84 

japonicum,  i,  84 

napellus,  i.  83 
Acorin,  ii.  5.50 
Acormus,  vii.  6.K0 
Acorus  calamus,  ii.  .549 
Acoustic  cane,  tlie,  iii,  633 

hysteria,  iii.  603 

neurasthenia,  iii.  605 
Acqua  toffana,  viii.  346 
Acquired  characteristics,  discus 

sion  nil.  iv.  35 
Acrodynia,  i.  86;  iv    531 
Acromegaly,  i.  86;  vi.  373;  viii.  463 

a  cau.se  of  headache,  iv.  553 

hand  in,  iv.  500 

pathological  anatomy  of.  i.  91  ; 
vi.  641 

pituitary  .sxland  in,  vi.  413 

skeleton  in,  i.  93 

treatment  of,  i.  97 
Acromio-clavicular  joint,  diseases 

of,  V.  277 
Aci-omion  process,  fracture  of,  iv. 

359 ;  vii   45 
Acroparsesthesia,  vi.  373 
Actsea,  a  |)nis(iii.ius  plant,  vi   699 
Actinomycosis,  i   97 

among   cattle,    detection   of,    v. 
730" 

bacteriological  diagnosis  of,  viii, 
399 

blood-vessels  in,  ii.  108 

kyphosis  ilue  to,  v.  378 

of  heart,  iv.  .579 

of  kidney,  v.  345 

of  nasal  cavities,  vi.  109 

of  oesophagus,  vi.  343 

of  periosteum,  vi.  .509 

of  pharynx,  vi.  .597 

of  spine,  vii.  388 

of  tongue,  vii.  795 

of  veins,  viii.  318 

sputum  in,  vii.  433 

streptdtbrix  of.  i.  719 
Actinomycotic  myositis,  vi.  33 
Actinotherapy,  vi.  991 

aiiplicaliiiii  of.  vi.  992 

Fiiisen  method  of,  vi.  993 
Actions,  automatic,  i.  047 
Active  constituents  of  plants,  i.  101 
Actol,  vii.  31li 

Actuaries'  life  table,  viii.  260 
Acupressure,  i.  104,  543 

healin.ir  of  arteries  after,  i.  538 
Acupuncture,  i.  1)5 
Acuteness  of  vision,  examination 
of,  iii,  215 

standards  of,  iii.  316 
Adam's  apple,  vi.  189 
Adams  County  Mineral  Springs, 

i.  105 
Adams  Springs,  i.  105 
Adaptation,  an  evidence  of  organic 

evoluliiin,  iv.  32 
Addiment,  viii.  471 
Addison  Mineral  Springs,  i.  100 
Addison  Sulphxu   Springs,  i.  106 
Addison's  disease,   i.  100;    v.  302. 
See  also  ,S,:iii till  nil r  (li/nf/liit 

an  auto-intoxication,  i.  046 

blood  in,  ii.  09 

pathology  of,  vii.  110 
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Addison's    disease,   suprarenal 

Adrenal   glands,   i,   109,  137 

See 

Africa,  sleeping  sickness  of,  iii.  561 ; 

iiK'dicution  ill,  vi.  412 

also  tiiipriiirnals 

vii,  242 

Addison's  keloid,  v.  864 

absence  of,  vii.  566 

African  fever,  iii,  400 

Adductor    brevis   muscle,  vi.  57; 

accessory,  i.  129;  iv.  805 

Afterbirth,  vi.  642,  and  see  IViieeutn 

vii.  738 

atrophyOf,  vii.  567 

After-damp,  i.  155 

hallucis  muscle,  vi.  TiO 

cysts  of,  iii.  350 

After-images,  viii.  215 

indicis  muscle,  vi.  00 

extract  uf.  in  Addison's  disease. 

Agamodistomum        ophthalmo  - 

longus  muscle,  vi.  57;  vii.  738 

i.  110 

bium,  vii,  ."^OO 

mag-nus  muscle,  vi.  57;  vii.  738 

hemorrhage  of,  in  new-born 

vi. 

Agar-agar,  i,  137 

minimus  muscle,  vi.  57 

280 

a  nutrient  medium  for  bacteria. 

pollicis  muscle,  iv.  485;  vi.  55 

Ivniphatics  of,  v.  037 

viii,  372 

quadratus  muscle,  vi.  57 

pathdldgy   of.   i,   109.     See 

ilso 

urine,  viii.  377 

Adenia,  iv.  728.     iiee  also Bod(//>iii'^ 

Addif<i>n,'s  (Jisrttsc 

Agaric,  purging,  i.  138 

(lif(t)tsr 

secretion  of,  vii,  101 

.surgeon's,  vii.  431 

Adeno-carcinoma,  ii.  673 

tumors  of,  iv,  805;   v.  330. 

See 

white,  i.  138 

of  <'vclicls,  iv.  107 

alsi  1  Hj/penicph  roma 

Agaricaceas,  iv.  283 

of  lieart,  i.  114 

Adrenalin,  vi.  413 

Agaricales,  iv.  383 

of  ovavy,  vi.  437 

as  a  luemostatic.  iv.  478,  634 

edible,  iv.  383 

of  peritoneum,  vi.  571 

in  treatment  of  urjemia,  viii. 

1 

poisonous,  iv.  382 

(if  ihf  cervix  uteri,  viii.  88 

Adulterations  of  baking  ]io\v 

le-. 

Agaricic  acid,  i,  138 

Adeno-cystoma,  i.  115;  iii.  341 

iv,  180 

Agaricinic  acid,  i.  138 

Adenoid  tissue,  iii.  254;  v.  657 

of  butter,  iv.  180 

Agarics,    black-spored    series,    iv. 

Adenoid  vegetation  of  thcpliaryn- 

of  cheese,  iv.  180 

285 

i;c-iil  tonsil,  vii.  823 

of  cocoa,  iv.  180 

brown-spored  series,  iv.  284 

Adenoma,  i.  Ill 

of  coffee,  iii.  190;  iv.  180 

pink-spored  series,  iv.  284 

decidual,  iii.  392 

of  condensed  milk,  iv.  180 

rusty-spored  series,  iv.  284 

ffptal,  iv.  383 

of  cream,  iv.  181 

white-siionil  series,  iv.  283 

niyxoniatosiim,  iv.  383 

of  drugs  in  England,  iv.  177 

Agaricus  campestris,  iv.  285 

of" bladder,  i.  769 

in'Oermaiiv,  iv.  177 

Agathin,  i.  138 

of  ciliary  body,  iv.  110 

in  rnited  States,  iv.  178 

Agathis  Australis,  iii.  352 

of  eyelids,  iv."l07 

of    food   and  drugs,    le.ffislation 

dammara,  iii.  352 

of  intestine,  v.  188 

concerning,    in    Connecti- 

Age, i.  138 

of  kidney,  v.  324 

cut,  iv.  173 

and  insanity,  v.  30 

of  lachrymal  gland,  iv.  115 

in  England,  iv.  163 

as  a  factor  in  occupation,  vi,  321 

of  larynx,  v.  433 

in  France,  iv.  164 

effect  of,  on  pulse  rate,  iii.  109 

of  liver,  v.  554 

in  Germany,  iv.  165 

in  life  insurance,  v.  510 

of  uo.se,  vi.  140 

in  Indiana,"  iv.  174 

in  tuberculous  joints,  v.  263 

of  parotid  gland,  vi.  510 

in  Massachusetts,  iv.  169 

influence  of,  on  accommodation. 

of  pharynx,  vi.  003 

in  Minnesota,  iv.  173 

iv.  95 

of  skin,  i.  115 

in  New  Jersev,  iv.  173 

on  dysentery,  iii.  568 

of  thyroid  gland,  iv.  381 

in  Ohio.  iv.  173 

on  insanity,  v.  69 

papuliferous,  iv.  384 

in  the  United  States,  iv. 

167 

on  neurasthenia,  vi.  251 

sebaceum,  i.  115 

of  food,  classitication  of,  iv. 

176 

modifying  dosage,  iii.  551 

sudoriparum,  i.  116 

of  honey,  iv.  181 

reckoning  of,  i."l38 

Adeno-myoma  of  round  ligament. 

of  lard,"iv.  181 

relation  of  mvopia  to,  vi.  80 

viii.  98 

of  maple  sugar,  iv.  183 

Agenesia,  i.  139,  006 

iif  uterus,  viii.  98 

of  milk,  iv,'l82;  v.  839 

Agenesis,  i.  139 

Adeno-sarcoma,    embryonal,    v. 

of  molasses,  iv.  182 

Ages  of  life,  i.  139 

325;  vi.  281 

of  olive  oil,  iv.  183 

Ageusia,  vii.  794 

Adeps,  V,  405 

of  spices,  iv.  183 

Agglutination  in  relation  to  haemo- 

benzoinatus, i.  746 

of  tea,  iv.  183 

lysis,  viii.  473 

lana-  hydrosus,  v.  405 

of  vinegar,  iv.  183 

Agitation,  effect  of,  on  bacteria,  i. 

Adhesions,  peritoneal,  a  cause  of 

Adults,  height  and  weight  of, 

iv. 

685 

extra-uterine  pregnancy,  iv.  54 

420 

Aglossia,  vii.  793 

Adhesive  plaster,  German,  iii.  352 

significance  of  crying  in,  iii. 

333 

Agnail,  vi,  93 

Adiantum,  iv.  147 

Aegle  Marmelos,  i.721 

Agnew's  catheter,  ii,  745 

eapillus-veneris,  iv.  147 

.ffigophony,  ii,  S18 

Agonal  blood  clot,  iv,  614 

pedatum,  iv.  147 

Aeration  of  water,  viii.  384 

Agoraphobia,  i.  141 ;  v.  132 

Adipocere,  i.  116;  ii.  539 

Aerobes,  i.  679 

Agraphia,  i.  410 

Adipoma,   viii.  478.     See  also    Li- 

Aerobioscope,  viii,  403 

Agrimonia,  i.  142 

p'lliul 

Aerometer,  viii,  29 

Agropyrum  repens,  ii.  298 

Adipose  ascites,  iii.  78 

Aerophthysmograph,  Gad's, 

vi., 

Agrostemma  Githago,  vi.  701 

Adiposis  dolorosa,  i.  96,  116;  vi. 

951 

Agua  azufrosa  del  topo  chico,  i. 

274 

Aerotherapeutics,  i,  131 

143 

Adipositas,  i    123 

Aerotonometer,    ]ninciple    of, 

vi. 

Agua  Caliente,  i.  143 

Adirondack  Mineral  Springs,  i 

9.50 

various  springs  of  this  name.  i. 

126 

Aerozol,  i,  134 

143 

Adirondacks,  i.  126 

.ffisculus,  ii,  514 

Agua  de  'Vida  Springs,  i.  143 

Adjutor  splenii  muscle,  vi.  60 

hipliocastauum,  ii.  514;  vi. 

03 

Agua  fria,  i.  143 

Adolescence,  v.  743 

pavia,  ii.  514;  vi.  702 

hedionda,  i.  143 

insanity    uf,    v.    101.     See  also 

iEsthesiometer,  i.  134 

tibia,  i,  144 

Uimhitin  prttcox 

.ffistivo-autumnal  fever,  v.  67 

7 

Aguas  Calientes,  i.  144 

Adonidin,  i.  127 

.ffither.     See  Ethn- 

"Aid,"  U   S,  Hospital  Ship.  iv.  739 

Adonin,  i   127 

iEtiology,  i.  759 

Aiken,  S.  C,  i.  144 

Adonis,  i.  127 

.ffitna  Springs,  i.  137 

Ailanthus.  i.  145;  vi.  706 

vernalis  as  a  diuretic,  iii.  545 

Affusion,  iv.  789 

excelsa.  i.  145 

Adrenal  extract,  use  of,  in  Addi- 

Africa, liistory  of  yellow  fever 

in, 

ghindulosa,  i.  145 

son's  disease,  i.  110 

viii.  586" 

malabarica,  i.  145 
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Ailments,  among  troops,  tlependins 
\ipou  extremes  of  temperature,  ii. 
617 
Ainhum,  i.  145;  iv.  308 
Air,  i.  147 

amount  required  in  respiration, 

vi.  948 
and  disease,  i.  150  • 
aiithropotoxius  in,  vi.  150 
as  a  therapeutic  agent,  i.  131 
bacteriological  analysis  of,  viii. 

403 
chemical  constitution  of,  i.  151 
compressed,  i.  131 

illness  from,  ii.  547 
compression  and  rarefaction  of, 
in  treatment  of  ear  disease,  iii. 
G52 
contaminated  by  carbon  dioxide, 

ii.  660 
expired,  composition  of,  vi.  947 
estimation  of  O  in,  vi.  94S 
estimation  of  CO2  in,  vi.  948 
organic  matter  in,  ii.  479 
floating  particles  in,  i.  156 
impurities  in,  i.  154 
inspired,  composition  of,  vi.  947 
interchan.se    of    gases    between 

blood  and,  vi.  949 
liquefaction  of,  i.  150 
of  house,  examination  of,  iv.  768 
renewal  of,  in  pulmouarv  alve- 
oli, vi.  946 
required      in      hospital    wards, 
schoolrooms,  barracks,  etc.ii. 
661 
residual,  in  respiration,  vi.  947 
sewer,  i,  158 

tidal,  in  respiration,  vi.  947 
vitiated,  influence  of,  on  human 
life,  vi.  159 
relation  of,  to  consumption, 
iii.  205 
want  of  respirable,  as  a  cause  of 
asphyxia,  i.  576 
Air  calorimeter,  ii.  562 
Air  currents  in  steamships,  vi.  156 
Air  cushion   of  use  in  bedsores,  i. 

7:1 
Air  cysts,  iii.  349 
Air  embolism,  iii.  790;  viii.  241 
Air  gas,  ii.  (tCti 

Air  passages,  foreign  bodies  in,  i. 
1.58 
obstruction  of,  a  cause  of  dysp- 
noea, iii.  578 
Air  pressure,  i.  147 
Air  sacs,  v.  580 
Air  spaces  of  hmg,  v.  579 
Airol,  iii.  425 
Aix-les-bains,  i.  161 
Aix-la-Chapelle,  i.  1 
Ajaccio,  i.  163 
Ajava,  i.  163 
Ajowan,  i.  163 
Ajuga,  V.  379 

iliama'pitys.  ii.  516 
ri'|)t-ins.  ii.   516 
Akinesia  algera,  i.  163 
Akouphone,  iii.  634 
Alabama,  history  of  yellow   fever 
in.  viii.  .587,"  .589  " 
requirements  for  medical  prac- 
tice in,  iv.  48 
Alant  camphor,  iii.  743 
Alantic  acid,  iii.  742 
Ala  of  nose,  malformations  of,  vi. 
133 


Alaska,  viii.  343 
Alassio,  i.  164 
Alban,  iv.  456 

Albarran's  cystoscope,  iii.  345 
Albinism,  i.   165;  v.  218;   vi.  635; 
vii.  717 

iris  in,  v.  218 

partial,  i.  166;  vi.  635 

universal,  vi.  635 
Albinismus,  i.  165 
Albugo  Candida,  iv.  279 
Albumin  as  a  food,  i.  176 

as  an  antidote,  i.  371 

in  normal  urine,  v.  318 

iodatum,  iii.  7.30 

water,  how  to  make,  iii.  455 
Albuminate  of  iron,  v.  229 
Albuminoid      degeneration      of 

bronchial  glands,  v.  5S8 
Albuminous  degeneration,  i.  268 ; 
iii.  394 

of  the  neurones,  vi.  262 
Albumins  in    milk,   determination 
of,  v.  828 

of  plasma,  ii.  35 
Albuminuria,  v'iii,  30 

in  insanity,  v.  39 

neonatorum,  vi.  279 

of  pregnancy,  iv.  345;  v.  380 

relation  of,  to  formation  of  cal- 
culi, iii.  232 

retinitis  in,  vi,  956 
Albumoses  in  urine,  viii.  33 
Albumosuria  in  insanity,  v.  40 

in  inyelomatous conditions,  vi.  72 
Alburgix  Springs,  i.  166 
Alcohol,  i.  166 

absolute,  i.  167 

amylic,  i.  169 

as  a  beverage  for  soldiers,  v.  805 

as  a  cardiac  stimulant,  ii,  693 

as  a  cause  of  insanity,  ii.  605;  v. 
34 

as  a  food,  i.  177 

as  a  germicide,  iv.  330 

as  a  hardening  fluid,  ii.  333 

carbonated,  i.  167 

death  from,  i.  665 

deodorated,  i.  167 

diaphoretic  action  of,  iii.  433 

effect  of,  on  fa>tus,  vi.  279 

ethylic,  i.  166 

headache  from  use  of.  iv.  548 

idiosyncrasy  for,  iv.  843 

in  diabetes  mellitus.  iii.  431 

injections  of,  for  inoperable  can- 
cer, ii.  644 

methylic,  i.  169;  v.  780 

physiological  action  of,  v.  684 

tertiary  amvl,  i.  267 

wood.'i.  109;  v.  780 
Alcoholic    stimulants    as    diges- 
tants,  iii.  469 

liypodermatic  use  of,  iv,  831 
Alcoholism,  v.  81 

among  troops,  ii.  603 

as  a  cause  of  insanity,  v.  38 

influence    of,   on    military   effl- 
cieucv,  ii.  604 
Aldehyde,"!.  169 

acetic,  i.  169 
Alder,  i.  170 

black,  i.  170 

brook,  i.  170 

tag,  i.  170 
Ale,  i.  169 
Aleppo  boil,  i.  170 
Aletris,  i.  170 


Aleurobius  farinae,  i.  434 
Alexander's  operation  for  shorten- 
ing the  round  ligaments,  viii.  84 
Alexins,  iii.  844;  iv.  844 
Algiers,  i.  170 
Alhambra  Springs,  i.  173 
Alhuelican  Spring,  i.  178 
Alicante,  i.  173 
Alienation,   mental,    v.    35.     See 

also  Jiistiii//// 
Aliment,  i.  173 
Alimentary  canal,  i.  179 

cysts  of,  iii.  350 

development  of,  i.  179 

in  childhood,  ii.  830 
Alimentation,  gastric,  forcible,  iv. 
139 

rectal,  i.  185 
Alkalies,  i.  186 

as  caustics,  ii.  757 

as  digestants,  iii.  471 

as  expectorants,  iv.  50 

burns  from,  ii.  519 

in  bites  and  stings,  i.  187 

in  burns,  i.  187 

mineral,  toxicology  of,  v.  844 
Alkaline   Springs,  American   ajd 

Kiinipean,  v.  846 
Alkalinity  of  blood,  ii.  24 

Engel's  apparatus  for  testing,  ii. 
68 
Alkaloids,  animal,  or  ptomains,  vi. 
788 

cinchona,  iii.  89,  93 

Dragendorlt's  method  of  analyz- 
ing, vi,  723 

drugs  depending  upon,  for  activ- 
ity, i.  104 

in  plants,  i.  103 

mydriatic,  i.  610 

ve.getable.  as  food,  i.  177 
Alkanet,  i    187 
Alkanna  red,  i.  187 

tinctoria,  i.  187 
Alkannin,  i.  187 
Alkaptonuria,  viii.  47 
AUantoin  in  urine,  viii.  37 
AUantois,  i.  187 

evolutic.n  of,  i.  222 
Alleghany  Springs,  i.  191 
Allen  Springs,  i.  191 
Alligator  pear,  i    191 
Allis'  inhaler,  iii.  15 

method  of  reducing  dislocation 
of  hip,  iii.  525 
Allium  sativum,  iv.  308 
AUorrhythmia,  iv.  .599;  vi.  .801 
AUouez  Mineral  Springs,  i.  193 
AUoxuric  bases  in  urine,  viii   36 
Allspice,  i    192 
AUyl  -  sulpho  -  carbamide.      See 

Tlii"siiiitii)iiie 
Allyl  tribromide,  i.  192 
Almen's  test  for  blood  pigment  in 

the  urine,  viii.  32 
Almonds,  bitter  and  sweet,  i.  192 

bitter,  poisoning  by,  iv.  785 
Alnus.  i.  170 
Aloe  Barbadensis,  i.  193 

Capensis,  i.  194 

Natalensis,  i.  195 

purificata,  i.  195 

Socotrina,  i.  194 

vera,  i.  193 
Aloes,  i.  193 

as  a  laxative,  v.  470 

as  a  purgative,  vi.  809 
Alopecia,  i.  194 
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Alopecia  areata,  i.  198 

iliasiHisis  of,  from  folliculi- 
tis (Icralvaiis,  iv.  101 

congonita,  i.  195 

dfstnu-tiva.  i.  Wl 

dviiiuniia,  i.  201 

iieurotita.  i.  201 

pityroiilcs,  i.  IM 

universalis,  i.  197 

prematura,  i.  19.") 

presenilis,  i.  195 

senilis,  1.  195 

simplex,  i.  198 

toxica,  i.  201 
Alpena      Magnetic      Sulphur 

Spring's,  i.  201 
Alpha-eig-on,  iii.  730 
Alpha-eigon-sodium,  iii.  730 
Alpha-eucaine,  viii.  439 
Alpha-homochelidionine,  ii.  760 
Alpha-naphtol,  vi.  lOo 
Alpha-picrasmin,  vi.  S2G 
Alpha-toluic  acid,  vi.  (iOO 
Alphabet,  physiolog-ical,  v.  455 
Alpha  rays,  viii.  .549 
Alpinia  officinarum,  iv.  288 
Alps,  i.  202 

Alsidiuni  helminthocorton,  vi.  1 
Alstonia  constricta.  iii.  543 

scliolaris,  iii.  543 
Alteratives,  i.  203 

in  insanity,  v.  72 
Althaea  otlicinalis,  v.  694 

rosea,  v.  080 
Altitudes,  high,  i.  202 

cases  suitable  for,  i.  305;  iii.  354 

climate  influenced  by,  iii.  138 

effect  of,  on  licaltli,  i".  203;  ii.  27; 
vi.  323 

influence  of  upon  the  menopause, 
ii.  798 
Alum,  i.  307 

as  an  emetic,  iii.  812 

eiird,  i.  307 

in  baking  powder,  detection  of, 
iv.  180 

in  cream  of  tartar,  detection  of, 
iv.  181 

in  water,  viii.  290 

poisoning  by,  i.  206 

wbey,  i.  207 
Alumen,  i.  307 
Aluminum,  i.  206 

liydro.\iil,  i.  206 

potassio-sulpliate,  i,  307 

salicylate,  vii.  17 

sulphate,  i.  207 
Alumnol,  i.  207 
Alum  Rock  Springs,  i.  206 
Alum  root,  i.  200 
Alvelos,  i.  207 
Alveloz,  i.  207 

Alveolar  abscess,  v.  248;   vii.  660; 
viii.  490 

indix,  vii.  231 

jioint,  vii.  229 
Alveolar  sarcoma,  vii.  38 
Alveolus,   fi-acture  of,  in  tooth  ex- 

tractiiin,  vii.  003 
Amacrine  cells,  iv.  80 
Amanita  nuiscaiiu.  iv.  283 

l.halloiclcs.  iv.  283 
Amanitopsis  vaginata,  iv.  283 
Amaranth,  iii   277" 
Aiuaroids  in  plants,  i.  103 
Amaryllidacese,  i.  207 
Amaurosis,  ii.  6.     See  also  Blind 


Amaurosis,  urremic,  vi.  957 
Amazia,  ii   404,  471 
Amber,  i.  308 

gray,  i.  208 
Ambergris,  i.  208 
Ambler  Springs,  i.  208 
Amblyomma  americanum,  i.  436 
Amblyopia  ex  anojisia,  ii.  13;  vii. 
531 

hysterical,  ii.  13 
Amboceptor,  viii.  471 
Ambos,  i.  017 
Ambrein,  i.  308 
Ambrosia,  vi.  835;  viii.  315 
Ambulance  ship  Soluce,  vi,  186 

surgii>n,  i.  313 
Ambulances,  civil,  i.  307 

in  war,  i.  479;   vii.  851 
Ambulatory   treatment   in    fiaet- 

ures,  iv.  250 
Ame,  iv.  7 

Amenorrhoea,  i.  213;  v.  742 
American    Carlsbad    Springs,  i. 

214 
A:nerican  valerian,  iii,  310 
Americanus  Mineral  Well,  i.  214 
Ametropia,  i.  5(i.  593.  i\'.  92 
Amido-acet-para-phenetidin,  vi. 

()07 
Amido  acids,  i.  68;  vi.  787 

in  urine,  viii.  33 
Amidobenzene,  i.  357 
Amidostearic  acid,  vi.  788 
Aminoform,  iv.  240;  viii.  60 
Amitosis,  ii.  764 
Ammonia,  i.  314,  315 

albuminoid,  free,  in  water,   viii. 
288 

aromatic  spiiit  of,  i.  315 

as  a  cardiac  stimulant,  ii.  694 

as  a  germicide,  iv.  331 

as  an  antidote,  i.  372 

as  a  vesi(;ant,  iii.  304 

in  urine,  viii.  .56 

liniment  of,  i.  215 

muriate  of,  iii.  4 

spirit  of,  i.  215 

stronger  water  of,  i.  215 

toxicology  of,  i.  316,  663 

water  of,  i.  315 
I  Ammoniac,  gvun,  i.  317 

lilaster.  i.'218 
Ammoniated  glycyrrhizin,  v.  518 

mercury,  v.  755 

tincture  of  guaiac,  iv.  433 
Ammonii    carbonas  as  an  expec 

torant ,  iv.  50 
Ammonio-ferric  citrate,  v.  226 

sulphate,  v.  228 

tartrate,  v.  226 
Ammonio-formaldehyde,  iv.  346; 

viii,  00.      See  also  Vnitniiiiii 
A  m  m  o  n  i  o-magnesium    p  h  o  s- 

phate,  calculi  of,  iii    235 
Ammonio  -  phenylacetamid,      vi. 

007 
Ammonium  acetate,  i.  316 

lienzoate,  i.  745 

bromide,  ii.  485 

carbonate,  i.  216;  iv.  50 

chloral,  ii.  838 

chloride  as  an  expectorant,  iv. 
50 
as  a  germicide,  iv.  331 
therapeutic  uses  of,  iii.  4 

ichthvolsulphonate,  iv.  835 

iodide,  v.  303 

nitrate  of,  i.  216 


Ammonium  persulphate,  vi.  574 
piciate,  vi.  633 
salts  of,  i.  314 

'sulphate  as  a  germicide,  iv.  331 
Ammonol,  i.  218 

salicylate,  i.  218 
Amnesia   i.  415;  iii.  261.     See  also 
Aphiisia 
in  insanify,  v.  47 
Amnion,  i.  218;  viii,  4 
abnormalities  of,  i.  334 
anatomy  and  histology  of,  i.  332 
devi'lopment  of,  i.  21.8 
pathology  of,  i.  225;  iii.  349 
Amniotic  bands  and  adhesions, 
i.  227 
a  cause  of    malformations,    vii. 
071 
Amniotic  fluid,  i.  224 
Amniotitis,  i.  226 
Amoeba,  viii.  530 

Ijuccalis,  i,  233;  viii.  533 

coli,  i.  237;  viii.  530 

dentalis,  i.  333;  viii.  .532 

,giugiva]is,  i.  233;  viii.  532 

Kartulisi,  viii.  531 

iliiirai,  viii.  .531 

of  dyseuterv,  iii,  569;  viii.  530, 

.531 
oris  hominis,  i,  233 
juilmonalis.  viii.  .532 
ur<]genitalis,  i,  233;   viii.  532 
Amoebae,  patho.irenic,  in  man,  i.  227 
Amoebina,  viii.  529 
Amoeboid  movement  of  cells,  ii. 

702;  iii,  208 
Amorphus,  vii.  679 
Amotio  retinae,  vi   959 
Amphiarthroses,  i.  5.53 
Amphioxus,  gastrula  of,  iv.  311 
Amphistomum  hominis,  vii.  865 
Amphoric  resonance,  ii,  810 

respiration,  ii.  818 
Amputation,  i.  233 

above  the  shoidder-joint,  i.  163 
after-treatment,  i.  244 
age  affecting  mortality,  i.  247 
aneurismal    varix   followini;-,    i, 

345 
at  ankle,  i.  258 
at  elbow,  i,  351 
at  hip-joint,  i.  364;  v.  284 
at  knee.  i.  261 
at  shoulder,  i.  2.53 
at  wrist,  i.  250 

chorea  of  the  stiimp  after,  i.  246 
circular  method,  i.  240 
comparison  of  methoils  of,  i.  243 
complications  of.  i.  245 
congenital,  vii.  715 
contraindications  to,  i.  235 
definition  <if,  i.  233 
double  incision,  circular  method, 

i.  240 
flap  method,  i.  242 
for  bone  disease,  i.  337 
for  burns,  i.  235 

for  cicatricial  contractions,  i.  237 
for  compound  dislocation,  i.  236 
for  compound  fracture,  i.  236 
for  deformities,  i.  237 
for  disease,  i   237 
for  gangrene,  i.  337 
for  gunshot  wounds,  i,  336 
for  iiiflanunation.  i.  337 
for  injuries,  i.  235 
for  lacerated  wounds,  i.  285 
for  tetanus,  i.  336 
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Amputation  for  tumors,  i.  237 

for  ulcers,  i.  237 

for  wound  of  vessels  in  a  limb, 
i.  236 

hemorrhage  following,  i.  245 

historical  sketch  of,  i.  233 

in  case  of  phlegmon,  vi.  618 

indications  for.  i.  235 

individual,  i.  249 

in  fractures,  iv.  257 

instruments  necessary  for,  i.  238 

intermediary,  i.  238 

interseapulo-tlioracic.  i.  254 

ligation  of  vessels  in,  i.  243 

medio-tarsal,  i.  257 

methods  of,  i.  24(J 

mortality  following,  i.  246 

multiple,  mortality  after,  i.  248 

musculo-tegumentary    tlaps,     i. 
242 

nature  of  lesion  affecting  mortal- 
ity, i.  247 

neural  Ilia  in  the  stump  after,  i. 
246  '^ 

of  arm,  i.  252 

of  cervi.\  uteri,  viii.  67 

of  fingers,  i,  249 

of  foot,  i.  255 

of  forearm,  i.  251 

of  hand,  i.  2.50 

of  leg,  i.  2G0 

of  iienis,  vii,  178 

of  thigh,  i.  263 

of  thumb,  i.  250 

of  toes,  i.  2.55 

of  uvula,  viii.  108 

oval  method,  i.  241 

osteomyelitis  following,  i.  245 

periostitis  following,  i.  245 

preparations  for,  i.  238 

prevention  of  hemorrhage  in,  i. 
245 

primary,  i.  238 

prognosis  of.  i.  246 

rectanglar  flap.  i.  248 

seat  of  operation  affecting  mor- 
tality, i.  147 

secondary,  i.  238 

single  incision,  circular  method, 
h  240 

spontaneous,  vii.  715 

subastraguloid.  i.  257 

supracondyloid.  of  leg,  i.  268 

tarso-inetatar.sal.  i.  256 

tegumentary  tlaps.  i.  242 

the  stump  after,  i.  244,  245 

through  metatarsus,  i.  255 

time  foi-.  i.  r,37 

traiisrondyloid.  of  leg,  i.  263 
Amputations,  i.  233 
Amyelus,  vii.  695 
Amygdala  amara.  i.  192 

dulci-,  i.  192 
Amygdalae,  vii.  809,  and  see  Tohsih 
Amygdalm,  i.  207 
Amygdalolitlis,  iii.  232 
Amygdophenin,  i.  267 
Amyl  iodide,  i.  267 

nitrite,  vi.  291 

in  chloroform  anaesthesia,  i. 
294 

valerianate,  i.  267 
Amylene,  i   267 

as  an  ana'sthctic,  i.  292 

chloral,  i.  267 
hydrate,  i.  267 

as  a  hypnotic,  iv.  817 
Amylodextrin,  iii.  -128 


246 


396 


V.  762 


.  ii.  707 
698 


Amyloform,  i.  268;  iv 
Amyloid,  i.  268 
Amyloid  bodies,  iii.  22: 

concretions,  iii.  228 

degeneration,  i.  268 

disease  in  veins,  viii.  209 
of  the  kidneys,  v.  321 
of  the  lymph  nodes,  v.  660 
of  muscle,  vi.  29 
of  the  omentum,  vi.  359 

infiltration  of  the  pancreas,   vi 
464 
Amylolytic  enzymes,  iii.  842 
Amylopsin,  iii.  474;  vi.  4(;3.  479 
Amylum,  vii.  439 
Amyotrophic     lateral    sclerosis 

vi.  66;  vii.  351 
Anabolism,  i.  757;  ii.  763 
Anacardiacese,  i.  271 
Anacardic  acid,  ii.  707 
Anacardium,  East  Indian 

occidcntale.  ii.  707;  vi. 

.semecarpus.  ii.  707 
Anacyclus  pyrethrum,  vi. 

othcinarum,  v.i.  522 
Anaemia,  acute,  i.  278 

as  a  cause  of  insanity. 

briekmakers',  vi.  220 

chronic,  i.  279 

diagnosis  of,  from  pu 
862 

diet  in,  iii.  460 

effect  of  iron  in.  v.  221 

general,  vi.  355 

hfemolymph  glands  in 

idiopathic,  i.  271 

infantum  pseudoleuka-mica,  vi 
772 

in  pregnancy,  iv.  346 

iron  in,  v.  229 

local,  production   of, 

•  sensitiveness,  i.  287 

lymphatica,   iv.    728. 
Iliiflffkin  's  dixeiise 

miners',  vi.  220 

of  Inain,  ii.  223 

of  chorion,  iii.  53 

of  pituitar}'  gland,  vi 

of  retina,  vi.  954 

of  striated  muscles,  vi 

pathology  of.  i.  273;  iii 

pernicious,  i.  271 

an  auto-into.\ication.  i.  644 

secondar)'.  i.  278 

cachexia  in,  ii.  531 

splenic,  iv.  728;  vii.  428 

Von  .laksch's,  vi.  772 
Anaemias,  talile  of,  ii.  61 
Anaemic  infarction,  iv.  868 
Anaerobes,  i.  679 

facultative,  i.  679 
Anaerobic  bacteria,  cultivatiou  of. 

viii.  ;389 
Anaesthesia  and  analgesia 

by  spinal  cocainization, 

disseminated,  i.  283 

from  intracranial  lesion 

from  spinal-cord  lesion 

gastric,  i.  284 

glosso-pharyneeal,  i.  284 

history  of,  i.  290 

in  hysteria,  i.  283 

in  neuritis,  i.  284 

in  Raynaud's  disease,  i.  284 

local  (surgical),  i.  286,  289 

of  larvnx,  v.  428 

of  phacyn.v.  i.  283:  vi.  604 

phenomena  of.  i.  298 


522 


33 


rpura, 


iv.  471 


to   reduce 
See    also 

640 

26 
121 


i.  282 
vii.  2U1 

i.  285 
i.  284 


Anaesthesia,  segmental,  i.  283 

spinal,  vii.  345 

trigeminal,  i.  283 
Anaesthesias  in  insanity,  v.  51 
Anaesthetic,  how  action  of,  differs 

fiom  tliat  of  an  anodyne,  i.  3'^1 
Anaesthetic  mixtures,  i.  292;  iii.  14 
Anaesthetics,  general,  i.  290 

administration  of,  i.  293;  iii.  9 

after-effects  of,  iii.  24 

choice  of,  iii.  9 

dangers  of.  iii.  21 

death  in.  due  to  status  l.ymphati- 
cus,  vii.  449 

effect  of,  upon  circulation,  i.  295 
upon  eleetrotonus,  iii.  775 
upon  nerves,  vi.  232 
upon  respiration,  i.  295 
upon  uterus,  v.  388 

emplovnient  of.  in  brain  surgery, 
"ii.  406 
in    gynecological    examina- 
tions, iv.  457 

in  hj'steria,  iv.  832 

in  obstetrics,  iii.  11;  v.  888 

in  ovariotomy,  vi.  442 

physiological  .action  of,  i.  294 

preparation  of  patient  for.  iii.  11 

relative  safety  of,  iii.  9,  24 
Anaesthol,  i.  300 
Anakhre,  iv.  638 
Analgesia,  definition  of,  i.  282 

in  insanity,  v.  51 
Analgesics,  i.  361 
Analgesin,  i.  379 
Analgic  panaritium,  v.  865 
Analyzer,  vi.  729 
Anamirta  cocculus,  vi.  633 

panii  idata.  iii.  162;  vi.  633 
Anaphases,  ii.  764 
Anaphrodisiacs,  i.  300 
Anaplasia,  i.  300 
Anaplasty,  i,  300 
Anarcotine,  vi.  101 
Anasarca,  iii.  124 

neonatorum,  vi.  279 
Anastomosis   of   arterial   branches 
al)Out  the  elliow,  iii.  735 

of  intestine,  lateral,  v.  178 

venous,  of  cranium,  iv.  534 

Anatomy,  comparative,  witness  of, 

to  man's  ancestry,  iv.  39 

history  of,  i.  300 

surgical,  of  the  mastoid,  iii.  694 
Anchylosis,  i.  359.     See  also  Aiiky- 

Anchylostoma,  vi.  220 
(luoilenale.  vi.  221 

Auchylostomiasis,  vi.  220.  320 

Auchylostomum    duodenale,    vi. 
221 

Anconeus  muscle,  iv.  242;  anoma- 
lies of.  vi.  .53 

Anderson  Mineral  Springs,  i.  320 

Anderson  process   of   jiurification 
of  water,  viii.  283 

Andromedotoxin,  vi.  707 

Andropogon,  iii.  120;  vii    .548 
nardus.  iii.  126 
sorghum,  vii.  .548 

Anelectrotonus,  iii.  767.     See  also 
EUctrotiiii  lis 

Anel's  method  of  treating   aneur- 
isms, i.  328 

Anemo-calorimeter  of  D'Arsonval, 
ii.  .563 

Anemone  camphor,  vi.  797 
nemorosa,  vi.  797 
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Amis. 

Anemone  pratcnsis.  vi.  79f) 

Aneurism,  treatment  of.  by  mani])- 

Angioma  of  tonsil,  vii.  823 

luilsutilla,  vi.  796 

ulation  or  mala.xation,   i. 

of  urethra,  i.  770 

Anesin,  i.  1331 

333 

scrpiginosum.  i.  353 

Aneson,  nr  chloietoue,  as  a  local  au- 

by  metallic  suture,  i.  210 

Angioneurotic  oedema,  i.  3.54  ;  viii 

wstlietic,  i.  288.  331 

by  Moore's  method,  i.  333 

62 

as  a  hvpiiotie,  i.  321 

by  needling,  i.  333 

Angiosarcoma   of  peritoneum,   vi. 

Auethol/i.  ooS 

by  the  Hunterian  method,  i. 

5T0 

Anethum  graveolens,  iii.  479 

338 

Angiosclerosis,  ii.  100 

Aneurism,  i.  321 

bv  the  method  of  Antvllus, 

Angiostomidae,  vi.  208 

abiloiiiinal,  i.  336;  iii.  197 

"i.  207 

Angle,  metre,  i.  583 

active  clot  in,  i.  333 

true,  i.  321 

Anglesey  leg,  v.  513 

amputation  in,  i.  236 

valvular,  of  the  heart,  iv.  583 

Anguillula  aceti.  vi.  207,  503 

and   branchial   cyst,  differential 

varicose,  i.  334 

intestinalis,  vi.  208 

diagnosis  of,  ii.  459 

Aneurism,  abdominal,  i.  336 

leptodera,  vi.  207 

arteriovenous,  i.  334 

differential  diagnosis,  i.  338 

stercoralis.  vi.  208 

treatment  of,  i.  335 

etiology,  i.  336 

Anguillulidae,  \  i.  207 

bv  anastomosis,  i.  335 ;  vi.  403 

exciting  causes,  i.  336 

Angular  kyphosis,  ii.  809 

cardiac,  iv.  580 

morbidanatoray.  i.  336 

Angustura,  i.  357 

dissecting,  iv.  581 

physical  signs,  i.  337 

Angusturin,  i.  357 

cirsoid,  i.  335,  470 

predisposing  causes,  i.  336 

Anhalonidiue,  v.  761 

classification,  i.  321 

prognosis,  i.  338 

Anhalonine,  v.  761 

consecutive,  i.  323 

symptoms,  i.  337 

Anhalonium,  v.  761 

cure  of,  bv  blood-clot,  i.  333 

treatment,  i.  3139 

Anhydrsemia,  vi.  355 

diffused,  i".  322 

Aneurisna,  thoracic,  i.  339 

Anhydrotics,  i.  388 

dissecting,  i.  336 

alterations  of  voice  in,  i.  340 

Anidrosis,  i.  357 

electrotherapeutics  in  the  treat- 

diagnosis, i.  344 

Aniline,  i.  357 

ment  of,  iii.  767 

difference  in  size  of  pupils  in,  i. 

dyes,  viii.  395 

encysted,  i.  333 

341 

water,  preparation  of.  viii.  396 

causes,  i.  324 

dy.sphagia  in,  i.  340 

Anilpyrine,  i.  357 

composition  of  wall  of,  i.  333 

dyspna>a  in,  i.  339 

Animal  calorimetry,  ii.  557 

(Fig.) 

emaciation,  i.  341 

coloring  matters,  iii.  233 

diagnosis,  i.  32G 

engorgement   of    vena  cava,    i. 

food  supply,  viii.  334 

direction  of  growth  of,  i.  333 

340 

heat,  ii.  558 

prognosis  of,  i.  336 

etiology,  i.  339 

holder,  Latapie's,  viii.  393 

symptoms  and   progress,  i. 

galvano-puncture  in,  i.  347 

Voge's,  viii.  393 

324 

pain  in,  i.  339 

irritants,  iii.  425 

treatment,  i,  336 

pathology,  i.  339 

matter,  legulations  for  keeping'. 

external,  i.  331 

physical  signs  of,  i.  341 

vi.  331 

false,  i.  331 

prognosis,  i.  345 

organisms,  food  of,  i.  178 

fusiform,  i.  321 

rupture  of,  i.  341 

parasites  in  Ij-mph  nodes,  v.  600 

iuterual,  i.  321 

stridor  in,  i.  340 

Animals  and  plants,  points  of  agree 

medical,  i.  321 

symptoms,  i.  339 

ment  between,  i.  758 

kvphosis  due  to,  v.  378 

treatment,  i.  346 

anthrax  in.  viii.  231 

of  aorta,  i.  35,  343,  409;  ii,  825 

Aneurismal  bruit,  i.  324 

autopsy  of  infected,  viii.  394 

of  arteries  of  brain,  ii.  237,  450 

diathesis,  i.  324 

bubonic  plague  in,  ii.  507 

of  coronary  arteries,  iv.  580 

dilatation,  i.  321 

coloring  matters  in.  iii.  333  ' 

of  heart  walls,  iv.  581 

varix,  i.  321,  334 

diseased,  cause  of  unwholesome 

of  innominate  artery,  i.  344 

Angeiitis,  ii.  96 

milk,  V.  835 

of  the  arch  of  the  aorta,  i.  343 

exudative,  ii.  98 

diseases  of,  influence  of,  on  hu- 

of the  ascending  aorta,  i.  343 

productive,  ii.  98 

man  pathology,  viii.  226 

of  the  descending  aorta,  i.  344 

suppurative,  ii.  97 

effects  of  castration  on  male,  ii. 

of  the  heart,  iv.  580 

Angeioma.     See  Angioma. 
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of  the  root  of  aorta,  i.  343 

Angelic  acid,  i.  348 

glanders  in,  viii.  233 

of   the   transverse   arch   of    the 

Angelica,  i.  347 

influence  of  climate  on,  iii.  147 

aorta,  i.  3J3 

Angina,  croupous,  benign,  vi.  591 

inoculation  of.  viii.  393 

of  the  vertebral  artery,  vi.  196 

infectious  submaxillar}-,  vi.  593 

live,  keeping  of,  regulations  for. 

of  valves  of  the  heart,  iv.  583 

Ludwig's,  vi.  .593,  614;  viii.  489 

vi.  331 

orbital,  vi.  403 

pectoris,  vi.  248;  iv.  600 

observation  of  infected,  viii.  394 

pulse  in.  vi.  805 

Angioblasts,  erythrocytes  formed 

protection    of,    from    infectious 

racemose,  i.  335 

from,  ii.  18 

disea.ses,  viii.  335 

renal,  v.  3(51 

Angiokeratoma,  i.  348 

of  mankind  from  communi- 

retinal, vi.  955 

Angioma,  i.  350 

cable   diseases  and   ]iara- 

spontaneou.^.  i.  333 

and   branchial  cyst,  differential 

sites  of,  viii.  225 

-surgical,  i.  331 

diagnosis  of,  ii,  460 

rabies  of,  viii.  229 

thoracic,  i.  339 

infective,  i.  353 

slaughter  of,   laws  and   regula 

traumatic,  i.  333 

of  auditory  canal,  external,  iii. 

tions  relating  to,  v.  724 

treatment  of,  i.  327 

668 

tapeworms  of,  in  relation  to  pub 

by  Anel's  method,  i.  338 

of  auricle,  iii.  608,  666 

lie  health,  viii.  233 

bv  coagulating  injections,  i. 

of  eyelids,  iv.  106 

tubercnlo.sis  of,  viii.  226 

"333  ^ 

of  hands  and  fingers,  iv.  501 

used  as  food,  diseases  of,  v.  726 

hv  compression  of  the  arterv. 

of  intestine,  v.  189 

Animation,  suspended,  i.  559 

"i.  330 

of  Iddnev,  v.  323 

Animi,  iii.  278 

by  distal  ligature,  i.  333 

of  larynx,  v.  433 

Animism,  ii.  299;  iv.  645 

by  elastic  pressure,  i.  331 

of  middle  ear,  iii.  668 

Anions,  viii.  414 

by  flexion  of  limb,  i.  331 

of  nose,  vi.  138 

Aniridia,  v.  217 

by  galvanopuncture,  i.  334 

of  orbit,  iv.  114;  vi.  405 

Anise,  i.  357 

by  introduction  of  solid  bod- 

of periosteum,  vi.  569 

oil  of,  i.  3.58 

ies,  i.  333 

of  pharynx,  vi.  604 

star,  i.  358 
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Anisometropia,  i.  58 
Ankle,  amimtation  at.  i.  258 

bursa?  of,  ii.  520 

drainage  of.  v.  294 

resection  of,  vi.  931 

sprain  of.  iii.  274;  v.  291 
Ankle  clonus,  vi.  874 
Ankle-joint,  i.  3')S 

dislocations  of,  iii.  529 

functional  affections  of,  v.  275 

synovitis  of,  v.  275,  288 

tiiberculosis  of,  v.  275 
Ankyloblepharon,  vii.  699 
Ankylosis,  i.  'S^iih  4(i5 

following  sjirains,  v.  292 

of  hand,' iv.  516 

of  jaw,  V.  2.W 

of  patella,  vi.  518 

of  sacro-coccygeal  joint,  vi.  528 

of  wrist,  iv.  513 
Annatto,  i.  361 

in  milk,  detection  of.  v.  S40 
Annidalin,  i.  449 
Annulus  ovalis,  iv.  568 

teudinosus,  iii.  583 

tynipanicus,  i.  625 
Anodyne,  chloroform,  i.  361 ;  iii.  7 

Holfnian's.  i.  361;  iv.  13 
Anodynes,  i.  361 
Anona,  i.  302 
Anonaceae,  i.  362 
Anomalies,      congenital,      of     the 
choroid,  iii.  63 
of  the  vitreous,  viii.  265 

inheritance  of,  iv.  660 

of  adrenals,  vii.  .566 

of  arteries,  i.  525 

of  iris,  V.  216 

of  kidney,  v.  310,  319 

of  muscles,  vi.  42 

of  thoracic  duct,  vii.  745 

of  veins,  viii.  208 
Anonychia,  iv.  510;  vi.  93 
Anopheles,  v.  163,  866 

maculi))eunis,  v.  163,  867,  871 

punctipennis,  v.  867 
Anophthalmus,  vii.  699 
Anorchism,  vii.  179 
Anorexia,  vii.  493 

in     pulmonary   tuberculosis,    v. 
()05 

nervosa,  vii.  504 
Anosmia  intracranialis.  vi.  131 

na.salis,  vi.  131 
Antacids,  i.  186 
Anteflexion  of  uterus,  viii.  80 
Ante-mortem  blood  clot,  iv.  614 
Anterior  crural  neuralgia,  vi.  247 
Anterior  jugular  veins,  anomalies 

"f.  viii.  203 
Anthelmintics,  i   362 
Anthemis  cotula,  ii.  795 

noliilis.  ii.  795 

liyrethium,  vi.  522 
Anthemol,  ii.  795 
Anthoxauthum  odoratum,  iii.  338 
Anthracsemia,  i.  363,  300 
Anthracin,  jitomain,  vi.  791 
Anthracosis,  v.  594;  vi.  635 
Anthraquinones,  ii.  515 
Anthrarobin,  i.  363 
Anthrax,  ii.  363 

among  cattle,  detection  of,  v.  726 

bactcriologv  of,  i.  365,712;  viii. 
399 

in  animals,  viii.  231 

a    cause     of     unwholesome 

milk,  v.  836 
Vol.  viii. -39 


Anthrax  in  new-born,  vi.  279 
pulmonary,  i.  366 
serum  therapy  in,  vii.  133 

Anthropometry.      See    Recriiitin'i 

Anthropomorphism,  ii.  299 
Anthropotoxins  in  air.  vi.  1.59 
Antiarthrin,  i.  :)70 
Anti-autolysin.  viii.  473 
Anti- complement,  viii.  473 
Antidiabetinum,  i.  370 
Antidotes,  i.  370 
chemical,  i.  371 
dynamic,  i.  374 
inorganic  chemical,  i.  372 
mechanical,  i.  370 
organic  cheniic;il.  i.  371 
jihysiological,  i.  374 
Anti  dyspeptic     and    Tonic 

Springs,  i.  374 
Antifebrin,  i.  63.     See  also  Aceta- 
luli'd 
effect  of,  on  body  temperatuie, 
ii.  570 
Antihsemolysin,  viii.  473 
Antihelix,  i.  637,  640 
Antiheterolysin,  viii.  473 
Anti-isolysin,  viii.  473 
Antikamnia,  i.  374 
Antimetropia,  i.  58 
Antimonial  powder,  i.  875 
Antimony,  i.  374 

and  iiotassium  tartrate,  1.  375 
as  an  emetic,  iii.  811 
as  an  expectorant,  iv.  49 
as  a  cause  of  food  poisoning,  iv. 

184 
butter  of,  i.  377 
crude,  i.  375 

diaphoretic  action  of,  iii.  433 
distribution   of.    in   body,   after 

absorption,  vi.  726 
effect  of,  upon  heart,  ii.  692 
oxide  of,  i.  374 
poisoning  by,  i.  376 
sulphide  of,  puriticd,  i.  375 
sulphurated,  i.  375 
terchloride,  i.  877 
wine  of,  i.  375 
Antinervin,  i.  377 
Antinosine,  v.  208;  vi.  296 
Antiperiodics,  i.  377 
Antiperistalsis   in  large  intestine, 

v.  172 
Antipyretic,  cold  as  an,  iii.  193 
Antipyretics,  relative  value  of  an- 
ti pyrine.    jihenacetin,  and  pheno- 
coll  as.  vi.  608 
Antipyrine,  i.  379 

action  of,  on  blood,  i.  380 
on  circulation,  i.  380 
on  respiration,  i.  380 
on  spinal  cord,  i.  381 
on  stomach,  i.  380 
comparative  value  of,  as  an  an- 
tipyretic, vi.  608 
compounds  of.  i.  379 
ilo.sage  of,  i.  382 
drugs  incompatible  with,  i.  379 
effect  of,  en  body  temperature, 

ii.  570 
emiiloyment  of,  as  an  ancesthetic, 
i.  381 
as  an  analgesic,  i.  881 
as  an  antiseptic,  i.  381 
in  eye  diseases,  i.  881 
in  uterine  affections,  i.  381 
to  control  hemorrhage,  i.  382 


Antipyrine,  relation  of,  to   plicna- 
cetin,  vi.  606 
soluljility  of.  i.  379 
toxic  symptoms  of,  i.  380 
Antipyrin  benzoate,  i.  379 
Antirheiimaticum,  i.  382 
Antiscorbutics,  ii.  620;  v.  803 
Antisepsin,  i.  382;   v.  8.53 
Antisepsis,  intravascular,  vii.  130 
Antiseptic,  pyoktaninasan,  vi.  817; 

.solution,  vii.  765 
Antiseptics,  i.  382 

comiiarative  value  of  various,  i. 

383 
use  of.  in  dysentery,  iii.  574 

in  infantile  di;u'rhoea,  iii.  448 
in  obstetrics,  v.  379,  384 
Antiseptol,  i.  386;  v.  210 
Antispasmiu,  i.  386 
Antispasmodics,  i.  387 
Antisudorifics,  i.  388 
Antithermin,  i.  388;  vi.  609 
Antitoxic  sera,  i    388 
Antitoxin,  diphtheria,  i.  389;  iii. 
489 
administration  of.  in  croup,  iii. 

333 
paralysis  following  use  of,   vi. 

489 
testing  strength  of,  viii.  403 
Antitoxin  treatment  of  dysentery, 

iii.  575 
Antitoxin,  rabies,  vi.  881 
Antitoxin,  tetanus,  i.  390,  699 
Antitoxins,  nature  of,  i.  388 

|iersistence  of .  in  the  blood,  i.  389 
Antitragus,  variations  in,  i.  640 
Antitussin,  i.  391 
Anti-vaccination,  viii.  149 
Antivenene,  vi.  715 
Antrum,  mastoid,  vii.  236 
Antrum  of  Highmore,  vi.  104,  144; 
vii.  233 ;  viii.  240 
cystic  disease  of,  v.  248 
effect  of  disease  of,  upon  orbit. 

vi.  408 
empyema  of,  vi.  144 
hydrops  of,  v.  248 
measurements  of,  viii.  240 
operations  for  disease  of.  vi.  144 
polypus  of,  V.  249 
suppuration  in,  v.  248;  vi.  144 
tubes  for  reaching,   from   nasal 
cavity,  vi.  146 
Ants,  v.  167 
Antyllus,  method  of,  for  treating 

aneurism,  i.  327 
Anuria,  viii.  28 
Anus,  abscess  of,  i.  394 

artiticial,  iii.  205;  and  see  Culos- 

tomy 
atresia  of,  i.  604;  vii.  704 
cancer  of,  i.  398 
chancre,  i.  397 
chancroid,  i.  396 
condyloma  of,  i.  404 
eczema  of,  iii.  725 
excision  of,  i.  399 
fissure  of,  i.  395 
fistula  of.  i.  394 
hemorrhoids  of,  i.  391 
imperforate,  vii.  704 
lymphatics  of.  v.  635.  637 
malformations  of.  i.  604 
neuralgia  of,  i.  405;  vi.  248 
non-malignant  growths  of,  i.  403 
phlegmon  around,  vi.  616 
polypus  of,  i.  408 
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Artery  or   Vrterios, 

Anus,  pi()lai)se  of.  i.  392 

Aphthongia,  iv.  823 

Aqua  regia,  vi.  294 

pruritus  of,  i,  JO.I 

Aphthous  fever,  iv.  734 

rcisa'.  vi.  1000 

spasm  of  siiliinctcr  of,  i.  405 

Apiol,  viii.  1 

fortior,  vi.  1000 

stricture  of.  i.  JiilT 

Apis  mellifica,  iv.  731!;  v.  168 

Aquapuncture,  i.  105 

surccrv  of,  i.  3U1 

Apium  graveolens.  ii.  760;  viii.  1 

Aqueous  extract  of  aloes,  i.  194 

svpliilitic  ulceration,  i.  396 

pctroselinum.  viii.  1 

of  holaniienia,  iv.  732 

ulceration  of.  i.  8!t5 

Aplasia,  i.  140.  606 

Aquifoliaceae,  i.  428 

vulvo-vaiiiniil,  viii.    IGl 

])ilorum  propria,  i.  605 

Aracese,  i.  428 

vulvalis,  viii.  101 

Apneumatosis,  i.  597 

jioisonous  varieties  of,  vi.  094 

vulvar,  viii.  101 

Apnoea,  urtitieial   respiration   in,  i. 

Arachidic  acid,  i.  68 

Anusol,  i.  405 

5."i9 

Arachnida,  i.  428 

Anvil,  iii.  585.     See  also  Incus 

Apocodeine,  i.  420 

in  nasal  cavities,  vi.  142 

Anxiety  u  cause  of  insanity,  v.  33 

Apocynacese,  i.  420 

poisonous,  v,  1.58 

Any  tin,  i.  405 

|)()isonous  varieties  of,  vi.  694 

Arachnoid,  the,  ii.  314 

Anytols,  i.  4U6 

Apocyuein,  i.  421 

ristci-nas  of.  ii.  316 

Aorta,  i.  4<10 

Apocyniu,  i.  421 

Aragalus,  poisonous,  vi.  708 

aneurism  of.  iii.  580 

Apocynum     anilro.sa'mifolium.      i. 

Arag-on,  Baths  of,  i.  4:i7 

anomalies  of.  i.  407.  525;  ii.  93 

431 

Aralia  quinquefolium,  iv.  353 

arch  of,  i.  400.  525;  ii.  94 

cannabinum,  i.  421;  ii.  647;   vi. 

Araliacese,  i.  43n 

ascendinjr.  i.  406 

705 

Aran-Duchenne  disease,  vi.  04 

stenosis,  vii.  707 

as  a  diuretic,  iii.  545 

Araneidse,  v.  159 

varieties,  i.  406 

Apogamy,  iv.  33 

Araroba,  iii.  75 

cancer  of.  i.  309 

Apolysin,  v.  854 

Arbor  vitas,  i.  438 

compression  of.  i.  536 

Apomorphine,  i.  421 

of  eereliellum.  ii   160 

descendin.^,  i.  408 

as  an  emetic,  i.  370;  iii.  810 

Arborization  of  nerve  processes. 

varieties,  i.  408 

as  an  expectorant,  iv.  49 

vi.  •,>34 

diseases  of,  i.  409 

hypodermatic  use  of.  iv.  820 

Arbutin,  i.  7:!S 

double,  ii.  94 

Apoplectiform  attacks  as  a  symp- 

Arc keratoscopique  of  r)e  Weeker 

narrowing  of.  ii.  94 

tom  of  intracranial  tumor,  ii.  437 

and   .Miisselon.  vi.  395 

obliteration  of.  ii.  94 

Apoplexy,  ii.  241 

Areachon,  i.  4:i8 

stricture  of.  i.  397 

pkicrntal,  iii.  53,  388;  vi.  650 

Arch  of  aorta,  i.  406.  ."25;  ii.  94 

structure  of.  i.  408 

spinal,  vii.  349 

Arch,  palmar,  deep,  abnormalities 

sypliilis  of.  ii.  107 

Aporetin,  vi.  974 

of.  i.  533 

Aorta,  abdominal,  i.  408 

Apostoli's    treatment   of    uteiinc 

superficial,  abnormalities  of,   i. 

aneurism  of.  i.  35.  336 

diseases,  iii.  764 

532 

Aorta,  thoracic,  i.  408;  vii.  750 

Apparatus  for  compressing  air,  i. 

Archaeology,  prehistoric,  witness 

aneurism  ot.  ii.  825 

131 

of,  to  man's  aneestrw  \\'.  40 

Aortic  istbuuis.  i.  407 

ortliopa'dic,  iv.  321.  333.  227 

Arches  of  the  foot,  iv.  192 

plexus,  vii.  578 

prostlK-tie,  v.  513 

Archesporium,  vi.  S69 

rcijurgitation.vi.  804 

Appearance,  general,  in  life  insur- 

Archigonocyte, vi.  864 

stenosis,  ii.  824;  iv.  604;  vi.  805 

ance,  v.  510 

Archoplasm,  ii.  762,  764 

valves,  iv.  571 

Appendicitis,  i.  421 

Arco,  1    439 

insufficiency  of,  ii.  824;  iv. 

application  of  cold  in,  iii.  195 

Arctic  Springs,  i.  439 
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diet  in.  iii,  459 

Arctium  lappa,  ii.  517 

Aortitis,  i.  409;  ii.  96 

left-sided,  i.  423 

Arctostaphylos  .ulauca,  i.  738 

Apathy's  fluid,  iv.  709 

leueocytosis  in.  v.  493 

u\a  ursi.  i.  738 

Ape  hand,  iv.  531 

Appendix    vermiformis,     abscess 

Arcus  aileiiosus.  v.  312 

Aperients,  v.  468.     See  also  Laxa- 

of,  i.  39 

.iuvenilis,  i.  440 

tir,  s 

anatomy  of,  i.  14,  182,  421 

senilis,  i.  440 

Apex  beat  of  heart,  iii.  106 

bacteriology  of,  i.  422 

venosus,  v.  313 

Aphakia,  i.  58;  iv.  803 

foreign  bodies  in,  i.  422 

Are,  viii.  299 

Aphasia,  i.  409 

hernia  of,  iv.  682 

Area  amniotiea.  i.  442 

and  cerebral  localization,  ii.  310 

histology  of,  V.  185 

emhryonalis.  i.  440 

articulalory  kiiuesthetic,  i.  412 

measuronients  of,  viii.  339 

germinativa.  i.  440 

as.sociative,  i.  410 

to)i()grapliical  anatomy  of,  i.  181 

opaca,  i.  441 

ata.xic.  i.  410 

Appetite,  altered,  vii.  494 

pellucida.  i.  441 

auditory,  i.  410.  414 

diminished,  vii,  493 

jilacentalis,  i.  442.  445 

classification  of.  i.  410 

excessive,  vii.  494 

Areas,  association,  of  brain,  ii.  305 

cortical  motor,  i.  413 

in  diseases  of  the  stomach,  vii. 

motor  and  sensory,  of  brain,  ii. 

epileptic,  iii.  845 

493 

304.  305 

in  liemiplejria,  iv.  631 

Apple,  essence  of.  i.  267 

Areca  catechu,  i.  445 

motor,  i.  410.  412 

oil  of.  i.  367 

Areca  nut,  i.  445 

of  writins;.  i.  410 

Apple,  May.     See  I'oi/op/ii/Uui/i 

as  an  aulhelminlic,  i.  362 

sensory,  i.  410.  413,  415 

Apraxia,  i.  415 

as  a  myotic,  i.  446 

subcortical  motor,  i.  412 

Apus,  vii.  714 

as  a  ta-nicide,  i.  363.  446 

visual,  i.  410,  414 

Apyonim,  i.  438 

Areola  of  the  manuna.  ii.  469 

Aphemia,  i.  410 

Aqua,  V.  740.     See  also  ]yiitei' 

Areolar  tissue,  iii.  354 

Aphidae,     iiartbenogenesis    among. 

ammonia',  i.  215 

Argas  americauus,  i.  437 

vi    514 

as  an  expectorant,  iv.  50 

lu'tsicus,  i.  437 

Aphidas,  poisonous,  v.   168 

fortior,  i.  215 

retlexns.  i.  437 

Aphrodisia,  i.  300 

anethi,  iii.  479 

sanchezi.  i.  437 

Aphrodisiacs,  i.  420 

chlori,  iii.  5 

Argasinae,  i.  437 

Aphthae,  viii.  488 

chlorof(n-mi,  iii.  9 

Argemone,  i.  446 

Bednur's,  viii.  488 

crcosoti.  iii.  338 

Argentamin,  iv,  15  ;  vii.  216 

epizootic,  iv.  733 

fieniculi.  iv.  145 

Argentine    Republic,     pharniaco- 

of  the  palate,  viii.  488 

fortis,  vi.  289 

po'ia  in.  vi.  5S1 

of  the  vulva,  viii,  161 

hydrogenii  dioxidi.  iv.  786 

Argentol,  vii.  216 

vesicular,  iv.  733 

nieuthte  piperita',  vi.  554 

Arginin,  i.  08 
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Arginin  a  source  of  urea,  v.  773 

Argol,  vi.  744 

Argonin,  vii.  l!16 

Argyria,   Argyrisin,   Argyrosis, 

Argyriasis,  i.  441!;  vi.  (;;;."i 
Aigyria  conjunctivae,  iii.  iol 
Argyrol,  vii.  216 

usi'iliii  uonoriiKral  cj'stitis,  viii. 
1()7 
Arhinencephalus,  vii.  69!) 
Arhythmia,  iv.  o'JU;  vi.  8ol 
Aricine,  iii.  '.''3 

Aiisoema  triphyllum,  vii.  913 
Aristol,  i    44!t 
Aristolochia  Argentina,  vii.  2.55 

cleniatitis,  vii.  255 

reticulata,  vii.  254 

serpentaria,  vii.  254 
Aristolochiacese,  i.  449 
Aristolochin,  vii.  255 
Ai'ithinetic  and  metrolog)',  viii.  295 
Arizona,  i.  449 

requirements  for  medical    prac- 
tice in,  iv.  48 
Arkansas,  requirement.s  for  medical 
jiractice  in.  iv.  48 

liistorv  of  yellow  fever  in.  \  iii. 
5H8."  589 
Arm,  the,  i.  451 

amputation  of,  i.  252 

blood  and  nerve  supply  of,  i.  451, 
453 

diseases  aud  injuries  of,  i.  454 

lymphatics  of,  v.  631 

muscles  of,  i.  451 

lildc'gnion  of,  vi.  015 
Arnramentarium,     obstetric,     v. 

3S3 
Ai-millaria,  iv.  284 
Armoracia,  iv.  737 
Arm-pit.     See  Axilla 
Army,  the,  branch  of  service  in.  as 
all'ecliug-  health,  i.  500 

comparison  of  statistics  of,  i.  510 

death    rates   in,  compared   with 
civil  life,  i.  497 

diseases.     See  Cioiip  DixniHcx 

health  of,  i.  495 

hospital  ships  of.  iv.  737 

iiygiene   of.      See   Milituri/   In/ 
(jiciie 

loss  of  time  from  sickness  in,  i. 
497 

losses  of,  from  sickness  and  from 
wounds,  i.  496 

mortality   of,    during   the   Civil 
War,  i.  499 

war  as  affecting  liealth  of,  i.  499. 
.507 
Army   field    hospital    organiza- 
tion, i.  473 
Army  hospital  corps,  i.  483 

instruction  in,  i.  488 

pay  of,  i.  485 

uniform  of,  i.  485 
Army  medical  department,  i.  492 

medical  officer,  i.  473 

medical  statistics,  i.  495 

nurse  corps,  i.  513 

transport  service,  i.  517 
Arnica,  i.   .520 
Arnicin,  i.  .520 
Arnold's  steam  sterilizer,  viii.  381 

test  for  diacetic  acid,  viii.  49 
Aroidese,  i.  428 
Aromatic  svdphuric  acid.  vii.  563 

syrup  of  of  ihubarli.  vi.  974 

tincture  of  rhubarb,  vi.  974 


Arosa,  i.  521 
Arrhenotoky,  vi.  514 
Arrhythmia,  iv.  599;  vi.  801 
Arrington    Mineral    Springs,    i. 

522 
Arrow  Head  Hot  Springs,  i.  522 
Arrow  poison,  vii.  541 
Ari'owroot,  i.  522 
Arsenates,  poisoning  by,  viii.  346 
Arsenic,  i.  523 

as  an  adulterant  of  food,  diink, 
and  drugs,  iv.  175.  184 

as  an  antiperiodic.  i.  378 

as  a  cause  of  zoster,  iii.  422 

as  a  caustic,  ii.  757 

as  a  digestant,  iii.  471 

as  a  factor  in  keratoderma  pal- 
mare et  plantare.  v.  305 

compounds  of.  mechanism  of  ac- 
tion of,  viii.  351 

disposition  of,  in  body,  after  ab- 
sorption, vi.  723 

elTect  on  workers  in,  vi.  325 

elimination  of.  viii.  350 

livpoderniatic  u.se  of,  iv.  821 

in  bismuth  preparations,  i.  763 

tolerance  of,  viii.  349 

tiiiodide.  i.  524 

tiioxide.  i.  523 
Arsenical  paralysis,  vi.  488;  viii. 

349 
Arsenical  paste,  i.  524 
Arsenical  poisoning,  viii.  345 

antidotes  for,  i.  373;  v.  225;  viii. 
351 

by  absorption,  ii.  7.57 

clinical  tests  in,  viii.  353 

in  beer  drinkers,  iv.  175 

industrial,  viii.  348 

liost-mortem   appearances  in,  i. 
663;  viii.  351 

treatment  of,  viii.  351 
Arseuicophagia,  viii.  349 
Arsenites,  poisoning  by,  viii.  346 
Arseno-hsemol,  v.  230 
Arsenous  acid,  i.  .■)24 

as  a  caustic,  ii.  757 

as  a  germicide,  iv.  331 
Arsine,  poisoning  by.  viii.  351 
Artanthic  acid,  v.  714 
Artar  root,  i.  571 
Artarine,  i.  571 
Artemisia  absinthium,  viii.  316 

eina.  viii.  315 

maritima,  viii.  315 

pauciHora.  vii.  30;  viii.  315 
Artemisin,  viii.  315 
Arterial    and    venous    blood   com- 
pared, ii.  37 

pressure,  indicated  by  pulse,  vi. 
799 
instruments  for  measuring, 
vi.  803 

varix.  i.  332 

venous  juilse.  vi.  807 
Arteries,  anomalies  of,  i.  535 

anastomolica  magna,  i.  4.53,  531 

anterior  cerebral,  i.  .537 
communicating,  i.  .527 
tibial,  i.  .535;  v.  479 

artery  of  the  bulb,  i.  .533 

ascending  cervical,  i.  .538 
pharyngeal,  i.  527 

axillarv,"i.  .539 

brachial,  i.  4.53.  .529 

brachiocephalic,  i.  .526 

carpal,  i.  531 

central  of  retina,  vi.  954 


Arteries,   anomalies  of,  cerebral, 

i-  .527 
circniutle-\  iliac,  i.  .534 
common  carotid,  i.  .526 

iliac,  i.  533 
coronary,  ii.  95 
creiuasteric,  iv.  336 
deep  cervical,  i.  529 

femoral,  i.  535 
deferential,  iv.  326 
dorsal  interosseous,  i.  531 
dorsalis  penis,  i.  534 
epigastric,  i.  534 
external  carotid,  i.  .526 

circumllex,  i.  535 

iliac,  i.  534 

plantar,  i.  535 
facial,  i.  537 
femoral,  i.  534 
inferior  profunda,  i.  4.53,  .531 

thyroi<l,  i.  528 
innominate,  i.  526 
internal  carotid,  i.  527 

circumflex,  i.  .535 

iliac,  i.  533 

mammary,  i.  ,539 

maxillary,  i.  527 

plantar,  i.  .535 

pudic,  i.  533;  vi.  568 
interosseous,  i.  531 
lingual,  i.  527 
long  thoracic,  i.  .539 
median,  i.  530,  .533 
middle  thyroid,  i.  526 
obturator,  i.  .533.  .539 
occipital,  i.  527 
of  the  spleen,  vii.  414,  419 
ojihthaliuic,  i.  527 
peroneal,  i.  .535;  v.  4.83 
popliteal,  i.  535 
posterior  auricular,  i.  537 

cerebral,  i.  527 

circumflex,  i.  .529 

communicating,  i.  527 
'      tibial,  i.  .535;  v.  481 
profunda  femoris,  i.  535 
pulmonary,  ii.  93 
radial,  1.  .529.  .530.  .531 

recurrent,  i.  .531 
renal,  i.  .533;  v.  313 
saphenous,  i.  .535 
sciatic,  i.  .534 
spermatic,  i.  533;  iv.  326 
subclavian,  i.  527 
superticial  temporal,  i.  .527 

volar,  i.  .531 
superior  intercostal,  i.  529 

profunda,  i.  4.53,  531 

thyroid,  i.  527 
suprascajmlar,  i.  .528 
thyroid  axis.  i.  528 
thyroidea  ima,  i.  526,  528 
transverse  cervical,  i.  528 

facial,  i.  .537 
ulnar,  i.  .530.  531 
vertebral,  i.  .528 
Artery  or  Arteries,  aberrant,  in 
the  arm,  i.  539 
abnoiniities  of,  ii.  93 
acupressure  of,  healing  after,  i. 

538 
anostomotica  magna,  i.  453 

anomalies  of,  i.  531 
aneurism  of.     See  Aneurism 
anomalies  of,  i.  525 
anterior  interosseous,  iv.  343 

tibial,  V.  479 

anomalies  of,  i.  535 
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Artery  or  Arteries,  anterior  uluur 

Artery  or  Arteries,  internal  max 

Artery    or    Arteries,    pretemporal 

recurrent,  iv.  243 

illary.  anomalies  of,  i.  .527 

branches  of  the  postcerebral. 

arteriosclerosis   in    different,    ii. 

plantar,  anomalies  of,  i.  535 

ii.  254 

104 

pudie,  vi.  566 

prethalamic.  ii.  253 

ascenilinij  pliaryngeal.  anonuiliis 

anomalies  of,  i.  533 

profunda  femoris,  vii.  739 

of,  i.  527 

interosseous,  iv.  243 

anomalies  of,  i.  535 

atheroma  of,  i.  470 

lenticular,  ii.  253 

pulmonary,  v.  .582;  vii.  7.50 

auditiva  interna,  ii.  2")! 

lenticulo-striate,  ii.  253 

ladial.  anomalies  of,  i.  531 

axillary,  vii.  208 

lenticulo-tlialauu'c,  ii.  253 

in  the  forearm,  iv.  243 

anomalies  of.  i.  r)2y 

ligature  of,  vi.  193 

radial  recurrrent.  iv.  242 

Imsilar.  ii.  250 

for  inoperable  cancer,  ii.  644 

anomalies  of.  i.  531 

hracliial,  i.  452 

healing  after,  i.  538 

ramus  parietalis.  ii.  250 

anomalies  of,  i.  529 

lingual,  vi.  194 

recurrent  spinal,  ii.  250 

at  the  elbow,  iii.  733 

anomalies  of,  i.  527 

renal,  v.  312 

(■.■illosal,  ii.  251 

ligature  of,  vi.  194 

anomalies  of,  i.  532 

carotid,  vi.  193 

surface-marking  of.  vi,  191 

sciatic,  vii.  740 

cerebral  portion  of,  ii.  252 

mastoid  liranch  of  the  occipital. 

anomalies  of.  i.  534 

surface-marking  of,  vi.  191 

ii.  250 

spermatic,  iv.  326 

cerebral,  ii.  349,  2.50 

median,  anomalies  of.  i.  .530.  532 

anomalies  of,  i.  533 

aneurism  of,  ii.  227 

medicerebellar.  ii.  251 

subclavian,  vi.  194;  vii.  750 

anomalies  of,  i.  527 

medicerebral,  ii.  2.52 

anomalies  of,  i.  537 

carotid,  ii.  252 

medichoroid,  ii.  2.54 

ligature  of,  vi.  194 

chiasmic.  ii.  252 

medidural.  ii.  249 

subdural,  ii.  2.50 

choroidal,  ii.  254 

medifroutal,  ii.  252 

subfrontal,  ii.  2.53 

ciliary,  iv.  73 

medioiitic,  ii.  2.54 

supercerebellar.  ii.  251 

circle  of  Willis,  ii.  251 

mediparietal,  ii.  253 

superficial  circumflex  iliac,   vii. 

circumtle.x  iliac,  anomalies  of.  i 

metastatic  abscesses  in  walls  of, 

736 

534 

ii.  98 

superficial  epigastric,  vii.  738 

coiits  of,  ii.  90 

middle  thyroid,  i.  526 

superficial  external    pudic,   vii. 

common  carotid,  anomalies  of,  i. 

obturator,  i.  9;  vii.  740 

736 

526 

anomalies  of.  i.  533.  539 

superficial   temporal,    anomalies 

ligature  of,  vi.  193 

occipital,  ii.  254 

of.  i.  .527 

surface-marking  of,  vi.  191 

anomalies  of,  i.  527 

superficial  volar,  anomalies  of,  i. 

common   iliac,    anomalies  of.    i. 

surface-marking  of,  vi.  191 

531 

.523 

of  the  abdominal  wall.  ii.  251 

superior  intercostal,  vii.  7.50 

compression  of,  i.  .536 

of  the  arm.  i.  452,  470;  iii.  735; 

anomal  es  of,  i.  529 

coronary,  iv.  573 

iv.  242 

superior  laryngeal,  v.  409 

anomalies  of,  ii.  95 

of  the  auricle,  i.  638 

superior  mesenteric,  iv.  747 

deep  femoral,  anomalies  of,  i.  535 

of  the  brain,  ii.  227.  350,  260 

superior  profunila,  i.  4,53 

d\iral,  ii.  249 

of    the  biUb,   anomalies    of,     i. 

anomalies  of,  i.  531 

elasticity  of,  vi.  799 

533 

superior  thyroid,  v.  409;  vi.  194 

eiMgastric,  anomalies  of,  i.  534 

of  the  kidney,  v.  313 

anomalies  of,  i.  .527 

external  carotid,  vi.  193 

of  the  knee-joint,  v.  371 

surface  marking  of,  vi.  191 

anomalies  of,  i.  526 

of  the  mamma,  ii.  469 

suprascapular,    anomalies  of,  i. 

encranial  branches.  ii.»249 

of  the  neck,  vi.  191,  193 

.528 

ligature  of,  vi.  193 

of  the  umbilical  cord,  histology 

supradural,  ii.  2.50 

external    circumflex,    anomalies 

of.  viii.  4 

suture  of,  healing  after,  i.  538 

of,  i.  515 

ophthalmic,  i.  527 

termatic,  ii.  251 

e.xterual   iliac,  anomalies  of,   i. 

ovarian,  vii.  1.53 

tlivroidea  ima,    anomalies  of,  i 

534 

parvidural,  ii.  250 

526,  528 

external  plantar,  anomalies  of,  i. 

pathological  anatomy  of,  ii.  93 

torsion  of,  healing  after,  i.  538 

535 

perforantes  anteriores,  ii.  252 

transverse  cervical,  anomalies  of. 

facial,  anomalies  of.  i.  527 

peroneal,  anomalies  of,  i.  .535 

i.  528 

surface-marking  of,  vi.  191 

ponticular.  ii.  251 

facial,  anomalies  of,  i.  .527 

femoral,  vii.  738 

popliteal,  anomalies  of,  i.  .535 

tubal,  vii.  157 

anomalies  of,  i.  534 

jiostcerebellar,  ii.  250 

ulnar,  anomalies  of,  i.  531 

branches  of,  vii.  739 

liostcerebral,  ii.  253 

in  the  forearm,  iv.  242 

in  Scarpa's  triangle,  vii.  739 

branches  of,  ii.  254 

uterine,  vii.  163 

fossa»  Sylvii,  viii.  234 

postchoroi<l,  ii.  2.54 

vertebral,  vi.  195 

geniculate,  ii.  2.54 

postcomnuinicant.  ii.  353 

anomalies  of,  i.  528 

healing  of,  after  acupressure,  i. 

postdural,  ii.  250 

encranial  branches,  ii.  .520 

538 

posterior  auricular,  anomalies  of 

ligature  of.  vi.  196 

histolo.gy  of,  ii.  90 

i..  .527 

vitelline,  viii.  335 

hyaloid,  persistent,  viii.  265 

interosseous,  iv.  343 

Arteriometer,  Oliver's,  vi.  802 

hyperplasia  of,  ii.  96 

laryngeal,  v.  410 

Arteriosclerosis,  ii.  100 

inferi(M-  laryngeal,  v.  409 

tibial,  anomalies  of.  i.  .535 

diagnosed  from  paresis,  v.  91 

profiuida,  i.  4.53 

idnar  recurrent,  iv.  243 

f requeue  v  of,  in  various  arteries, 

anomalies  of,  i.  531 

postparietal.  ii.  2.53 

ii.  105" 

inflammation  of.  ii.  96 

post-temporal    branches  of    the 

in  diabetes  mellitus,  iii.  429 

innominate,  anomalies  of,  i.  526 

liostcerebral,  ii.  254 

insanity  dependent  on,  v.  94 

internal  carotid,  anomalies  of,  i. 

jiost-thalamic,  ii.  254 

Arteritis,  syphilitic,  ii.  106 

527 

precerebial,  ii.  251 

Artesian  wells,  viii.  279 

circumflex,  vii.  739 

lirechoroid,  ii.  252 

Arthralgia,  lead.  v.  474 

anomalies  of,  i.  .535 

luecommtmicant,  ii.  351 

Arthrite  plastique  ankylosante, 

iliac,  anomalies  of.  i.  535 

pri'd\iral.  ii.  2.50 

V.  2(il 

lateral  mammary,  i.  529 

prefrontal,  ii.  2.53 

Arthritis,  acute  suppurative,  i.  464 

mammary,  vii.  750 

preoptic,  ii.  254 

cervical,  vii.  3.88 

anomalies  of.  i.  .529 

jireparietal.  ii.  253 

gonorrhfpal,  iv.  403:  vii.  388 
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Arthritis,  infective,  i.  464 

Ascaris  eanis.  vi.  220.  223 

Aspidium,  iv.  147 

of  luuid,  iv.  513,  514 

cati.  vi.  223 

as  an  anihelmiutic.  i.  363 

of  knee,  v.  288 

clavata,  vi.  .502 

Aspidosamine,  i.  578 

of    teraporo-inaxillary    articula- 

felis. vi.  233 

Aspidosperma,  i.  .578 

tion,  V.  258 

luuibricoides,  i.  362;  vi.  206, 

333, 

Aspidospermine,  i.  578 

rlieumatoid,  i.  464,  544;  vi.  969 

504 

Aspiration,  i.  579 

tuberculous,  of  wrist,  iv.  504 

in  gall  duct  and   gall 

Mad- 

dangers  of.  i.  ,581 

Arthritis    deformans,  i.    544:    iv. 

der.  iv.  298 

diagnostic  use  of,  in  gvnecolosrv. 

514;   vi.  969 

in  kidney,  v.  345 

iv.  466 

diagnosed  from  acromegaly,  i  96 

in  nasal  cavities,  vi.  14; 

in  abscess,  i.  .580 

111  children,  i.  548 

mar.ginata,  vi.  223 

in  luematoma.  i.  .580 

of  ilic  band,  iv.  514 

maritinia,  vi.  233,  503 

in  liydrocephalus.  i.  581 

of  the  hip-joint,  v.  273 

martis,  vi.  230 

in  intestinal  obstruction,  v.  173 

of  the  Ivnee,  v.  274 

megalocephala.  vi.  223 

in  joint  affections,  i.  .5.^0 

of  the  phalangeal  joints,  v.  376 

mystax,  vi.  233 

in  pericarditic  effusions,  i.  .580 

of  the  sJioulder.  v.  276 

renalis,  vi.  320 

iu  pleuritic  effusions,  i.  580 

of  the  wrist,  v.  276 

feres,  vi.  233 

in  retention  (jf  urine,  i.  .580 

arthrodesis,  iv.  238 

transfuga.  vi.  .502 

in  spina  bifida,  i.  581 

A-rthrodia,  v.  553 

trichiura,  vi.  316 

in  strangulated  hernia,  i.  .580 

A^throlog-y,  1.  550 

trieuspidata,  vi.  223 

in  tumors,  i.  581 

Arthropathies  of  neiirotic  origin. 

verniicularis,  vi   233 

in  tympanites,  i.  .581 

i.  5.j5 

visceralis,  vi.  330 

Aspirator,  Dieulafoy's.  i.  579 

Arthropathy,  jirogressive,  j   056 

Werneri.  vi.  223 

Polain's.  i.  579 

s]>iiial.  i.  555 

Asch  operation  for  deviated  nasal 

Aspirin,  i.  .581 

Arthropods,  v.  160 

septum,  vi.  125 

Assam  fever,  v.  399 

Arthrospores,  i.  681 

Ascites,  i.  .563 ;  vi.  334 

Assault,  criminal,  viii.  511 

Articulation,  function  of  teeth  in 

diagnosis  of.  i.  33 

Assimilation,  the  distinctive  feat 

vii.  6.")0 

from  ovarian  tumors,  vi 

.438 

ure  of  living  matter,  iii,  378,  and 

lihysiolo.gy  of,  v.  453 

of  omentum,  vi.  358 

see,  further.  Metabolism. 

position  of  vocal  organs  in,  v. 

Ascites,   chylous,  iii.  78;   v. 

666; 

Association  areas,  distribution  of. 

455 

vi.  359 

in  the  brain,  ii.  305 

Articulations,    i.    550.      See    also 

Ascitic  fluid,  i.  563 

Astasia-abasia,  i    143 

.hiiiitx 

Asclepiadacese,  i.  565 

Asterion,  vii.  329 

ankle,  i.  3.58 

Asclepiadin,  i.  565;  vi.  668 

Asterol,  i.  581 

elbow,  iii.  737;  vi.  917 

Asclepias,  i.  'M'l 

Asthenic  bulbar    paralysis,  viii. 

hip,  iv.  689;  vi.  938 

incarnata.  ii.  647 

520 

knee,  v.  369;  vi.  933 

tuberosa.  vi.  668 

Asthenopia,  i.  57,  .581 

himbo-sacral,  vi.  538 

Ascomycetes,  iv.  377.  379 

causes  of,  i.  582 

malleo-incudal.  i.  617 

Asellin,  iMomaTu,  vi.  789 

curability  of,  i.  583 

metatarso-phalangeal,  v.  375 

Asemia,  i.  410 

ex  anopsia,  i.  .583 

of  pelvis,  vi.  538 

Asepsin,  i.  383 ;  v.  8.53 

ex  hyperopsia,  i.  583 

sacro-coccygeal,  vi.  538 

Asepsis  in  obstetrics,  v.  379,  384 

muscular,  i.  583 

sacroiliac,  vi.  538 

surgical,  i.  565 

Asthma,  i.  .584;  vi.  133 

shoulder,  vi.  923 

Aseptol,  i.  570 

bronchial,  iv.  .565 

temporo-maxillarv.  v.  258 

Asexualization  for  crime,  ii.  713 

climates  suitable  for.  iv.  .565 

wrist,  vi.  912;  viii.  316 

Ash  bark,  i.  570 

diet  iu,  iii.  461 

Artificial  aids  to  defective  hearinc. 

Ash,  prickly,  i.  570 

dyspntea  in,  iii.  580 

iii.  630 

AsheviUe,  N.  C,  i.  .571 

dysjiepticum.  due  to  auto  intoxi- 

conception, vii.  457 

Asiatic  cholera,  viii.  3.53 

cation,  i.  044 

eyes.  i.  556;  viii.  446.447.  448 

among  troops,  ii.  572 

health  resorts  for.  iv.  .565 

feedin.K  of  infants,  iv.  861 

epidemics  of,  viii.  353 

idiosyncrasy  in,  iv.  841 

gum,  iii.  438 

inoculation  against,  viii.  36 

7 

nasal,  iv.  .565 

laryn.x.  v.  424,  425 

period  of  incubation  of.  viii 

.  359 

paper,  vi.  745 

limbs,  v.  513 

projiagation  of,  viii.  355 

potters'.  V.  .594 

respiration,  i.  .559 

prophylaxis  of,  viii.  369 

sputum  in,  vii.  433 

Artificial  anus,  iii.  205.     Sec  also 

spirillum  of,  viii.  363 

theories  of.  i.  587 

Colontoitiy 

transportability  of,  viii.  355 

,  357 

tiiymicum,  v.  728;  vii.  448 

sacral,  truss  for.  i.  402 

treatment  of.  viii.  367 

Astigmatism,  i.  58,  590;  iv.  91 

Arum,  vii.  913 

Asopia  farinalis,  ii.  791 

compound  h_ypermetro]iie,  i.  592 

maculatnm,  vii.  913 

Asparagin,  i.  572 

compound  myopic,  i.  592 

Arum  family.     See  Aracfce 

Asparagus  oflficinalis,  i.  .572 

correction  of,  i.  594 

Arumbaro  Springs,  i.  561 

Aspergillales,  iv.  280 

diagnosis  of,  i.  592 

Arytenoid  cartilages,  v.  407 

Aspergillus   in    external   aud 

tory 

irregular,  i.  595 

nuiscle,  V.  409 

canal,  iii.  615 

measurements  of,  i.  .593 

Asafoetida,  i.  561 

Aspermatism,  vii.  193 

mixed,  i.  592 

as  an  antispasinndic.  i.  387 

Aspermia,  vii.  193 

normal,  i.  596 

Asagrcea  oflScinalis,  viii.  220 

Asphyxia,  i.  5.59.  573,  671 ;  vi. 

951 

simple  hypermetropic,  i.  .593 

Asaprol,  i.  562 

arsenicalis.  viii.  3.50 

simple  myopic,  i.  .593 

Asarabacca,  vii.  3.54 

etiology,  i.  574 

treatment  of.  i.  594 

Asarol,  vii.  2.54 

evidences  of  death  from,  vii 

.  537 

Astigmometer  of  De  Wecker  and 

Asarum  canadense,  vii.  2.54 

infantile,  i.  573 

:Ma.sselon.  vi.  394 

europipum.  vii.  254 

medico-legal  relations  of,  i. 

574 

Astomia,  viii.  490 

rcllexuni.  vii.  354 

neonatorum,  iv.  144;  vi.  27 

9 

Astomus,  vii.  701 

Asboline,  i.  563 

phenomena,  i.  573 

Astragalectomy    in     talipes,     iv. 

Ascaridse,  vi.  223 

proof  of.  i.  575 

229 

Ascaris  alata,  vi.  228 

secondary,  i.  573 

Astragalus,  dislocations  of,  iii.  .529 

apri,  vi.  319 

varieties,  i.  .573 

fracture  of,  iv.  369 

caniculs,  vi.  223 

Asphyxiant  poisons,  vi   691 

Astragalus  gummifer,  vii.  845 

613 


Astragalus. 

GENERAL  INDEX. 

Bacteria. 

Astragalus  (poisonous  plant),  vi. 

Atrophia  pilorum  propria,  i.  604 

Auditory  canal,    external,  anat 

7(iS 

Atrophy,  i.  404.  6(111 

omyaud  physiology  of,  i.  625 

Astringents,  i.  ."il)G 

acule  yelhiw,  of  liver,  v.  536 

absejiee  of,  iii.  631 

Asymbolia,  i    410 

due  to  disease,  i.  607 

acute    circumscribed    iidlamma- 

Asymmetry  of  skull  iu  iusauity,  v. 

due  to  pressure,  i.  608 

tion  of,  iii.  617 

51 

fatty,  i.  609 

angioma  of.  iii.  668 

of  uvula,  viii.  109 

from  disuse,  i   607 

animate  objects  iu,  iii.  647,  6-18 

Atavism,  vi.  063 

in  blood-vessels,  ii.  95 

arteries  of,  i.  637 

in  iiisiinilv.  v.  28 

muscular,  in  arthritis  deformans. 

atresia  of,  i.  603 

Ataxia,  i.  283 

i.  547 

benign  new  growtlis  of,  iii.  667 

cerebellar,  ii.  239 

in  certain  occupations,    iv. 

contlylomata  of,  iii.  676 

Fried rcicirs,  iv.  533;  vii.  347 

537 

diffuse  intianuiiation  of,  iii.  616 

hereditary,  vii.  347 

neuropathic,  i.  608 

diphtheritic  inflammation  of,  iii. 

loeoniotor,  vii.  878 

of  adrenals,  vii.  567 

630 

of  hand,  iv.  528 

of  bladder,  i.  768 

eczema  of,  iii.  618 

spinal,  vii.  346 

of  blood-vessels,  ii.  95 

enchondroma  of,  iii.  668 

.subacute  .spinal,  vii.  335 

of  l)rain.  ii.  238 

exostoses  of,  iii.  630 

Ataxic  paraplegia,  Gowers',  vii. 

of  cervix  uteri,  viii.  64 

false  membranes  of,  iii.  668 

:i3T 

following   infection  of  ute- 

follicular   inflammation    of,   iii. 

Atelectasis,  i.  597 

rine  adnexa,  viii.  65 

617 

fietal.  i.  673 

following  systemic  diseases, 

foreign  bodies  in,  iii.  646 

iif  clmrion.  iii.  60                           * 

viii.  65 

fungus  in,  iii.  615 

Athelia,  ii.  465 

of  lactation,  viii.  65 

furuncles  in,  iii.  618 

Atheroma,  ii.  100 

senile,  viii.  64 

gunshot  wounds  of,  iii.  689 

diagnosed  from  paresis,  v.  91 

of  decidua,  iii.  389 

hyperostosis  of,  iii.  630 

insanity  dependent  on,  v.  94 

of  diaphragm,  iii.  437 

hyjiersecretion     of    ceruminous 

of  the  arteries,  i.  470 

of  hair.  i.  604 

glands,  iii.  614 

of  the  auricle,  iii.  666 

of  lymph  nodes,  v.  660 

impacted  cerumen  in,  iii.  614 

Athetosis,  i.  599;  iv.  .533 

of  muscles,  iu  hip-joint  disease, 

laminated  epithelial  plugs  in,  iii. 

of  upi)er  extremitv,  i.  468 

V.  267,  270 

615 

Athletics,  effect  of.  upon  heart,  iv. 

of  nails,  vi.  93 

lymphatics  of,  i.  637 

613 

of  neurones,  vi.  261 

malformations  of,  iii.  613 

Athyroidism,  vi   409 

of  non-striated  nuiscle,  vi.  39 

malignant  growths  of,  iii.  669 

Atlantic  City,  N.  J.,  i.  600 

of  (esophagus,  vi.  339 

measurements  of,  viii.  240 

Atlo-axoid  disease,  vii.  401 

of  omentum,  vi.  359 

nerves  of,  i.  627 

Atmokausis,  use  of,  in  metritis,  v. 

of  optic  nerve,  ii.  11 

osteoma  of,  iii.  667 

7.s('> 

of- ovary,  vl.  432 

parasitic  inflammation  of,  iii.  615 

Atmosphere,  character  of,  in  rela- 

of parathyroid  glands,  vi.  507 

pityriasis  alba  of.  iii.  616 

tion  to  consumption,  i.  150;  iii.  366 

of  patella",  vi.  .5l8 

pol'vpi  of.  iii.  621 

Atmospheric  ocean,  depth  and  cir- 

of pituitary  gland,  vi.  640 

relations  of,  i.  636 

culation  of.  i.  14T 

of  placenta,  iii.  56;  vi.  651 

sebaceous  cyst  of,  iii.  667 

Atmospheric  pressure,  an  element 

of  prostate,  vi.  769 

size  of,  i.  625,  627 

of  climate,  iii.  141 

of  retina,  vi.  9.59 

syphilis  of,  iii.  676 

at  health  resorts,  iv.  564 

of  striated  muscle,  vi.  37 

traumatism  of.  iii.  688 

differences  in,  physics  of,  vi.  670 

of  thymus  gland,  v.  728 

Auditory  hairs,  i.  021 

higli,  effects  of,  ii.  547 

of  thyroid,  vii.  775 

Auditory  nerve  and  its  end  organs, 

Atomizers,  v.  734 

of  tongue,  vii.  793 

i.  631,  637,  631;  iii.  833 

Atopomenorrhcea,  v.  740 

of  veins,  viii.  209 

arrested  development  of,  iii.  .597 

Atotonilco,  i.  603 

physiological,  i.  606 

atrophy  of,  iii.  600 

Atotonilco  de  San  Andres,  i.  603 

progressive  muscular,  vi.  63 

comparative  anatomy,  i.  637 

Atresia,  i.  603 

of  arm  and  forearm,  i.  466 

degeneration  of.  iii.  600 

acquired,  i.  603 

of  hand,  iv.  531 

diseases  of,  iii.  600 

congenital,  i.  603 

senile,  i.  607 

embryology-  of,  i.  630 

of  the  anus.  i.  604:  vii.  704 

Atropic  poisons,  i.  610 

phylogeny,  i.  627 

of  the  bladder,  i.  604 

Atropine,  i.  742 

syphilitic  affections  of,  iii.  684 

of  tlie  bronchi,  i.  603 

action  of,  on  heart,  v,  23 

Auditory  ossicles,  i.  616 

of  the  external  auditory  canal,  i. 

and  hyoscyamine,  relations  of,  i. 

Auditory     sensations     compared 

603 

743 

with  visual,  i.  624 

of  the  intestine,  i.  604 

as  a  mydriatic,  vi.  70 

Auerbach,  plexus  of,  v.  187 

of  the  larvn.\,  i.  603 

as  an  expectorant,  iv.  51 

Augusta,  Ga.,  i.  633 

of  the  mo'uth.  i.  603;  viii.  490 

effects  of,  on  body  temperature. 

Auree,  ejiigastric,  iii.  845 

of  the  nasal  passages,  i.  603 

ii.  570 

|isyr-hical.  iii.  845 

of  the  (esophagus."  i.  603 

on  fa'tus.  vi.  279 

Aurantiamarin,  iii.  127 

of  the  palpebral  opening,  i.  603 

hypodermatic  use  of,  iv.  830 

Auricle  of  ear,  i.  615,  636,  639;  iv. 

of  the  pu  iil  of  the  eve,  i.  603 

poisoning  by,  i.  610 

.568,  570 

of  the  iiy  orus,  i.  603;  vii.  519 

Atropinism,  iii.  3.50 

abscess  of,  iii.  607 

of  the  rectum,  i.  604;  vii.  705 

a  caiise  of  coniunctivitis,  iii.  250 

acne  of,  iii.  606 

of  the  stomach,  i.  603 

Attar  of  roses,  vi.  1000 

an;csthesia  of,  iii.  611 

of  the  trachea,  i.  603 

Atten,  ii.  838 

anatomv  and   phvsiology  of,  i. 

of  tlie  ureter,  viii.  11 

Attention,  lack  of  concentration  of. 

636 

of  the  urethra,  ).  G04 

in  insanitv,  v.  55 

aneurism  of.  iii.  608 

of  the  uterine  canal,  i.  604;  viii. 

Attic,  vii.  337 

angioma  of.  iii.  608,  666 

68 

Attitude,  in  hip  disease,  v.  269 

atheroma  of,  iii.  666 

of  the  vagina,  i.  604;  viii.  153 

Attraction  sphere,  ii.  762 

burns  and  scalds  of,  iii.  Oil 

of  the  vulva,  viii.  160 

Audiclare,  iii.  633 

carcinoma  of,  iii.  610 

Atrium,  vii.  237 

Audiphone,  the  Khodes,  iii.  634 

congenital  malformations  of.  iii. 

of  lungs.  V.  .581 

Audition,  i   611 

611 

Atropa  belladonna,  i.  610,  741 

localization  of  sense  of,  ii.  307 

cramp  of.  iii.  611 

614 
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Auricle  of  ear,  cutaneous  horn  of, 
iii.  1)08 

cvsts  of.  iii.  COS,  666 

dlphllieria  of.  iii.  608 

eotlivina  of,  iii.  006 

eczeina  of.  iii.  606.  619,  723 

eli'iiliantiasis  of,  iii.  608 

epithelioma  of.  iii.  668 

erysipelas  of,  iii.  607 

tibroma  of,  iii.  666 

frost-bile  of,  iii.  607 

fiinetious  of,  i.  640 

gaiigreue  of,  iii.  607 

hiematoma  of,  iii.  608 

herpes  of,  iii.  606 

hypera-sthesia  of,  iii.  611 

hyjiertropliy  of,  iv.  591 

ichtliyosis  of,  iii.  608 

impetigo  contagiosa  of,  iii.  606 

ligaments  of,  i.  637 

lipoma  of,  iii.  666 

lupus  of,  V.  613 

muscles  of,  i.  638 

nwvus  of,  iii.  608 

nerves  of,  i.  638 

neuralgia  of,  iii.  611 

new  growths  of,  iii.  610 

noma  of,  iii.  610 

ossification  of  cartilage  of,  iii. 
610 

othiematoma  of,  iii.  608 

papilloma  of,  iii.  667 

pemphigus  of,  iii.  606 

perichondritis  of,  iii.  609 

pruritus  of,  iii.  607 

psoriasis  of,  iii.  606 

sarcoma  of,  iii.  610.  668 

seborrho'u  of,  iii.  607 

svphilitic  disease  of,  iii.  607,  674 

t(")plii  of.  iii.  610 

traumatism  of.  iii.  611,  687 

tuljerculosis  of,  iii,  610 

ulceration  of,  iii.  607 

variations  in,  i.  639 

warts  of,  iii.  608,  667 
Auricular  appendix  (of  heart),  iv. 

.568,  .570 
Auricular  nerve,  great,  vi.  191 

point,  vii.  229 

veunus  pulse,  vi.  806 
Auricularis  auticus   muscle,  an- 

cinialies  nf.  vi.  43 
Aurora  Spring's,  i.  640 
Aurum    canadense,  vii.   254;    see 

also  Smikf'i-<ntt 
Auscultation,  ii.  816 

in  pregnancy,  iv.  342 

of  the  faHariieart,  v.  381 
Auscultation  tube,  for  examining 

middle'  ear,  iii.  664 
Australia,  i.  640 

Austria-Hungary,    food    adulter- 
ation in,  iv.  166 

pharraacopa?ia  in,  vi.  .581 

registration  of  death  in.  iii.  375 
Autoclave,  Chamberlaiid's.  viii.  382 
Avitohypnotic  state,  iv.  812 
Auto-intoxication,  i.  641 

as  a  cause  of  insanity,  v.  34 

of  gastric  origin,  i.  643 

of  gastrointestinal  origin,  i.  642 

of  hepatic  origin,  i.  645 

of  pregnancy,  i.  646 

of  thyroid  origin,  i.  646 

relation  of  internal  glands  to,  v. 
775 
Autolysin,  viii.  472 
Automatic  actions,  i.  647 


Automatic  actions  in  epilepsy,  i. 
648 
in  inebriety,  i.  649 
medico-legal  relations  of,  i.  649 
of  vegetative  life,  i.  647 
of  voluntary  life.  i.  647 
Automatic  activity  in  the  insane. 

i.  649;  V.  60.  61 
Automatism,  i.  648 
cerebral,  i.  048 

artificial,  i.  648 
epileptic,  i.  648 
medico-legal  relations  of,  i. 

649 
of     brain    exhaustion    and 

brain  disease,  i.  649 
of  inebriety,  i.  649 
of  insanity,  i.  649 
syphilitic,  i.  649 
traumatic,  i.  649 
motor,  i.  047 
psychical,  i.  047 
Automeris  io,  v.  166 
Autoplasty,  vi.  895 
Autopsies,  i.  649  . 

authorization  of.  ii.  534 
medico-legal  considerations  of,  i. 

658 
method  of  making,  i.  651 
of  new-born,  vi.  275 
Autoscopy,  V.  423 
Autovaccination,  viii.  117 
Ava,  V.  301 
Avens,  i.  674 
Avocado,  i.  191 
Avon  Sulphur  Springs,  i.  675 
Axes  of  pelvis,  vi.  .541 
Axilla,  vii.  2U6 

boundaries  of.  vii.  207 
contents  of.  vii.  208 
))lil('gmoM  of.  vi.  615. 
Axillary  artery,  vii.  208 
anomalies  of,  i.  529 
surface-markings  of,  vii.  204 
Axillary  baud.  vi.  48 
lymph  nodes,  v.  633 
veins,  vii.  208 

anomalies  of.  viii.  204 
Axis,  coeliac,  point  of  origin  of  (in 

embiyos).  iii.   186 
Axis-cylinder,    physiology   of,  vi. 
226 
processes,  vi.  233 
Axis-traction  forceps,  vi.  313 
Axocopan,  i.  675 

Axon  =  skeletal  or  body  axis,  ii.  138 
Axones,  ii.  329 

naked,  vi.  236 
Ayer's  Amherst   Mineral 

Springs,  i    675 
Azederach,  i.  363.  075 
Azores,  i.  676 
Azule  Springs,  i.  676 
Azygopharyngeus  muscle,  vi.  47 
Azygos  uvulae  muscle,  viii.  107 
Azygos  vein,  vii.  750 
anomalies  of,  viii.  205 

Babcock,  asbestos  method  of  deter- 
mining fat  in  milk.  v.  827 
of  determining  total   solids 
in  milk,  v.  836 
centrifugal  method  of  determin- 
ing fat  in  milk.  v.  826 
Babinski  phenomenon,  vi.  876 
Bacillus,  i.  680;  see  also  Bacteria 
at'rogenes  capsulatus,  i.  712 
anthracis.  i.  719 


Bacillus  botuUnus.  iv.  185 
Breslaviensis.  iv.  187 
cellula-formans,  iv.  187 
coli  communis,  i.  702,  709 

difference  between  bacillus 
of  typhoid  and.  i.  703 

in  new-born,  vi.  278 

in  water,  tests  for,  viii.  291 
"comma,"  of  Koch,  viii.  363 
diphtheria?,  i.  694:  iii.  480 

exudate  due  to.  contrasted 
with  that  due  to  other  ba- 
cilli, iii.  487 

in  dissection  and  operation 
wounds,  iii.  531 

non-virulent,  iii.  481 

virulent,  iii.  481 
enteritidis.  iv.  186 
Friedebergensis.  iv.  187 
inHuenza\  i.  693 
Klebs-Loertier's,  iii.  480 
Koch's  comma,  viii.  363 

tubercle,  i.  689 
lepra,  i.  692 
mallei,  iv.  352 
morbificans  bovis,  iv.  186 
Neapolitanus.  i.  702 
of  bubonic  plague,  i.  717 
of  glanders,  i.  717 
of  malignant  ctdenia,  i.  711 
of  psittacosis,  vi.  779 
of  rhinoscleroma,  vi.  972 
of  syphilis,  vii.  603 
of  typhoid  fever,  i.  700;  viii.  576 
pestis.  cause  of  bubonic  plague, 
ii.  504 

bubonica?,  i.  718 
Pfeiffer's.  v.  13 
proteus  vulgaris,  i.  711 
pseudotuberculosis     rodeutiuni. 

vi,  776 
pyocyancus.  i.  710 

effect  of.   on  body  temper- 
ature, ii.  571 
smegmatis.  i.  693 
tetani.  i.  698 
tuberculosis,  i.  869 

in  dissection  and  operation 
wounds,  iii.  530 

methods  of  staining,  viii.  897 
Back,  massage  of,  v.  695 
Backache,  neurasthenic,  vi.  250 
Bacon's  rongeur  forceps,  v.  703 
Bacteria,  i.  677 

a  cause  of  food  poison,  iv.  185 
action  of,  in  liody.  iv.  871 
aerobic,  i.  686 
anaerobic,  i.  686;  viii.  389 
cause  of  milk  coagulation,  iii.  152 
chemical  composition  of,  i.  682 

effects  of,  i.  683 
classification  of,  i.  678 
conditions  of  growth  of,  i.  683 
cultivation  of,  viii.  389 
definition,  i.  680 
degenerated,  i.  682 
effect  of  chemical  agents  on,  i.  687 
examination  of,  viii.  395 
facultative,  i.  686 
general  characteristics  of,  i.  679 
groups  of.  i.  680 
haemolysis  caused  by,  viii.  474 
in  water,  viii.  391 

counting  coloniesof.  viii.  201 
influence  of,  on  other  classes  of 

bacteria,  i.  685 
involution  forms  of,  i.  681 
mesophilic,  i.  686 
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Bacteria,  metastasis  of,  v.  778,  779 

Bacteriological  technique,  exam- 

Bael fruit,  i.  721 

iiR-tli(i(ls  ot  cultivation,  viii.  385 

ination  of  air.  viii.  403 

Baelz's  disease  of  the  lip,  i.  733 

iiuirpliolony,  i.  OSO 

of  bacteria,  viii.  395 

Bahamas,   climate  of,    vi.  149;  see 

(if  siiiall  iiik'stinc.  iii.  85 

of  soil,  viii.  403 

also  _\'r.s.s7f // 

patlioirunic,  i.  677 

of  water,  viii.  403 

Bailey  Springs,  i.  723 

iliininislied     by   storage    of 

gelatin     as     nutrient     medium. 

Bakeries  fur  .suldiers,  v.  800 

water,  viii.  377 

preparation  of.  viii.  371 

Baking  powder,  adulterations  of, 

products  of,  iv.  871 

Gram's  stain,  viii.  397 

iv.  171.  180 

psyciiropliilic,  i.  086 

immunization,  methods  of,  viii. 

Balance's      modification      of      the 

pus|iroduciu!r,  i.  7l)4;  v.  6 

402 

Sclnvartze-Staeke   tiiastoid   opera- 

conditicius  favoring    spread 

incubators,  viii.  383 

tion.  V.  70S 

of,  iii.  534 

inoculation  of  animals,  viii.  393 

Balanites  Koxburghii,  i.  733 

means  of  elimination  of,  from 

bv  alimentary  infection,  viii. 

Balanitis,  i.  733 

S}'stem,  iii.  536 

"394 

cnmpliciiting  gonorrhoea,  iv.  401 

resistance  of  tissues  to,iii.534 

by    cutaneous    application. 

Balanoposthitis,    i.    733;   and   see 

types  of  disease  engendered 

viii.  393 

liiihmith 

by,  iii.  533 

by  injection  into   the   lym- 

Balantidium coli,  viii.  547 

virulence    of.    in    dissection 

phatics,  viii.  394 

minutum,  viii.  548 

and  oiieratiou  wounds,  iii. 

bv     intracranial     injection. 

Balata,  i.  723 

.531 

"viii.  394 

Baldness,  i.  123 

routes  bv  wbicli  they  reach  tlie 

bv  intraocular  injection,  viii. 

Ballardville  Lithia  Spring,  i.  733 

bladder,  i.  T93 

394 

Ballast,  inspection  of,  at  quarantine 

saprophytic,  in  air,  i.  154 

by  intraperitoneal  injection. 

station,  vi.  823 

cause   decomposition  of  ca- 

viii. 393 

Ballottement,  external,  iv.  343 

daver,  ii.  537 

bv    intrapleural     injection. 

internal,  iv.  342 

special,  i.  689  et  seq. 

"viii.  393 

Ballston  Spa,  i.  723 

spores,  i.  678 

by    intravenous     injection, 

Balm,  i.  724 

staining  of,  viii.  395 

viii.  393 

lemon,  i.  724 

thermal   death    point   of,   deter- 

by     i-espiratory     infection. 

of  Gilead.  i.  724;  vi.  83 

mination  of,  viii.  401 

viii.  394 

Balneology  in  cardiac  diseases,  vi. 

thermic  ellects  of.  i.  683 

by    subcutaneous     applica- 

l.-,3 

thermophilic,  i.  686 

tion,  viii.  393 

Balsam,  Canada,  ii.  624 

transmitted    by   mosquitoes,   v. 

by  subcutaneous  injection. 

fir,  ii.  624 

871 

viii.  393 

friar's,  i.  746 

vital  phenomena  of,  i.  682 

methods  of  cultivation,  viii.  385 

gurjun,  iv.  456 

Bacterial  poison,  effect  of,  on  the 

of  anaerobic,  viii.  389 

Mecca,  vi.  85 

body  tcni]i<Taturp,  ii.  571 

milk  as  nutrient  mediinn,  prepa- 

of copaiba,  iii.  277 

Bacteriological    technique,    viii. 

ration  of.  viii.  377 

of  Peru,  i.  724 

370 

nutrient  media,  varieties  of,  viii. 

of  tolu,  i.  725 

agar  as  nutrient  medium,  ]irep- 

370 

Balsamea,  i.  738 

aratiou  of,  viii.  373 

preparation  of,  viii.  370 

africana,  i.  738 

aniline  dyes,  viii.  395 

standardization  of,  viii.  378 

mukul,  i.  738 

autopsy  of  infected  animals,  viii. 

observation  of  infected  animals. 

Balsamodendron,  i.  738 ;  vi.  85 

394  ■ 

viii.  394 

giieadense  i.  724 

blood  as  nutrient  medium,  prep- 

potatoes   as    nutrient    medium, 

Balsams,  in  plants,  i.  103 

aration  of,  viii.  374 

preparation  of,  viii.  378 

Balsamum  peruvianum,  i.  734 

bouillon    as    nutrient    medium, 

preparation  and  filling  of  lubes. 

tolutunum.  i.  735 

preparation  of,  viii,  370 

viii.  379 

Baltimore,  Md.,  i.  735 

cultures,  viii.  387 

serum    agglutination   test,    viii. 

Bamboo  brier,  i.  736 

Esmarcli's  roll-tube,  viii.  387 

403 

Bandages,  i.  720;  iii.  556 

liangiug-drop,  viii.  388 

staining  of  bacteria,  viii.  395 

abdominal,  for  soldiers,  v.  796 

liquid,  Viii.  389 

methods  of.  viii.  395 

handkerchief,  iii.  5.57 

mixed,  viii.  391 

of  tiagella,  viii.  397 

plaster-of- Paris,  iii.   558;  iv.  220 

shake,  viii.  388 

of  .sections,  viii.  398 

suspensory,  vii.  568 

smear,  viii.  389 

of  spores,  viii.  397 

Bandaging,  i.  726 

streak,  viii.  388,  389 

sterilization,  viii.  380 

Banff  Hot  Springs,  i.  730 

determination  of  tliermal  death 

by  chemicals,  viii.  383 

Banner's    rotating    exhaust    venti- 

point of  bacteria,  viii.  401 

by  direct  flaming,  viii.  380 

lator,  iv.  758 

diagnostic  methods,  viii.  399 

by  dry  heat,  viii.  380 

Bano  de  san  Pablo,  i.  732 

in  actinomycosis,  viii.  399 

by  filtration,  viii.  383 

Banos  de  las  Arenas,  i.  732 

in  anlhra.x,  viii.  399 

by  flowing  steam,  viii.  380 

Baiios  en  el  Penon,  i.  733 

in  bubonic  plague,  viii.  399 

by    steam    under    pressure. 

Banting's  inctliod  of  treating  obef- 

in  cerebrospinal  meningitis, 

"viii.  381 

ity,  i.  125 

viii,  400 

varieties  of.  viii.  380 

Baptin,  iv.  855 

in  cholera,  viii.  399 

testing  of  chemicals,  viii.  403 

Baptisia,  iv.  855 

in  diphtheria,  viii.  399 

of  strength  of  antitoxin,  viii. 

tinctoria,  iv.  855 

in  dy.senlery,  viii.  399 

403 

Baptisin,  iv.  855 

in  gonorrho'a,  viii.  400 

Bacteriology,    history   of    the   de- 

Baptitoxine, iv.  855 

in  leprosy,  viii,  400 

velopment  of,  i.  677 

Barsesthesiometer,  i.  136 

in  pneumonia,  viii.  400 

of  milk,  cow's,  v.  832 

Barbados,  i.  732 

in   protozoal    diseases,    viii. 

human,  v.  835 

leg.  iii.  781 

401 

of  vaccinia,  viii.  144 

Barberry,  i.  740 

in  rabies,  viii.  400 

Bacteriolysis,  viii.  476 

Barber's  itch,  vii.  783 

in  tetanus,  viii.  400 

Bacterium,  i.  081 

Bardeen's  microtome,  iv.  712 

in  tuberculosis,  viii.  400 

Bacteruria,  i.  793 

Bardenheuer's  method  of  extirpat- 

in  typlioid  fever,  viii.  400 

Baden-Baden  and  the  Black  For- 

in;; the  urinary  bladder,   viii. 

egg  as  nutrient  medium,  prepa- 

est, (icriuany,  viii.  404 

36 

ration  of,  viii.  377 

Bad-Nauheim,  vi.  151 

method  of  tarsectomy,  vi.  935 

61G 
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Barger's  Springs,  i.  734 
Barium,  i.  7^4 

carbouitle,  i.  734 

chloride,  i.  734 

dioxide,  i.  734 

sulphate,  i.  734 

toxicology  of.  i.  734 
J         Barium  salts,  to.\icology  of,  i,  734 
II         Barium  Spring-s,  i.  734 
~         Bark,  cupru'a,  iii.  92 

greenheart,  i.  753 

Maracaibo.  iii.  92 

pale,  iii.  92 

Peruvian,  iii.  88 

yellow,  iii.  88 
Barks,  poisonous,  vi.  703 
Barley  sugar,  vii.  ,')49 
Barlow's  disease,  vii.  78,  81 ;   see 
also  Iiifiiiitilc  xfiirbuti/s  and  Scurry 
Barney  ilumpiiig  boat,  vi.  880 
Barometric  pressure,  phy.'iiological 

effects  of  diminished,  i.  203 
Barosma  betulina,  ii.  514 

crenulata,  ii.  514 

serratifolia,  ii.  514 
Barosmin,  ii.  514 

Barracks,  amount  of  air  requireil  in, 
ii.  mi 

essential  conditions  of.  v.  807 

overcrowding  in,  v.  809 

ventilation  of,  v.  SOS 
Bartholin's  gland,  i.  734 

anatomy  of,  i.  734 

dilatation  of  excretory  duct,  i. 
735 

inflanunation  of,  i.  735 

pathology  of,  i.  735 

physiology  of,  i.  784 

retention  cysts  of,  i.  735 
Bartholow's  food,  how  to  make,  iii. 

455 
Bartlett  Springs,  i.  735 
Barton's  bandage,  i.  729 
Basal  ganglia,  lesions  of,  diagnosis 
of,  ii.  286 

tumors  of,  ii.  441  / 

diagnosis  of,  ii.  448 
Basal  membrane,  iii.  854 
Baseball  hand,  iv.  .509 
Basedow's  disease,   viii.    439;   see 

iaiso  E.rnp/it/ialiiitr  i/oi'tre 
Basements,  iv.  753 
Bases,  effect  of,  on  electrotonus,  iii. 
776 
ptomains,  vi.  785  et  set/. 
Basham's  mixture,  v.  226 
Basibregmatic  axis,  vii.  329 
Basic  lead  acetate,  v.  471 
Basicranial  axis,  vii.  229 
Basidiomycetes,  iv.  277,  282 

groups  and  vaiieties.  iv.  282 
Basifacial  axis,  vii.  229 
Basil,  i.  736 
Basilic  veins,    anomalies  of,    viii. 

2(14 
Basion,  vii.  229 
Basophiles,  ii.  30 
Basophobia,  i.  142 
Bassia  oil,  see  I'n/m  nil 
Bassini's    operation    for    femoral 
hernia,  iv.  677 
for  inguinal  hernia,  iv.  672 
Bassorin,  vii.  845 
Bath,  i.  736 

Bath  Alum  Springs,  i.  737 
Bathing,  during  pregnancy,  iv   344 
in  ehiklhood,  ii.  830 
in  infancy,  iv.  860 


Bathing,  for  soldiers,  v.  816 
Bathing  cells,  for  soldiers,  v.  816 
Baths,  Brand,  iv.  791 

continuous,  vi.  5-19 

full.  iv.  790 

hot,  uses  of.  iv.  623 

in  insanity,  v.  74 

in  pemphigus,  vi.  549 

mud,  iv.  8o5 

peat,  iv.  270 

plunge,  iii.  194 

prolonged,  iii.  194  " 

sheet,  iv.  789 

spinal,  iii.  193 

Turkisli,  in  insanity,  v.  74 
Batteries,  faradic,  iii.  "7.58 

used  in  electro-therapeutics,  iii. 
757 
Battey's  operation,  see  OmrwUtmy 
Battledore  placenta,  vi.  650 
Baudelocque's  pelvimeter,  vi.  523 
Baumann's  method  of  determining 
conjugate  sulphates,  viii.  .54 

reaction    for    carbohydrates     in 
urine,  viii.  ,38 
Baume  de  Fioravanti,  viii.  388 
Baunscheidtismus,  i.  105 
Bayacuru,  i    737 
Bayberry,  i    737 
Bay  leaves,  i.  737 
Bay,  oil  of.  i.  737 

royal,  v.  467 

rum,  i.  787 
"  Bay  State,"  United  Stales  hospi- 
tal ship,  iv.  73!) 
Baylahuen,  iv   415 
B.  B.  Mineral  Springs,  i.  737 
Bdellium,  i.  788;  vi.  t;5 
Beads,  jumble,  v.  260 

prayer.  \-.  260 
Beall  Spring,  i.  738 
Bean,  C'alabar,  ii.  548 

family,  v.  482;  and  see  Lef/umi- 
nosn' 

ordeal,  ii.  548 

poisonous,  vi.  703 
Bearberry,  i.  738 
Beard,  eczema  of  the,  iii.  723 
Bearded  women,  iv.  808 
Bearsfoot,  i.  73S 
Bebeerine,  i.  7.53;  ii.  136 
Beck's   Hot   Sulphur   Springs,  i. 

788 
Bedbug,  V.  15(i 
Bedford  Alum,  Iron,  and  Lithia 

Springs,  i.  7:4s 
Bedford  Springs,  Ky.,  i.  789 
Bedford  Springs,  Pa.,  i.  739 
Bednar's  aphthse,  viii.  488 
Bedsores,  i.  740 
Beef -cakes,  scraped,  how  to  make, 

iii.  4-54 
Beef  extract,  by  the  cold  process, 

how  to  make.  iii.  4.54 
Beef  soup,  raw,  how  to  make,  iii. 

454 
Beef-tea,  how  to  make.  iii.  4.54 
Beer,  i.  169 

arsenic  in,  iv.  175 

as  beverage  for  soldiers,  v.  806 
Beer's  knife,  ii.  786 
Bees,  carpenter,  v.  108 

honey,  v.  168 

poisonous,  V.  16 

sting  of,  V.  168 
Beesw^ax,  viii.  298 
Beetles,  blister,  v.  165 

ground,  v.  165 


Beetles,  poisonous,  v.  165 
Behrend's  mixture,  i.  863 
Belgium,  ccrtitication   of  death  in 
iii.  375 
Pharmaeopceia  in.  vi,  581 
Belknap  Hot  Medicinal  Springs, 

i,  741 
Bell  sound,  ii.  S18 
Bell's  palsy,  iv.  124  ;  see  also  Facial 

IKinihisiK 
Belladonna,  i.  741 

as  an  amxiyne,  i.  363 

as  an  antispasmodic,  i.  387 

as  an  antisudoritic,  i.  388 

as  a  mydriatic,  vi.  70 

compared  with  lienbane,  iv.  687 

composition,  i.  742 

idio.syncras}'  for,  iv.  <842 

in  intestinal  obstruction,  v.  173 

Japanese,  vii.  76 

poisonous,  i.  610 
poisoning  by,  i.  610 
poisonous,  vi.  099 
toxicology  of.  i.  610 
Bellini,  tubes  of,  v.  310 
Bellite,  vii.  91li 

Bellocq's  cannula  or  sound,  vi.  128 
Belostoma  americaua,  v.  160 
Belostomatidse,  v.  160 
Benacus  griseus,  v.  160 
Bence-Jones  albumin,  viii.  31 

albumosuria,  viii.  33 
Benic  acid,  vi.  68 
Benne  oil,  i.  748 
Bennett's  ether  inhaler,  iii.  16 
g.as  and  ethi'r  inhaler,  iii.  18 
nitrous  o.xide  inhaler,  iii.  18 
Bentley  Springs,  i.  743 
Benzacetine,  i   743 
Benzamide,  iihciiyl.  i.  744 
Benzanilid,  i.  744 
Benzene,  i.  744 

as  a  solvent,  i.  744 
distinguished  from  benzin,  i.  744 
Benzin,  i.  744 

distinguished   from    benzene,    i. 
744 
Benzoates,  i.  745 

guaiacol,  iv.  424 
Benzoic  acid,  i.  744 

effect  on  urine,  i.  744 
gernncidal  action  of,  iv.  381 
Benzoin,  i.  745 

flowers  of,  i.  744 
Penang,  i.  746 
Siam,  i.  746 
Benzoinum,  i.  745 
Benzo-iodo-hydrin,  i.  746 
Benzol,  i.  744:  see  ii\9,ci  Benzene 

as  a  germicide,  iv.  331 
Benzol-ester  reaction  for  carbohy- 
drates ill  urine,  viii.  88 
Benzo-naphthol,  i.  746 
Beuzo-phenoneid,  i.  746 
Benzopyrrole,  ptomain,  vi.  789 
Benzosol,  iv.  434 
Benzoyl  -  amido  -  phraiyl  -  acetic 

acid,  i.  746 
Benzoyl-eugenol,  i.  746 
Benzoyl-salicin,  vii.  15 
Benzoyl-sulphonimide,  vii.  1 
Benzoyl-tropeine,  i.  746 
Benzyl-morphine  hydrochloride, 

vi.  578 
Berberine,  i.  746;  iv.  398;  iv.  775 
Berberis,  i.  746 

aquitolium.  i.  747 
aristata.  i.  747 
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Berberis  asialica,  1.  747 

Bile  duct,  common,  v.  527,  530 

Bismuth,  absorption  of,  i.  762 

l.vc-iiius,  i.  747 

anatomical  relations  of,  vi. 

and  ammonium  citrate,  i.  761 

vulfjavis,  i.  746 

■  472 

as  a  cosmetic,  i.  762 

Berck-sur-mer,  i.  747 

ecliiuococcus  in,  iv.  298 

basic  carbonate,  i.  761 

Bergamot,  iii.  727 

effect  on  color  of  fieces,  iii.  29 

nitrate,  i.  761 

(lil  (if.  i.  747 

on  ch_yme,  iii.  85 

boroplienate.  v.  693 

Bergmann's   iiietliod  of  interscap- 

factors  determining  flow  of,  into 

chrysoplianate,  iii.  427;  and  see 

ulo  ilioraric  aiiiputatiou,  i.  552 

intestine,  iii.  84 

hcriiinl 

Bsriberi   diagnosed  from   slecping- 

function  in  digestion,  iii.  475 

cinnamate,  iv.  688 

siclviu'ss.  vii   243 

iu  jaundice,  v.  245 

citrate,  i.  761 

Berkefeld's  filter,  viii.  383 

passages,  iv.  289;  and  see   Gall 

compounds  of,  used  in  medicine. 

Berkeley  Springs,  i.  747 

duct,  (lisease.9  of 

i.  761 

Berkshire  Hills,  i.  74H 

pigments,  i.  754 

elimination  of,  i.  762 

Berlin,  eertilieutiou  of  deatli  iu,  iii. 

iu  jaundice,  v.  245 

general  medicinal  properties  of. 

o7.") 

in  urine,  viii.  50 

i.  761 

Bermudas,  i.  749 

in  urine,  Graelin's  test  for, 

in  infantile  diarrliwa,  iii.  448 

Bertini,  eolumns  of,  v.  309 

viii.  50 

magistery  of,  i.  761 

Berzelius'  test  for  hydrolluoric  acid 

in  urine,  Huppert's  test  for. 

naphthalin  benzoate,  v.  170 

ill  urine,  viii.  53 

viii.  50 

naphtol,  vi.  101 

tlieory  of  catalj-sis,  iv.  146 

test  for,  Graelin's,  i.  755 

phenol,  vi.  608 

Beta  rays,  viii.  549 

Plattner's  crystallized,  i.  754 

poi.souiug  by,  i.  761 

Beta  vulgaris,  vii.  548 

secretion  of,  vii.  97 

preparations  of,  i.  761 

Beta-eigon,  iii.  730 

effect  of  cliolagogues  on,  vii. 

arsenic  in,  i.  762 

Beta-eucaine,  viii.  439 

98 

subcarbonate,  i.  761 

Beta-homochelidonine,  ii.  112,  760 

effect  of  sympathetic  system 

subgallate,  ill.  425 ;  and  see  Der- 

Beta-methyl-indole,  ptomaiu,  vi. 

on,  vii.  .584 

matol 

789 

source  of  cholesteriu  in,  iii.  229 

subuitrate,  i.  761 

Beta-naphtol,  vi.  100 

Bilge  water,  vi.  1.58 

wliite,  i.  761 

Beta-naphtol-benzoate,  i.  746 

as  a  source  of  air  contamination, 

Bissy  nuts,  see  Kola  nuts 

JBeta-oxybutyric  acid  in  urine,  i. 

vi.  159 

Bistort,  i.   762 

66;  viii.  48 

Bilharzia  capensis,  vii.  872 

Bisulphate  of  quinine,  iii.  90 

tests  for,  viii.  48 

h*matobia.  vii.  872 

Bitartrate  i>f  potassium,  vi.  744 

Beta-picrasmin,  vi.  826 

metastasis  of,  v.  779 

Bitter  almond,  see  Almond 

Betains,  ptoiiiaTus,  vi.  787 

Biliary  calculi,  diet  for,  iii.  4.59 

Bitter  ash,  vi.  826 

Betel  nut,  i.  445 

concretions,  i.  755 ;  iii.  228 

Bitters  as  digestants,  iii.  469 

Bethlehem,  N.  H.,  i.  7.50 

Bilious  remittent  fever,  v.  685 

Bittersweet,  i.  763 

Betol,  i.  7.") I 

Bilirubin,  i.  754;  iii.   222,   224;  vi. 

climbing,  i.  763 

Betony  wood,  i.  751 

634 

false,  i.  763 

Betula,  i.  760 

infarct,  iv.  868 

poisonous,  vi.  699 

ienta,  i.  760 

in  jaundice,  v.  245 

Bitter  tonics,  vii.  805 

Beverages,  acids  as.  i.  72 

tests  for,  i.  755;  v.  245 

Bitter- weed,  iv.  158 

containing  arsenic,  poisoning  by, 

Bilirubin  calcium   in    gall-stones. 

Bitter-wood,  vi.  826 

viii.  347 

iii.  229 

Biuret  reaction  for  albumin  iu  the 

for  soldiers,  v.  804 

Biliverdin,  i.  755 

urine,  viii.  31 

Bex,  i.  751 

Billroth's  mixture  as  an  ana'Sfhe- 

Biventer  cervicis  muscle,  anoma- 

Bezoars, iii.  231 

tic,  i.  292 

lies  of,  vi.  60 

false,  iii.  231 

Bing's  test  for  hearing,  iii,  661 

Bixa  orellana,  i,  361 

oriental,  iii.  231 

Biogenesis,  vi.  909 

Bixin,  i.  361 

Bhang,  ii.  647 

Biology,  i.  755 

Bizzozero's  chromocytometer,  ii. 

Biarritz,  i.  752 

detinitiou,  i.  755 

51 

Bibron's  antidote  to  snake  poison,  i. 

divisions,  i.  7.58 

Black   and   blue  spots   in   contu- 

373 

history  of,  i.  7.56 

sions,  iii.  273 

Biberine,  vi.  508 

the  living  substance,  i.  756 

Black   Barren  Mineral  Springs. 

Bibirine,  i.  753 

Bioplasson,  i.  760 

i.  763 

Bibiru,  ii.  136 

Biot's  resjiiration   iii.  580 

Blackberry,  i.  763 

bark,  i.  753 

Birch,  i.  760 

Black  cap,  vi.  1000 

Biceps  brachii  muscle,  i.  452 

black,  i.  760 

Black  cohosh,  iii.  87 

anomalies  of,  vi.  52 

cherry,  i.  7fi0 

Black  death,  ii   504 

fle.xor  cruris  muscle,  anomalies 

sweet,  i.  760 

Black  draught,  vii.  117 

of,  vi.  56 

Birchdale  Springs,  i.  700 

Black  fever,  see  Kala-uzar,  v.  299 

Bicho,  ii.  828 

Bird-spider,  v.  158 

Black  flies,  v.  164 

Bichy  nuts,  see  Kola  nut 

Birthmark,  i.   350;  vi.  89;  and  see 

Black  haw,  viii.  234 

Biedert's  apparatus  for  compressing 

_^'tt  rus 

Blackhead,  i   75;  iii.  226 

air.  i.  132 

Birth-rate,  viii.  248 

Blackmann's  ventilating  wheel,  iv 

Bier's   methods  of  osteoplastic  am- 

relatinn to  death-rate,  viii.  249 

7.58 

putation,  i.  260 

Birth-records,  viii,  512 

Black  measles,  v.  717 

Bifurcation  of  uvula,  viii.  109 

Births,  viii.  247 

Black  pepper,  vi.  5.52 

Big  Bone  Springs,  i.  753 

plural,  viii.  218 

Black  snakeroot,  iii.  87 

Bigelow's  evacuator,  v.  521 

se.\  of  living,  viii.  248 

Black  stick,  iii.  92 

litliotrite,  v.  519 

statistics  of,  see  Vilal  statistics 

Black  sulphide,  v.  756 

method  of  reducing  thyroid  dis- 

still, vii.  248 

Black  Sulphur  Springs,  C'al.,  ii. 

location,  iii.  526 

Biscuit,  military,  v.  801 

53(1 

Bile,  i.  754 

Bishop's  ojierafion  for  prolapse  of 

Black-tang,  i.  799 

acids  in  urine,  viii.  50 

uterus,  viii.  85 

Blackwash,  v.  755 

Pettenkofer's  test  for,  viii.  50 

weed.  i.  163 

Bladder  and  urethra  of  the  fe- 

Udransky's test  for,  viii.  50 

Biskra,  i.  760 

male,  diseases  and  injuries  of,  i. 

as  a  cholagogue,  iii.  29 

Bismal,  iv.  246;  vii.  637 

765 

derivatives  iu  faeces,  iv.  130 

Bismuth,  i.  761 

Bladder,  gall,  see  Oall  bladder 
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Berbrris. 
Blood. 


Bladder,  urinary,  i   764 

absi'iR-o  of,  vii.  708 
anatumv  of,  i.  764 
atony  o"f,  i.  792 
atrophy  of,  i.  768 
cancer  of,  treatment,  viii.  26 
curettage  of,  i.  788 
development  of,  i.  765 
dislocations  of,  i.  767 
distended,  diagnosed  from  ovar- 
ian tumors,  vi.  438 
exploration  of,  through  the  per- 
ineum, vi.  566 
exstropliy  of,  i.  788:  viii.  25 
extirpation  of,  viii.  25 
fissure  of,  vii.  708 
foreign  bodies  in,  i.  768,  769 
demonstrated  bv  cvstoscope. 
iii.  347 
hernia  of,  i.  790;  iv.  683 
liypera?mia  of.  i.  772 
hypertropliy  of.  i.  768 
inflammations  of,  i.  772,  793;  see 

furtlier  Cystitis 
injuries  of.  i.  18,  771 
irrigation  of.  viii.  18 
lymphatics  of,  v.  637 
malformations  of,  i.  788;  vii.  708 
measurements   of,   i.    765,    785; 

viii.  239 
medication  of.  v.  733 
movements  of,  influence  of  sym- 

patlietic  system  on,  vii.  586 
myoma  of.  vi.  76 
neuroses  of,  i.  792 
of  tlie   male   (patliological  and 

clinical),  i.  788 
palpation  of,  i.  778 
paresis  of,  i.  768.  793 
parasites  in,  vi.  .501 
peculiarities  of,  i.  765 
removal  of  foreign  bodies  from, 

i.  769 
routes   bv   which   bacteria  mav 

reach,  "i.  793 
niptuie  of.  i.  790 
sacculated,  examined  by  cysto- 

scope,  iii.  346 
spasm  of,  i.  792 

stone  in,  i.  797;  see  also  Calculi 
tuberculosis    of,    treatment    of, 

viii.  26 
tumor  of,  i,  36,  768,  791 

diagnosed  by  cystoscope,  iii. 
346 
ulceration  of,  diagnosed  b}'  cys- 
toscope, iii.  347 
Bladder  wrack,  i.  799 
Bladon  Spring-s,  i.  799 
Blake's  operation  for  nasal  polvpi, 

vi.  130 
Blancard's  pills,  v.  225 
Blanket-bag,  luilitary,  v.  797 
Blanket-roll,  military,  v.  797 
Blankets,  for  soldiers,  v.  796 
Blaps  mortisaga.  vi.  503 

mueronata,  vi.  225 
Blastema  of  kidney,  v.  315 
Blasting,   dangers  encountered  in, 
vii.  911 
explosives  used  in,  vii.  909 
manner  in  which  accidents  occur 
in,  vii.  912 
Blastoderm,  i.  440;  ii.  1 

forniatinn  of,  see  Segmentation 
Blastomata,  vii.  903;  and  see  Tu- 

)iiiirs 
Blastomeres,  vii.  106 


Blastomyces  dermatitidis,  iii.  414 
Blastomycetes,  i.  721 

I'atlinmTiic  in  man.  iii.  412 
Blastomycetic  dermatitis,  iii.  412 
Blastomycosis,  iii.  412,  414 
Blastopore,  ii.  4 
Bleeding-,  see  Ikninrrhage  and  Tcne- 

"  Bleeder,"  iv.  473;  see  also  IIa:mo- 

),hili,i 
Blennorrhcea,    iv.    398;    see     .also 
(_T't)ion'h(i'ii 

as  a  cause  of  blindness,  ii.  10 
Blennostasine,  ii.  5 
Blepharitis  marginalis,  iv.  119 
Blepharophimosis,  iv.  120 
Blepharoplasty,  iv.  122 
Blepharospasm,  ii.  5;  iv.  132 

causes,  ii.  5 

clonic,  ii.  5 

symptoms,  ii.  5 

tonic,  ii.  5 

treatment,  ii.  6 
Blindness,  ii.  6   . 

aenuired,  ii..  9 

act  to  prevent  (N.  Y.),  ii.  14 

cause  of,  ii.  8 

climatic  influence  upon,  ii.  7 

congenital,  ii.  9 

color,  ii.  13 

correlation  of  deaf-mutism  with, 
iii.  365 

day,  ii.  13 

economic  effects  of.  ii.  7 

following  childbirth,  ii.  13 

geographical  distribution  of,  ii.  7 

influence  of  occupation,  ii.  8 
of  sex,  ii.  8 

in  the  offspring  of  consanguin- 
eous marriages,  iii.  2.57 

irregular  forms  of,  ii.  13 

night,  ii.  13 

preventable,  ii,  13 

race  peculiarities,  ii.  8 

simulated,  ii.  13 

snow,  ii.  13;  vi.  958 

traumatic,  ii,  8 

unpreventable,  ii,  13 
Blind  spot,  viii.  241 
Blistering  beetle,  ii.  651 
Blisters,  u.  14 

counter-iiritant  action  of,  ii.  14 

coutrainilications,  ii.  14 

Hying,  ii.  15 

from  burns  and  scalds,  ii.  520 

in  ante-mortem  burns,  ii.  521 

perpetual,  ii.  15 

physiological  action  of,  ii.  14 

synergists,  ii.  15 

uses  of.  ii.  14 
Block  Island,  ii.  15 
Blodgett's  Springs,  ii.  16 
Blood,  ii.  23 

action  of  alkalies  on,  i.  187 
of  antipyrin  on,  i.  380 
of  potassium  chlorate  on,  iii. 
2 

alkalinity  of,  examination  of,  ii. 
68 

apparatus  employed  in  examina- 
tion of  the,  ii.  37 

arterial  and   venous,  differences 
between,  ii.  37 

cells,  see  Blood  corpuscles 

changes  in,  due  to   barometric 
pressure,  i.  203 
due  to  high  altitudes,  i.  303 
during  respiration,  vi.  948 


Blood  changes  iu  ansemias,  ii.  69 
in  Addison's  disease,  ii.  69 
in  chlorosis,  ii.  69 
in  dermatitis  herpetiformis, 

iii.  420 
in  hemoii'liage,  iv.  634 
in  inrtanunations,  v.  2 
in  leukaMnias,  ii.  69;  v.  498, 

501 
in  leucocytosis,  ii.  G9 
in  poisoning  bj' hydrocyanic 

acid,  iv.  782 
in    tuberculous   meningitis, 
ii.  435 
characteristics  of,  in  various  dis- 

ea.ses,  ii.  69 
circulation  of  the,  iii.  95 
clinical  examination  of  the,  with 
apparatus  and   technique  cm- 
ploved  in,  ii.  37 
clut,  IV.  614 

rate  of  formation  of.  ii.  61 
coagulation  of  the.  iii.  150 

comparative  time  of,  in  cer- 
tain diseases,  ii.  62 
conditions    influencing,   iii. 

151 
effect   of  snake- venom    on. 

vi.  713 
pathology  of.  iii.  123 
color  index  of,  ii.  61 
composition  of,  ii.  24 
current,  changes  in,  pathologv 
of,  iii.  1'32 
velocity  of,  iii.  100 
detection     of    small    quantities 

(clinical  test),  ii.  63 
diseases  whose  diagnosis  may  be 
made  by  examination  of,  ii.  69 
diseases  of,  effect  upon  metabol- 
ism, V.  771 
dried  specimens,  fixing,  ii.  64 
staining,  ii.  63 
taking,  ii.  63 
examination  (jf,  ii.  37 

chart  for  reporting,  ii.  67 
lilarise  of,  characteristics  of.  vi. 

216 
flow,  effects  of  massage  upon,  v. 
696 
in  the  vessels,  iii.  97 
iu  the  vessels,   velocitv  of, 
iii.  100 
formation  of  the,  ii.  16;  vi.  413 
fresh    specimen,    apparatus    re 
quired  to  make,  ii.  38 
characteristics  of  good.  ii.  39 
method  of  preparing,  ii.  38 
what  can  lie  observed  in,  ii. 
40 
in  chlorosis,  ii.  69;  iii.  36 
in  cretinism,  iv.  393 
influence  on  respiratory  centre, 

vi.  951 
in  gout,  iv.  406 
in  Hodgkin's  disease,  ii.  69;  iv. 

730 
in  insanity,  v.  53 
in  pernicious  anaamia,  i.  273 ;  ii. 

69 
in    poisoning    by  carbon    mon- 
oxide, i.  662 
by  cyanide  of  potassium,  i. 

663 
by  hydrocyanic  acid,  iv.  783 
in  secondary  anajmia,  i.  378,  279; 

ii.  69 
in  stools,  significance  of,  iii.  441 


619 


Blood. 
Brain. 


GENERAL   INDEX. 


Blood,  iuterclmnge  of  gases  between 
uir  and,  vi.  94"J 
jecnriii  in  the,  v.  200 
laking  of,  viii.  407 
measurements  of.  ii.  y4,  S6 
menstrual,  v.  744 
metastasis  by  means  of  the,  v. 

I  in 
normal,  ii.  23 
of  man  and  animals  compared, 

ii.  S3,  8', 
of  man  and  dog  hard  to  differ- 
entiate, ii.  87 
of  various  animals,  analysis  of, 

ii.  24 
pathological,  ii.  37 

blood -corpuscle  counting,  ii. 

40 
dried  specimens,  ii.  63 
fresh  specimens,  ii.  38 
hemoglobin   estimation,   ii. 
51 
pipette,  viii.  74 
plasma,  ii.  84 
pressure,  ill.  98 

action  of  drugs  upon,  ii.  693 
et  Ktfj. 
quantity  of,  ii.  23 

influence  of,  on  blood  press- 
ure, iii.  100 
serum,  ii.  36 

Koch's  coagulator,  viii.  376 
spectometry  of,  ii.  77 
spectra  of,  ii.  29,  76,  77 
staining  of,  ii.  05 
stasis,  pathology  of,  iii.  123 
supply,  disturbance  of,  in   dis- 
ease, iii.  120 
transfusion  of,  ii.  37 
variations  in,  ii.  37 
volume  of,  ii.  33 

variations  in.  in  disease,  iii. 
131 
Blood  boiling,  regulations  for,  vi. 

332 
Blood  corpuscles,  ii.  34,  30 

action  of  ana:stheticsiii)on,  i.  298 
counting,  methods  of.  ii.  41-48 
development  of,  in  vertebrates, 

i.  443 
formation  of,  ii.  17,  19 
in  urine,  viii.  56 
Blood  corpuscles,  red,  ii.  24 
enumeration  of,  ii.  40 
influence  of  altitude  upon.  ii.  27 
of  iron  upon,  v.  221 
of  potassium  chlorate  upon, 

iii.  3 
of  salts  upon.  viii.  417 
in  pernicious  anaemia,  i.  273;  ii. 

69 
measurements  of,  ii.  84 
number  of,  ii.  27 
origin  of,  ii.  17.  20 
size  of,  ii.  25.  84 
staining  reaction  of,  ii.  67 
Blood  corpuscles,  ■white,  ii.  30 
classitication.  ii.  30 
effect  of  reagents  upon,  ii.  33 

of  temperature  upon,  ii.  82 
functions,  ii.  31 
number,  ii.  30 
origin  of,  ii.  22,  33 
varieties,  ii.  30,  07 
Blood-forming   organs,    vi.    413; 

ii.  17 
Bloodgood's  method  of  treatment 
of  inguinal  hernia,  iv.  674 


Blood-letting,  ii.  71 

as  an  aid  to  artificial  respiration, 

i.  rm 

in  ear  diseases,  iii.  650 
Blood-plaques,  ii.  33 

characteristics  of.  ii.  40 
origin  of.  ii.  18,  22 
Blood-pressure,  iii.  98 
changes  in,  iii,  100 
disturbance  of.  in  disease,  iii.  120 
influenced  bv  quantity  of  blood, 

iii.  100 
intracardiac,  iii.  107 
intraventricular,  iii.  108 
measurement  of,  iii.  98 
Blood-root,  ii.  73 

and  celandine,  different  actions, 
ii.  760 
Blood-stains,  ii.  73 

action  of  reagents  upon,  ii.  74 

of  solvents  upon.  ii.  74 
chemical  reactions  of,  ii.  74 
crystalline  properties  of,  ii.  74 
examination  of,  on  colored  fab- 
rics, ii.  79 
on  earth,  ii.  80 
on  leather,  ii.  80 
on  washed  fabrics,  ii.  80 
on  white  fabrics,  ii.  79 
menstrual,  appearance  of,  ii.  83 
microscopical  examination  of,  ii. 

81 
micro-spectroscopic  examination 
of,  cautions  to  be  observed,  ii. 
80 
old,  examination  of,  ii.  79,  89 
physical  api)earances  of,  ii.  74 
recent,  examination  of.  ii.  79 
spectrum  analysis  of.  ii.  76 
Blood-stanch,  iv.  1.58 
Blood-vascular    system,    relation 

of  lymphatic  .system  to,  v.  624 
Blood-vessels,  see  also  Arteries  and 
]'euiK 
abnormities  of,  ii.  93 
actinony'cosis  of,  ii.  108 
action  of  cocaine  on,  iii.  158 
amyloid  degeneration  of,  ii.  96 
atrophy  of,  ii.  95 
calcareous  infiltration  of,  ii.  96 
changes  in,  in  inflammation,  v.  3 
contraction  <jf,  by  cold,  iii.  193 
fatty  changes  in,  ii.  96 
formation  of.  i.  443;  ii.  17 
gunshot  wounds  of,  iv.  447 
histologj'  of.  ii.  90 
hyaline  degeneration  of,  ii.   96; 

iv.  772 
hyperplasia  of.  ii.  96 
hypertrophy  of,  ii.  96 
inflammations  of,  ii.  96 
leprosy  in.  ii.  108 
new  formation  of.  vi.  884 
ossification  of,  ii.  96 
parasites  in,  vi.  501 
pathological  anatomy  of.  ii.  93 
retrogressive  changes  in.  ii.  95 
sclerosis  of,  ii.  100 
sj'philis  of,  ii.  105 
tuberculo.sis  of,  ii.  107 
tumors   of.    i.    3.50;  ii.    110;   see 
also  lliriiHi iitjii'iiiii 
Bloom's     modification     of    Fell- 
O'Dwyer'sapparatU'-,  iv.  144 
of  intubator,  iv.  143 
Blount  Springs,  ii.  Ill 
Blouse,  military,  v.  794 
Blue-bottle  fly,  v.  154 


Blue  flag,  iv.  157 

|icii.-cnuous  plant,  vi.  704 
Blue  gum  tree,  iv.  15 
Blue  Hill  Mineral  Spring,  ii.  Ill 
Blue  Lick  Springs,  ii.  112 
Blue  mass,  v.  750 

us  a  purgative,  vi.  N12 
Blue,  methylene,  v.  782 
Blue  milk,  v.  (S23,  833 
Blue  ointment,  v.  750 
Blue  pill,  V.  750 
Blue  Ridge  Springs,  ii.  113 
Blue  stone,  iii.  278 
Blue  vitriol,  iii.  278 
Blumea  balsamifera,  ii.  623 
Boards  of  health,  .State,  iv.  500 
Bocconia,  ii.  112 

arborea,  ii.  113 

cordata,  ii.  112 

fruteseens,  ii.  112 

integrifolia.  ii.  113 
Bodenhamer's  rectal  irrigatoi.iii..'<;)6 
Bodies,  Paccliionian,  ii.  389 
Bodo  urinarius,  viii.  535 
Body  cavity,  expansion  of,  in  em- 
bryo, iii.   187 
Body,  development  of,  in  childhood, 
ii.  833 

segmentation  of,  vii.  105 
Body  louse,  v.  157 
Body,  pituitary,  ii.  166 
Body  weight,  loss  of,  during  star- 
vation. V.  7fi8 
Boerne,  ii.  113 
I  Bogbean,  ii.  514 
Boils,  i.  49;  ii.  113 

Aleppo,  i.  170 

oriental,  i.  170 

to  aljort.  i.  49 
Boiling   test   for  albumin    in    the 
urine,  viii.  31 

for  blood  pigment  in  the  urine, 
viii.  32 
Boiling  water,  scalds  from.  ii.  520 
Boldin,  ii.  114 
Boldine,  ii.  114 
Boldo,  ii.  114 
Boletus,  iv.  385 

felleus,  iv.  285 

laricis,  i.  138 
Bolivia,  Pliarmacopceia  in,  vi.  582 
Bolus,  V.  735 
Bombus,  V.  168 
Bonduc,  ii.  115 

nut,  ii.  115 
Bone  or  Bones,  ii.  115 

actinomycosis  of,  ii.  133 

brittleness  of,  vi.  430 

chemistry  of,  ii.  138 

chondroma  of,  iii.  39 

conduction,  hearing  lij\  i.  618 

cuttlefish,  iii.  339 

cysts  in,  iii.  349 

development  of,  ii.  117 

diseases  of,  changes  in  the  nails 
in,  vi.  97 

diseases  of,  eosinophilia  in,  v.  493 

diseases  of,  kyphosis  in,  v.  377- 
378 

growth  of,  ii.  119 

gunshot  wounds  of.  iv.  438,  449 

lieniorrhage  from,  iv.  636 

histolog}'  of,  ii.  115 

hyoid.  vi.  198 

in  childhood,  ii.  830 

inflammation  of,  ii.  132;  and  sec 
Oxteitis,  Osteomyelitis,  Perios- 
titis 
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Brain. 


Bone  or  bones,   ii:tracaitilaginous 

foniuitiiiii  of,  ii.  117 
iatniiiu'inbiauous  formation  of. 

ii.  iiy 
lesions  of,  in  joint  affections,  v. 

261 
long,  gunshot  -wounils  of.  iv.  449 
marking  in  brain  surgery,  ii.  407 
marrow,  ii.  117 
myxoma  of,  vi.  89 
necrosed,  trtatnient  of,  vi.  422 
of  arm  and  forearm,  i.  462 
of  coccyx,  vi.  536 
of  ear,  i.  616 
of  hand,  iv.  481 
of  hands  and  fingers,  affections 

of,  iv.  013 
of  ilium,  vi.  537 
of  innominate,  vi.  536 
of  Lschium.  vi.  537 
of  nose,  vi.  101 
of  pelvis,  vi.  .'535 
of  pubis,  vi.  537 
pathology  of,  ii.  120 
phosphate,  ii.  553 
plastic  surgery  of,  ii.  123 
replacement  of,  in  brain  sursrerv. 

ii.  409 
sarcoma  of.  ii.  123,  641 
subperiosteal    formation    of.    ii. 

119 
syphilis  of,  ii.  123 
tissue,  cancellous,  ii.  115 

com|iact,  ii.  115 
transplantation  of,  ii.  123 
indications  for,  ii.  123 
tubercidosis  of.  ii.  123;  vii.  903 
Wormian,  viii.  .581 
Bone-black,  ii.  800 
Bone  bobbin,  Hol)son's,  v,  179 
Bone  boiling,   regulations  for,  vi. 

Bone-marro'wr,  chemistry  of,  ii.  129 
extract   of,   therapeutics  of,   vi. 

414 
haMiiatopoietie   functions  of,   ii 

19;  vi.  413 
in  leukamia,  v.  499.  501 
new-growths  of,  vi.  71;  and  see 
Myehima 

Boneset,  vii.  756 

Bone-setting,  ii.  127 

Bonny  clabber,  liow  to  make,  iii. 
453 

Books,  copyright  of,  iii.  282 

Boots  for  soldiers,  v.  795 

Boracic  acid,  ii.  130;  and  see  Boric 
ncid 

Borage,  ii.  129 

Borago  officinalis,  ii.  129 

Borax,  vii.  257 

as  a  germicide,  iv.  336 
as  a  jireservative,  v.  839 

Borborygmi,  vii.  495 

Bordighera,  ii.  129 

Boric  acid,  ii.  130 

as  a  germicide,  iv.  331 

as  a  iHcservative.  v.  839 

in  milk,  determination  of,  v.  840 

Borland  Mineral  Well,  ii.  130 

Eorliuetto's  powder,  vii.  910 

Born's  melliod  of  reconstructing  ob- 
jects from  microscopical  sections, 
iv.  717 

Borneol,  ii.  181 

Boroglyceride,  ii.   130 

Boroglycerin,  glycerite  of,  ii.  131 

Boron  preservative,  vi.  755 


BorraginacesB,  ii.  131 
Borsch's  bandage,  i.  729 
Borthwick   Mineral  Springs,  ii. 

Boston,  ii.  131 
Boswellia,  vi   355 

Carterii,  vi.  355 
Boswell  Springs,  ii.  132 
Boswellic  acid,  vi.  355 
Boswellinic  acid,  vi.  355 
Botany  Bay  gum,  viii.  318 

resin,  viii.  318 
Bot  flies,  V.  1.52 
Bothriocephalus  latus,  ii.  792 

liguloides,  ii.  793 

Mansoni,  ii.  793 
Botkin's   apjiaratus  for  plate  cult- 
ure of  anai'roljes,  viii.  390 
Bottini's  operation  for  hypertrophy 

of  the  prostate,  vi.  768 
Bougies,  v.  735 

a  boule,  viii.  22 

Eustachian,  use  of,  iii.  652 

filiform,  ii.  745;  viii.  33 
to  pass,  ii.  751 

gum  elastic,  viii.  22 

medicated,  v.  733 
Bouillon  as  a  culture  medium,  viii. 
370 

how  to  make.  iii.  454 
Boulder,  ii.  132 
Boulder  Hot  Springs,  ii.  132 
Boulimia,  vii.  494 
Bouncing  Bet,  vii.  256 
Bourneinoutb,  ii.  132 
Bovista  plumbea,  iv   2^'6 
Bowdeu  Lithia  Springs,  ii    134 
Bower's  trap,  iv.  765 
Bow-legs,  ii.  134 
Bowman's  capsule,  v.  310 

discs,  vi.  17 

root.  V.  312 

sarcous  elements,  vi.  17 
Box,  ii.  135 
Boxberry,  viii.  313 
Bozeman's  speculum,  viii.  171 

uterine  dressi'ig  forceps,  iv.  464 
Braatz's  slide  for  anaerobic  hang- 

ing-dro]i  e.\anunations,  viii.  391 
Brachial  artery,  i.  453 

anomalies  of,  i.  529 

fascia,  i.  451 

lymphatic  glands,  v.  633 

monoplegia,  i.  468 

neuralgia,  vi.  246 

plexus,  vii.  209 

injuries  of,  iv.  .529 
Brachialis  anticus  muscle,  anom- 
alies of.  vi.  52 
Brachialis  muscle,  i.  453 
Brachiocapsularis  muscle,  vi.  51 
Brachioradialis  muscle,  vi.  52,  54 
Brachydactyly,  iv   498 
Bradford  Mineral  Springs,  ii.  136 
Bradycardia,  iv.  597;  vi.  800 
Braidism,  iv.  811 ;  and  see  Hypnosis 
Brain,  ii.  136 

abdominal,  see  S'llar  plexus 

abscess  of,  ii.  218,  411,  449 

acervulus,  ii.  166 

acervus,  ii.  160 

adoceipital  fissure,  ii.  193 

alba  of,  ii.  139 

amygdala,  ii.  182 

amygdaline  fissure,  ii.  182 

ma'naia  of  the.  ii.  223 

anatomical  n'lationsof,  to  the  ex- 
ternal parts  of  the  head,  ii.  398 


Brain,  anatomy  of  the,  gross,  ii.  136 

minute,  ii.  322 
aneurism  of  cerebral  arteries,  ii. 

327 
arbor  of  cerebellum,  ii.  160 
areas  of,  association,  ii.  305 

funetionless,  ii.  311 

motor,  ii.  304 

of  hearing,  ii.  307 

of  smell. 'ii.  308 

of  taste,  ii.  308 

sensory,  ii.  305 

silent,  ii.  311 
arteries  of  the,  ii.  249.  260 

aneurism  of,  ii.  227 
atrophic  parts  of,  ii.  140 
atrophy  of  the,  ii.  328 
,     aula  of,  ii.  150 
avdix,  ii.  166 

basisylvian  fissure,  ii.  193 
be(|uest  of,  form  of,  ii.  306 
bracliia,  ii.  163 
Broca's  convolution,  ii.  303 
cacumen  of  cerebellum,  ii.  159 
calcariue  fissure,  ii.  188 
callosal  eminence,  ii.  177 

fissure,  ii.  190 

gyre,  ii.  198 
callosum,  ii.  183 
capsula,  ii.  181 

caudato-thalamic  fu&ion,  ii.  149 
caudatum,  ii.  181 
central  fissure,  ii.  194 
central  lobe  of  cerebrum,  ii.  187 
centres,  recognition  of,  ii.  409 
cerebellum,  ii.  157,  159 
cerebral  hemorrhage,  ii.  241 
cerebrospinal  fluid,  ii.  245 
chemistry  of  the,  ii.  336 
ciliary  boily,  ii.  163 
circulation  of  the.  ii.  348 
circuminsular  fissure,  ii.  201 
classification  of  jiarts,  ii.  153 
clava  of  post-oblongata.  ii.  154 
celian  circumscription,  ii.  151 
collateral  fissure,  ii.  190 
colliculi.  ii.  176 
columns  of  the  fornix,  ii.  179 
commissure  of  fornix,  ii.  180 
commissures  of,  ii.  140 
compared  to  a  hou.se,  ii.  140 
conarium,  ii.  160 
conduclion  paths  in,  ii.  360 
copula,  ii.  170,  182 
cornu  ammonis,  artery  of  the,  ii. 
254 

of  post-oblongata,  ii.  168 
corona,  ii.  181 
corpus  callosum,  ii.  183 

eiliare,  ii.  162 

denticulatum,  ii.  163 

timbriatum,  ii.  180 

lenliculatum,  ii.  163 
crista  of  fornix,  ii.  208 
crura,  ii.  163 
definition  of,  ii.  138 
dcntatum,  ii.  163 

oliva>.  ii.  156 
dentoliva',  ii.  156 
development  of  the,  ii.  368 
diacele,  ii.  i65 
diagnosis  of  local  lesions  in  the. 

ii.  383 
diaplexus.  ii.  151,  176 
diencephal,  ii.  165 
dissection  of  the,  ii.  383 
ectocinerea  of,  ii.  139 
embolus  of  the  cerebellum,  ii.  162 
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Brain,  uncepliiilic  flexures,  ii.  143 

Brain,  Uimbdoidal  fissure,  ii.  186 

Brain,  peduncles  of  cerebrum,  ii.  163 

viiriatidiis.  ii.  153 

lamina  cinerea,  ii.  167 

peduncular  sulcus,  ii.  160 

cndyniul  coutinuity.  ii.  151 

terminalis,  ii.  167 

permanent  fissures,  ii.  187 

cutociiR'it'u  (if.  ii.  139.  163 

lateral  recesses  of  epiplocele,  ii. 

classification  of,  ii.  193 

of  cercbi'lluni,  ii.  103 

157 

pileuins  of  cerebellum,  ii.  159 

epencepbal,  ii.  156 

ventricles,  ii.  168 

pineal  gland,  ii.  166 

epicele,  ii.  157 

lemniscus,  ii.  163 

pituitary  body,  ii.  165 

cpipliy.sis,  ii.  166 

lent.icula.  ii.  !85 

plexuses,  ii.  140 

peculiar  topographical  rela- 

limbic  lobe,  ii.  208 

poles  of.  ii.  187 

tious.  ii.  167 

lingula.  ii.  160 

poma.  ii.  204 

epiplexus,  ii.  157 

lolies,  ii.  187 

pomatic  fissure,  ii.  304 

episylvian  fissure,  ii.  193 

lobus  opertus,  ii.    187;  and   sec 

pons,  ii.  158 

exoccipital  fissure,  ii.  193.  304 

Insula 

porta  of,  ii.  169 

external  calcarine  fissure,  ii.  ISO 

locus  niger,  ii.  163 

porti plexuses,  ii.  140 

capsule,  ii.  183 

lymphatics  of,  ii.  363;  v.  029 

postbracliiuni,  ii.  163 

occipital  fissure,  ii.  304 

lyia,  ii.  180 

postcalcarine  fissure,  ii.  193 

perpendicular  fissure,  ii.  204 

malfoniiatiiins  of.  vii.  698 

postcentral  fi.ssure,  ii.  193 

falcula.  ii.  213 

marginal  cinerea.  ii.  142 

gyre,  ii.  193 

falx,  ii.  211 

medicincrea.  ii.   183 

postcommissure,  ii.  163 

cerelx'lli,  ii.  213 

medicornu,  ii.  173 

postcribrum,  ii.  143,  164 

fastigatum.  ii.  163 

medifrontal  fissure,  ii.  193 

posterior  perforated  space,  ii.  164 

fifth  ventricle,  ii.  184 

g3're,  ii.  193 

postforceps,  ii.  183 

fimbria,  ii.  180 

medioconimissure,  ii.  166 

postfrontal  lobe,  ii.  187 

fissural  connections,  ii.  190 

anomalies  of.  ii.  166 

postgeniculum,  ii.  164 

diagrams,  ii.  190 

meninges  of.  ii.  209 

postlij-popliysis,  ii.  165 

integer,  ii.  198 

mesenceplial,  ii.  163 

postinsula,  ii.  193 

variation,  ii.  190 

me.socele,  ii.  163 

postoblongata,  ii.  1.54 

Assure,  jnterhemispheral,  ii.  187; 

mefacele,  ii.  154 

postoperculum.  ii.  193 

see  Intercerehral  fi^nure 

metaplexus.  ii.  151,  155 

postparoccipital  fissure,  ii.  193 

of  Rolando,  ii.  196 

metapore,  ii.  154 

postspinal  fissure,  ii.  309 

flexures  of,  ii.  143 

metatela,  ii.  1.55 

prebrachium,  ii.  163 

flocculus,  ii.  158 

metenceplial,  ii.  1.54 

precentral  fissure,  ii.  193.  377 

foramen  of  Alagendie.  ii.  154 

metencephalon,  ii.  157 

gyre.  ii.  193 

forni  commissure,  ii.  180 

metepeucephal.  ii.  333 

precommissure,  ii.  308 

fornix,  ii.  179 

metliods  of  removing,  preserv- 

precuneal fissure,  ii.  193 

*   fossuhi?,  ii.   195 

ing,  dissecting,  and  drawing. 

gyre,  ii.  193 

frenulum,  ii.  333 

ii.  369 

preeribrum.  ii.  143 

fresh,  transportation  of.  ii.  383 

morphological  aspect  of.  ii.  136 

preforceps,  ii.  183 

fronto-marginal  Assure,  ii.  193 

normalization,  ii.  143 

prefrontal  lobe,  ii.  187 

gyre,  ii.  193 

nucleus  dentatus  of  the  cerebel- 

pregeniculum, ii.  164 

furcal  sulcus,  ii.  160 

lum,  ii.  163 

prehypophysis,  ii.  165 

functions  of  cortex,  ii.  397 

obex,  ii.  155 

preiiisula,  ii.  193 

germ,  ii.  183 

occipital  lobe,  ii.  187 

preoblongata.  ii.  157 

globulus,  ii.  103 

of  college  professors  should  be 

preoperculum.  ii.  193 

gross  or  macroscopic  anatomy  of 

examined,  ii.  306 

preparoccipital  fissure,  ii.  194 

the,  ii.  136 

of  Cyclops,  ii.  167 

preservation  of,  ii.  378 

growth  of  the,  ii.  314 

of  monkey,  less  useful  tlian  that 

presylvian  fissure,  ii.  193 

gyres,  ii.  187 

of  foetus  for  elucidating   fis- 

prosceliau parietes,  modifications 

Labena,  ii.  166,  175 

sures,  ii.  189 

of,  ii.  181 

heat  centres  in,  ii.  568 

olfactory  bulb.  ii.  143,  306 

prosencephal,  ii.  167 

heniifornix.  ii.  180 

crus,  ii.  143 

prosocele,  ii.  167 

hemorrhage  in,  ii.  341 

fissure,  ii.  143-193 

prosoterma,  ii.  165 

hippocamp,  ii.  179,  278 

tract,  ii.  306 

pseudocele,  ii.  184 

hippocampal  Assure,  ii.  190 

olivia,  ii.  155 

putamen,  ii.  181 

histology  of  tlie,  ii.  333,  345 

operculum,  ii.  303 

pyramis  of   the  cerebellum,    ii. 

human,  lightest  on  record,  ii.  328 

orbital  fissure,  ii.  193 

"155 

hyperaemia  of,  ii.  366 

gyre,  ii.  193 

rectification,  ii.  143 

hypophysis,  ii.  165 

orbito-frontal  fissure,  ii.  193 

removal  of,  in  autopsies,  i.  656 

hyposylvian  fissure,  ii.  193 

Pacchionian  bodies,  ii.  389 

removal,  preservation,  and   dis- 

incallosal. ii.  184 

pala,  ii.  174 

section  of,  ii.  369 

inconstant  fissures  with  gyres  in 

paracentral  fissure,  ii.  193 

rhinencephal.  ii.  206 

which  they  occur,  ii.  193 

gyre,  ii.  193 

rhinencephalon,  ii.  308 

indusium,  ii.  184 

paracele,  ii.  168,  178 

rima,  ii.  173 

inflected  fissure,  ii.  193 

paraflocculus,  ii.  158 

riparian  parts  of,  ii.  149 

in.sula.  ii.  187.  203 

paraoccipital  fissure,  ii.  198 

rostrum,  ii.  183 

insular  fissure,  ii.  193 

gyre,  ii.  193 

ruga,  ii.  310.  311 

gyre.  ii.  193 

paraplexus,  ii.  177 

sagittal  fissure,  ii.  187 

intercalatum,  locus  niger,  ii.  163 

paratela,  ii.  173 

sectioning  of,  ii.  334 

intercerebral  fissure,  ii.  187 

parietal  fissure,  ii.  193 

segmental  names,  ii.  146 

interhemisplieral  fissure,  ii.  187 

gyre,  ii.  193 

overlapiung,  ii.  149,  164 

intermedial  fissure,  ii.  198 

iobe,  ii.  187 

segments  of,  change  in  relative 

internal  capsule,  ii.  181 

parietes  of  unequal  thickness,  ii. 

size,  ii.  148 

intraparacentral  fissure,  ii.  193 

139,  144 

comparative  view  of,  ii.  145 

intraparietal  fissure,  ii.  198 

paroccipital  fissure,  ii.  198 

number  of,  ii.  146 

irregularities  of  contour,  ii.  140 

partial  fissures,  ii.  191,  193 

potentially  triple,  ii.  149 

Lsland  of  Reil,  ii.   203:  .see  al.so 

with  structural  correlations, 

primitivelv  mesal   and   sin- 

Insula 

ii.  193 

gle,  ii.  149 

isthmus,  ii.  143 

peduncles  of  cerebellum,  ii.  1.58 

provisional  grouping,  ii.  153 
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Brain  segments,  relative  size  of,  ii. 
146 
segmentation  of,  ii.  144 
serous  cavities  in  the,  ii.  364 
sinuses  of  tlie,  ii.  360 
softening  of  tlie,  ii.  89") 
specimens,  lalielling  of,  ii.  380 
splenium.  ii.  If-S 
staining,  ii.  335 
stem,  ii.  154 

subcentral  lissure.  ii.  193 
subfissures,  ii.  201 
subfrontal  fissure,  ii.  193,  203 

gyre.  ii.  193,  203 
subgyres,  ii.  301 
suboperculuni,  ii.  193 
subparietal  gyre,  ii.  193 
substantia  nigra,  ii.  163 
subsylvian  tisstire.  ii.  193 
subtemporal  fissure,  ii.  194 
sulci,  see  Fissures 
sulcus  clioroideus,  ii.  175 
supercallosal  fissure,  ii.  193 
supercentral  fissure,  ii.  193 
superflssures,  ii.  301 
superfroutal  fissure,  ii.  193 

gyre,  ii.  193 
supergyres,  ii.  201 
supertemporal  ti.ssiire,  ii.  193 

gyre,  ii.  193 
Sylvian  fissure,  ii.  205,  376 
ta?nia  hippocampi,  ii.  180 
temporal  gyre,  ii.  193 
temporo-necipital  ti.ssure,  ii.  304 
ternia,  ii.  153,  167 
third  ventricle  of,  ii.  168 
tonsilla  of  cerebellum,  ii.  155 
topography  of  the,  vii.  339 

Chiene's     method     <if     re- 
search, ii.  405;  vii.  340 

Hare's  method  of  research, 
ii.  404 

Horsley's     method     of     re- 
search, ii.  400 

in  its  surgical  relations,  ii. 
399,  401 

Kroulein's    method    of    re- 
search, ii.  405 

Reid's  method  of  research, 
ii.  403 

AYilson's  cyrtometer,  ii.  404 
total  fissures,  ii.  191 
tracts  of,  ii.  388 
transinsular  fissure,  ii.  193 
transitory  fissures,  ii.  158 
transportation  of,  ii.  383 
transtemporal  fissure,  ii.  194 
transverse  occipital  fissure,  ii.  198 
tuber,  ii.  153,  165 
unequal  thickness  of  celiau  pari- 

etes,  ii.  139 
uvula  of  cerebellum,  ii.  155 
vallecula  of  cerebellum,  ii.  155 
valvula,  ii.  163 
variatious  in,  ii.  153 
veins  of  the,  ii.  355,  259 
velum,  ii.  180 

vermis  of  cerebellum,  ii.  159 
volume  of,  to  determine,  ii.  376 
weight  of,  ii.  206,  314,  376 
wounds  of,  iv.  561 
Brain,  abscess  of,  ii.  318;  iv.  561 
a  factor  in  insanity,  v.  96 
clinical  history,  ii.  330 
complicating  inflammation  of  the 

ear,  iii.  655 
diagnosed    from    tumor  of  the 
brain,  ii.  449 


Brain,  abscess  of,  diagnosis,  ii.  232 
etiology,  ii.  218 
extradural,  ii.  415 
intracranial,  ii.  411 
pathological  anatom)',  ii.  219 
treatment,  ii.  332 
Brain,  ansemia  of,  ii.  323 
acute  universal,  ii.  223 
chronic  universal,  ii.  334 
circumscribed,  ii.  324 
diagnosis,  ii  336 
partial,  ii.  334 
prognosis,  ii.  326    - 
S3'niptoniatology,  ii.  324 
treatment,  ii.  220 
Brain  and  membranes,   parasites 

of,  vi.  .")(I0 
Brain  and   nerves,  chemistry   of, 

ii.  226 
Brain,    aneurism  of  arteries  of, 
ii.  337 
diagnosis  of,  ii.  45il 
Brain,  atrophy  of,  ii.  238 
acquired,  ii.  331 

congenital,    luiinary,    and    gen- 
eral, ii.-328 
primary*,  and  partial,  ii.  238 
secondary,  ii.  220 
symptoms,  ii.  330 
Brain,  carcinoma  of,  diagnosis  of, 

ii.  4.50 
Brain,  cephalocele,  ii.  233 
Brain,  cerebellar  disease,  ii.  338 
Brain,    cerebral  hemorrhage,   ii. 

341 
Brain,  cholesteatoma  of,  iii.  30 
Brain,  compression  of,  ii.  265,  420 
diagnosed    from   concu.ssion,    ii. 
367 
Brain,  concussion  of  the,  ii.  31)6 
post-mortem  ajjpearauces  of,  i. 
668 
Brain,  contusion  of,  post-mortem 

api.iearauces  of,  i.  6(i8 
Brain,  cysticerci  of,  iii.  345 
Brain,  development  of,  ii.  268 

lack  of,  ill  iiisaiiily,  v.  51 
Brain,  diagnosis  of  local  lesions, 
ii.  2S2 
at  the  base  of,  ii.  287 
of  the  basal  ganglia,  ii.  286 
of  the  cerebellum,  ii.  28G 
of  the  cerebral  tracts,  ii.  284 
of  the  claustrum,  ii.  286 
of  the  corpora  quadrigemina,  ii. 

286 
of  the  corte.\  cerebri,  ii.  383 
of  the  e-vternal  capsule,  ii.  386 
of    the    medulla    oblongata,    ii. 

387 
of  the  pons  Varolii,  ii,  287 
of  the  tegmentum  of  the  crura 
cerebri,  ii.  380 
Brain,  diseases  of,   abscess  of,  ii. 
218;  iv.  .561 
amemia  of.  ii.  323 
aneurism  of  arteries  of,  ii.  236 
atrophy  of,  ii.  228 
cephalocele,  ii.  233 
cerebellar  disease,  ii.  238 
cerebral  hemorrhage,  ii.  241 
changes  in  the  nails  in.  vi.  97 
compression  of.  ii.  265,  267 
concussion  of,  ii.  266 
diagnosis  of  local  lesions,  ii.  282 
dropsy  of,  ii.  431 
electrotherapeutics  in,  iii.  761 
embolism,  ii.  294 


Brain,  diseases  of,  liemianopsia  a 
symptom  of,  iv.  031  , 

hernia  of,  ii.  233;  iv.  .561 
hydrocephalus,  iv.  777 
hypera-mia  of,  ii.  366 
lesions  of  the   corpora    quadri- 
gemina. ii.  369 
of  the  corpora  striata,  ii.  369 
meningitis,  ii.  390 
softening  of  the,  ii.  S95 
syphilis  of  the,  ii.  427 
thrombosis  of,  ii.  296 
traumatic  affection  of,  see  Skull. 

etc. 
tuberculous  meningitis,  ii.  431 
tumors  of,  ii.  435 
Brain,  dropsy  of  the,  ii   -131 
Brain,  embolism   and  thrombo- 
sis of,  ii.  294 
Brain,  hemorrhages  in,  ii.  241 
Brain,  hernia  of,  ii.  233;  iv.  ,561 
Brain,  hyperaemia  of,  ii.  366 
Brain  in  cretinism,  iv.  395 
Brain,  laceration  of,  post -mortem 

appearances  of,  i   CiOx 
Brain,    lesions    of    the     corpora 

quadrigemina,  ii.  369 
Brain,    lesions    of    the     corpora 

striata,  ii.  309 
Brain,  malformations  of,  vii.  097, 

098 
Brain,  parasites  of,  vi.  ."idO 
Brain,     removal,     preservation, 

and  dissection  of,  ii.  309 
Brain  sand,  iii.  32S 
Brain,  simple  meningitis,  ii.  390 
Brain,  softening  of,  ii.  395 
age  of  occurrence  of,  ii.  395 
and  tumor  of,  diagnosis,  ii.  450 
diagnosis,  ii.  397 
etiology,  ii.  396 
pathological  anatomy,  ii.  395 
prognosis,  ii.  397 
symptoms,  ii.  396 
treatment,  ii.  398 
Brain,  surgery  of  the,  ii.  398;  see 
also  'rriiHtiiiiiiiij 
after-treatment,  ii.  410 
anfesthetics  in,  ii.  406 
antiseptic  preparation  of  the  pa- 
tient, ii.  406 
cerebral  abscess,  ii.  411 
compression  of  the  brain,  ii.  430 
contusion,  ii.  423 
drainage  in,  ii.  409 
epilepsy,  ii.  419 
fractures  of  the  skull,  ii.  431 

at  the  base,  ii.  423 
general  technique  of  operations, 

ii.  406 
gunshot  wounds,  ii.  431 
hemorrhage,  ii.  408 
history,  ii.  398 
injuries  of  the  head,  ii.  420 
inspection    of    the    brain,   after 

opening  the  skull,  ii.  408 
intracranial  hemorrhage,  ii.  423 
inveterate  headache,  ii.  425 
landmarks  on  the  skull,  ii.  401 
limits  of  operative  interference 

with  the  brain,  ii.  410 
marking  the  bone,  ii.  407 
mental  disturbances,  ii.  425 
methods    of    topographical    re- 
search, ii.  403 
mode  of  access  to  the  brain,' ii. 

407 
osteopla.stic  resection,  ii.  407 
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Brain,  surgery  of  the,  jHTCiission 

Brain,  vessels  of  the,  ii.  249 

Bregma,  vii.  229,  238 

of   the   skull    us  a  diagnostic 

arteries,  ii.  249 

Brehmer  sanatorium,  iv.  875 

measure,  ii.  406 

circle  of  Willis,  ii.  251 

Breisky's  pelvimeter,  vi.  .523 

preventive  trcphinin!;  in  contu- 

dural sinuses,  ii.  260 

Brides  les  bains,  ii.  482 

sion,  ii.  420 

nomenclature,  ii.  349 

Brieger's  bases,   ptoniaVns,  vi. 

786, 

punctured  wounds  of  llie  liniin, 

veins,  ii.  255 

790,  791 

ii.  421 

and  arteries  of,  general  rela- 

method of  isolation  of  ptomains 

rccosjnition  of  centre  sought  for, 

tions  of  the,  ii.  260 

from  urine,  viii.  52 

ii.''409 

venules  of  the  cortex,  ii.  260 

Bright's  disease,  v.  330;  see 

also 

reiilacement     of    tlie    bone,    ii. 

Brain-weight,  ii.  206 

MephriUs 

409 

Brain,  wounds  of,  iv.  561 

acute.  V.  331 

secondary  operations,  ii.  410 

a  factor  in  insanity,  v.  96 

chronic,  v.  337 

sejiaration   of    tlie    dura    mater 

Branchial  arches,  vi.  200 

erythema  in,  iv.  8 

from  the  skull,  ii.  408 

Branchial  clefts,  hamatocvsts  of, 

retina  in,  vi.  950 

shaving  the  head,  ii.  406 

ii.  459 

Brisement  force  in  ankylosis,  v 

292 

substitute  foi'  the  dura,  ii.  410 

Branchial  cysts,   ii.   457;  vi.  200; 

British  Empire,  Pliariiiacopa'ia  in. 

tapping  of  the  lateral  ventricles 

vii.  701 

vi.  582 

as  a   definite   surgical   proce- 

atheromatous, ii.  457 

Brittleness  of  the  nails,  vi.  93 

dure  in  meningitis  with  effu- 

diagnosis, ii.  459 

Broadbent's  sign  in  adherent 

pcri- 

sion,  and  especially  in  tuber- 

differential diagnosis,  ii.  459 

cardium,  vi.  .561 

culous  meningitis,  ii.  426 

luematocysts,  ii.  459 

Broad  ligaments,  anatomy  of 

vii. 

topography  of  the  brain,  ii.  399 

mucous,  ii.  457 

160 

treatment  of  the  wound,  ii.  410 

prognosis,  ii.  460 

cy.sts  of,  iii.  351 

trephining  for  arrested  develop- 

serous, ii.  459 

myoma  of,  vi.  76 

ment,  ii.  426 

treatment,  ii.  460 

Broca's  area,  i.  411 

Brain,  syphilis  of,  ii.  427 

varieties,  ii.  457 

convolution,  ii.  303 

Brain,  thrombosis  of,  ii.  294 

Branchial  dermoids,  vi.  200 

to  locate,  ii.  405 

Brain,    tuberculous    meningritis. 

Branchial  fistulse,  vi.  200 

Brockton    system  of    sewage 

dis- 

ii.  431 

Brandy,  i.  169  ■ 

jHisal.  vii.  137 

Brain,  tumors  of  the,  ii.  435 

Brandy-and-egg  mixture,  liow  to 

Bromal,  ii,  483 

and  abscess,  ditl'erential  diagno- 

make, iii.  455 

hydrate,  ii.  488 

sis,  ii.  449 

Brasdor's  method  of  treating  aneur- 

Bromalin, ii.  483 

and  cerebral  liemorrhage,  diag- 

ism, i.  332 

Bromanide,  ii.  483 

nosis  of,  ii.  449 

Brass,  effect  of,  on  workers  in,  vi. 

Bromeliaceae,  ii.  483 

and  general  paralysis,  diagnosis 

326 

Bromelin,  a    vegetable   protco 

lytic 

of,  ii.  449 

Brassica  alba,  vi.  67 

enzyme,  iii.  842 

and  hydrocephalus,  diagnosis  of, 

nigra,  vi.  67 

Broniidia,  ii.  486 

ii.  449 

Braxton  Hicks'  sign,  iv.  342 

Bromides,  ii.  483 

and  locomotor  ataxia,  diagnosis 

Brayera,  v.  376 

as  digestants.  iii.  471 

of,  ii.  449 

Brazil,  history  of  yellow  fever  in. 

hypnotic  action  of,  iv.  817 

and  multiple  cerebro-spinal  scle- 

viii. 585 

medicinally'  used,  ii.  484 

rosis,  diagnosis  of.  ii.  449 

PharmacopQ?ia  in,  vi.  582 

of  ammonium,  i.  485 

and   softening,   diagnosis  of,   ii. 

Bread,  adulteration  of.  iv.  176 

of  calcium,  ii.  486 

450 

amount  allowed  soldiers,  v.  799 

of  iron,  v.  338 

and     tuberculous     meningo-en- 

as  food  for  invalids,  iii.  456 

of  lithium,  ii.  485 

ceplialitis.  diagnosis  of,  ii.  449 

as  nutrient  medium  for  bacteria, 

of  potassium,  ii.  484 

as  factor  in  insanity,  v.  96 

viii.  378 

of  rubidium,  vi.  1003 

choked  disc  in,  ii.  437 

as  part  of  rations  for  soldiers,  v. 

of  sodium,  ii.  485 

cholesteatoma,  iii.  36 

800 

of  strontium,  ii.  485 

complicating  lesions,  ii.  451 

diabetic,  iii.  431 

of  zinc,  viii.  339 

diagnosis,  ii.  445 

Break-bone  fever,  iii.  400 

properties  of,  ii.  488 

of  the  site,  nature,  size.  etc.. 

Breast,  bandage  of,  i.  730 

therapeutics  of.  ii.  484 

ii.  445 

chicken-,  u.  810 

Bromidrosis,  ii.  486 

differential  diagno.sis  of.  ii.  449 

pigeon-,  ii.  810 

Bromine,  ii.  486 

diffused  symptoms  in,  ii.  435 

Breast,    female,   ii.    461 :    and   see 

as  a  cause  of  ecthyma,  iii.  -! 

32 

disturbance  of  laniruage  in,  viii. 

MannH'f 

as  a  germicide,  iv.  831 

218 

Breast,  female,  diseases  of  the, 

toxicology  of,  ii.  487 

eye  symptoms  in,  ii.  444 

ii.  471;  and  see  Miiminu 

Bromine-Arsenic  Springs,  ii 

487 

focal  symptoms  in,  ii.  439 

Breath,  ii.  479 

Bromine  chloride,  ii.  487 

latent," ii.  448 

foul,  causes  of,  ii.  480 

Bromipin,  ii.  487 

lesions  of  motility  in,  ii.  439 

in  diseases  of  the  stomach,   vii. 

Bromism,  ii.  483 

of  sensibility,  ii,  443 

493 

Bromo-albumin,  ii.  487 

of  the  special  senses  in,  ii. 

offensive,  in  dyspepsia,  ii.  480 

Bromoform,  ii   487 

440 

Breathing,  bronchial,  ii.  817 

Bromo-haemol,  v.  330 

local  diagnosis  of,  ii.  446 

bronehovcsicular,  ii.  817 

Bromol,  ii.  488 

parts  of  the  brain  in  which  tu 

cavernous,  ii.  818 

Bromum,  ii.  486 

mors  are  most  frequentlv  la- 

Cheyne-Stokes', vi.  958 

Bronchi,  anatomy  of,  v.  577 

tent,  ii.  448 

in  appendicitis,  i.  423 

atresia  of,  i.  603 

pathological  anatomy  of,  ii.  450 

laryngeal,  ii.  817 

external  fibrous  layer  of,  ii. 

488 

percentage     of     recovery    after 

pulmonary,  ii.  817 

foreign  bodies  in.  i.  160 

operation,  ii.  453 

sibilant,  ii.  818;  vi.  838 

histo'logy  of.  ii.  488 

prognosis,  ii.  450 

sonorous,  ii.  818;  vi.  838 

internal  elastic  layer,  ii.  488 

psychic  changes  due  to,  ii.  437 

tubular,  ii.  817 

lymphatics  of,  ii.  489;  v.  ,584,  544 

surgery  of,  ii.  451 

vesicular,  ii.  817 

measurements  of,  viii.  240 

symptoms,  ii.  435 

Breech  presentation,  management 

minute  anatomy  of,  ii.  488 

treatment  of,  ii.  451 

of,  V.  392 

nuicous  membrane  of,  ii.  489 

varying  symptoms  of,  according 

Breeches,  military,  v.  795 

muscular  layer  of,  ii.  488 

to  location,  ii.  446 

Breeze-flies,  v.  1(55 

nerve  supply  of,  ii.  489 

624 
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Bronchi,  pressure    on,  a  cause   of 
dyspna'a,  iii.  579 
stenosis  of.  i.  603 
structure  of,  ii.  488 
syphilis  of,  v.  445;  vii.  631 
topography  of,  ii.  813 
vascular  supply  of,  ii.  489 
Bronchia,  ii.  488 
Bronchial  arteries,  ii.  489 
Bronchial  breathing,  ii.  817 
Bronchial  hemorrhage,  iii.  464 
Bronchial  lymphatic  glands,  v. 
.587 
albuminoid  degeneration  of,  v. 

588 
cancer  of,  v.  588 
diseases  of,  v.  739 

classification,  v.  587,  729 
etiology,  v.  .588 
history,  v.  587 
pathology,  v.  587 
physical  signs,  v.  589 
prognosis,  v.  589 
symptoms,  v.  588 
treatment,  v.  589 
hyperplasia  of,  v.  729 
inflammation  of,  v.  587 
pigmentation  of,  v.  588 
syphilis  of,  v.  .588 
tuberculosis  of.  v.  588,  729 
Bronchiectasis,  viii.  405 
complications,  viii.  409 
diagnosis,  viii.  409 
duration  and  course,  viii.  409 
etiology,  viii.  405 
location,  viii.  407 
morbid  anatomy,  viii.  405 
prognosis,  viii.  410 
symptoms,  viii.  408 
treatment,  viii.  409 
varieties,  viii.  406 
Bronchiectatic  abscess,  viii.  406 

cavitii's,  vii.  755 
Bronchitis,  ii.  489 
acute,  ii.  489 

diagnosis,  ii.  490 
etiology,  ii.  490 
patliology,  ii.  491 
sj'mptoms,  ii.  489 
treatment,  ii.  491 
among  troops,  ii.  615 
capillary,  ii.  493 ;  and  see  Bron- 
chopneumonia 
dyspnoea  in,  iii.  580 
infantile,  vi.  684 
chronic,  ii.  494 

diagnosis,  ii.  496 
etiology,  ii.  496 
pathology,  ii.  495 
symptoms,  ii.  495 
treatment,  ii.  496 
climate  suitable  for,  iv.  565 
complicating  influenza,  v.  16 

measles,  v.  719 
croupous,  iv.  151 
exudative,  iv.  151 
fibrinous,  iv.  151 
following  anaesthesia,  iii.  24 
health  resorts  for,  iv.  .565 
occupation  as  a  cause  of,  vi.  318 
plastic,  iv.  151 
pseudomembranous,  iv.  151 
sputum  in,  vii.  432 
tuberculous,  vii.  900 
Bronchioles,  mucous  membrane  of, 

ii.  489 
Bronchiolitis,  acute,  ii.  492 
Bronchocele,  iv.  376;  see  Ooitre 
Vol.  viii.— 40 


Bronchophony,  ii.  818 
Bronchopneumonia,  vi.  671 

acute,    following   chronic   bron- 
chitis, ii.  495 

bacteriology,  vi.  671 

complications,  vi.  673 

diagnosi-s,  vi.  673 

etiology,  vi.  671 

following  anaesthesia,  iii.  34 

patholog)',  vi.  671 

signs,  vi.  073 

symptoms,  vi.  673 

synonyms,  vi.  671 

treatment,  vi.  673 

tuberculous,  vii.  900 
Bronchopneumonia,  infantile,  vi. 
684 

bacteriology,  vi.  685 

complications,  vi.  687 

course  of,  vi.  687 

diagnosis,  vi.  687 

in  other  diseases,  vi.  687 

symptoms,  vi.  686 

terminations,  vi.  686 

treatment,  vi.  688 

types  of,  vi.  687 
Bronchotomy,  vii.  833 
Broncho-vesicular  breathing,  ii 

817 
Bronchus,  eparterial,  v.  578 
Broom,  ii.  498 

tops,  ii.  498 
Bronzed  skin  disease,  i.  106 
Broth,  mutton,  how  to  make,  iii.  454 

veal,  how  to  make,  iii.  454 
Brow  presentations,  management 

of,  V.  391 
Brown  milk,  v.  833 

mi.xture,  v.  518;  vi,  .387 
Brown's  (P.  Tilden)  irrigating  cys- 
toscope   for   bilateral  catheteriza- 
tion, v.  349 
Brown-Sequard's  asstheslometer,  i. 
135 

paralysis,  vii.  372 
Brownsville,  ii.  498 
Brown's  Wells,  i.  498 
Brucine,  vi.  308 

sulphate,  vi.  308 
Briicke's  pepsin  fluid,  iv.  712 
Brugere's  powder,  vii.  910 
Bruit,  uterine,  iv.  342 
Brunella,  v.  379 
Brunfelsia  hopeana,  v.  686 
Brunner's  glands,  histology  of,  v. 

184 
Bruns'  method  of  tarsectomy,  vi.  929 

operation  (cheiloplasty),  vi.  903 
Bryant's  line,  iv.  690 
Bryonia,  ii.  498 

alba,  ii.  498 

dioica,  ii.  498 
Bryonidin,  ii.  498 
Bryonin,  ii.  498 
Bryony,  ii.  498 
Bubo,  ii.  499 

definition,  ii.  499 

etiology,  ii.  499 

following  chancroids,  ii.  500 

idiopathic,  ii.  .501 

non-venereal,  ii.  .500 

pathological  anatomy,  ii.  499 

primary,  ii.  501 

simple,  ii.  501 

subma.\illary,  vi.  593 

symptoms,  ii.  501 

syphilitic,  ii.  .502;  vii.  606 

tertiary,  vii.  618 


Bubo,  treatment  of,  ii.  503 

varieties  of,  ii.  499 

venereal,  ii.  500 

virulent,  ii.  .501 
Bubo  plague,  ii.  504 

among  troops,  ii.  575 

bacteriological  diagnosis  of,  viii, 
399 

bacteriology  of,  i.  718;  ii.  .504 

cause,  ii.  504 

diagnosis,  ii.  510;  viii.  399 

epidemics,  ii.  505 

essential  characters  of,  ii.  505 

histology,  ii.  510 

morbid  anatomy,  ii.  510 

mortality,  ii.  510 

propagation  of,  ii.  507 

prognosis,  ii.  510 

quarantine  for,  vi.  824 

symptoms,  ii.  508 

treatment,  ii.  511 

serum  for,  ii.  511 
Bubon  d'emblee,  ii.  .501 
Buchner's     p)  rogallol    method    of 

cultivating  anaerobes,  viii.  891 
Buchu,  ii.  514 

camphor,  ii.  514 
Buck's  extension  apparatus,  iv.  265 

operation  (clieiloplasty),  vi.  903 

scarificator  for  oedema  glottidis, 
V.  413 
Buckbean,  ii.  514 
Buckeye,  ii.  514 
Buckthorn,  ii.  515 
"  Budapest,"  ventilation  of  the,  vi. 

165 
Budding,  ii.  515 
Buena  Vista  Springs,  ii.  515 
Buffalo  Iiithia  Springs,  ii.  516 
Buffer's  consumption,  v.  .594 
Bugle,  ii.  516 

bitter,  v.  379 
Bugs,  cannibal,  v.  161 

kissing,  v.  161 

Miana,  i.  437 

pirate,  v.  161 

water,  giant,  v.  160 

wheel,  V.  162 
Building  materials,   suitable,  iv. 
751 

micro-organisms  in,  iv.  751 
Buildings,  sanitary  inspection  of, 

iv.  768 
Bulb,  olfactory,  ii.  206 
Bulbar  palsy,  chronic  progressive, 

vi.  66 
Bulbo-cavernosus  muscle,  anom- 
alies of,  vi.  C3 
Bullae,  drugs  producing,  iii.  432 
Bullet  tree,"i.  723 
Bullets,  lodgment  of.  iv.  441 

rotation  of,  iv.  430 

wounds,  see  Gunshot  wo^inds 
in  medico-legal  autopsies,  i. 
666 
Bully  tree,  i.  723 
Bullock,  hamolvmph  glands  of,  iv. 

467 
Bulpiss,  ii.  516 
Bunion,  iv.  214 

Bunsen's  thermo-rcgulator,  viii.  384 
Buphthalmus,  iv.  364 
Burdach,  columns  of,  vii.  297 
Burdett  Mineral  Springs,  ii.  516 
Burdock,  ii.  517 

fruit,  ii.  517 
Burdon    Sanderson's    .gauge    for 
measuring  vaccine  vesicles,  viiL  119 
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Burgundy  pitch,  vi.  089 

Buttermilk,  v.  823,  838 

Calabarine,  ii.  548 

Burial,  iii.  351") 

Butternut,  ii.  529 

Calamine,  ii.  550;  viii.  338 

dangers  of,  iii.  357 

Butterworth's  Mineral  Springs, 

Calamintha,  v.  379 

Burlington,  ii.  517 

ii.  529 

Calamus,  ii.  549 

Burner,  tor  acctvlcne  gas,  iv.  761 

Button,  dog,  vi.  307 

draco,  iii,  5.')3 

Wclsliacli,  iv.  761 

mescal,  v.  761 

Calcaueo-bursitis,  iv.  216 

Burnet,  ii.  517 

Murphy,  v.  179 

Calcaneo- varus,  acquired,  iv.  '. 

!36 

Burnett's  disinfecting  ll\ii(l,  viii.  340 

muscale,  v.  761 

Calcaneus  talipes,  iv.  310 

mudilication   of  Siegers  specu- 

nuakcr, vi.  3117 

acquired,  iv.  234 

lum,  iii.  063 

Button  scurvy,  iii.  707 

congenital,  iv.  231 

Burning  bush,  viii.  273 

Butylamin,  iitomain,  vi.  785 

Calcification,  ii.  550;  iii.   396; 

vi. 

Burns  and  scalds,  ii.  517:  iii.  416 

Butyl  chloral  hydrate,  ii.  029 

575 

amputation  in.  i.  235 

as  a  hypnotic,  iv.  815 

metastatic,  vi.  575 

ante-mortem  and  post-mortem,  i. 

Butyric  acid  as  a  germicide,  iv.  331 

occurrence,  iv.  .575 

074;  ii.  521 

Buxine,  i.  753;  ii."l3.5,  136;  vi.  508 

of  amnion,  i.  227 

as  cause  of  deatli.  i.  673 

Buxus  sempervirens,  ii.  135 

of  chorion,  iii.  57 

cause  of  deatli  from,  ii.  521 

Byrne's  opi  ration  fur  cancer  of  the 

of  lymph  nodes,  v.  660 

causes  of.  indicated  by  appear- 

cervix uteri,  viii.  90 

of  muscle,  vi.  29 

ances,  ii.  520 

Byron  Springs,  ii.  530 

of  omentum,  vi.  859 

classification,  ii.  518 

Byssinosis,  v.  594 

of  penis,  vii.  177 

complications,  ii.  518 

of  placenta,  vi.  651 

degrees  of,  iii.  416 

Cabinet,  pneumatic,  vi.  669 

of  tympanic  membrane,  iii.  633 

difference  between,  ii.  517 

Cabins  for  soldiers,  v.  811 

of  veins,  viii.  2119 

effects  of,  ii.  520 

Cacao,  butter  of,  ii.  531 

Calcined  magnesia,  v.  673 

from  acids,  ii.  520 

Cachexia,  ii.  .531 

Calcium,  ii.  550 

medico-legal  relations  of,  ii.  519 

lead,  V.  473 

bromide,  ii.  486 

of  eyelids,  iv.  123 

malarial,  v.  680 

carbonate,  ii,  553 

of  hands,  iv.  502 

strumipriva,    vi.   409;    see   also 

antidotal  value  of,  i.  372 

of  laryn.v,  v.  414 

Thyroid  glitnds.  diseiises  of 

calculi,  iii.  335 

of  mouth,  viii.  490 

thyreopriva,  vi.  409 

precipitated,  ii.  552 

of  tongue,  vii.  796 

Cacotrophia  foUiculorum,  v.  307; 

chloride,  iii.  4 

pathology  of,  iii.  416 

see  also  Keratosin  pilaris 

germicidal  action  of,  iv. 

331 

post-mortem  appearances,  ii.  521 

Cactaceae,  ii.  533 

compounds  used  in  medicine,  ii. 

powder,  iv.  441 

poisonous  plants  of,  vi.  694 

551 

prognosis,  ii.  518 

Cactus,  ii.  533;  iii.  164 

eosolate.  iii.  844 

symptoms,  ii.  518 

coccus,  iii.  164 

guaiacol  sulphonatc,  iv.  425 

treatment,  ii.  518 

grandiflorus,  ii.  .533 

hydrate,  antidotal  value  of,  i 

373 

Xray,  vi.  990 

as  cardiac  stimulant,  ii.  703 

hydroxide,  ii.  551 

Burq's  dynamometer,  iii.  563 

Cadaver,  decomposition  of,  ii.  537 

as  a  disinfectant,  i.  687 

Bursa  tendinosa  radialis,  iv.  482 

disposition  of,  ii.  534 

as  a  germicide,  iv.  331 

tendinosa  ulnaris,  iv.  482 

identification  of,  ii.  539 

hvpophosphite,  iv.  825 

Bursse,  ii.  523 

legal  status  of,  ii.  533 

infarct,  iv.  868 

cysts  in,  iii.  350 

of  new-born,  examination  of,  vi. 

in  urine,  viii.  56 

inflammation  of,  v.  266 

276 

monoxide,  ii.  551 

list  of,  ii.  523 

petrification  of.  vi.  576 

oxalate  calculi,  iii.  284 

of  the  ankle,  ii.  536 

Cadaveric  lividity,  iii.  121 

phosphate,  ii.  552 

of  the  elbow,  ii.  524 

Cadaverin,  ptomain.  vi.  785 

calculi,  iii.  235 

of  the  foot,  ii.  526 

Cade,  cjil  of,  ii.  540 

precipitated,  ii.  553 

of  the  hand,  ii.  534 

Cadinene,  ii.  541 ;  iii.  338 

precipitated  carbonate  of,  ii. 

553 

of  the  head,  ii.  522 

Cadmium,  ii.  541 

phosphate  of,  ii.  552 

of  the  hip,  ii.  525 

poisoning  by,  ii.  541 

properties  of  compounds  of 

,  ii. 

of  the  knee,  ii.  525 

sulphate,  ii.  541 

550 

of  the  neck.  ii.  523 

Caecum,  diseases  of,  i.  431 ;  iii.  198, 

sulphate,  ii.  553 

of  the  shoulder,  ii.  523 

301 

dried,  ii.  553 

of  the  trunk,  ii.  523 

measurements  of,  viii.  339 

Calculi,  iii.  328 

of  the  wrist,  ii.  524 

topographical  anatomy  of,  i.  183 

biliary,    iii,  229;   and   see    Gall- 

surgical   affections  of,   ii.    528; 

Caesalpina,  bondue,  ii.  115 

stones 

iv.  513 

bonducella,  ii.  115 

cardiac,  iii,  330 

iilnar,  ii.  524 

Caesarean  section,  ii.  541 ;  and  see 

cutaneous,  see  Milium 

Burseraceae,  ii.  539 

Oilio-hi/skrectiimy 

diagnosed  by  Roentgen  rays 

vi. 

Bursitis,  i.  471;  ii.  538 

in  deformed  pelvis,  vi.  530 

989 

prepatellar,  v.  374 

Caffeine,  ii.  545 

intestinal,  iii.  281 

Biirstensaum,  v,  311 

as  a  cardiac  stimulant,  ii.  702 

in  the  pericardium,  iii.  230 

Burying  alive,  in  catalepsy,  ii.  717 

as  a  diuretic,  ii.  546 ;  iii.  545 

of  the  parotid  gland,  vi.  511 

Bush,  sweet,  iv.  148 

citrate,  iii.  546 

pancreatic,  iii.  230;  vi.  468, 

478 

Butane,  vi.  971 

effect  on  body  temperature,   ii. 

prostatic,  vi.  771 

Buthus  carolinus,  v.  159 

571 

pulmonarv.  iii.  283 

Butneria,  ii.  571 

effervescing  citrate  of.  ii.  .546 

renal,  v.  359 

tcrtilis,  ii.  571 

hypodermatic  use  of,  iv.  820 

salivary,  vii.  14;  viii.  489 

Butter,  V.  838 

niethoxy-,  v.  780 

tonsillar,  i.  159;  iii.  233 

adulteration  of,  iv.  180 

Caffeo-tannic  acid,  iii.  190 

urinary,  i.  797;  iii.  283 

cocoa,  ii.  531 

Cairo,  <-limate  of,  iii.  727 

vesical,  i.  797;  vii.  191 

cysts,  viii.  482 

Caisson  disease,  ii.  547;  vi.  330 

diaenosis,  i.  797 

nutmeg,  vi.  307 

Cajeput,  oil  of,  ii.  548 

in  the  female,  i.  769 

of  cacao,  ii.  531 

Cajeputa  leucadendron,  ii.  .548 

prophylaxis,  i.  798 

of  zinc,  viii.  338 

Caju  nut,  ii.  7(17 

relative  advantages  of  cut- 

Buttercup familv,  see  Hanu ncvlacea 

|ioisonous  planl,  vi.  698 

ting  and  crushing,  i.  '" 

99 

Butterfly  weed,"  vi.  668 

Calabar  bean,  ii.  548 

symptoms,  i.  797 
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Calculi,  Vfsical,  treatment,  i.  798 

treatment     of,    by     litbola- 

paxy,  V.  519 
treatment  of,  by  iitliotomj'. 
V.  53 
Caledonia  Springs,  ii.  553 
Calendula,  ii.  558 

iilliriiialis,  ii.  .5.53 
Calendulin,  ii.  .553 
Calf  of  the  leg,  v.  480 
Calibration  and  dilatation  of  nre- 

tliral  (iritice,  i.  782 
California,  requirements  for  medi- 
cal practice  in,  iv.  48 

Southern,  climate  of,  ii.  553 
California  geysers.  The,  ii.  .5.55 
California  gum  weed,  iv.  415 
California   poppy,   see  EschsclioU- 

zii(.  iv.  1(1 
California     Seltzer    Springs,    ii. 

.557 
Calisaya,  iii.  88 
Calistoga  Springs,  ii.  .557 
Calliphora  vomitoria,  v.  1.54 
Callitris  quadrivalvis,  vii.  19 
Callosal  artery,  ii.  353 

eminence,  ii.  177 

ti.ssure,  ii.  190 

gyre,  ii.  193 

vein,  ii,  257 
Callositas,  ii.  .557 
Callosum,  ii.  183 
Callus,  ii.  557 

Ijone,  iv,  353 
Calomel,  v,  751 

as  a  cholagogue,  iii.  33 

as  a  diuretic,  iii.  .545 

as  a  purgative,  vi.  811 
Caloptris  gigantea,  i.  .565 

procera,  i,  .565 
Calorie,  ii.  .558 
Calorimeters,  ii.  560 

air,  ii.  563 

differential,  ii.  .563 

fusion,  ii.  561 

ice,  ii.  561 

respiration,  ii.  564 

vaporization,  ii.  561 

water,  ii,  561 
Calorimetry,  ii,  557 

direct,  ii.  5.59 

historical,  ii,  558 

indirect,  ii.  5.58 

in  experimental  pharmacoloey, 
ii.  570 

in  fever,  ii,  .569 

in  ]iatholog_v.  ii-  569 

in  physiology,  ii.  567 

intidductory,  ii.  558 
Calot's  operation  in  Pottos  disease, 

vii.  409 
Calumba,  iii.  226 
Calvatia  bovista,  iv,  286 

craniiformis,  iv,  386 

cyathiformis,  iv.  386 
Calvities,  i.  195 
Calx,  ii.  551 

chlorata,  iii.  6 

sulphurata,  vii.  .5.57 
Calycanthine,  ii.  571 
Calycanthus,  ii.  571 
Camas,  jioisouous  plant,  vi.  704 
Cambogia,  iv.  300 
Camden,  S.  C,  ii.  571 
Camellia  tliea,  ii.  .545;  vii.  644 

viridis,  vii.  644 
Camera  for  photomicrography,  vi. 
638 


Campanulaceae,  ii.  633 

IHiisiinoiis  plants  of,  vi.  694 
Campanuloidse,  ii.  623 
Camp  diseases,  ii.  573 

acute   articular  rlieuraatism,  ii. 
617 

alcoholism,  ii.  603 

xisiatic  cholera,  ii.  .573;  v.  813 

avoidable,  v.  814 

bronchitis,  ii.  615 

bubonic  plague,  ii,  575  . 

cerebro-spinal  meuiugitis,  ii.  576 

climatic,  ii.  617 

congelation,  ii.  618 

croupous  pneumonia,  ii.  588 

dengue,  ii.  .576 

diarrhcea,  ii.  .578 

diphtheria,  ii.  577 

due  to  exposure,  ii.  615 

to  extremes  of  temperature, 

ii.  617 
to  improper  dietary,  ii.  619 
to  infections,  ii.  573 
to  intemperate   or  immoral 

habits;  ii.  603 
to  military  service,  ii.  631 

dysenter}',  ii.  579;  v.  814 

epidemic  influenza,  ii.  .581 

febrile  exhaustion,  ii.  622 

feigned  diseases,  ii.  632 

freezing,  ii.  618 

insanity,  ii.  614 

insolation,  ii.  617 

irritable  heart,  ii.  631 

malarial  fevers,  ii.  581;  v,  813 

measles,  ii.  .587;  v.  814 

mumps,  ii.  587;  v.  814 

m}'algia,  ii.  616 

pneumonia,  ii.  .588 

rheumatism,  ii,  616 

scarlet  fever,  ii.  589;  v.  814 

scurvy,  ii.  619 

smallpox,  ii.  589;  v.  S14 

snow-blindness,  ii.  619 

suicide,  ii.  614 

syphilis,  ii.  608 

typhoid  fever,  ii.  593;  v.  813 

typhus  fever,  ii.  600 

tuberculosis,  ii.  .591 

venereal,  ii.  607 

yellow  fever,  ii.  601;  v.  813 
Camp  fever,  vii.  930 
Campechy  wood,  v.  .566 
Camphoid,  ii.  633 
Camphor,  ii.  622 

action  on  circulatory  system,  ii. 
696 

alant,  iii.  742 

anemone,  vi.  797 

as  a  cardiac  stimulant,  ii.  695 

as  a  germicide,  iv.  331 

as  an  antispasmodic,  i.  387 

Borneo,  ii,  131 

buchu,  ii.  514 

dryobalanops,  ii.  131 

chloral,  ii.  838 

cubeb,  iii.  338 

niatico,  V.  714 

monobromated,  ii.  634 

orris,  vi.  417 

patchouli,  vi.  517 

poisoning  by,  viii.  410 

salicylate,  ii.  634 

tar,  vi,  100 

Tonka  bean.  iii.  338 
Camphora,  ii.  622 

otiicinarum,  ii,  623 
Camphorated  soap  liniment,  vii.  235 
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Camj)horated    tincture    of  opium, 

vi.  :-|,s7 
Camphorates,  pyiamidon,  vi. 
Camphoronio  acid,  ii.  624 
Camps,  diseases  of,  ii.  .573 

siles  for,  V.  807    . 
Campsonyia  macellaria,  v 
Canada  lialsam,  ii.  034 

])itch,  vi.  639 
Canadian  moonseed,  v,  859 
Canal,  auditory,  see  Anditorij  canal 

central,  viii.  265 

cochlear,  i.  631 

crural,  i.  9 

femoral,  i.  9 

hyaloid,  viii.  365 

inguinal,  i.  6 

jugular,  ii.  303 

of  Cloquet,  viii.  365 

of  Nuck,  cysts  of,  iii.  351 
hydrocele  of,  viii.  98 

of  Stilling,  viii.  365 

of  Wirsung,  vi.  460 

semicirrular,  i.  620 
Canaliculus  lachrymalis,  foreign 
liodies  in,  v.  396 

occlusion  of,  v.  396 
Canalis,  see  also  Viaud 

cochlearis,  i.  631 

rcuniens,  i.  631 
Canalization  of  thrombus,  i.  .541 
Canarium,  iii.  781 

coinmvme,  iii.  781 
Canary  Islands,  ii.  634 
Cancer,  see  Curciiioma  and  Sunoma 

spider,  vi.  90 

vert,  iii,  35 

water,  viii.  488 
Cancrum  oris,  iv.  307;  viii.  488 
Candleberry,  i,  737 
Candles,  amount   allowed   .soldiers, 

V.  799 
Cane  sugar,  vii.  ,548 
Canella  alba,  ii.  646 

bark,  ii.  646 
Canine  teeth,  vii,  646 
Canister  shot,  iv.  439 
Canities,  ii.  647 

acquired,  ii.  647 

congenital,  ii.  647 

of  eyelashes,  iv.  130 

imguium,  vi.  93 
Canker,  viii.  488 
Cannabin,  ii.  648 

tannate,  ii.  648 
Cannabinol,  ii.  648 
Cannabis,  Indian,  ii.  647 

indica,  ii.  647 

as  a  hypnotic,  iv.  818 
as  an  anodyne,  i.  362 

sativa,  ii.  647 

white  Indian,  ii.  647 
Canned  foods  for  army  rations,  v. 

803 
Cannes,  France,  ii.  649 
Cannibal  bug,  v.  161 
Cannula  needle  for  aspirating  and 
irrigating   antrum    of    Highmore, 
vi.,  145 
Canquoin's  paste,  viii.  338 
Canteen  system  in  army,  ii. 

an  aid  to  discipline,  ii.  606 

value  of,  in  tropics,  ii.  605 
Cantharellus,  iv.  284 

cibarius,  iv,  384 

tloccosus,  iv,  384 
Cantharidate  of  potassium,  ii, 
Cantharides,  ii.  653 
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/^antharides  as  a  vesicant,  iii.  304 

Carbolic  acid  as  an  antiseptic,  ii. 

Carbuncle,  diagnosis,  ii.  667 

cerate  of,  ii.  652 :  vii.  914 

657 

etiology,  ii.  666 

poisoning  by,  viii.  411 

caustic  action  of,  ii.  757 

in  diabetes  mellitus,  iii.  429 

Cantharidin,  ii,  652:  v.  166 

disposition  of,  in  the  body,  after 

pathology,  ii.  667 

in  treatment  of  plilliisis,  ii.  6i'jl 

absorption,  vi.  723 

prognosis,  ii.  667 

poisoning  by.  viii.  411 

effect  of,  on  body  temperature. 

treatment,  ii.  668 

Cantharis,  ii.  6ol 

ii.  571,  058 

Carbunculus  contagiosus,  i.  363 

vesioatoria,  ii.  6")! ;  v.  160 

germicidal  action  of,  iv.  331 

Carcinoma,  ii.  626,  669;  vii.  908 

vittata,  ii.  652 

poisoning  by.  ii.  658;  vi.  608 

brauchiogenic,  vii.  724 

Canthi  (of  eye),  iv.  04 

post-moVtem  appearances  in. 

cells,  karyokinesis  in,  v.  301 

Canutillo,  iii.  844 

i.  661 

chimney-sweep's,  of  scrotum,  ii. 

Caoutchouc,  vi.  1002 

Carbolic  gentian  violet,  pre|iaration 

683 

Capacity,  vital,  of  Inng,  vi.  947 

of,  viii.  396 

clinical,  ii.  626 

Cape  Cod,  vi.  97 

methylene  blue,  prenaralion  of. 

curative  influence  of  erv.sipelas 

Cape  May,  ii.  653 

viii.  396 

in,  ii.  645;  iv.  6 

Capillaries,   amyloid   degeneration 

tbionin,  preparation  of,  viii.  396 

<liagnosis,  ii.  637 

in.  ii.  93 

Carbon  as  a  pathological  pigment. 

deep-seated,  ii.  683 

blood  of.  ii.  37 

vi.  635 

etiology,  ii.  077 

calcareous  infiltration  of,  ii.  93 

bisulphide  of,  ii.  658 

from  nsBvi,  ii.  683 

o-irculation  in,  iii.  97 

Carbon  dioxide,  ii.  659 

general   considerations  concern- 

fatty changes  in,  ii.  93 

causing  drowsiness,  iii.  560 

ing,  ii.  626,  629 

histolog}'  of,  ii.  92 

determination  of,  vi.  160 

heredity,  influence  of,  ii.  629 

hyaline  degeneration  of,  ii.  93 

estimation  of,  vi.  948 

infectious  theory  of  origin  of,  ii. 

in  lungs,  v.  588 

percentage  of,  i.  151 

627 

lymphatic,  v.  626 

from  gas  lights,  ii.  661 

kyphosis  accompanying,  v.  378 

pathological  anatomy  of,  ii.  93 

in  air,  i.  151 

local  distribution  of.  ii.  626 

velocity  of  blood  current  in,  iii. 

detection  of,  i.  153 

metastasis  of,  ii.  675;  v.  778,  779 

101 

in  school  buildings,  vii.  70 

nodular,  ii.  683 

Capillary  broncliitis,  dyspnoea  in. 

pliysiological  action,  ii.  660 

of  auricle,  iii.  610 

iii.  5S(l 

preparation  of,  ii.  659 

of  bladder,  i.  769,  791 

Capillary  pulse,  vi.  808 

production  of,  relative  to  size  of 

treatment  of,  viii.  26 

Capon  Springs,  ii.  653 

body,  V.  767 

of  bronchial  glands,  v.  588 

Capsaicin,  ii.  654 

properties  of,  ii.  659 

of  cervix  uteri,  viii.  87 

Capsicin,  ii.  654 

quantity    eliminated    by    lungs 

of  choroid,  iv.  Ill 

Capsicum,  ii.  653 

and  skin,  v.  768 

of  colon,  iii.  204 

annuum,  ii.  658 

sources  of,  ii.  659 

of  face,  ii.  636 

fastigiatum,  ii.  653 

tests  for,  ii.  661 

of  Fallopian  tube,  iv.  138 

Capsule,  external,  lesions  of,  diag- 

uses of.  ii.  660 

of  gall  bladder,  iv.  296 

nosis  of,  ii.  286 

Carbon  disulphide,  ii   658 

of  gall  ducts,  iv.  297 

internal,  ii.  181 

Carbon,  hydrides  and  oxides  of. 

of  heart,  iv.  594 

of  knee-joint,  v.  370 

ii.  659 

of  intestine,  ii.  636;  v.  188 

of  Tenon,  iv.  65 

Carbon  monoxide,  ii.  661 

treatment  of  inoperable,   ii. 

drops}'  of.  vi.  406 

effects  on  fa>tus.  vi.  279 

644 

Capsules,  v.  738 

phy.siological  action,  ii.  662 

of  kidney,  ii.  640;  v.  324 

!;liitoi(l.iv.  374 

poisoning  by,  post-mortem   ap- 

of  larynx,  v.  434 

Captol,  ii.  654 

apearnces  in,  i.  662 

of  lip.  ii.  634,  683 

Caput  gallinaginis,  vi.  757 

properties  of,  ii.  662 

of  liver,  v.  555 

Medusa?,  viii.  216 

sources  of.  ii.  662 

of  lung,  V.  606 

succedaueum,  vi.  277 

to.xicolo.gy  of,  ii.  663 

of  lymph  nodes,  v.  662 

Carabana  Mineral  Spring,  ii.  654 

Carbon,  oxides  of,  ii.  659 

of  mamma,  ii.  477,  630 

Carabidae,  v.  165 

Carbon,  sulphide  of,  a  cause  of  am- 

of middle  ear,  iii.  669 

Caramecuaro,  ii.  655 

blyopia,  ii.  13 

of  muscle,  vi.  41 

Caramel,  ii.  655;  vii.  549 

Carbon  tetrachloride,  ii.  665 

of  nose,  vi.  141 

custard,  how  to  make,  iii.  455 

Carbonate  of  ammonia,  i.  216 

of  a'sophagtis.  vi.  344;  vii.  477 

in  milk,  to  detect,  v.  840 

of    copper,    antidote    for    phos- 

of omentum,  vi.  360 

Caramelan,  vii.  549 

phorus  poisoning,  i.  374 

of  orbit,  iv.  115 

Carat,  vi.  637 

of  iron,  v.  323 

of  ovary,  vi.  437 

Carate,  vi.  637 

of  lead,  V.  471 

of  pancreas,  vi.  470,  478 

Carathe,  vi.  637 

of  lithium,  v.  518 

of  parotid  gland,  ii.  638;  vi.  511 

Caraway,  ii.  655;  vi.  637 

of  magnesium,  v.  673 

of  penis,  ii.  638 

lilack,  ii.  655 

of  potassium,  vi.  743 

of  pericardium,  vi.  .563 

Carbazotic  acid,  vi.  632 

of  zinc.  viii.  338 

of  periosteum,  vi.  570 

Carbinol,  v.  780 

Carbonates,      alkaline,      antidotal 

of  peritoneum,  vi.  570 

Carbo  animalis,  ii.  800 

value  of,  i.  372 

of  pharynx,  vi.  603 

purificatus,  ii.  800 

in  urine,  viii.  55 

of  pleura,  vi.  667 

ligni,  ii.  801 

Carbonic  acid,  ii.  661 

of  prostate,  vi.  770 

Carbohydrates,  i.   176 

gas,  ii.  659 

of  rectum,  i.  399;  ii.  637 

action  of  amylopsin  on,  iii.  474 

in  urine,  viii.  55 

of  scrotum,  chimney-sweep's,  ii. 

in  fa;ces,  iv.  130 

water,  ii.  665 

682 

influence  of,  on  metabolism,  v. 

Carbonic  anhydride,  ii.  659 

of  skin,  ii.  680 

770 

Carbonic  oxide,  ii.  661 

of  stomach,  ii.  636;  vii.  513 

in  urine,  viii.  38 

germicidal  action  of,  iv.  332 

diet  in.  iii.  458 

Carbol-fuchsin,      preparation    of. 

Carbonous  oxide,  ii.  661 

of  sweat  glands,  ii.  683,  685 

viii.  3!H) 

Carbo-sapol,  ii.  666 

of  testicle,  ii.  639 

Carbolic  acid,  ii.  655 

Carbotriamin,  ptomain,  vi.  786 

of  thoracic  duct.  vii.  746 

unasthetio  action  of,  ii.  657 

Carbuncle,  i.   49;   ii.  666;  sec  also 

of  thyroid   gland,   iv.    388;  vii. 

as  a  disinfectant,  i.  687;  ii.  657; 

Aiitlmi.r  and  Boils 

777" 

iii.  497 

course  of  the  disease,  ii.  666 

of  tongue,  ii.  635;  vii.  799,  947 

628 
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Carcinoma  of  umbilicus,  viii.  6 

Carnoy's    modification     of    Flem- 

Carophyllum,  iii.  149 

of  ureters,  viii.  13 

ming's  fluid,  iv.  707 

Casanthrol,  ii.  706 

of  uterus,  viii.  89 

of  Lang's  fluid,  iv.  709 

Cascara  amarga.  ii.  706 

hysterectomy   for,   iv.  825, 

Caroba,  ii.  704 

sagrada,  ii.  706 

827 

Carobin,  ii.  704 

as  a  laxative,  v.  470 

of  vagina,  ii.  640 

Carota,  ii.  704 

Cascarilla,  ii.  707 

of  veins,  viii.  219 

Carotid  artery,  vi.  193 

Cascarillin,  ii.  707 

of  vulva,  viii.  163 

common,  vi.  193 

Caseation,  vi.  204 

papillary,  ii.  683 

anomalies  of,  i.  526 

necr<isis,  vi.  204 

parasitic  theory  of  origin  of,  ii. 

compression  of,  i.  537 

Casein   in   milk,   dcteiminatiou  nf. 

627.  679 

ligature  of,  vi.  193 

v.  828 

prevalence  of.  ii.  626 

surface  marking  of,  vi.  191 

ointment,  ii.  707 

proguosis,  ii.  628 

external,  vi.  194 

Caseinogen  of  cow's  milk,  v.  82r/ 

starvation  of,  ii.  644;  v.  680 

anomalies  of,  i.  536 

how  it  differs  from  ihut  of  hu- 

subcutaneous, vii.  724 

compression  of,  i.  537 

man  milk,  iii.  153 

symptoms,  ii.  628 

ligature  of,  vi.  194 

Caseoiodin,  ii.  707 

syncytiale,  vii.  .')95 

extirpation  of  both,  for  malig- 

Cashew, i.  271 

tar  ami  paraffin,  ii.  682 

nant  disease,  v.  681 

nuts,  ii.  797 

treatment,  ii.  628 

internal,  vi.  194 

allied  plants,  ii.  707 

by  cataphorcsis.  ii.  645 

anomalies  of,  i.  527 

poisonous  plant,  vi.  698 

bv  cutting  off  blood  supply, 

surface  marking  of,  vi.  191 

Cassava  starch,  vii.  638 

"ii.  644 

Carotid  gland,  viii.  411 

sweet,  vii.  638 

by  mixed  to.xins  of  erysipe- 

plexus,  vii.  575 

Cassia,  ii.  707,  708 

"  las  and  bacillus  prodigio- 

Carotin,  ii.  704 

acutifolia,  vii.  116 

sus,  ii.  645 

Carpaine,  vi.  483 

angustii'olia,  vii.  116 

of  inoperable,  ii.  644 

Carpal  bones,  dislocation  of,  iv.  ,573 

bark,  iii.  93 

vcntricidi,  vii.  513 

joints,  drainage  of,  v.  294 

buds,  iii.  94 

Carcinomatous  lymphatic  infarc- 

Carpus, dislocation  of,  iii.  523 

cinnamon,  iii.  93 

tion,  ii.  683 

Carrageen,  vi.  1 

chips,  iii.  94 

Cardamom,  ii.  686 

Carrol's  aesthesiometer,  i.  135 

daphnoides,  iii.  94 

Aleppo,  ii.  687 

Carron  oil,  ii.  5.52;  v.  516 

dulce,  iii.  94 

Madras,  ii.  687 

Carrot,  ii.   704 

fistula,  ii.  707 

Malabar,  ii.  687 

Cart,  dumping,  vi.  877 

flowers,  iii.  94 

(lil  of,  ii.  687 

for  sti-eet  sweepings,  vi.  876 

iners,  iii.  94 

Garden's  amputation,  i.  263 

garbage,  vi.  877 

lignea,  iii.  93 

Cardia,  spasm  of,  vii.  502 

Carthagena  bark,  iii.  88;  and  see 

Loureirii,  iii.  94 

Cardiac    affections,    healtli    resorts 

Vi.nchi)n(i 

nitidum,  iii.  94 

for,  iv.  565 

Carthamic  acid,  vii.  3 

obovata,  vii.  117 

calculi,  iii.  230 

Carthamin,  vii.  3 

obtusifolium,  iii.  94 

cycle,  duration  of,  iii.  108 

Carthamus,  vii.  3 

purging,  ii.  707 

depressants,  ii.  687 

tinctorius,  vii.  3 

in  cassia  fistida,  ii.  707 

diseases  due  to  occupations,  vi. 

Cartilage,  ii.  704 

tamala,  iii.  94 

320 

arytenoid,  v.  407 

vera,  iii.  93 

irregularity  in  neurasthenia,  vi, 

bone-formation  in,  ii.  117 

Castalia,  vi.  308 

2.50 

chemistry  of,  ii.  129 

alba,  vi.  308 

muscle,  vi.  19 

cricoid,  V.  407 

odorata,  vi.  308 

nerves,  vii.  576 

defective,  in  joints,  v,  297 

tulierosa,  vi.  .SOS 

neuroses,  see  Heart,  neuroses  af 

development  of,  ii.  705 

Castalian  Mineral  Springs,  ii.  708 

plexus,  vii.  577 

displaced,  in  joints,  v.  297 

Castalian  Springs,  ii.  708 

stimulants,  ii.  692 

libro-,  ii.  705 

Castanea,  ii.  835 

tonics,  ii.  696 

tibro-elastic,  ii.  705 

dentata,  ii.  825 

veins,  anomalies  of.  viii.  201 

hyaline,  ii.  704 

Castor,  ii.  708 

Cardialgia,  vi.  248;  vii.  494 

loose,  at  knee-joint,  v.  388 

Canadian,  ii.  708 

Cardiography,  iv.  .567 

movable,  in  joints,  v.  288,  397 

Siberian,  ii.  708 

Cardol,  ii.  707;  vi.  698 

of  larynx,  v.  407 

Castoreum,  ii.  708 

pruriens,  ii.  707 

supernumerary,  v.  419 

Castorin,  ii.  708 

Cargo,  inspection  of,  at  quarantine 

of  t?antorini,  v.  408 

Castor-oil,  ii.  708 

statiim,  vi.  823 

of  septum  of  nose.  vi.  101 

as  a  laxative,  v.  469 

Carica,  vi.  481 

of  Wrisberg,  v.  408 

as  a  purgative,  vi.  810 

hastifolia,  vi.  482 

semilunar,  of  the  knee-joint,  v. 

methods  of  disguising  taste  of, 

papaya,  vi.  481 

370 

V.  469 

Caricin,"vi.  483 

dislocation  of,  v.  274,  288 

poisonous  plant,  vi.  701 

Caries,   dental,  in  pregnancv,  iv.  346 

subluxation  of,  v.  297 

Castration,  ii.  710 

of  orbit,  vi.  400 

slipped,  in  joints,  v.  297 

as  a  method  of  punishment,  ii. 

of  ossicles,  iii.  630 

spongy,  ii.  705 

713 

Carina  tracheae,  v.  576 

thyroid,  v.  407 

effect  on  the  human  male.  ii.  711 

Carissa  Schimperi,  vi.  430 

tumors  composed  of,  iii.  38;  vii. 

on  male  animals,  ii.  710 

Carlsbad,  ii.  703 

907 

on  sociological  conditions,  ii. 

Carmin,  iii.  225 

yellow  elastic,  ii.  705 

713 

red,  iii.  225 

Carum,  ii.  655 

on  the    nervous  system,  ii. 

Carminatives    as    digestants,    iii. 

carvi,  ii.  655 

715 

469 

Caruncle,  urethral,  i.  770 

on  the  osseous  system,  ii.  713 

Carmine,  iii.  165 

Carunculse  myrtiformes,  vi.  568 

on   the  sexual   life,   ii.  711, 

Carminic  acid,  iii.  164,  225 

Carvacrol,  ii.  706 

714 

Carnelian  Hot  Springs,  v.  404 

Carvene,  ii.  655 

on  women,  ii.  713 

Carniferrin,  v.  229,  230 

Carvol,  ii.  655,  706 

upon  the  genitals,  ii.  715 

Caruiferrol,  v.  230 

Caryophyllin,  iii.  149 

for  enlarged  prostate,  ii,  711 

Carnoy's  tluids,  iv.  709 

Caryophyllus,  iii.  149 

historical  sketch,  ii,  710 
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Castration  in  cancer  of  the  testis, 

Cataract,  stationary,  ii.  730 

Catheterism,  ii.  739 ;  see  also  Oatfi- 

ii.  039 

suction  for,  ii.  726 

itcriziition 

iiilliieiice  on  menstruation,  ii.  713 

symptoms,  ii.  720 

continuous,  ii,  741 

jisyrliicul  effects,  ii,  715 

total,  ii.  730 

daily,  ii,  749 

tlicra|)cutic  ri'.sulls,  ii.  710 

congenital,  ii.  723 

evacuating,  ii,  743 

Casts,  uiiiKU'y.  viii.  58 

traumatic,  ii.  722 

in  hypertrophy  of  prostate,  vi. 

Cat,  Iviiiiiliiitic  system  of,  v.  046 

treatment  of,  ii.  723 

766 

Catalepsy,  ii.  534.  716;  iii.  261 

varieties,  ii.  721 

of  children,  ii,  753 

artitici:\lly  induced,  ii,  71S 

zonular,  ii.  721 

of  women,  ii,  753 

burying  iilive  in.  ii,  717 

Cataria,  ii,  755 

of  urethra,  ii,  739 

complications,  ii,  717 

Catarrh,  acute  laryngeal,  v.  410 

])osition  of  patient,  ii,  748 

causation,  ii,  718 

acute   nasal,    vi.    109;    and    see 

Catheterization,   ii,   739:   .see  also 

diagnosis,  ii.  718 

lUihiiti^ 

(y'tithdirism 

ecstatic,  ii,  717 

chronic,  vi,  114;  MuXaec  Rhinitis 

of  Eustachian  tube,  iii,  664 

epidemic,  ii,  718 

of  eonjunctiva,  iii,  346 

of  ureters,  v,  335 

hystcro-,  ii,  717 

Catastoma,  iv,  280 

Cations,  viii,  414 

iciiopatliic,  ii.  716 

cireumscissum.  iv.  386 

Catmint,  ii,  755 

pathological  anatomy,  ii,  TIH 

Catechin,  ii.  739;  v.  362 

Catnip,  ii.  755 

prognosis,  ii,  719 

Catechu,  ii.  738 

Catoosa  Springs,  ii.  755 

syggignostic,  ii,  718 

black,  ii.  738 

Cattle. used  as  food,  diseases  among, 

S3-mptoms,  ii,  717 

Catechu-tannic  acid,  ii.  739 

V,  730 

treatment,  ii.  719 

Catelectrotonus,   see    Electrotonus, 

Cattle  fever,  Texas,  detection  of,  v. 

with  siimnandiuli.<;ni,  ii.  718 

iii,  707 

726 

Cataleptic  state  of  hypnosis,  iv. 

Caterpillars,  poi.sonous.  v.  167 

Cattle  plague,  detection  of,  v,  736 

SI  2 

Catgut,  apparatus  for  boiling,  iii. 

Cauda  equina,  tumors  of,  vii,  380 

Catalysis,  Berzclius'  theory  of,  iv. 

553 

Caulophyllum,  iii,  191 

140 

chromicized,  iii.  553 

tlialictorides,  iii,  191 

Cataphora,  iii.  561 

sterilization  of,  iii.  5.52 

Caustic  alkalies,  burns  from,  ii,  519 

Cataphoresis,  ii.  719:  iii.  7.59.  700 

Cathartic  acid,  vii,  117 

lime,  as  a  deodorant,  iii,  412 

analgesic  elTect  of,  i.  289 

Cathartic  pills,  compound,  com- 

Plunket's, i,  534 

for  inoperable  cancer,  ii.  045 

position  of,  iii.  201 

potash,  vi,  743 

Cataract,  ii.  719 

Cathartics,  vi.  809:  see  also  Purr/a- 

postmortem      appearances 

absorption,  normal,  ii,  725 

tires 

due  to,  i.  663 

anterior  polar,  ii.  721 

a  cause  of  constipation,  iii.  262 

soda,  vii.  356 

artificial  rijiening  of,  ii.  729 

as  digestants.  iii.  469 

post-mortem      appearances 

black,  ii.  733 

cholagogue,  vi.  809 

due  to,  i.  663 

capsular,  ii.  733 

contraindications,  i.  371 

Vienna,  vi,  743 

causation  of,  ii.  723 

diarrhoea  from  use  of,  iii.  439 

Caustics,  ii,  755 

complicated,  ii.  73(1 

liydragogue,  vi.  809 

acid,  ii,  756 

congenital,  ii.  733 

in  cases  of  poisoning,  i,  371 

action  of,  ii,  756 

cortical,  ii.  720 

Catheter,  ii.  739 

alkahne,  ii,  757 

definition,  ii.  719 

care  of,  ii.  753 

contraindications,  ii,  756 

diabetic,  ii.  722;  iii.  429 

conical  tip.  ii.  743 

Landol phi's,  ii.  758 

diagnosis,  ii.  730 

coud^,  ii.  743 

uses  of.  ii.  756 

discission,  ii.  725 

double-current,  ii.  743 

Cauterization,  ii.  758 

extraction  by  suction,  ii.  736 

English,  ii.  740 

en  llerlies,  ii.  756 

flap  oiM-ration,  ii.  736 

evacuating,  ii.  746 

in  rhinitis,  vi,  117 

history  of,  ii.  738 

eye  of,  ii.  740 

Cautery,  actual,  as  counter-irritant. 

linear"o|ieration,  ii.  727 

female,  ii.  752 

ii,  759;  iii,  305 

without  iridectomy,  ii.  734 

flexible,  ii.  739,  742 

as  hfemostatic,  ii.  759;    iv. 

functional  examination  of  eye.  ii. 

for  liypertropliy  of  prostate,  vi. 

636 

720 

766 

degrees  of  heat  in,  ii.  759 

hard,  ii.  720 

Gouley's  tunnelled,  ii.  746 

electrical,  ii.  758 

incipient,  ii.  720 

Guyou's,  ii.  743 

Pa(iuelin's  thermo-.  ii.  758 

in  disease  of  the  choroid,  ii,  722 

hard-rubber,  ii.  740 

Cavazzani's  method  of  resection  of 

in  diabetes,  ii,  722;  iii,  429 

invaginated.  ii.  746 

cUiow,  vi,  919 

in  retinitis  pigmentosa,  ii,  723 

irrigating,  vi.  761 

Cavernitis,  vii,  176 

in  separation  of  the  retina,  ii,  733 

Jacques',  ii.  740 

Cavernous  plexus,  vii.  576 

linear  extraction,  ii.  727 

lubricant  for,  ii.  754 

sinus,  anomalies  of.  viii.  304 

maturity  of,  ii.  720 

Mercier's  invaginated,  ii.  i'46 

tumor,  i.  350 

nuclear,  ii.  720 

coude,  ii.  743 

Cavity,  |K'lvic.  vi.  539 

operation  for,  ii.  723 

metal,  ii.  743 

Ceanothine,  ii,  759 

antisepsis  in,  ii.  724 

passing  of,  ii.  750 

Ceanothus,  ii,  759 

over-ripe,  ii.  733 

Nelaton's,  ii.  740 

amciieanus,  ii.  759 

partial,  ii.  720 

olivary  tip,  ii.  743 

Cedar  Keys,  ii    759 

peripheric  linear  extraction  of, 

over-curved  prostatic,  ii.  744 

Cedar  Springs,  ii.  760 

ii.  730 

preservation  of,  ii.  753 

Cedrin,  ii.  700 

posterior  polar,  ii.  732 

prostatic,  ii.  743 

Cedron  seeds,  ii.  760 

progressive,  ii.  720 

rat-tail,  ii.  743 

Cedrouella,  v.  379 

punctated,  ii.  731 

self-retaining,  ii.  743 

Celadine,  ii,  700 

rcclination  for,  ii,  737 

Sims'  female,  ii,  752 

Celastrus  scandens,  i.  763;  vi.  699 

result  (jf  operation  tor,  ii.  734 

size  of,  ii,  748,  749 

Celery,  li   700 

secondary  ojierations,  ii.  733 

soft-rubber,  ii,  740 

fruit,  viii,  1 

senile,  ii,"  732 

spiral  prostatic,  ii.  744 

Cell-body,  ii,  761 

ojjeration  for,  ii.  728 

sterilization  of.  ii.  753 

Cell-division,   i.    758;    ii,    703;    vi. 

simple,  ii,  720 

tunnelled,  ii.  746.  751 

803 

soft,  ii,  730 

web,  tensile  strength  of,  ii,  739 

direct,  ii.  704 

of  the  young,  ii,  732 

Catheter  life,  vi.  766 

indirect,  ii.  763 
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Cell-membrane,  ii.  761.  762 
Cell-theory,  i.  756 
Cells,  ii.  700 

action  of  cocaiue  ou.  iii.  157 

amceboid  movenipnts  of,  ii.  762 

bacterial,  structure  of,  i.  6S1 

chansies  iu,   during   growth,  ii. 
320 

ciliated,  iii.  271 

deflnition  ot.  i.  758;  ii.  761 

Deiters',  i.  628 

development  of  plant,  iv.  416 

division  of,   i.   758;  ii.   763;  vi. 
863 
direct,  ii.  764 
indirect,  ii.  763 

fixed,  phagocytosis  in,  vi.  578 

free,  phagocytosis  in,  vi.  578 

function  of,  in  absorption,  i.  50 

giant,  ii.  20 

granular,  iii.  253 

growth,  a  function  of,  iv.  415 
changes  in,  during,  ii.  820 

histological  element,  ii.  760 

historical,  ii.  760 

marrow,  ii.  20 

mast,  iii.  253 

membrane,  ii.  762 

movements  of,  ii,  762 

mucous,  iii.  85G 

nucleolus  of,  ii.  762 

nucleus  of.  ii.  761 

number  of,  in  blood,  ii.  28 
in  body,  ii,  23 

phagocytic,  vi.  577 

function  of,  vi.  576 

plasma,  iii.  252;  vi.  654 

prickle,  iii.  8.54 

pus,  ii.  31 

renal,  v.  311 

reproduction  of,  ii.  763 

shape  of,  ii.  762 

spine,  iii.  854 

structure  of.  ii.  761 

vital  properties  of,  ii,  762 
Cellulitis,  see  Fhlerjmon 

gaseous,  iv.  303 

laryngeal,  v.  412 

of  hand  and  fingers,  iv.  502 

orbital,  vi.  398 

pelvic,  vi.  530 
Cementing-  cover  glasses,  iv.  727 
Cementum  of  the  tooth,  vii.  649 

hypertrophy  of.  vii.  658 
Centigrade   and   Fahrenheit   scales 
compared,  iv.  132 

system  of  measurements,  viii.  298 
Centimetre,  viii.  299 
Centipedes,  v.  160 
Central  America,  history  of  yellow 
fever  in,  viii.  322,  585 

Pharmacopreia  in,  iv.  582 
Central    convolution,    tumor    of, 

diagnosis  of.  ii.  447 
Central  fissure,  ii.  194 

bifurcation,  ii.  196 

branches,  ii.  195 

carnivoral  representative,  ii.  198 

constancy,  ii.  194 

dimensions,  ii.  194 

duplication,  ii.  196 

form  or  course  in  detail,  ii.  195 

general  location  and  direction,  ii. 
194 

how  to  distinguish  from  adjoin- 
ing fissures,  ii.  196 

importance,  ii.  194 

integrahty,  ii,  198 


Central  fissure,  interruption,  ii.  197 
partial,  ii.  197 
junctions,  ii.  195 
mode  of  formation,  ii.  197 
physiological   and  surgical  rela- 
tions, ii.  198 
p.sychologicjtl  relations,  ii.  198 
relation  to  ental  elevations,  ii.  194 

to  the  mesal  aspect,  ii.  196 
special  location,  ii.  196 
time  of  first  appearance,  ii.  197 
topographical  importance,  ii.  195 
Central  necrosis,  vi.  204 

nervous  system,  action  of  cocaine 

on,  iii.  1,58 
jile-vus,  vii.  573 
Centre,  optic,  iv.  85 
Centre  of  gravity  of  body,  in  erect 
posture,  iii.  857 
in  walking  and  running,  iii.  857 
Centrifuge,  ii.  47 
Centring,  imperfect,  iv.  91 
Centrosome,  ii.  762;  iv.  851 
Centrum  ovale,  tumors  of,  ii.  441 
Cephaeline,  v.  211 
Cephaelis,  v.  210 
acuminata,  v.  211 
ipecacuanha,  v.  210 
Cephalhaematomata,  ii.  764 
definition,  ii.  704 
diagnosis,  ii.  765 
etiology,  ii.  765 
frequency,  ii.  765 
location,  ii.  765 
neonatorum,  vi.  277 
pathological  anatomy,  ii.  765 
prognosis,  ii.  765 
synonyms,  ii.  764 
treatment,  ii.  765 
triple,  ii.  765 
Cephalhydrocele,  ii.  233 
Cephalic  index,  vii.  230 
Cephalic  veins,  anomalies  of,  viii. 

204 
Cephalocele,  ii.  233 
acquired,  ii.  237 

treatment,  ii.  238 
congenital,  ii.  233 

clinical  features,  ii.  234 
diagnosis,  ii.  235 
etiology,  ii.  233 
pathology,  ii.  233 
prognosis,  ii.  234 
treatment,  ii.  235 
pseudo-,  ii.  237 
varieties,  ii.  233 
Cephalo-humeral  muscle,  vi.  44 
Cephalo-thoracopagus,  vii.  685 
Cera  alba,  viii.  294 
flava.  viii.  293 
Cerate,  v.  735 

Goulard's,  v.  471 
of  cantharides,  ii.  652;  vii.  914 
of  savine,  vii.  43 
of  spermaceti,  vii.  277 
of  subacetate  of  lead,  v.  471 
resin,  vii.  914 
Cercomonas,  viii.  533 
bifiagellata,  viii.  .536 
homiuis,  viii.  533 
iuresfinalis,  viii.  536 
Cereals  as  food  for  invalids,  iii.  455 
Cerebellar  ataxia,  ii.  239 
disease,  ii.  238 

diagnosis,  ii.  241 
etiolog}'.  ii.  238 
svmptoms,  ii.  239 
tumor,  ii.  240,  442 


Cerebellum,  affections  of,  ii.  238 

anatomy  of,  ii.  157,  159 

arbor  vita",  ii.  160 

dentatum,  ii.  162 

development  of,  ii.  280 

disease  of,  ii.  238 

ectocinerea,  ii.  159,  162 

embolus,  ii.  163 

fastigafum,  ii.  162 

flocculus,  ii.  158 

foliums,  ii.  159 

function  of,  iu  equilibrium,  iii. 
860 

furcal  sulcus,  ii.  160 

globulus,  ii.  162 

hemispheres,  ii.  159 

horizontal  fissure,  great,  ii.  160 

influence  of,  on  knee-jerk',  v.  368 

lesions  of,  diagnosis  of,  ii.  286 

lingula,  ii.  160 

lobes,  ii.  161 

parafloeculus.  ii.  1.58 

peduncles,  ii.  158 

peduncular  sulcus,  ii.  160 

pileums,  ii.  159 

sulci,  ii.  159.  161 

tumors  of,  ii,  240,  442 
diagnosis  of,  ii.  446 

vermis,  ii.  159 
Cerebral  abscess,  ii.  218 

clinical  history,  ii.  220 

diagnosis,  ii.  222 

etiology,  ii.  218 

pathological  anatomy,  ii.  219 

prognosis,  ii.  222 

treatment,  ii.  222 
Cerebral  anaemia,  ii.  223 

diagnosis,  ii.  226 

drowsiness  in,  iii.  560 

etiolog}',  ii.  223 

prognosis,  ii.  223 

syraptomatolog_y,  ii.  224 

treatment,  ii.  226 

varieties,  ii.  223 
Cerebral  arteries,  ii.  249 

aneurism  of.  ii.  227 

anomalies  of,  i.  527 
Cerebral  atrophy,  ii.  228 

acquired,  ii.  331 

congenital,  ii.  228 

general,  ii,  328 

partial,  ii,  228 

primar}',  ii.  228 

secondary,  ii.  229 
Cerebral  congestion,  ii.  .366 

cold  in.  iii.  19.") 
Cerebral  cortex,  functions  of,  i.  297 

growth  of,  ii.  231 

histology  of,  ii.  306 

tumors  of,  ii.  440 
Cerebral  diseases,  see  Brain,  dis- 
ettsi-s  of 

insanity  dependent  ou.  v.  94 
Cerebral  disturbances,  drowsiness 

in,  iii.  560 
Cerebral  embolism,  ii.  294,  396 
Cerebral  hemorrhage,  ii.  241 

diagno.sed  from  brain  tumor,  ii. 
449 
from   embolism  and  throm- 
bosis, ii.  244 

preceded   liv  drowsiness,  iii.  560 
Cerebral  irritation,  ii.  268 
Cerebral  localization,  ii.   297;  iii. 
260 

association  areas,  ii.  305 

auditory  areas,  ii.  307 

methods  of  investigation,  ii.  297 
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Cerebral  localization,  motor  areas, 

Cerumen,  want  of,  iii.  615 

Chalybeate  Springs,  ii,  794 

ii.  304 

Cervical  artery,  ascending,  anom- 

Chalybeate Water,  v,  488 

sensory  areas,  ii.  305 

alies  of,  i,  528 

Anieiiean,  v,  (S49 

silent  ureas,  ii.  311 

deep,  anomalies  of,  i.  529 

European,  v.  849 

visual  areas,  ii.  306 

transverse,  anomalies  of,  i,  528 

Chalybeates,  vii,  807 

zone  of  language,  ii.  310 

Cervical  fascia,  vi.  192 

Chamber,  moist,  viii,  387 

Cerebral  sinuses,  ii.  260 

deep.  vi.  192 

pne\imatic,  vi,  669 

anomalies  of,  viii.  203 

superficial,  vi.  192 

Chamberland  autoclave,  viii,  383 

tlironibo.sis  of,  ii.  415 

Cervical  fistulse,  vii.  701 

Chambon's    expression    forceps, 

Cerebral  thrombosis,  ii.  296,  396 

congenital,  vii.  701 

viii.  140 

Cerebral  tracts,    lesions  of,   diag- 

median,  vii.  701 

Chamiquel,  ii,  794 

nosi.-i  of,  ii.  2S4 

Cervical  g-anglion,  vii,  575 

Chamomile,  ii,  795 

Cerebral  veins,  ii.  200 

inferior,  vii,  576 

German,  ii,  795 

Cerebral  vessels,  injuries  to,  post- 

lower, vii.  576 

Homan,  ii,  795 

mortem  signs  of,  i.  609 

middle,  vii.  576 

Spanish,  vi,  .522 

Cerebration,  unconscious,  i.  648 

superior,  vii,  575 

Chance,  viii,  185 

Cerebrosides,  ii.  227 

upper,  vii.  575 

Chancre,  vii,  600,  947 

Cerebro-spinal  axis,  defects  of,  vii. 

Cervical  lymphatic  glands,  deep, 

clinical  features  of,  vii.  607 

09o 

V,  631;  vi,  199 

diphtheroid,  vii,  607 

Cerebro-spinal  fever,  ii.  766 

superficial,  v.  630;  vi,  199 

hard,  vii,  606 

Cerebro-spinal  fluid,  ii.  245 

Cervical  nerve,  superficial,  surface 

herpetiform,  vii,  007 

amount,  ii.  24.5 

marking  of,  vi,  191 

llunterian,  vii,  007 

increased,  iv.  777 

Cervical  plexus, cutaneou";  branches 

infecting,  vii,  606 

anatomy  of,  ii.  245 

of,  surface  marking  of,  vi,  191 

mixed,  vii.  607 

chemistry  of,  ii.  247 

Cervical  veins,  transverse,  anom- 

of anus,  i.  397 

escape  of,   in  fracture  of  skull. 

alies  of.  viii,  204 

of  auricle,  iii.  674 

iv.  559 

Cervicalis      ascendens     muscle, 

of  cervix  uteri,  viii,  68 

microscopic  appearance,  ii.  248 

anomalies  of,  vi   00 

of  eyelid,  iv.  117 

pathological  and  clinical  consid- 

Cervico-brachial   neuralgia, 

vi. 

of  hand  and  finger,  iv.  .505 

erations,  ii.  248 

246 

of  nipple,  ii.  473 

pliysiology  of,  ii.  246 

Cervix  uteri,  vii,  158;  and  see 

r<<- 

of  tongue,  vii.  795 

reduces  copper  salts,  ii,  247 

riis 

of  tonsil,  vii.  821 

secretion  of,  iv.  777 

abrasions  of,  viii,  69 

of  urethra,  i.  770 

sources  of,  ii.  246 

absence  of,  viii,  73 

of  vulva,  viii.  161 

Cerebro-spinal  meningitis,  ii.  766 

adcuo-carcinoma  of,  viii,  88 

soft,  vii,  007 

bacteriological  diagnosis  of,  viii. 

amputation  of,  viii.  07 

umbilieated.  vii,  607 

400 

atresia  of,  viii,  68 

Chancroid,  ii.  795,  944 

cold  in  treatment  of,  iii.  195 

atrophy  of,  viii,  64,  73 

bidioes  following,  ii.  .500 

complications  and  sequeUe,    ii. 

caneerVif.  viii.  87 

clinical  history,  "ii,  796 

775 

treatment,  viii,  89 

complications,"  ii,  797 

definition  of,  ii,  766 

chancre  of,  viii,  68 

diagnosis,  ii.  797 

diagnosis  of,  ii,  776 

chancroid  of,  viii.  68 

etiology,  ii.  795 

duration,  ii,  775 

dilatation  of,  viii,  69 

extragenital,  ii.  796 

epidemic,  ii.  766 

discission  of.  viii,  69 

leucorrho-a    accompanying,     v. 

etiology  of,  ii,  769 

divulsion  of,  viii,  69 
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general  remarks,  ii,  768 

glands,  vii.  163 

location,  ii,  796 

history  of,  ii.  709 

hypertrophy  of,  viii.  65 

of  anus,  i,  396 

in  armies,  ii.  576 

lacerations  of,  vi.  310;  viii. 

70 

of  cervix  uteri,  viii.  68 

morbid  anatomy  of,  ii,  771 

operations  for,  viii.  71 

of  rectum,  i.  396 

pathology  of,  ii,  770 

mucous  membrane,  vii,  163 

of  urethra,  i,  770 

prognosis  and  mortality,  ii,  777 

stenosis  of,  viii,  68 

of  vulva,  viii.  161 

prophylaxis,  ii,  777 

traumatic  affections  of,  viii. 

69 

treatment,  ii,  797 

symptomatology,  ii,  772 

tuberculous  ulceration  of, 

viii. 

Change  of  life,  ii,  798 

syuon3-ms  of,  ii,  760 

68 

Channel  Islands,  iv,  426 

therapy,  ii,  777 

ulceration  of,  viii,  68 

Charbon,  i,   363;  viii,  231;  and  see 

Cerebro-spinal   sclerosis,  multi- 

wounds of.  viii.  69 

Aiitlii-ii.r 

ple,  viii,  491 ;  and  see  Multiple ach- 

Cess-pool,  air  of,  i,  1.58 

Charcoal,  ii.  800 

rosix 

Cestoda,  ii,  779 

animal,  ii.  800 

Cerebrum,  ii,  138:  and  see  Brain 

Cestodaria,  ii.  779 

as  a  deodorant,  iii.  411 

development  of  fissures  of,  ii,  273 

Cetaceum,  vii,  277 

as  an  antidote,  i.  373 

diagnosis  of  lesions  of  cortex,  ii. 

Cetraria,  vi.  1 

purified  animal,  ii.  800 

282 

dried,  vi.  1 

wood,  ii.  801 

intiuence  of,  on  knee-jerk,  v,  368 

islandica,  vi,  1 

Charcot's  disease,  i.  .549;  v.  265 

volume  of,  varies   with  inspira- 

Cetraric acid,  vi,  1 

Charcot-Leyden  crystals  in  asth- 

tion and  e.\piration,  ii,  246 

Cetrarin  vi,  1 

ma,  i.  .587;  vii,  433 

varies  with  systole  and  dias- 

Cevadilla, viii   220 

Charcot-Marie-Tooth  disease,  vi. 

tole,  ii,  246 

Cevadine,  ii,  090;  iv.  636 

06 

Cereus  grandiflorus,  ii.  538 

Chalazse,  vi.  448 

Charleston    Artesian   Wells,   ii. 

night-blooming,  ii.  533 

Chalazion,  iv,  119 

801 

Cerevisiae  fermentum,  viii.  321 

.if  eyelids,  iv,  106 

Charleston,  S.  C,  ii.  801 

Cerin,  viii.  294 

Chalazoderma,  iii,  426 

Charta,  v,  737 

Cerium,  ii.  778 

Chalicosis,  v,  .594 

potassii  nitratis,  vi.  745 

oxalate,  ii.  778 

Chalk,  infarct,  iv,  808 

sinapis,  vi,  68 

Certificate  of  death,  ii.  533 

mercury  with,  v,  750 

Charus,  ii,  047 

Certified  milk,  v.  843 

prepared,  ii,  552 

Chattanooga,  Tenn.,  ii.  802 

Cerumen,  i.  626 

Chalot's  method  of  resection  o: 

su- 

Chattolanee  Springs,  ii.  801 

hypersecretion  of,  iii.  614 

]ii-ri(ir  maxilla,  vi,  943 

Chaulmoogra,  ii,  802 

impacted,  iii.  614 

Chalybeate,  v,  222 

false,  ii,  803 
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Chaussier's  tube  for  direct  mouth 

insufflation,  iv.  142 
Chautard's  test  for  acetone,  i.  67 
Chawul-mungri,  ii.  802 
Checkerberry,  viii.  313 
Cheese,  v.  829 

adulteration  of.  iv.  180 
analysis  of,  v.  829 
as  a  food  for  soldiers,  v.  8U3 
hard.  v.  829 

nutritive  value  of,  v.  829 
poisonous,  iv.  189 
soft,  V.  829 
Chego,  ii.  828 
Chegoe,  ii.  828 
Chegre,  ii.  828 
Cheilitis  glandularis  apostema- 

tosa,  ii.  803 
Cheilo  -  gnatho  -  prosoposchisis, 

vii.  701 
Cheilo-gnathoschisis,  vii.  700 
Cheilo-gnatho-uranoschisis,    vii. 

700 
Cheiloplasty,  vi.  901 
Cheiloschisis,  vii.  700 
Cheiracanthus  siameusis,  vi.  210 
Cheiromegaly,    see    Jliutd,    fiyper- 

Irojihy  iif 
Cheiropompholyx,  vi.  733 
Chekau,  ii.  803 
Chelerythrine,  ii.  73,  112,  760;  iv. 

U 
Chelidon,  iii.  732 
Chelidouic  acid,  ii.  760 
Chelidonine,  ii.  760 
Chelidoninic  acid,  ii.  760 
Chelidonium,  ii.  760 

majus,  ii.  760 
Cheloid,  v.  302 ;  and  see  Keloid 
Chelytus  eruditus,  i.  435 
Chemist,  duties  of,  in  cases  of  sus- 
pected poisoning,  vi.  692 
Chemotaxis,  i.  682:  ii.  762;  iv.  844; 
V.  8 
negative,  i.  682;  ii.  763;  iv.  844; 

V.  8 
positive,  i.  682;  ii.  763;  iv.  844; 
V.  8 
Cbeuopodiuiu,  viii.  315 
ambrosioides,  viii.  315 
anthelminticum,  viii.  315 
oil  of,  used  for  round  worm,  i. 
362 
Chequen,  ii.  803 
Cherry,  black,  i.  741 
laurel,  i.  737 

water,  poisoning  by,  iv.  785 
wild,  ii.  803 
Chervil,  sweet,  iv.  148 
Chest,  ii.  804 
alar.  ii.  811 

auscultation  of,  ii.  816 
immediate,  ii.  816 
mediate,  ii.  816 
bulging  of  wall  of,  ii.  814 
cobbler's,  ii.  811 
deformities  of,  ii.  804 
acquired,  ii.  807 
associated     with     paralytic 

affections,  ii.  808 
congenital,  ii.  804 
due  to  changes  in  thoracic 
and  abdominal  cavities,  ii. 
811 
due  to  lacing,  ii.  810 
due  to  static  conditions,  ii. 
807 
emphysema  of,  viii.  480 


Chest,  emphysematous,  ii.  814 
enlargement  of,  ii.  814 
examination  of,  by  A'-rays,  ii.  814 
form  of,  ii.  814 
funnel,  ii.  806 
gunshot  wounds  of,  iv.  452 
inspection  of,  ii.  814 
keeled,  ii.  810 
lines  of,  transverse,  ii.  812 

vertical,  ii.  812 
massage  of,  v.  695 
movements   of,   during   respira- 
tion, ii.  814 
normal,  ii.  814 

size  of,  ii.  814 
palpation,  ii.  815 
paralytic,  ii.  811 
percussion,  ii.  815 
immediate,  ii.  815 
mediate,  ii.  815 
phthinoid,  ii.  811 
phthisical,  ii,  811 
phy.sical  examination  of,  ii.  812 
examination  of,  for  life  in- 
surance, V.  511 
pigeon,  ii.  810,  814 
rachitic,  ii.  810,  814 
rales  in,  ii.  818 
regions  of,  anterior,  ii.  812 
lateral,  ii.  812 
posterior,  ii,  812 
relations  of  lung  to,  ii.  812 
retraction  of,  ii.  814 
rudimentary,  ii.  811 
sinking  in  of  wall  of,  ii.  814 
topography  of,  ii.  812 
Chestnut,  ii.  825 

horse,  poisonous  plant,  vi.  702 
Chewstick,  ii.  826 
Cheyne-Stokes    respiration,    iii. 
579;  vi.  953 
causes  of,  iii,  579 
Chicago,  111.,  ii.  S26 
Chichancanab,  ii.  826 
Chichimequillas,  ii.  826 
Chichipico,  ii.  826 
Chicken,  htemolymph  glands  of,  iv. 

469 
Chicken  bug,  Mexican,  v.  1.56 
Chicken  jelly,   how  to   make,  iii. 
454 
panada,  how  to  make,  iii.  454 
Chickenpox,  ii.  826 

diagnosed   from    .smallpox,    vii, 
249 
Chick's  Springs,  ii.  827 
Chicory,  ii.  828 
Chicque,  ii.  f^iS 

Chiene's  method  of  brain  localiza- 
tion, ii.  405 
Chigger,  ii.  828 
Chigoe,  ii.  828;  v.  154 
Chilblain,  iii.  417;  iv.  531 
Childbed  fever,  vi.  793 
Child-birth,  see  Labor 

followed  by  liliudness,  ii.  13 
Childhood,  ii.  829;  see  also  Infants 

and  Ulitldren 
Child  labor,  injurious  influences  of, 

vi.  321 
Children,  see  also  Infunts 
alimentary  tract  of,  ii.  830 
backward,  v.  150 
bones  in.  ii.  830 
clonic  blepharospasm  of,  ii.  5 
convulsions  in,  iii.  700 
crying,  signiticance    of,    in,  iii. 
'334 


Children,  defective,  percentage  of, 
from  consangineous  marriages, 
iii.  257 

disease  in,  ii.  833 

pericarditis  in,  vi.  .562 

development  of.  ii.  832 
mental,  ii.  832 

dosage  for,  iii.  551 

Cowling's  formula,  iii.  551 
Young's  formula,  iii.  551 

emotions  of,  ii.  832 

examination  of  nose  in,  vi.  109 

growth  of,  ii.  832;  iv.  419 

insanitv  in,  v.  30 

intellect  of.  ii.  832 

intestinal  disca.se,  diet  in.  iii.  459 

kidneys  of,  ii,  831 

leprosy  in,  v.  845 

lymphatic  system  of,  ii.  831 

mortality  among,  ii.  834 

from  preparations  of  opium, 

vi.  389 
from   consanguineous  mar- 
riages, iii.  257 

mj'opia  in,  vi.  84 

myxcedema  in,  vi.  87 

necrosis  of  jaw  in,  v.  254 

nervous  system  of,  ii.  831 

school  life  of.  ii.  833 

senses  of,  ii.  832 

skin  of,  ii.  829 

syphilitic   affections  of   the  ear 
in,  iii.  685 

teeth  of,  ii.  830 

urine  of,  ii.  831 

weak  foot  in,  iv.  204 

weight  of,  iv.  418 

vaginitis  in,  viii.  163 
Chile,  Pharmacopfeia  in,  vi,  .582 
Chill,  congestive,  v.  679 
Chillies,  ii.  653 
Chilodon  dentatus,  viii,  546 
Chilopoda,  v,  160 
Chimaphila,  vi,  638 

corymbosa,  vi.  638 

umbellata.  vi.  638 
Chimaphilin,  vi.  639 
Chimney-sweeps'    cancer    of    the 

scrotum,  ii.  682 
Chin,  itching  of,  in  asthma,  i.  584 
China,  Pharmacopu'ia  in,  vi.  582 

pride  of.  i.  675 
Chinaberry  tree,  i.  675 
Chinaphtol,  ii.  834 
Chiuaseptol,  ii.  834 
Chino,  el,  ii.  834 
Chinoidine,    iii.     88,    92;    and    see 

Cinffivnil 
Chinoline,  ii.  834 

tartrate,  ii.  834 
Chinoral,  iv.  426 
Chinosol,  ii.  835 

compound  powder  of,  ii.  835 
Chinovic  acid,  iii.  92 
Chinovin,  iii.  92 
Chique,  ii,  828 
Chirata,  ii.  835 
Chiratin,  ii.  835 
Chiretta,  ii.  835 
Chirol,  ii.  8:^5 
Chittem  bark,  ii,  706 
Chittenango  Sulphur  Springs,  ii. 

835 
Chiuchi-coca,  iii.  154 
Chloasma,  ii.  S85 

diagnosed  from  erythrasiua,  iv. 
10 

uterinum,  ii.  836;  vi.  634 
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Chloral,  ii.  837 

Chloroform  as  an  anthelmintic,  i. 

Cholera,  Asiatic,  spirillum  of. 

bac- 

aieto-plieuou-oximc.  ii.  838 

362 

teriology  of,  i.  714 

iilcoliohite.  ii.  83S 

clinical  evidence  regarding,  iii,  25 

symptoms,  viii.  361 

ammoniiiin,  ii.  838 

death  from,  cause  of,  i.  296 

S)-nonyms.  viii.  3.52 

camphor,  ii.  838 

postmortem  appearances,  i. 

transportal)ility  and  means 

by 

cyaiiliydiatf,  ii.  838 

664 

wliiili  it  is  transported,  viii 

3.55 

cyaiiliydi-in,  ii.  838 

effects  of,  on  foetus,  vi.  279 

treatment,    viii.  367 

foiinamiilt',    as  a   hypnotic,   iv. 

on  heart's  action,  i.  297 

Cholera,  asphyctic,  viii,  361 

815 

fatalities,  analysis  of,  iii,  23 

Cholera,   epidemic,    viii.   352; 

see 

hydrate,  as  a  germicide,  iv.  33'2 

methyl,  v.  78l" 

also  (Jliiihi-K.  A»iiitir 

as  a  hypnotic,  iv.  8T.5 

narcosis,  stages  of,  i.  296 

Cholera  gravis,  viii.  361 

butyl,"  ii.  529 

possibility   of   admiiiistering   t<i 

Cholera,  hog,  ileteetion  of,  v.  ■■ 

27 

croton.  ii.  529 

sleeping       person,       without 

Cholera  infantum,  iii.  33,  439, 

444 

death  from,  post -mortem  ap- 

awakening, iii,  9 

cold  in,  iii.  195 

pearances,  i.  664 

to  check  a  chill,  i.  378 

diagnosis,  iii.  35 

effect  of,  on  body  tempera- 

toxicology of,  iii.  9 

etiology,  iii.  33 

ture,  ii.  571 

water,  iii.  9 

morbid  anatomy,  iii.  34 

effect  of,  on  foetus,  vi.  279 

Chlorol,  iii.  25 

pathology,  iii.  444 

toxicology  of.  ii.  837 

Chloroma,  iii.  25:  vii.  37,  907 

prognosis,  iii.  35 

hydrocyanin,  "ii.  838 

of  orbit,  iv.  1 15 

svmptoms,  iii.  34 

hypodermatic  use  of,  iv.  821 

Chlorophenol  salicylate,  iii.  28 

treatment,  iii.  35,  448 

u"rcthane.  viii.  11 

Chlorophyll,  iiignient,  iii.  225 

Cholera  in  new-born,  vi.  278 

Chloralamid,  iii.  1 

Chloropsia,  viii."579 

Cholera,  malignant,  viii.  352 

as  a  liyiuKilic,  iv.  815 

Chlorosis,  iii.  26 

Cholera  morbus,  iii.  439 

Chloralimid,  iii.  1 

an  autointoxication   due   to  co- 

Cholera,  summer,  iii.  33 

Chloralose,  ii.  838 

pr.Tinia.  i.  644 

Choleraic  diarrhoea,   iii.   33: 

viii. 

as  a  hypnotic,  iv.  818 

blood  in.  ii.  69:  iii.  26 

3ti() 

Chloraloximes,  ii.  838 

definition  of.  iii.  26 

Cholerine,    viii.   352,   360:  see 

also 

Chlorate,  potassium,  vi.  745 

differential  diagnosis  of,  iii,  26 

(Jlh'Urii.  Asiiitic 

soiliuni.  vii.  2.58 

effect  of  iron  in,  v.  221 

Cholesteatoma,  iii.  36;  vii.  721 

Chlorates,  intiuenceof,  uponha>mo- 

Egyptian,  vi.  220 

of  middle  ear.  iii.  629 

giol^iu,  iii.  3 

patliology  of.  iii.  27 

Choiesterin,  i.  7.55;  iii.  37 

jioisoniiiff  hy,  iii.  1 

symptomatolo.g}'  of,  iii.  26 

a  degeneration,  iii.  395 

Chlor-ethylidene,  iv.  15 

treatment  of.  iii.  28 

crystals  in  f;eces,  iv.  128 

Chloretone,  i.  321 

Chlor-salol,  iii.  28 

deposit,  iii.  397 

as  a  hypnotic,  iv.  818 

Chocolate,  ii,  531 

in  urine,  viii.  51 

Chloriden,  iv.  15 

as  beverage  for  soldiers,  v.  805 

tests  for,  viii.  53 

Chlorides,  iii.  3 

custard,  how  to  make,  iii.  455 

laminated,  in  gall  stones,  iii. 

229 

iu  urine,  viii.  53 

Choke  damp,  i.  155;  ii,  6.59 

pure,  in  .gall  stones,  iii.  329 

tests  for,  viii.  53 

Choked  disc,  ii.  265 

source  of,  in  bile,  iii.  229 

mercur-ammonium,  v.  755 

symptom  of  intracranial  tumors. 

Cholin,  ptomain,  vi.  786 

mercuric,  v.  753 

ii,  437 

Choline,  iii.  37 

mercurous.  v.  751 

Cholaemia,  i.  646;  v,  536 

Chondro-adenoma  of  the  conj 

unc- 

mild,  V.  751 

drowsiness  in,  iii.  560 

tiva,  iv.  109 

of  liarium,  i.  734 

due  to  autointoxication,  i,  646 

Chondro-coracoid  muscle,  vi. 

51 

of  bromine,  ii.  487 

Cholagogues,  iii.  28 

Chondrodendron  tomentosum 

,  vi. 

of  gold  and  sodium,  iv.  397 

etlect  ot,  on  bile  secretion,  vii.  98 

5US 

of  iron,  v.  227 

tlierapeutic  uses  of,  iii.  32 

Chondrodystrophia,  viii.  424 

of  lime,  iii.  6 

Cholangitis,  iv.  293 

Chondro-epitrochlearis    muscle, 

as  a  deodorant,  iii.  411 

differential  diagnosis  of,  v.  .535 

vi.  49 

as  a  disinfectant,  iii.  503 

Cholecystectomy^"  v.  559 

Chondroglossus  muscle,  vi.  47 

of  mercury,  v.  751,  753 

Cholecystenterostomy,  v.  5.59 

Chondrolipoma,  viii.  480 

of  zinc,  viii.  338 

Cholecystitis,  iv.  292 

Chondroma,  iii.  38;  vii.  907 

as  a  deodorant,  iii.  413 

Cholecystostomy,  v.  5-58 

detinition,  iii.  38 

uses  of.  iu  medicine,  iii.  3 

ideal,  v.  55!) 

diagnosis,  iii.  40 

Chlorinated  lime,  iii.  G 

Choledochotomy,  v.  5.59 

etiology,  iii.  40 

soda,  iii.  6 

Cholelithiasis,    differential     diag- 

mode of  growth,  iii.  39 

Chlorine,  iii.  5 

nosis,  V.  535 

of  liand  and  linger,  iv.  .501 

antidotal  value  of.  i.  373 

surgical  treatment  of,  v.  .558 

of  kidney,  v.  323 

as  a  deodorant,  iii.  411 

Cholera,  algid,  viii.  352,  361 

of  nose.  vi.  140 

as  a  disinfectant,  i.  688:  iii.  497 

Cholera,  Asiatic,  viii.  352 ;  see  also 

of  periosteum,  vi.  569 

as  a  germicide,  iv.  332 

A'SO'tie  cholei'a 

osteo-,  iii.  40 

in  wiiter,  viii.  286 

among  troops,  ii.  572 

osteoid,  of  |ieriosteum.  vi.  569 

therapeutic  uses  of,  iii.  5 

bacteriological  diagnosis  of,  viii. 

situation,  iii.  39 

water,  iii.  5 

399 

structure,  iii.  38 

as  an  antidote,  i.  373 

due  to  milk,  v.  836 

varieties,  iii.  38 

Chlorion  caerulium,  v.  167,  168 

epidemics  of,  viii.  353 

Chondrosarcoma,  vii.  34,  907 

Chlorobrom,  iii.  6 

erythema  in,  iv.  7 

Chondrus,  vi.  1 

Chloro-carbon,  ii.  665 

how  to  avoid,  in  camp,  v.  813 

eris]uis.  vi.  1 

Chlorocruorin,  an  animal  pigment. 

pathology  of,  viii.  363 

Chopart's  method  of  amputation  of 

iii,  2'-.'i 

period  of  incubation,  viii.  359 

foot.  i.  257 

Chlorodyne,  i.  3G1 :  iii.  6 

prophylaxis,  viii.  369 

Chorda  dorsalis,  see   'Sotnrhi^rd 

cum  position  of,  i.  361 

quarantine  in,  vi.  834 

Chorda  tympani  nerve,  folil  of 

mu- 

Chloroform,   i.   291:  iii.  7:  and  see 

disinfection   of   vessels,    vi. 

cous  membrane  enclosing  the 

iii. 

Aiiiinthixia 

825 

584 

administration  of,  iii.  9,  13 

serum  therapy  in,  vii.  134 

Chorda  venerea,  iii.  40 

as  a  germicide,  iv.  333 

somatic  conditions,  viii.  359 

Chordae  tendineee,  iv,  569 

as  an  anodyne,  i.  361 :  iii.  7 

spirillum  of,  i.  719;  viii.  363 

Chordee,  iii.  40 

<534 
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Chorditis  nodosa,  v.  416 

tul)L'rosa,  V.  416 
Cliordoina,  iii.  41 ;  vii.  907 
Chorea,  iii.  41 

adult,  iii.  43;  v.  101 

associated  with  epik'iisy,  iii.  44 
with  insanity,  iii.  48 

chronic  progre.ssivc,  v.  101 

complications  of,  iii.  43 

diagnosis,  iii.  46 

effect  of  massage  in,  v.  697 

etiology,  iii.  43 

hand  in,  iv.  533 

hercditarj-,  v.  101 

Huntington's,  v.  101 

hysterical,  iii.  43 

in  pregnane}',  iii.  43 

insaniens,  v.  100.  104 

of  larynx,  v.  429 

pathology,  iii.  44 

prognosis,  iii.  4o 

relation  to  heart  disease,  iii.  43 
to  rheumatism,  iii.  i'i 

saturnine,  iii.  44 

symptoms,  iii.  41 

treatmeut.  iii.  46 

varieties,  iii.  41 
Choreic  movements,  cau.sc  of,  iii. 

276 
Choriocapillaris,  iii.  63 
Choriocarcinoma,  vii.  .59.5 
Chorio-epithelioma,  iii.  61 
Chorion,   iii.   47;  vi.   448;    see  also 

PlllCI  lltll 

anaemia  of,  iii.  .53 
atelectasis  of,  iii.  60 
calcification  of,  iii.  .57 
circulatory  changes  in,  iii.  .53 
connective-tissue  tumors  of,  iii. 

61 
cysts  of,  iii.  60,  62.  349 
degeneration  in,  amyloid,  iii.  .57 

fatty,  iii.  .57 

fibrinoid,  iii.  .57 

hyaline,  iii.  .57 

myxomatous,  iii.  .57 
development  of.  iii.  48 
diseases  of,  iii,  52 

relation  to  eclampsia,  iii.  62 
endarteritis  of.  iii.  .59 
frondosum,  iii.  49 
hemorrhage  of,  iii.  53 
hyperoemia  of,  iii.  .53 
inflammation  of,  iii.  58 
moles  of,  iii.  60 
myxoma  of,  vi.  88 
parasites  of,  iii.  63 
pathological,  iii.  .52 
periarteritis  of,  iii.  .59 
pigmentation  of,  iii.  57 
syphilis  of,  iii.  59 
tumors  of,  iii.  60 
villi  of,  iii.  48 
Chorionitis,  iii.  58 

interstitial,  iii.  59 
Chorioretinitis  centralis,  iii.  69 
jiigmi'utosa,  iii.  69 
sy|)hilitica,  iii.  64 
Choroid,  iii.  62;  iv.  72 

atrophy   of,  accompanying  reti- 
nitis proliterans,  iii.  69 
benign  tumors  of,  iv.  HI 
blood  supply  of,  iii.  63 
capillary  network  of,  iv.  73 
carcinoma,  metastatic,  of,  iv.  112 
coloboma  of,  iii.  63 
congenital  anomalies  of,  iii.  63 
cystoid  formations  in,  iv.  Ill 


Choroid,  detachment  of  the,  iii.  68 

diseases  of,  iii.  62 

granuloma  of,  vi.  Ill 

hemorrhage   of,  iii.  69 

hypera?mia  of,  iii.  64 

inflammation     of,     iii.     64;    see 
Choroiditis 

malignant  tumors  of,  iv.  Ill 

non-inflammatorv   affections    of 
the,  iii.  68 

perforating  wounds  of.  iii.  69 

pigment  in,  iii.  63 

rarefaction  of  the.  iii.  69 

rupture  of  the,  iii.  69;  iv.  104 

sarcoma  of,  iv.  Ill 

traumatism  of,  iii.  69 

tuberculosis  of,  iii.  67 

tumors  of  the,  iv.  Ill 

wounds  of,  iii.  69 
Choroiditis,  iii.  64 

areolaris,  iii.  65 

causes,  iii.  64 

course,  iii.  64 

diffuse,  iii,  65 

disseminate,  iii.-  65 

embolic,  iii.  66 

guttate,  iii.  65 

hemorrhagic,  iii.  68 

metastatic,  iii.  67 

myopica   as  cause  of  blindness, 
'ii.  10 

pathology,  iii.  64 

plastic,  iii.  67 

seroplastic,  iii.  64 

superficial  senile,  iii.  69 

suppurative,  iii.  67 

symptoms,  iii.  64 

sj'philitic,  vii.  620 

treatment,  iii.  64 
Chorology,  i.  750 
Chorophilus  feriarum,  gastrula  of, 

iv.  ::il2 
Christenibine,  iii.  788 
Christmas  rose,  iv.  626 
Chroatol,  iii.  69 

Chromates    in  milk,   detection    of, 
V.  840 

poisoning  by,  iii.  71 
Chromatin,  ii.  762 
Chromatolysis,  v.  301 ;  vi.  201 ;  and 

see  Knriioljisin 
Chromatophile  granules,  vi.  236 
Chromatophores,   vi.  634 
Chromatophoroma,  vii.  37 
Chromatoijsia,  viii.  579 

causes,  viii.  579 

toxic,  viii.  579 

varieties,  viii.  579 
Chromatoptometry,  vi.  398 
Chromic  acid,    iii.  70 

as  a  caustic,  ii.  7.57 

as  a  germicide,  iv.  333 

poisoning  by.  iii.  71 
Chromidi-osis,  iii.  70 
Chromium,  iii.  70 

compounds  of,  uses  of.  iii.  70 
poisoning  by,  iii.  73 

poisoning  by,  iii.  70,  72 

trioxidc,  iii.  70 
Chromocytometer  of  Bizzozero.  ii. 

51 
Chromog-ens,  pigments,  iii.  223 
Chromophytosis,  vii.  783;  and  see 
I'iiita  eersiciilor 

diagnosed  from  erythrasma,  iv. 
10 
Chromoplafets,  iii.  72 
Chromosomes,  ii.  764;  iii.  72 


Chromosomes,  functions  of,  iii.  75 
Chronic-progressive  bulbar  pal- 
sy, vi.  66 
Chrosperma  muscsetoxicum,  poi 

.soniius  ])lant,  vi.  704 
Chrysanthemum  carneum,  v,  151 

coceineum.  v.  151 

partlienium,  ii.  795 

roseum.  v.  151 
Chrysarobin,  iii.  75 

ointment,  iii.  76 

triacetate,  iv.  19 
Chrysarobiuum,  iii.  75 
Chrysoidiu,  iii.  76 
Chrysophanic  acid,  iii.  76;  vi.  974 
Chrysotoxin,  iv.  2 
Chucandiro,  iii.  76 
Churrus,  ii.  647 
Chyle,  iii.  76:  v.  617 

and  lymph  compared,  iii.  76 

and  serum  compared,  iii.  76 

eoin)iosition  of,  v.  618 
Chyliform  transudate,  iii.  78 
Chylocele,  vii.  !,sn 
Chylopericardium,  iii.  78 
Chylothorax,   iii.   78;  v.  666;  viii. 
413 

etiology,  viii.  413 

prognosis,  viii.  414 

symptomatology,  viii.  413 

treatment,  viii.  414 
Chylous  ascites,  iii.  78,  79 

transudate,  iii.  78 
Chyluria,  iii.  81 
Chyme,  iii.  83 

changes  in,  in  duodenum,  iii.  83 
in  stomach,  iii.  83 

effect  on  bile,  iii.  85 

factors  determining  composition 
of.  iii.  82 
Chymosin,  vi.  893 
Chytridiales,  iv.  278 
Cibotium,  iii.  86;  iv.  148 

(Ijambianum,  iii.  86 
Cicada,  v.  160 
Cicatrices  on  recruits,  vi.  851 

sttnosis  of  larynx  from,  v.  440 

treatment,  v.  442 
Cicatricial    contraction,    amputa- 
tion for.  i.  237 

of  hand,  iv.  508 
Cicatrix,  iii.  86 

coutraclions  of,  iii.  87 

degenerative  changes  in,  iii.  87 

inflammations  in,  iii.  87 

structure  of,  ill.  .86 

tumors  of,  iii.  87 
Cicatrization,  iv.  413 

liroeess  of,  iv.  411 
Cichoriacese,  ii.  623 
Cichorium,  ii.  828 

intybus,  ii.  828 
Cicuta"  iii.  238;  vi.  701,  702 

maciilata,  vi.  703 

poisoning  b\',  vi.  702 
Cicutine,  iii.  239 
Cider,  i.  169 
Cienega,  iii.  87 
Cienega  de  Mata,  iii.  87 
Cigarettes,  effects  of,  vii.  789 
Cigars,  effects  of,  vii.  789 
Cilia,  iii.  271 

movements  of,  iii.  855 
Ciliary  arteries,  iv.  78 
Ciliary  body,  iv.  73 

adenoma  of,  iv,  110 

benign  tumors  of,  iv.  110 

cysts  of,  iv.  Ill 
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Ciliary  body,  malignaut  tumors  of, 

Circular  sinus,  anomalies  of,  viii. 

Citrate  of  iron  and  quinine,  iii.  90; 

iv.  Ill 

204 

V.  226 

myoma  of.  iv.  110 

Circulation,  disorders  of  the,  diet 

soluble,  iii.  90 

sarcoma  of,  iv.  Ill 

in,  iii.  460 

of  iron  and  strvchrinc,  v.  226; 

tumors  of,  iv,  110 

due  to  occupations,  vi.  320 

vii.  .543 

Ciliary  body  of  brain,  ii.  102 

in  cretinism,  iv.  393 

of  lithium,  v.  518 

Ciliary  movement,  ii.  7G2;  iii.  2T1 

in  diabetes  mellitus,  iii.  429 

of  magnesium,  v.  673 

clunuctcr  of,  iii.  272 

in  hysteria,  iv.  833 

of  potassium,  vi.  743 

Ciliary  muscle,  iv.  74 

in  insanity,  v.  53 

of  silver,  vii.  216 

paralysis  of,  iv.  99 

in  mj'clogenous  leidca'niia,  v.  499 

Citric  acid,  iii.  136 

Ciliary  nerves,  iv.  73 

in  pregnancy,  iv.  340,  346 

<;ernii<i(lal  action  of,  iv.  332 

Ciliary  plexus,  iv.  74 

in   tlie   iiaralliyroid   glands,   vi. 

Citrine  ointment,  v.  755 

Ciliary  process,  iv.  74 

507 

Citron,  iii,  127 

Ciliary  region,  tuts  and  pimctures 

Circulation,    lymphatic,   disturb- 

Citronella grass,  iii.  126 

ill,  iv.  102 

ances  of,  iii.  124 

oil,  iii.  126 

Ciliary  ring,  iv.  74 

Circulation  of  the  blood,  iii.  95 

Citronellol,  vi.  1000 

Ciliated  epithelium,  iii.  855 

action  of  ana'Sthetics  on,  i.  295 

Citrophen,  iii.  127 

Cimecidse,  v.  l.')5 

of  antipyrin  on,  i.  380 

CitruUus  colocyijthis,  iii.  200 

Cimex  lectularius,  v.  155,  156 

of  camplior  on,  ii.  696 

Citrus,  iii.  127 

Cimicifuga,  iii.  .S7 

of  cocaine  on,  iii.  158 

acida.  iii.  127 

racfMU)sa,  iii.  87 

of  digitalis  on,  ii.  697,  701 

amara,  iii.  127 

Cinchamidine,  iii.  92 

changes  in,  at  birth,  iv.  856 

aurautiiun,  iii.  127;  vi.  398 

Cinchocerotin,  iii.  92 

ces.sation  of,  at  death,  iii.  376 

bergamia,  i.  747;  iii.  127 

Cinchona,  iii.  88 

comparative  anatomy,  iii.  95 

cedra,  iii.  127 

acids,  iii.  92 

control  of,  in  amputations,  i.  239 

decumana,  iii.  127 

action  and  use  of,  iii.  90 

effect  of  starvation  on,  vii.  442 

limetta,  iii.  127 

alkaloids,  iii.  89,  91,  92 

of  vasomotor  nerves  on,  iii. 

limonum,  iii.  127 

antipcriodic  action  of,  i.  377 

115 

medica,  iii.  127 

calisaya,  iii.  88 

of  veno-motor  nerves  on,  iii. 

nobilis,  iii.  137 

composition,  iii.  89 

116 

vulgaris,  vi.  398 

description  of,  iii.  88 

gradual  failure  of,   a  cause  of 

Civet,  iii.  127 

ledgeriana,  iii.  88 

death,  iii.  377 

Civil  incapacity,  iii.  127 

official  alkaloids  of,  iii.  89 

in  infancy,  iv.  857 

Civil  state,  bi'aring  of,  on  insanity. 

officinalis,  iii.  88 

in  insanity,  v.  53 

v.  30 

pale,  iii.  92 

mechanics  of,  iii.  96 

Civilization  as  a  cause  of  insanitv. 

red,  iii.  89 

pathology  of,  iii.  118 

V.  29 

remigia,  iii.  92 

relation   of   pulmonary   to   sys- 

Cladoccelium giganteum,  vii.  866 

rubra,  iii.  89 

temic,  iii.  103 

iiepaticum,  vii.  865 

succirubra,  iii.  88,  89 

time  of,  iii    103 

Clams  as  food  for  invalids,  iii.  455 

unofficial  barks,  iii.  93 

velocity  of,  iii.  100 

Clap,  iv.  398;  and  see  (ionnrrhiin 

Cinchonic  acid,  iii.  92 

Circulatory  changes  in  the  chor- 

Claremonde Chalybeate  Springs, 

Cinchonidine,  iii.  93 

ion,  iii.  53 

iii.  129 

sulpjiatc,  iii.  91 

Circulatory  organs,  malformations 

Clarendon  Springs,  iii.  129 

Cinchonina,  iii.  91 

of,  vii.  706 

Clark's  Red  Cross  Mineral  Well, 

Cinchonine,  iii.  91 

Circumcision,  iii.  124 

iii.  129 

iodosulpliate  of,  v,  310 

indications  for,  iii.  126 

Clark's      Riverside       Mineral 

Cinchonism,  iii.  91;  vi.  837 

Circumflex  artery,  external,  anom- 

Springs, iii.  130 

Cinchotaunio  acid,  iii.  92 

alies  of,  i.  535 

Clarke's  lule  for  dosage,  iii.  551 

Cincinnati,  iii.  92 

internal,  vii.  739 

Classification  an  evidence  of  evo- 

Cincinnati  Ai-tesian  Well,  iii.  93 

anomalies  fif,  i.  .535 

hdion,  iv.  20 

Cineol,  iv.  15 

Circumflex  iliac  artery,  anomalies 

Clastothrix,  i.  605 

Cinnabar,  v.  756 

of,  i.  534 

Claustrum,  lesions  of,  diagnosis,  ii. 

Cinnamates,  iii.  93 

superficial,  vii.  736 

386 

Cinnamic  acid,  iii,  93 

Circumflex  iliac  vein,  superficial. 

Clavariacese,  iv.  286 

alili'hydc.  iii.  95 

vii.  736 

Claviceps  purpurea,  iv.  1 

Cinnamodendron   corticosum,  ii. 

Circuminsular  fissure,  ii.  201 

Clavicle,  absence  of,  ii.  806;  iii.  130 

(Uti 

Circumscription,  celian,  ii.  151 

deformity  of,  ii.  806;  iii.  130 

Cinnamomum,  iii.  93 

Cirrhosis   hepatis   anthracotica,    v. 

diseases  of,  iii.  130 

camphora,  ii.  623 

.547 

dislocation  of,  iii   514 

cassia,  iii.  93 

of  liver,  v.  .543 

excision  of,  iii.  130 

saigonicum,  iii.  94 

atrophic,  v.  544,  548 

fracture  of,  iv.  258 

zeylanicum,  iii.  93 

Hanot's,  v.  547 

fractured,  by  coughing,  iii.  302 

Cinnamon,  iii.  93 

hypertrophic,  v.  .545,  549 

in  utero,  iii.  130 

action  and  uses,  iii.  94 

Laennec's,  v.  544,  548 

neoplasms  of,  iii.  130 

cassia,  iii.  93 

obstructive  biliary,  v.  .546 

operative  procedures  on,  iii,  130 

Cevlon,  iii.  93 

pigmentary,  v.  547 

surgery  of  the,  iii.  130 

Chinese,  iii.  94 

of  ovary,  vi.  433 

temporary  resection  of,  iii.  130 

composition,  iii.  94 

Cissampelos  pareira,  vi.  .509 

traumatisms  of,  iii.  130 

God's,  iii   94 

Cisterna  amliiens.  ii.  212 

Clavus,  see  Ueaditrhe,  iv.  548 

oil  of,  iii.  94 

intcrcruralis,  ii.  213 

Claw-hand,  iv.  531 

preparation,  iii   94 

magna,  ii.  312,  216 

Cleanliness   in  camp,  essential,  v. 

Saigon,  iii.  94 

Cisternas  of  arachnoid,  ii.  216 

813,  813 

uses,  iii.  94 

Cistus  creticus,  v.  403 

prophylactic  against   industrial 

wild,  ii   6-16 

eyprius,  v.  403 

diseases,  vi.  327 

Cinnamyl-meta-cresol,  iv.  688 

ladanifi.'rus,  v.  403 

Clear  Creek  Springs,  iii.  131 

Circle  of  least  confusion,  i.  591 

Citral,  iii.   126 

Cleavage,  lines  of,  in  skin,  viii.  551 

Circle  of  Willis,  ii.  251 

Citrate  of  iron,  v.  226 

Cleft  palate,  iii.  131 

Circles  of  diffusion,  iv.  85 

of  iron  and  ammonium,  v.  226 

acijuired,  iii.  134 
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Cleft  palate,  congenital,  iii.  132 

detinitiou  of.  iii.  131 

operation  for,  iii.  184 

pathology,  iii.  131 

training  the  voice  after  closure 
of,  iii.  136 

treatment  nf.  iii.  136 
Clefts,  branchial,  ii.  459;  vi.  200 

facial,  vii.  700 

labio-niaxillary,  vii.  TOO 

nasal,  vii.  701 

of  jaws,  vii.  700 

of  lips,  vii.  700 

of  palate,  vii.  700 

subumbilical.  vii.  703 
Cleido-cervicalis  muscle,  vi.  49 
Cleido-epitroclilearis  muscle,  vi. 

.")1 
Cleido-hyoid  muscle,  vi.  45 
Cleido-mastoid  muscle,  vi.  44 
Cleido-occipital  muscle,  vi.  44 
Clergyman's     sore     throat,     see 

P/iiin/iiffitis.  chrunic follicular 
Cleveland,  iii.  136 
Click,  imicoiLs,  vi.  838 
Clifton  Springs,  iii.  136 
Climacteric,  ii.  798 

;in(l  insanity,  v.  31,  116 
Climate,  iii.  137;  see  a.\so  AecUmati- 
ziition  ;  Altitudes,  hiijh  ;  Health 
resorts 

aerophysical,  iii.  144 

alpine,  i.  202 

and  animals,  iii.  147 

and  disease,  iii.  147 

and  man.  i.  149;  iii.  146 

and  vegetation,  iii.  148 

arctic,  iii.  144 

artiticial,  iii.  144 

as  factor  in  insanity,  v.  30 

as  influencing  blindness,  ii.  7 

as  modifying   factor  of    meno- 
pause, ii.  798 

astronomical,  iii,  144 

continental,  iii.  144 

desert,  iii.  144 

difference  between  weather  and, 
iii.  137 

dosage  moditied  by,  iii.  551 

effect  of  temperature  on,  i.  149; 
iii.  141 

elements  of.  iii.  141 

factors  of,  iii.  137,  138 

geographical,  iii.  144 

high  altitude,  i.  202 

hill,  iii.  144 

influence  of,  on  blindness,  ii.  7 
on  d_vsentery,  iii.  .567 
on  nutrition,  vi.  177 

in  pulmonarv  tuberculosis,  v.  604 

insular,  iii.  144 

island,  iv.  563 

land.  iii.  144 

littoral,  iii.  144 

marine,  iv.  .563 

moiintain.  iii.  144 

oceanic,  iii.  144 

of  Aberystwith,  Wales,  i.  39 

ot  Aikeii,  i.  144 

of  Ajaccio,  i.  162 

ot  Alaska,  viii.  343 

of  Alassio,  i.  164 

of  Algiers,  i.  170 

of  Alicante,  i.  173 

of  Arcachon.  i.  488 

of  Arco.  i.  439 

of  Arizona,  i.  449;  viii.  337 

of  Arosa,  i.  521 


Climate  of  Aslieville.  N.  C,  i.  571 
of  Atlantic  fit  v.  i.  600 
of  Augusta,  Ga..  i.  638 
of  Australia,  i.  640 
of  Azores,  the.  i.  676 
of  Baden-Baden,  viii.  404 
of  Bahamas,  vi.  149 
of  Baltimore,  i.  725 
of  Banff  Hot  Springs,  i.  732 
of  Barbados,  i.  733 
of  Bath,  England,  i.  736 
of  Berck-sur-Mer,  i..747 
of  Berkshire  Hills,  i.  748 
of  Bermudas,  i.  749 
of  Bethlelieni,  N.  H.,  i.  750 
of  Biarritz,  i.  752 
of  Biskra,  i.  760 
of  Black  Forest,  the,  Germany, 

viii.  404 
of  Block  Island,  ii.  15 
of  Boerne,  Te.x.,  ii.  113 
of  Bordighera.  ii.  129 
of  Boston,  ii.  131 
of  Boulder,  Col.,  ii.  132;  iii.  218 
of  Bournemouth,  ii.  132 
of  Brownsville,  Te.x.,  ii.  498 
of  Brunswick,  Jle.,  vi.  483 
of  Burlington,  Vt..  ii.  517 
of  Cairo.  Egypt,  iii.  727 
of  California.  Southern,  ii.  553 

littoral,  vii.  20 
of  Camden.  S.  C. .  ii.  571 
of  Canary  Islands,  ii.  624 
of  Cannes,  ii.  649 
of  Cape  Cod,  vi.  97 
of  Cape  May,  N.  J.,  ii.  652 
of  Cedar  Keys,  ii.  759 
of  Channel  Islands,  iv.426 
of  Charleston,  S.  C,  ii.  801 
of  Chattanooga,  Teuu.,  ii.  802 
of  Chicago,  ii.  826 
of  Cincinnati,  iii.  92 
of  Cleveland,  iii.  136 
of  Colorado,  iii.  218 
of  Colorado  Springs,  iii.  219 
of  Corsica,  i.  162 
of  Costebelle,  iv.  793 
of  Cuba,  iii.  335 
of  Davos,  iii.  353 
of  Denver,  iii.  408 
of  Des  Jloines,  iii.  427 
of  Detroit,  iii,  427 
of  Dublin,  N.  H..  iii.  562 
of  Eastport,  Me.,  iii.  698 
of  Egypt,  iii.  727 
of  Engadine.  Upper,  iii,  825 
of  Florida,  iv.  158 
of  Fort  Bayard,  vi.  283 
of  Glenwood  Springs,  iii.  222 
of  Grasse,  iv.  413 
of  Glion,  V.  859 
of  Guernsev,  iv.  426 
of  Halifax,"  vi.  301 
of  Hastings,  iv.  539 
of  Hawaii,  iv.  .541 
of  Hyferes.  iv.  793 
of  Indianapolis,  iv.  855 
of  Isle  of  AVight.  viii.  219 
of  Jacksonvine.  iv.  1.59;  v.  240 
of  Jamaica,  v.  241 
of  Jersey,  iv.  426 
of  Jupiter,  Fla.,  iv.  159 
of  Key  West,  iv.  160 
of  Lakewood,  v.  404 
of  Las  Cruces,  vi.  284 
of  Las  Pahnas.  ii.  625 
of  Las  Vegas,  vi.  282 
of  Lausanne,  viii.  234 


Climate  of  Les  Avauts,  v.  858 
of  Leysin,  Switzerland, v.  504 
of  Libert}',  N.  Y.,  v.  ,505 
of  Los  Angeles,  ii.  ,554;  v.  572 
of  Luxor,  iii.  729 
of  Madeira,  v.  G70 
of  .Manilla,  v.  6S8 
of  Manitolia  (Winnipeg),  viii.  312 
of  Margate,  Englaud.vi.  838 
of  JIarietta,  Ga^,  v.  693 
of  Martha's  Vineyard,  vi.  99 
of  Melbourne,  viii.  236 
of  Mentone.  v.  745;  viii.  494 
of  Merau.  v.  748 
of  Mexico,  V.  787 
of  Monaco,  v.  854 
of  Monte  Carlo,  v.  854 
of  Jlonterey,  Cal.,  v.  855 
of  Montreal,  v.  8.56 
of  Montreux,  v.  857 
of  Mount  Desert  Island,  vi.  2 
of  Nantucket,  vi.  97 
of  Nassau,  vi.  149 
of  Nervi,  viii.  493 
of  New  Mexico,  vi.  281 
of  New  Orleans,  vi.  284 
of  New  York  Citv,  vi.  287 
of  Newport,  R.  L,  vi.  349 
of  Newport  News,  vi.  288 
of  Nice,  vi.  288 
of  Norfolk,  Va.,  vi.  348 
of  Nova  Scotia,  vi.  301 
of  Ojai  Vallev,  vi.  347 
of  Old  Point  "Comfort,  vi.  347 
of  Orotana,  ii.  625 
of  Ospedaletti,  vi.  418 
of  Ottawa,  vi,  430 
of  Palm  Beach,  Fla.,  vi.  458 
of  Pasadena,  v.  572 
of  Pau,  vl.  519 

of  Penzance.  Eneland.  vi.  551 
of  Philadelphia,  vi.  609 
of  Philippines,  v.  688 
of  Pinehurst,  N.  C,  vi.  686 
of  Portland,  Me.,  vi.  737 
of  Portland.  Ore.,  vi.  737 
of  Porto  Rico,  vi.  740 
of  Portsmouth,  N.  H.,  vi.  738 
of  Punta  Rasa.  Fla.,  iv.  159 
of  Ramsgate,  England,  vi.  838 
of  Redlands,  Cal.,  vi.  862 
of  Rio  de  Janeiro,  vi,  979 
of   Riverside,    Cal.,  ii.    554;  vi. 

863 
of  Rochester,  vi.  980 
of  Royat-les-bains,  vi.  1001 
of  St.  Augustine.  Fla.,  vii.  4 
of  St.  Leonards,  England,  iv,  539 
of  St.  Louis,  vii,  5 
of  St.  Moritz,  iii.  825 
of  St.  Paul,  vii.  6 
of  Salt  Lake  City,  Utah,  vii.  16 
of  San  Antonio,  vii.  18 
of  San  Diego,  ii.  554 ;  vii.  20 
of  San  Francisco,  vii.  24 
of  San  Juan,  Porto  Rico,  vi.  741 
of  San  Remo.  vii.  25 
of  Santa  Barbara,  ii.  554 ;  vii.  27 
of  Santa  Catalina.  vii.  28 
of  Santa  Fe,  vi.  282 
of  Scillv  Islands,  vi.  .551 
of  Silve"r  City,  vi.  283 
of  Southern  California,  ii.  553 
of  Southern  Pines,  vi.  636 
of  Suminerville.  i.  634:  vii.  .564 
of  Tampa,  Fla.,  iv.  1.59;  vii.  636 
of  Taras-Scliuls.  vii.  639 
ofTexas.vii.  729 
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<'oiii|>ouii<i  oalhartlc  pills. 

Climate  of  The  Adirondacks.  i.  12G 

Cloudy  swelling    of  placenta. 

iii. 

Cocaine  habit,  i.  390;  iii.  163:  v.  85 

uf  The  Alps,  i.  303 

50 

hypodermatic  use  of,  iv.  820 

of  The  Hiviera,  vi.  979 

Clove  hitch,  iii.  510 

poisoning  by,  i.  289;  iii.  100 

of  Thomasvilk',  vii.  743 

Clover,  red,  iii.  149 

practical  uses  of.  iii.  158 

of  Toronto,  vii.  827 

sweet,  iii.  149 

]mrity  of,  tests  for,  iii.  156 

of  Upper  Eugadine.  iii.  S35 

Cloverdale    Lithia    Springs, 

iii. 

Cocainism,  i.  290;  iii.  163;  v.  85 

of  Veutnor,  viii.  219 

149 

Cocainization,  spinal,  vii.  291 

of  Vevey,  Switzerland,  viii.  2;!3 

Clover-Hewett   gas  and   ether 

iu- 

Cocci,  see  ISnctcriu 

of  Vieksbiirg,  viii.  230 

liuler,  iii.  17 

Cocci  (cochineal  1.  iii.  104 

of  Victoria,  viii.  230 

Clover's  ether  inhaler,  iii.  10 

Coccidia,  viii.  537 

of  Virginia  Beach,  vi.  349 

inhaler,  iii.  15,  18 

Coccidioides  inunilis,  viii.  539 

of  Washington,  iii.  145;  viii.  274 

Cloves,  iii.  149 

liyiigcnes,  viii.  539 

of  Wiesen,  iii.  353 

nil  of,  iii.  1.50 

Coccidium  bigemiuum,  viii.  539 

of  Winnipeg,  viii.  313 

Clubbed  fingers,  iv.  498 

oviforme,  viii.  538 

of  York  Beach,  vi.  739 

Club  foot,  iv.  21(i;  and  see  Tdlipes 

perforans,  viii.  539 

of  Yuma,  viii.  337 

Club  hand,  iv.  496 

Coccius,  o|ihtlialmoscope  of,  vi.  381 

physiological,  iii.  144 

Coagulability  of  blood,  condit 

ons 

Cocculus  indicus,  vi.  033 

plain,  iii.  144 

alleeting,  i.  325;  iii.  151 

to.xicological,  iii.  103 

relative  to  tuberculosis,  iii.  3G3; 

Coagulation,  iii.  150 

Coccus,  i.  080;  iii.  104 

iv.  565 

by  ferments,  iii.  150 

cacti,  iii.  104 

solar,  iii.  144 

by  heat,  iii.  150 

ilecis.  iii.  104 

special,  adapted  to  treatment  of 

oi'  blood,  iii.  150 

single,  i.  680 

special  diseases,  iv.  505 

function  of  platelets  in 

,  ii. 

Coccygeus  muscle,   anomalies  of. 

suitable  for  various  diseases,  iv. 

33 

vi.  02 

565 

time  of,  in  certain  diseases. 

Coccygodynia,  iii.  103;  vi.  347 

temperate,  iii.  144 

ii.  02 

Coccyx,  vi.  530 

topographical,  iii.  144 

of  milk,  iii.  151 

development  of,  vi.  543 

tropical,  iii.  144 

of  mu.sele,  iii.  153 

dislocation  of,  iii.  533 

valley,  iii.  144 

Coagulation  necrosis,  vi.  203 

removal  of,  iii.  163 

Climatic  treatment  of  special  dis- 

intercellular, vi.  203 

Cochin  China  diarrhoea,  vi.  308 

eases,  iii.  505 

intracellular,  vi.  203 

Cochineal,  iii.  104 

Climatology,  apjjlied,  iii.  146 

Coagulometer,  Wright's,  ii.  63 

Cochlea,  i.  020 

classiticatious  of,  iii.  144 

Coal   dust,  effect   of    inlialing. 

vi. 

cupola  of,  i.  623 

cimiparative,  iii.  144 

324 

memlirauous,  i.  631,  633 

Climatotherapy,  iii.  147,  565;  v.  73 

Coal  gas,  ii.  663 

Cochlear  nerve,  i.  031 

Climax  Springs,  iii.  148 

action  of,  on  the  economy,  ii. 

064 

ramus,  i.  033 

Clinodactyly,  iv.  496 

composition  of.  ii.  663 

Cochlearia  Armoracia,  iv.  737 

Clitocybe,  iv.  284 

poisoning  by,  ii.  664 

Cocillana,  iii.  104 

cyathiformis,  iv.  384 

Coal-tar   colors,    detection   of. 

in 

Cock's   operation  of  perineal  sec- 

fragrans, iv.  284 

milk,  V.  840 

tion,  viii.  24 

illudens,  iv.  284 

Coat,  military,  v.  794 

Cockle,  vi.  701 

laccata,  iv.  284 

Cobra  bite,  symptoms  of,  vi.  71 

-> 

corn,  vi.  701 

Clitopilus,  iv.  284 

Coca,  iii.  153 

cow,  vi.  701 

orcella,  iv.  284 

action,  iii.  154 

Cocoa,  adulteration  of,  iv.  180 

prunulus,  iv.  384 

Bolivian,  iii.  153 

butter,  ii.  531 

Clitoris,  anatomy  of,   vi.  568;  vii. 

Chiuchi-,  iii.  1.54 

Cocoanut,  nil  of,  iii.  104 

171 

composition,  iii.  154 

Cocos  nucifera,  iii.  164 

hypertrophy  of,  viii.  162 

cultivation,  iii.  153 

Codeina,  iii.  1()4 

Clivus,  tumor  of,  iii.  41 

definition,  iii.  152 

Codeine,  iii.  104;  vi.  385 

Cloaca,  ])prsistence  of,  vii.  704 

description,  iii.  154 

as  a  hypnotic,  iv,  815 

Cloacae,  vi.  420 

history,  iii.  153 

as  an  e.xpeetorant,  iv.  53 

Closets   responsible    for   spread   of 

Huanuco,  iii.  153 

hvpodermatic  use  of,  iv.  830 

cholera,  viii.  357 

mania,  iii.  134 

Cod-liver  oil,  iii.  165;  vii.  808 

various  kinds  of,  iv.  762 

origin,  iii.  153 

action,  iii.  165 

Closure  of  the  jaws,  v.  358 

paralysis,  iii.  154 

administration,  iii.  166 

liermanent,  v.  2.59 

Peruvian,  iii.  153 

composition,  iii.  165 

spasmodic,  v.  258 

plant,  iii.  153 

uses,  iii.  105 

Clot,  active,  in  aneurism,  i.  333 

production,  iii.  153 

Coefficient,  respiratory,  vi.  947 

passive,  in  aneurism,  i.  323 

Tru.xillo,  iii.  153 

Coelenterata,  res|iiration  in,  vi.  944 

Clothing    a     means    of    spreading 

varieties,  iii.  153,  154 

Coeliac  axis,  i.  .532 

cholera,  viii.  357 

Yuiigas,  iii.  153 

aneurism  of,  i.  320 

as  a  means  of  infection,  iii.  504 

Cocaine,  iii.  155 

Coeliac  ganglia,  vii.  578 

coutaiuiug  arsenic,  poisoning  bv. 

action  of,  on  the  organism. 

iii. 

Coeliac  plexus,  vii.  578 

viii.  348 

158 

Coelio-hysterectomy,   ii.  544;  and 

disinfection  of,  iii.  497 

aua'sthesia,  iii.  158 

see  ('fPf^dtrun  »t'cti<nL 

hygienic,  prophylactic  in  rhini- 

first introduction  of,  iii. 

163 

teehni(iue  of,  iv.  835 

tis,  vi.  Ill 

spinal,  i.  289;  vii.  291 

Coeliolymph,  ii.  245 

for  infants,  iv.  860 

contraindications  to.  v.  389 

Ccelom,    comparative    development 

for  soldiers,  v.  793 

as  anodyne,  i.  363 

of  the,  iii.  106 

in  pregnancy,  iv.  344 

as  diges"tant,  iii.  471 

human,  development  of  the,  iii. 

projier,    jirophylactic   in   indus- 

as  local  anaesthetic,   i.   386 ; 

iii. 

171 

trial  diseases,  vi.  337 

158 

in  young  human  ova,  iii.  173 

soiled   with  earth,  blood   stiiins 

as  mydriatic,  vi.  71 

obliteration  of  the  extra-embry- 

on, ii.  80 

chemical  constitution,  iii.  156 

onic,  iii.  187 

to  render  waterproof,  v.  793 

compared  with  eucaine,  viii. 

439 

Coenogonimus  heterophyes,   vii. 

Cloudy  swelling,  iii.  394 

dose,  iii.  163 

870 

of  muscle,  vi.  38 

effect  on  body  temperature 

ii. 

Coflfea  arabica,  ii.  545;  iii.  190 

of  neurones,  vi.  363 

571 

liberica,  iii.  191 
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Climate. 

foiiipoiiud  calltartic  pills. 

Coffee,  iii.  190 

Collidin,  ptomaVn,  vi.  788 

Colored  sweat,  see  C/iromidrosis 

action  and  use  of,  iii.  190 

Collins'  clynamonietcr,  iii.  565 

Color-hearing,  iii.  603 

adulteration  of,  iii.  190;  iv.  ISO 

Collis'  operation  for  harelip,  iv.  53s 

Color-index,  ii.  61 

amount  allowed   as   rations  for 

Collodion,  iii.  29S 

Coloring  matter,  see  Pirjment 

soldiers,  v.  79!) 

blistering,  ii.  652 ;  iii.  298 

animal,  iii.  233 

as  beverage  for  soldiers,  v.  805 

caiitharidal,  ii.  6.52;  iii.  398 

chemical  and  physical  prop- 

composition, iii.  190 

flexible,  iii.  2U8 

erties  of,  iii.  334 

headache  from  use  of,  iv.  548 

styptic,  iii.  398 

classificaliou,  iii.  333 

Soudan,  see  Kola  nuts 

CoUodium,  iii.  398 

distributicui,  iii.  333 

Cohnheim's  areas,  vi.  18 

cantharidatum,  iii.  298 

containing  arsenic,  poisoning  by, 

Cohosh,  black,  iii.  ST 

flexile,  iii.  398 

viii.  346 

blue.  iii.  191 

stvpticum.  iii.  398 

in  milk,  detection  of,  v.  840 

Coin-catcher,  vii.  476 

Colloid,  iii.  199;  iv.  377,  379 

Color-perception,  iii.  208 

Cola  acuminata,  v.  375 

degeneration,  iii.  395 

acuteiii-ss   of,    measurement   of. 

nut,  see  Kola  nut 

of  the  skin,  iii.  200 

vi.  393 

vera,  v.  375 

milium,  iii.  300 

limitations  of.  iii.  308 

Colchiceine,  iii.  192 

true.  iii.  199 

normal,  iii.  208 

Colchicene,  iii.  192 

Colloidal  silver,  vii.  216 

subnormal,  iii.  209,  312 

tannate  of,  iii.  192 

CoUonema,  vi.  .S7 

railway  and  marine  exami- 

to separate  from  organic  mattei'. 

Colloxylin,  iii.  298 

nation,  iii.  212 

iii.  193 

Coloboma,  iii.  63 

tests  for,  iii.  210 

Colchicum,  iii.  191 

bridge,  v.  217 

Color-sense,  examination  of,  iii.  216 

action,  iii.  192 

estrapapillary,  ii.  64 

tests  for,  iii.  210 

administration,  iii.  192 

macular,  iii.  (34 

Colostomy,  iii.  205 

autumnale,  iii.  191 

of  the  choroid,  iii.  63 

iliac,  iii.  205 

composition,  iii.  192 

of  the  eyelids,  iv.  123 

indications  for,  iii.  205 

corm,  iii.  191 

of  the  iris,  v.  217 

lumbar,  iii.  306 

description,  iii.  191 

pseudo-,  V.  217 

Colostrum,  ii.  467;  v.  823 

poisoning  by,  iii.  193 

Colocynth,  iii.  200 

Colotomy,  iii.  205 

seeds,  iii.  192 

administration,  iii.  201 

Colpocystotomy,  i.  769 

uses,  iii.  192 

as  a  laxative,  v.  470 

Colporrhaphy,  viii.  159 

Cold  as  an  aid  in  the  judgment  of 

as  a  purgative,  vi.  813 

Coltsfoot,  iii.  225 

direction,  iii.  493 

composition,  iii.  201 

Coltstail,  iv.  158 

as  a  hoeraostatic,  iv.  478,  63G 

description,  iii.  200 

Columbian  spirit,  v.  781 

as  a  therapeutic  agent  in  ear  tlis- 

Mogador,  iii.  200 

Columbia  Springs,  iii.  225 

ease,  iii.  651 

Spanish,  iii.  200 

Columbic  acid,  iii.  226 

death  from  exposure  to,  among 

Turkish,  iii.  200 

Columbin,  iii.  226 

troops,  ii.  61S 

Colocynthidin,  iii.  201 

Columbo,  iii   226 

effects  of,  ii.  618 

Colocynthin,  iii.  200,  201 

Columnse  carnese,  iv.  570 

on  cow's  nulk,  v.  823 

Colon,  anatomy  of,  i.  14,  184 

Columnar  epithelium,  iii.  854 

on  red  blood  corpuscles,  ii. 

ascending,  i.  184 

Coma  carcinomatosum,  autointoxi- 

25 

measurements  of,  viii.  239 

cation,  i.  644 

exposure  to,  death  from,  i.  674; 

bacillus,  i.  703,  709;  and  see  Bk 

diabetic,    treatment    of    threat- 

ii. 618 

cUlus  eoli  coininuiiif! 

ened,  iii.  433 

in  the  head,  vi.  109 

cancer  of,  i.  38 ;  iii.  304 

Comanjilla,  iii.  336 

methods  of  applying,  iii.  193 

descending,  i.  184 

Combustion,  spontaneous,  ii.  522 

sensation  of,  vii.  219 

impaction,  iii.  204 

Comedo,  iii.  226 

therapeutics  of,  iii.  193 

intussusception,  iii.  203 

diagnosed  from  milium,  v.  818 

Cold  cream,  vi.  1000 

invagination,  iii.  203 

of  eyelids,  iv.  118 

Cold  Sulphur  Spring,  iii.  193 

operations  upon,  iii.  305 

Comenic  acid,  vi.  385 

Colectomy,  iii.  206 

resection  of,  iii.  206 

tests  for,  vi.  391 

Colemauville    Mineral    Springs, 

sigmoid,  i.  184 

Comes  nervi  phrenici  artery,  vii. 

iii.  196 

sinuses  of,  iii.  303 

750 

Coleoptera,  v.  165 

stenosis  of,  iii.  203 

Comfrey,  iii.  227 

Colic,  gastric,  vi.  348 

surgery  of,  iii.  301 

Comma  bacillus,  viii.  363 

hepatic,  differentiated   from  in- 

transverse, i.  184 

Commifera,  vi.  85 

testinal,  iii.  197 

tumors  of,  i.  38 ;  iii.  304 

myrrha,  vi.  85 

intestinal,    iii.  196 

ulceration  of,  iii.  301 

ojiobalsanumi.  vi.  85 

diagnosis,  iii.  197 

volvulus,  iii.  204 

Comminuted  fractures,  iv.  248 

etiology,  iii.  196 

wounds  of.  iii.  201 

Commissures  of  brain,  ii.  140 

pathology,  iii.  197 

Colonial  Springs,  iii.  207 

of  fornix,  ii.  180 

prognosis,  iii.  197 

Colophony,  vii.  913 

Commitment    of  the   insane    by 

symptoms,  iii.  196 

Colopoda  cucuUus,  viii.  548 

civil  process,  v.  75 

treatment,  iii.  197 

Color  produced  by  ]ioisons,  i.  660 

Commonwealth  Mineral  Springs, 

lead,  V.  473 

sensation  of,  viii.  244 

iii.  -228 

painter's,  v.  474 

Colorado,  iii.  318 

Commotio  retinse,  iv.  99 

renal,  differentiated  from  intes- 

requirements for  medical  prac- 

Communicability of  infectious  dis- 

tinal, iii.  197 

tice  in, iv.  48 

eases,  iv.  S71 

spermatic,  vii.  193 

Color-blindness,  ac(iuired,  viii.  245 

Compensation     in    valvular   heart 

Colic  root,  i.  170 

an  advantage  in  certain  occujja- 

<lisease,  ii.  S22;  iv.  603 

Colica  piotonum,  v.  473 

tions,  iii.  210 

Complement,  viii.  471 

Colitis,  membranous,  iii.  198 

complete,  viii.  245 

ileviation  of  the,  viii.  473 

nuicous.  iii.  198 

normal,  viii.  345 

Complexus  muscle,  anomalies  of, 

Collargol,  vii.  216 

red-greeu,  viii.  245 

vi.  60 

Collaterals,  ii.  332 

test  for.  iii.  212 

Composites,  iii.  228 

Colles'  fascia,  iv.  323 ;  vi.  564 

yellow-blue,  viii.  245 

Compound   cathartic    pills  as   a 

fracture,  iv.  262 

Colored  papers  containing  arsenic. 

purgative,  vi.  813 

law,  vii.  630 

poisoning  by,  viii.  348 

composition  of,  iii.  201 
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Compound  decoction  of  mczcreon. 
V.  790 
of  siirsn))anUu,  vii.  41 
Compound  dislocations,  iii.  506 
Compound  effervescing  powder, 

vi,  711 
Compound  extract  of  colocyntli,  iii. 
•,'(11 
of  s,-irs;i|i;irill:i.  v.  700 
Compound  fliiid  extract  of  sar.sa- 

|iarilla.  vii.  41 
Compound  fractures,  iv.  248,  251 

tiraimciit.  iv.  ''~)0 
Compound  infusion  of  gentian,  iv. 
:i2.s 
of  senna,  v.  ()92:  vii.  117 
Compound  liniment  of   mustard, 

vi.  00 
Compound  liquorice  mixture,  v. 

.51.S;   vi.  ;iS7 
Compound  pills,  catliartic,  iii.  201 
of  antimony,  i.  375 
of  rlinharl).  vi.  074 
Compound    powder,   effervescing, 
vi.  744 
of  cliinosol.  ii.  835 
of  liqviorice,  v.  518:  vi.  387 

as  a  laxative,  v.  470 
of  niorpliine,  v.  864 
of  rliul)aib,  vi.  974 

as  a  la.xative,  v.  470 
Compound    solution     of    thymol, 

vii.  705 
Compound  spirit  of  ether,  iv.  13 
of  juniper,  v.  299 
of  orange  peel,  vi.  398 
Compound  syrup  of  squill,  vii.  434 
Compound  tincture  of  benzoin,  i. 
746 
of  eardaraom,  ii.  687 
of  cateeliu,  ii.  739 
of  cinchona,  iii.  89 
of  centiau,  iv.  828 
of  lavender,  v.  468 
Compress,  water,  iv.  790 
Compressed  air,  apparatus  for,  i. 

i;ji 

illness  from,  ii.  547 
Compression,  in  disease  of  joints. 
V.  277 
in  disease  of  knee-joint,  v.  286 
of  arteries,  i.  239 
of  brain,  ii.  420 
Compressor  hemisphericum  bul- 

bi  muscle,  vi.  02 
Compressor       narium       muscle, 

anomalies  of,  vi.  43 
Compressor  venae  dorsalis  penis 

muscle,  vi.  02 
Compressors  of  upper  lip  for  con- 
trollinK  heniorrliage  in  operations 
for  harelip,  iv.  536 
Compsomyia  macellaria,    v.   1.53, 

l.")4 
Comptonia  peregenia,  iv.  148 
Conca,  iii.  22S 
Concave  glasses,  use  of,  in  myopia, 

vi.  s;5 
Concentrated  food  as  army  ration, 

V.  ><ir>) 
Concentration,  lack  of,  in  insanity, 

V.  55 
Conceptions,  imperative,  v.  48,  131 

in  insanity,  v.  48 
Concretions,"  iii.  228;  see  also  Cnl- 
cnii 
amvloid,  iii.  228 
biliary,  iii.  228 


Concretions,  cutaneous,  iii.  230 

indigo,  iii.  235 

in  gout,  iii.  230 

intestinal,  iii.  231 

in  the  laclirymal  glaud,  v.  395 

phosphatic,  iii.  235 

piepntial,  iii.  231 

prostatic,  iii.  231 

•salivary,  iii.  232 

skin,  iii.  230 

vcsirular,  vii.  191 
Condensation  of  sound  waves,  i. 

Oil 
Condensed  milk,  iv.  866:  v.  829 
Condiments,    amount    allowed    to 

troops  as  rations,  v.  799 
Conductivity  of  muscle,  effect  of 
voltaic  current  upon,  iii.  772 

of  nerve,  effect  of  constant  cur- 
rent upon.  iii.  769 
Condurangin,  ii.  236 
Condurango,  iii.  236 
Condyles  of  humerus,  iii.  732 
Condyloma,  iii.  237 

acuminatum,  iii.  237 

of  e.xternal  auditory  canal,  iii. 
676 

of  glans  penis,  iii.  337 

of  prepuce,  iii.  237 

of  uretlira,  i.  770 

of  vulva,  viii.  163 

pointed,  iii.  237 

syphilitic,  diagnosed  from  ver- 
ruca acnmiuata,  viii.  222 

treatment,  iii.  238 
Cone,  ether,  iii.  15 

family,  the,  iii.  238 
Cones  of  tlie  retina,  iv.  78 
Conessi,  iv.  732 
Conessine,  iv.  732 
Confection,  v.  735 

of  cassia  fistula,  ii.  708 

of  rose,  iv.  733:  vi.  1000 

of  senna,  vii.  117:  v.  470 
Confinement,  see  Labor 
Confusion  as  a  symptom  of  insan- 
ity, V.  45 

in  dementia  precox,  v.  104 

senile,  v.  113;  and  net  Insanity, 

Kfllilc 

Congelation  among  troops,  ii.  618 
Congestion,  v.  551 

active,  iii.  120 

arterial,  iii.  120 

cerebral,  ii.  366 
passive,  ii.  368 
venous,  ii.  368 

of  kidneys,  v.  321 

of  liver,  v.  .551 

of  lungs,  V.  591 
active,  v.  591 
hypostatic,  v.  591 
mechanical,  v.  .591 

of  cesophagns,  passive,  vi.  338 

of  omentum,  passive,  vi.  3.58 

of  ovarj-,  vi.  433 

of  pituitary  gland,  vi.  640 

of  spinal  cord,  vii.  337 

passive,  iii.  121 

venous,  iii,  121 
Congestive  chill,  v.  679 
Congo  sickness,  vii.  242 
Conhydrine,  iii.  239 
Conicine,  iii.  239 
Conidia,  iv.  276 
Coniferae,  iii,  238 

jioisonous  plants  of,  vi.  695 
Coniine,  iii.  239 


Conium,  iii.  238 

action,  iii.  239 

composition,  iii.  239 

fruit,  iii.  238 

maculatuni,  iii.  238 

poisoning  by,  viii.  477 

seed,  iii.  238 

uses,  iii,  239 
Conjugate  points,  iv.  85 
Conjugate  sulphates,  in  wine,  de- 

teniiiiiutioii  of.  viii.  54 
Conjunctiva,  iv.  64 

all'eclions  of  the.  iii.  240 

argyria  of,  iii.  251 

benign  tumors  of,  iv.  108 

burns  of,  iv.  99 

catarrh  of,  iii.  246 

caustic  substances  in,  iii.  250 

chondro-adenoraa  of,  iv.  109 

corneal,  iv.  71 

dermoid  tumors  of,  iv.  108 

eczema  of,  iii.  246 

epitheliomata  of,  iv.  109 

foreign  bodies  in,  iii.  2.50 

fornix  of,  iv.  65 

granuloma  of,  iv.  108 

liypera'mia  of,  iii.  240 

inflammation  of,  see   Conjuncti- 
ntis 

injiuies  of,  iv.  99 

lipoma  of,  iv.  108 

lymphangiectasia  of,  iv.  109 

malignant  tumors  of  the.  iv.  109 

medication  of  the,  v.  733 

melanocancroids  of,  iv.  109 

osteoma  of,  iv.  109 

papilloma  of,  iv.  108 

pemphigus  of,  vi.  .546 

Pinguecula,  iii.  24" 

polypus  of,  iv.  108 

pterygium  of,  iii.  247 

sarcoma  of,  iv.  109 

serous  cysts  of,  iv.  108 

syphilitic  affections  of,  vii.  619 

telangiectatic  tumors  of,  iv.  108 

trachoma  of,  iii.  244 

traumatic  lesions  of,  iii.  2.50 

tumors  of.  iv.  108 

Avounds  of.  iv.  99 
Conjunctivitis,  iii   240 

catarrhal,  iii.  240 

caused  by  atropiuism,  iii.  250 
by  jequirity,  iii.  245 

croupous,  iii.  243 

diphtheritic,  iii,  243 

as  cause  of  blindness,  ii.  10 

follicular,  iii.  244 

etiology  of,  iii.  240 

gouorrhceal,  iii.  241 

as  cause  of  blindness,  ii.  12 

granular,  iii.  244 

lymphalica.  iii.  246 

membranous,  iii,  243 

phlyctenular,  iii.  246 

purulent,  iii.  241 

scrofulous,  iii.  246 

trachomatous,  iii.  244 

vernal,  iii.  246 
Connecticut,  food  adulteration   in, 
iv.  173 

historj'  of  vellow  fever  in,  viii. 
587 

requirements  for  medical  prac- 
tice in.  iv.  48 
Connective  tissue,  iii.  251 

elastic,  iii.  2.53 

embryonic,  iii.  251 

fibro-elastic,  iii.  253 
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Com  pound  decoction, 
ford,  spermatic. 


Connective  tissue,  libious,  iii.  253 
hyaline  degeueratiou  of.  iv.  772 
mucou.s.  iii.  253 
parasites  iu,  vi.  501 
regeneration  of,  vi.  883 
reticular,  iii.  254 
Conorhinus  gerstaeckeri,  v.  1G3 
|)rutnictus,  V.  162 
sanguisugus,  v.  161 
variegatus,  v.  162 
Consanguinity,  iii.  255 

a  cau.se  of  dcaf-nuitism.  iii.  364 
collateral,  iii.  255 
degrees  of,  iii.  355 
direct,  iii.  255 
effect  on  offspring,  iii.  256 
lineal,  iii.  255 

predisposing  cause  of  cretinism, 
iv.  392 
Consciousness,  definition  of,  v.  50 
disturbances  of,  v.  50 
disorders  of.  iii.  2.59 
physical  basis  of,  v.  50 
relation  of.  to  insanity,  iii.  360 
states  of,  iii.  200 
Consent  of  patient    to  operation, 

viii.  513 
Consomme,  how  to  make,  iii.  454 
Consonants,  articulation  of,  v.  4-55 
Constant  current,  effect  u])on  irri- 
laliilitv  and  conductivity  of  nerves, 
iii.  767.  769 
Constipation,  iii.  362 
causes,  iii.  262 
diarrha?a  masking,  iii.  440 
effects,  iii.  263 
headache  in,  iv.  547 
iu  appendicitis,  i.  423 
in  pregnancy,  iv.  346 
symptoms,  iii.  262 
treatment,  iii.  263 
Constitutional  diseases  as  causes 

nf  insanity,  v.  33 
Constrictor  isthmi  faucium  mus- 
cle, viii.   107 
Constrictor    pharyngis     inferior 

muscle,  anomalies  of.  vi.  47 
Constrictor    pharyngis     medius 

muscle,  anomalies  of.  vi.  47 
Constrictor  pharyngis    superior 

muscle,  anomalies  of.  vi,  47 
Consultation,  physician  responsible 

lor  not  iuvitiug.  v.  683 
Consumption,    iii.    264:    see    also 
I'/it/Ksis  and  Tuberculosis 
butlers',  v.  594 

cause  of,  how  developed,  iii.  264 

climatic  conditions  counteracting 

the  development  of,  iii.  265 

relations  of,  iii.  263 

effect  of  atmospheric  change  on, 

i.  150 
etiology,  iii.  264 
miners',  vii.  214 
Consumptives,      Colorado     as     a 
health  resort  for,  iii.  222 
Engadiue   suitable  climate   for, 
iii.  826 
Consumptive's  weed,  viii.  333 
Contact,   effect    of,    on   differentia- 
tion, iii.  46.8 
Contagium  animatum,  i.  677 
Continued  malarial  fever,  v.  677 
Continuity,  iv.  049;  see  also  Ilcral- 

Contract    between    physician    and 
patient,  iv.  140 
implied,  iv.  140 
Vol.  viii. -41 


Contract,  capacity  to  make,  iii.  128 

with  the  insane,  v.  76 
Contractile    substance,   structure 

of,  iii.  269 
Contractility,  iii.  268 
Contraction,  iii.  268 

character  of,  iii.  271 

muscular,  character  of,  iii.  272 

produced  by  cicatrices,  iii.  87 
Contractures,  habit,  iv.  .528 

occupation,  iv.  528 
Contre-coup,  fracture  of  skull  by, 

iv.  .556.  558 
Contributory  negligence,  v.  683 
Contusions,  iii.  273 

diagnosis  of,  iii.  273 

difference  between  ante-mortem 
and  post-mortem,  iii.  273 

extravasations  following,  iii.  273 

of  arm  and  forearm,  i.  457 

of  joints,  v.  293 

of  mamma,  ii.  473 

symptoms  and  course  of,  iii.  273 

treatment  of.  iii.  273 
Conus  arteriosus,  iv.  569 
Convalescence  from  acute  diseases, 

climate  suitable  for,  iv.  ,565 
Convallamaretin,  v.  513 
Convallamarin,  v.  513 
Convallaretin,  v.  513 
Convallaria,  v.  513 

majalis,  v.  513 

diuretic  action  of,  iii.  .545 

jioisonous  plant,  vi.  705 
Convallarin,  v.  513 
Convoluted  tubules,  v.  310 

fimction  of.  vii.  99 
Convolutions    of  brain,    nutrient 

arterioles  of.  ii.  254 
Convolvulacese,  iii.  375 
Convolvulin,  v.  241;  vii.  44 
Convolvulus  scammonia,  vii.  44 
Convulsions,    iii.     275;     see     also 
Erlnmji»iii 

classilication,  iii.  375 

diagnosis,  Iii.  376 

epileptiform,  as  symptom  of  in- 
tracranial tumor,  ii.  437 

essential,  iii.  275 

etiology,  iii.  275 

exciting  causes,  iii.  273 

idiopathic,  iii.  275 

in  children,  iii.  700 

physio-pathology,  iii.  376 

jiredisposing  causes,  iii.  275 

jjrognosis,  iii.  277 

relation   to   other  hyperkineses, 
iii.  375 

symptomatic,  iii.  275 

symptoms,  iii.  276 

treat ment,  iii.  277 
Convulsives,  poisons,  vi.  691 
Cooking  soda,  vii.  2.57 
Cooper-Lane    test    for    inosite    in 

uiiiie.  viii.  53 
Cooper's    (Sir  Astley)  apparatus 
for  dislocated  clavicle,  iii.  514 

method    of  reducing  dislocated 
hip,  iii.  525 
of   reducing   dislocated  hu- 
merus, iii.  519 
Cooper's  'Well,  iii.  277 
Copaiba,  iii.  277 

action  and  use  of,  iii.  378 

administration,  iii.  378 

allied  drugs,  iii.  278 

as  an  expectorant,  iv.  51 

balsam  of,  iii.  277 


Copaiba,  collection  of,  iii.  277 
composition  of,  iii.  277 
confertiflora,  iii.  277 
coriacea.  iii.  277 
description  of,  iii.  277 
diuretic  action  of.  iii.  .547 
eruption      caused      by,     distin- 
guished from  measles,  v.  718 
guyanensis,  iii.  377 
Langsdorfii,  iii.  277 
multijuga,  iii.  377 
oblougifolia,  iii.  377 
officinalis,  iii.  277 
varieties,  iii.  377 
Copaivic  acid,  iii.  278 
Copal,  iii.  278 
Copper,  iii.  378 

absorption  and  elimination  of,  iii. 

279 
acute  poisoning  by,  iii.  279 
carbonate  of,  antidotal  value  of, 

i.  374 
chronic  poisoning  by,  iii.  280 
compounds,    general    medicinal 

properties  of,  iii.  378 
disposition  of,  in  the  body  after 

absorption,  vi.  737 
fatal  quantity  of,  iii.  279 
iu  animals,  iii.  280 
in  food,  iii.  280:  iv.  184 
in  plants,  iii.  380 
in  water,  viii.  389 
niedicinallv  used,  compounds  of, 

iii.  278 
phenosulphate.  iii.  338 
poisoning  by,  iii.  279;  iv.  184 
post-mortem  ajipearances  in, 

iii.  279 
treatment  of.  iii.  280 
salts    of,    reduced    by   cerebro- 
spinal fluid,  ii.  247  " 
sulphate,  iii.  278 

as  an  emetic,  i.  370:  iii.  813 
as  a  germicide,  iv.  333 
sul]>hocarbolate,  iii.  338 
Copper-haemol,  v.  230 
Copper  workers,  diseases  of.  vi.  326 
Copperas,  v.  233 
Coprsemia,  an  auto-intoxication,  L 

643 
Coprinus,  iv.  385 

atrameutarius,  iv.  385 
conatus,  iv.  285 
micaceus.  iv.  285 
Coptine,  iv.  398 
Coptis,  iv.  398 
tecta,  iv.  398 
trifolia,  iv.  398 
Copulation,  iii.  280 

accidents  from.  iii.  283 
Copyriglit,  iii.  283 
Cor  bovinum,  iv.  603 
Coracobrachialis  longus  muscle, 

vi.  51 
Coracobrachialis  muscle,  i.  453 

anomalies  of,  vi.  51 
Coracobrachialis  proprius    mus- 
cle, vi.  51 
Coracobrachialis     superior      vel 

brevis  muscle,  vi.  51 
Coracocapsularis  muscle,  vi.  51 
Coracoid  process,  fracture   of.  iv. 

2-59;  vii.  46 
Coral  bean,  poisonous    plant,    vi. 

270 
Cord,  medullary,  vi.  449 
Cord,  spermatic,  hvdrocele  of,  viL 
187 
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Cord,  spermatic,  structure  of,  iv. 

Coronary  sinus,  iv.  569,  573 

Corydalis,  iv.  275 

32!) 

anoniiilies  of,  viii.  201,  202 

Coryza,  acute,  vi.  109 

injui'ii'S  to.  vii.  180 

Coronary  veins,  iv.  573 

clironie.  vi.  114 

torsinii  of,  vii.  180 

nbnormalities  of,  viii.  201 

vasomotoria  periodica,  see  llai/ 

Cord,  spinal,  set'  S/nnal  cm-d 

Coroner,  iii.  393 

fever 

Cord,    umbilical,   sec    Funis,   ;uk1 

abolished  in  Massachusetts, 

iv. 

Cosaprin,  iii.  396 

I'lnhiUriil  roffl 

43 

Coscinium  fenestratum,  v.  859 

Cordite,  vii.  it  10 

expense  of,  in  New  York,  iv 

44 

Cosmoline,  vi.  576 

Cordol,  vii.  878 

fees.  iii.  295 

Cosmostigma  racemosum,  i.  565 

Corectopia,  v.  216 
Coriander,  iii.  383 

functions,  iii.  293 

Costa  fluctuans,  ii.  806 

in(|uest.  iii.  294 

Costal  stigma,  Stiller's,  ii.  806 

Coriandrol,  iii.  283 

Coronilla,  iii.  395 

Costebelle,  iv.  793 

Coriandrum,  iii.  283 

seoi'iiioiiles.  iii.  395 

Costocoracoid  membrane,  vii.  307 

Coriavia,  iii.  283 

Coronillin,  iii.  395 

Costofascialis  muscle,  vi.  45 

iiiynif.iliii.  iii.  288 

Coronoid  process,  fracture  of. 

iv. 

Cotarnine  hydrochloride,  iii.  577 ; 

Coridin,  pt'inaVn.  vi.  788 

2112 

vii.  546 

Coriomyrtin,  iii.  283 

Corpora  amylacea,  iii.  228,  295 

Coto,  iii.  296 

Coriscus  subcoleoptratus,  v.  163 

of  nervous  systena,  iii.  228; 

vi. 

Para,  iii.  296 

Corium,    viii.   ^<'>i:   aiul  see  Denna 

263 

Cotoin,  iii.  2'.l<i 

and  .S/.fw 

Corpora  cavernosa,  iv.  323 

Cotterell  and  Gibney's  method  of 

Corn  cockle,   poisonous   plaut,  vi. 

lilirosi.s  of,  vii.  177 

strapping   for   sprained   ankle,  v. 

TOl 

Corpora  oryzoidea,  iv.  773 

291 

Corn,  ergot,  viii.  64 

Corpora  quadrigemina,  lesions  of, 

Cotting's  treatment  of  ingrown  toe 

Corn-meal   sulistitute   lor   flour,  in 

ii.  369 

nail,  V.  18 

sdldirrs'  rations,  v.  801 

diagnosis,  ii.  286 

Cotton,  iii.  396 

Corn-silk,  iii.  291 

posterior,  influence  of.  on  respi- 

absorbent, iii.  397 

Corn-smut,  viii.  61 

ration,  vi.  953 

as  dressing,  iii.  555 

Cornea,  iv.  TO 

tumors  of.  ii.  441,  448 

gun-,  iii.  398 

abscess  of  tlie.  iii.  283;  vi.  100 

Corpora  striata,  le.sious  of  the 

ii. 

soluble,  iii.  398 

blood  supply  of  tlie,  iv.  72 

31  i9 

plants,  iii.  297 

burns  of.  iv!  101 

Corpulence,  i.  133 

purified,  iii.  297 

congenitiil  defects  of,  iii.  289 

Corpus  Arantii,  iv.  571 

uses  of,  iii.  298 

conical,  iii.  290 

Corpus  callosum,  ii.  182 

Cotton-root  bark,  iii.  397 

development  of,  iv.  70 

Corpvis  lutevim,  vii.  1.53 

Cotton-seed  oil,  iii.  397 

diseases  of  the,  iii.  283 

Corpus  spongiosum,  iv.  323 

Cotton-workers,    diseases    of,    vi. 

as  a  cause  of  blindness,  ii.  10 

Corpuscles,  blood,  see  Blood  corpus- 

324 

epitlielioma  of  tlie.  iii.  291 

cles 

Cotylogonimus  heterophyes,  vii. 

tistula  of  the,  iii.  289 

colostrum,  v.  823 

870 

globo.sa,  iv.  364 

lymph,  V.  617 

Couch  grass,  iii.  398 

iierpes  of  the,  iii.  285 

Slalpighian.  v.  310 

Cough,  iii.  298 

infiltrations  of  the,  iii.  ,283 

Pacinian,  iii.  833 

accidents  attending,  iii.  303 

intlammation  of  the,  iii.  284;  v. 

pathology  of.  vi.  456 

conditions  giving  rise  to,  iii.  300 

3;  and  see  Kerniitis 

tactile,  iii.  823 

croupy,  iii.  301 

pathology  of,  v.  3 

terminal,  iii.  833 

crowing,  iii.  301 

injuries  of.  iv.  100 

vitreous,  viii.  365 

deficient,  iii.  301 

lead  stains  of  the,  iii.  289 

Corpuscula  oryzoidea,  vi.  975 

diagnosis  of,  iii.  301 

malformations  of  the,  iii.  289 

Correlation,  iv.  639 

dry.  iii.  301 

inelano-careinoma  of  the,  iii.  291 

biparenfal.  iv.  639 

eflccts  of,  upon  the  viscera,  iii. 

microscopical  anatomy  of  the,  iv. 

coefficient  of,  iv.  641 ;  viii.  194 

300 

71 

collateral,  iv.  639 

fracture  of  clavicle  due  to,  iii. 

nerves  of  the,  iv.  73 

direct,  iv.  639 

303 

opacities  of  tlie,  iii.  389 

negative,  viii.  194 

hacking,  iii.  301 

sarcoma  of  the,  iii.  291 

of  variations,  viii.  194 

hoarse,  iii.  301 

scalds  of,  iv.  101 

po.sitive.  viii.  194 

hysterical,  iii.  301 

staphyloma  of  the,  iii.  383,  290 

table,  viii.  195 

iii  acute  bronchitis,  ii.  490 

syphilitic  atlections  of,  vii.  619 

Corrigan's  pulse,  vi.  803.  804 

in  chronic  bronchitis,  ii.  495 

tumors  of  the.  iii.  391;  iv.  110 

Corrosive  sublimate,  v.   753 ; 

and 

mechanism  of,  iii.  399 

ulcers  of  the,  iii.  383,  387,  388 

see  Ml miiii 

metallic,  iii.  301 

wounds  of,  iv.  110 

Corrosives,   acids,   burns   from, 

ii. 

moist,  iii.  301 

Corneal  cells,  iv.  71 

519 

niuflled,  iii.  301 

eoipuscles,  iv.  71 

burns  from,  ii.  530 

nervous,  v.  439;  vi.  250 

Corneitis,  iii.  384 

poisons,  vi.  691 

productive,  iii.  301 

Corneliusquelle  (at  Aachen),  i.  1 

Corset-liver,  i.  38 

reflex,  iii.  301 

Cornet's   cover-glass    forceps,    viii. 

Corsica  (Ajiiceio).  i.  163 

ringin.g.  iii.  301 

39.-) 

Corsican  moss,  vi.  1. 

striduious,  iii.  301 

Cornicula    laryng-is,   v.   408  (Car- 

Cortex   cerebi,   iuhibition   referred 

suppressed,  iii.  301 

lilii;iis  of  Siiiiliiniii) 

to,  V.  35 

treatment  of,  iii.  303 

Cornification,  iii.  391,  395 

lesions  of.  cause  of  hemiplegia. 

varieties  of,  iii.  301 

Cornin,  iii.  .■)49 

iv.  633 

wheezing,  iii.  301 

Cornu  cutaneum,  iii.  293 

diagnosis  of,  ii.  283 

wlioopin,g-,  viii.  306 

Cornus,  iii.  .')49 

Cortex  of  hair,  viii.  565 

Coumarin,  iii.  338,  352 

lloiiihi,  iii.  549 

Corti,  cells  of,  i.  633 

Counter     for    Esmarch's    roll-tube 

Cornvitine,  iv.  3 

organ  of,  i.  633 

cultures,  viii.  404 

Coronado  Beach,  ii.  555 

rods  of.  i.  633 

Counter-irritant,  heat  as,  iv.  624 

Coronado  Springs,  iii.  393 

Cortinarius,  iv.  284 

Counter-irritants,  iii.  304 

Coronary  arteries,  iv.  573 

Cortland  Howe  ventilating  stove, 

definition  of.  iii.  305 

abnormalities  of,  ii.  95 

iv.  759 

modus  operiiiidi  of,  iii.  305 

aneurism  of,  iv.  .580 

Coruco,  V.  156 

principle  of,  iii.  304 
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Counter-irritants,  purposes  of,  iii. 

Cranial  nerves,  pliylogeny  and  eni- 

Cresotic  acid,  vii.  9 

305 

bryoldgy,  iii.  :316' 

Cresotinic  acid,  vii.  9 

varieties  of,  iii.  304 

second,  iv.  79 

Crosotol,  iv.  425 

Counter-irritation,  iii.  304 

scventli.  iii.  321 

Cresson  Springs,  iii.  329 

Counting  stage  for  enumeration  of 

sixth,  iii.  324 

Cresylic  acid,  iii.  329 

liloud  corpuscles,  ii.  43 

spinal  type  of,  iii.  318 

Cresyol,  iii.  329 

Cousins,  marriage  between,  iii.  357 

table  of  nerve  components,   iii. 

Greta  prseparata,  ii.  553 

Coutoubeas,  iv.  oiS 

315 

Cretin,  general  features  of,  iv.  393 

Cover-glass  forceps,  viii.  395 

tenth,  iii.  318 

Cretinism,  iv.  389;  v.  145;  vi.  87 

Cowbane,  poisonous  plant,  vi.  702 

third,  iii.  325 

definition  of.  iv.  389 

Cow-cockle,    poisonous    plant,    vi. 

twelfth,  iii.  318;  iv.  833 

diagnosis  of,  iv.  393 

701 

Cranial  plexus,  vii.  575 

dillerential  diagnosis  of,  iv.  395 

Cow-killers,  v.  167 

Craniocele,  ii    233 

distribution  of,  iv.  390 

Cowl,  rotating-,  iv.  757 

Cranio  -  encephalic   topography. 

endemic  distribution,  iv.  390 

Cowling's  rule  for  dosage,  iii.  551 

ii.  4(11;  vii.  239 

etiology  and  pathogenesis  of,  iv. 

Cowper's  glands,  iii.  305;  iv.  337; 

Craniofacial  angle,  vii.  229 

390 

viii.  15 

axis,  vii.  229 

etymology,  iv.  389 

Cowperitis  in  gouorrluea,  iii.  306; 

Craniology,  vii.  239 

general  features  of,  iv.  393 

iv.  401 

Craniorachischisis,  vii.  697 

historical,  iv.  390 

Cowpox,  iii.  307;  viii.  113 

Cranioschisis,  vii.  697 

motor  phenomena  in,  iv.  394 

cause  of  unwholesome  milk,  v. 

Craniotomy,  vi.  315 

pathological  anatomy  of,  iv.  394 

836 

in  case  of  deformed   pelvis,  vi. 

predisposing  causes  of,  iv.  392 

natural    in   the    United    States, 

530 

psychic  phenomena  in,  iv.  394 

viii.  113 

Cranium,  division  of,  to  study  brain. 

relation  of  water  to.  iv.  391 

nature  of,  iii.  308 

ii.  375 

to  myxa'dema,  iv.  391 

Cows,  feed  antl  care  of,  v.  843 

hj'drocephalic,  iv.  778 

to  thyroid  gland,  iv.  391 

milking  of,  v.  843 

.section  of.  in  new-born,  iii.  95 

sensory  phenomena  in,  iv.  394 

milk  of,  see  3/(7/.- 

Crayfish,    circulatory    system     in. 

somatic  features,  iv.  393 

Coxa  vara,  iii.  308;  v.  371 

iii.  95 

synonyms,  iv.  390 

bilateral,  iii.  309 

Cream,  v.  822 

treatment  of,  iv.  395 ;  v.  145 

diagnosis,  iii.  309 

adulteration  of,  iv.  181 

Crew,  ship's,  inspection  of,  at  quar- 

dill'erential diagnosis,  iii.  309 

gelatin  in,  detection  of,  v.  840 

antine,  vi.  833 

etiology,  iii.  310 

Cream  of  tartar,  vi.  744 

Crico-arytenoid  articulation,  an- 

pathology, iii.  310 

ailidtcration  of,  iv.  181 

kylosis  of,  v.  418 

physical  signs,  iii.  308 

whey,  vi.  745 

artliritis  nf,  v.  418 

prognosis,  iii.  310 

Creasote,  iii.  337 

Crico-arytenoid  muscle,  lateral,  v. 

statistics,  iii.  310 

Creatin,  i.  68 

409 

symptoms,  iii.  308 

in  urine,  viii.  37 

liosterior,  v.  -t09 

treatment,  iii.  311 

Creatinin,  i.  68 

Crico-hyoid  muscle,  vi.  45 

Coxalgia,  v.  206 

formation  of,  in  body,  v.  773 

Crico-thyroid  membrane,  v.  408 

Coxitis,  V.  366 

in  urine,  v.  318;  viii.  37 

Crico-thyroid  muscle,  v.  409 

senile,  v.  273 

Creation,  special,  theory  of.  iv.  30 

Cricoid  cartilage,  v.  407 

Cox's  fluid,  iv.  710 

Crede's  method  of  expressing  the 

Cries,  nocturnal,  complicating  hip 

Crab-louse,  v.  157 

placenta,  v.  389 

disease,  treatment  of,  v.  384 

Crab-orchard  salts,  iii.  311 

in   oplithalmia    neonatorum,  iii. 

Crime,  plea  of  insanity  as  defence 

Crab-orchard  Springs,  iii.  811 

212 

for.  V.  78 

Crab's  eyes,  iv.  131;  v,  360 

Cremation,  iii.  356 

Criminal  abortion,  i.  43;  viii.  511 

Cracked-pot  sound,  ii.  816 

apparatus  for.  iii.  361 

Criminal  assavilt,  viii.  513 

Crackles,  dry.  vi.  838 

economy  of.  iii.  360 

Crista  acustica,  i.  631 

moist,  vi.  838 

history  of,  iii.  357 

galli,  ii.  313 

Cramp  bark,  viii.  334 

of  garbage,  vi.  878 

terminalis.  iv.  .568 

Cramps,  iii.  311 

process  of.  iii.  360 

Critchett's  scoop,  ii.  733 

clinical  history,  iii.  311 

societies,  list  of  Italian,  iii.  361 

Crocetin,  vii.  3 

definition  of,  iii.  313 

Crematorium,  iii.  361 

Crocin,  vii.  :! 

etiology  of,  iii.  313 

Creoform,  iv.  246 

Crocker  Springs,  iii.  330 

local,  electrotherapeutics  in,  iii. 

Creolin,  iii.  337 

Crockett  Arsenic  Lithia  Springs, 

760 

as  a  germicide,  iv.  333 

iii.  330 

pathology,  iii.  313 

Creosal,'  vii.  638 

Crocus,  vii.  3 

treatment,  iii.  313 

Creosin,  iii.  337 

sativus,  vii.  3 

Cranesbill,  iv.  338 

Creosote,  iii.  327 

Croft's  operation,  vi.  900 

Cranial  bones,  disease  of,  cause  of 

as  a  germicide,  iv.  333 

Crotalin,  vi.  711 

headache,  iv.  553 

beech-wood,  iii.  337 

Crotalus,  vi.  709 

Cranial    deformities    followed   by 

coal-tar.  ii.  6.55;  iii.  337 

Crotin,  iii.  331 

epilep.sv,  iii.  84S 

fatal  dose  of,  iii.  338 

Crotou  chloral  hydrate,  ii.  539 

Cranial  injuries,  drowsiness  accom- 

magnesia,  v.  673 

Croton  eleuteria,  ii.  707 

jianying,  iii.  560 

phosphate,  vi.  630 

Croton  oil,  iii.  331 

Cranial  nerves,  iii.  312 

poisoning  by.  iii.  338 

as  a  purgative,  vi.  813 

branchiomeric  type  of,  iii.  318 

tests  for.  iii.  328 

as  a  pustulant,  iii.  305 

doctrine  of  nerve  components,  iii. 

water,  iii.  338 

inflammation  produced  by,  v.  6 

313 

wood-tar,  iii.  337 

Croton  tiglium,  iii.  331 

eighth,  i.  637 

Crepitant  rSles,  ii.  819 

Croup,  iii.  331 

eleventh,  iii.  318 

Cresalol,  iii.  339 

cold  useful  in,  iii.  194 

fifth,  iii.  333 

Cresegol.  iii.  737 

diagnosis,  iii.  333 

first,  vi.  349 

Cresochin,  iii.  339 

etiology,  iii.  331 

fourth,  iii.  325 

Cresoform,  iv.  346 

false,  Iii.  331;  v.  410 

ninth,  iii.  318 

Cresol,  iii.  339 

pathology,  iii.  331 

of  Willis,  iv.  823 

as  a  disinfectant,  i.  687 

pseudo-,  "iii.  331 ;  v.  410 

oculomotor  type.  iii.  324 

as  a  germicide,  iv.  333 

symptoms,  iii.  333 
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Croup,  irtatiiKiit.  iii.  332 

Cuneiform  bones,  dislocation  of. 

iii. 

Cyanic  poisons,  method  of  action. 

Croupous  necrosis,  vi,  203 

.530 

iv.  7M 

Cruciferee,  iii-   '■'•'■'>'■'• 

osteotomy,  iv.  229 

Cyanides,  iii.  339 

Crum  Mineral  Springs,  iii.  333 

Cunila  inariana,  v.  379 

meicui-y,  iii.  340 

Crura  cerebri,  lesions  in,  cause  of 

origanoides,  iii.  .543 

meiciuy-zinc.  v.  755 

licnu|il<',^ia,  iv.  IVM 

Cup  pessary,  viii.  66 

poisoning  by.  iv.   784;  see  also 

(liajrnosis  cil'.  ii.  2S('> 

Cupola  of  cochlcu,  i.  622 

Ihldrorjidiiir  acid,  poisoning  by 

Crural  nerve,  anterior,  vii.  740 

Cupping,  ii.  73 

jiotassium,  iii.  340 

Crurin,  iii.  334 

dry.  ii.  73 

poi.soning   by,  post-mortem 

Crusta  lactca.  iii.  TIC;  vii.  87 

glass,  ii.  73 

appearances,  i.  662 

]ictri)sa,  vii.  64!) 

wet.  ii.  73 

silver,  iii.  340;  vii.  216 

Crustaceorubin,  iii.  22") 

Cuprea  bark,  iii.  93 

Cyanosis,  drugs  causing,  iii.  423 

Cry,  cpilcplic.  iii.  S40 

Cupressus,  iii.  340 

of  ilie  retina,  vi.  9.53 

of  infant,  significance  of,  iii.  334 

scmpervirens.  iii.  340 

Cyclamaretin,  iii.  340 

Crying,  iii.  334 

Cupriaseptol,  iii.  338 

Cyclamen,  iii.  340 

jihysiolofry  of,  iii.  334 

Cupric  sulphate  as  a  germicide. 

iv. 

Kuiopa'um,  iii.  340 

significance  of.  iii.  334 

332 

Cyclamin,  iii.  340 

Cryoscopy,  viii.  30 

Curare,  iii.  33s 

Cyclitis,  \ii.  591 

Cryptophthalmus,  vii.  699 

action  on  heart,  v.  23 

as  a  cause  of  blindness,  ii.  10 

Cryptorchism,  vii.  179.  709 

on  nerves,  v.  232 

Cyclocephalus,  vii.  698 

Cryptosegia  grandiflora,  i.  itdii 

efl'ecl   on   hodv  temperature. 

ii. 

Cyclophyllidea,  ii.  783 

Crystal,  mineral,  vi.  74.") 

.508,  571 

Cyclopia,  iv.  (Jti 

Crystalline  lens,  iv.  (-11 

Curarine,  iii.  339 

Cyclops,  vi.  211 

(ievi-lopnient  of.  iv.  S2 

Curcuma,  iii.  339 

Cyclostomus,  vii.  699 

lenicival  of.  for  myopia,  vi.  83 

aromatica,  viii.  337 

Cyclotus,  vii.  699 

struct  lire  of,  iv.  81 

longa,  iii.  339 

Cydonia  cydonia,  vi,  827 

Crystals,  lioemiu,  ii.  74 

zedoaria.  viii.  337 

vulgaris,  vi,  837 

in  urine,  viii.  58 

Curcumin,  iii.  339 

Cydonium,  vi.  827 

Cuba,  iii.  33.t 

Curd,  alum.  i.  207 

Cylindrical    epithelium,    simple, 

liistorv   of  yellow  fever  in,  viii. 

Curettage  of  bladder,  i.  788 

iii.  8.54 

r,xi' 

Curettes  for  mastoid  operations 

V. 

stratified,  iii.  8.55 

Cubeb,  iii.  337 

702 

Cylindroma  of  Co  wper's  glands,  iii. 

aiimiuistrutioii,  iii.  338 

uterine,  iv.  466 

307 

as  a  diuretic,  iii.  .547 

Currants,  iv.  413 

of  the  orbit,  iv.  115 

canii)lior,  iii.  338 

Currents,  electrotonic,  iii.  773 

Cymogene,  vi.  971 

oil  of.  iii.  33S 

strength  of.  iii.  774 

Cymol,  iii.  338 

Cubeba,  iii.  337 

Currier's  conico-cylindrical  hearing 

Cymophenol,  ii.  706 

Cubebic  acid,  iii.  337 

tuhe,  iii.  632 

Cynanchecellularis  maligna,  vi.  593 

Cubebin,  iii   337 

Curtate  expectation  of  life,   viii. 

gangiu'nosa,  viii.  489 

Cubebs,  iii.  337 

259 

parotidea.  vi.  9 

Cubic  centimetre,  viii.  299 

Curvator  coccygeus  muscle,  vi 

03 

sublingualis  rheumatica,  vi.  593 

Cubic  nitre,  vii.  25N 

Curvature  of  ocular  surfaces,  iv 

90 

Cypress,  iii.  340 

Cubital  fossa,  iii.  732 

<if  spine,  anterior,  v.  571 

oil  of.  iii.  340 

Cuboid,  dislocation  of,  iii.  .')30 

lateral,  v.  456 

Cypripedium,  iii.  340;  viii.  181 

Cuboidal  epithelium,  iii   .s.")4 

posterior,  v.  377 

hirsutum.  iii.  340 

CucuUaris  muscle,  vi.  48 

Cuscamidine,  iii.  92 

parviflorum.  iii.  310 

Cucumber,  iii.  338 

Cuscamine,  iii.  92 

imbcscens,  iii.  340 

Cucurbita  pepo,  vi.  808 

Cusconidine,  iii.  92 

Cyrtometer,  iii   340 

Cucurbitaceae,  iii.  33s 

Cusconine,  iii    92 

Founiiantain's,  iii.  341 

]ioisim(Kis  plants  of,  vi.  694 

Cushing's  continuous  suture. 

v. 

Wilson's,  ii.  405;  iii.  340 

Cuincho,  iii.  338 

177 

Cystadenofibroma,  iii.  341 

Cuirass,  wire,  v.  278 

Cusparia,  i.  357 

Cystadouoma,  iii.  341 

Culex,  V.  868 

Cusparidine,  i.  357 

development  of,  iii.  341 

coiicolor,  V.  868 

Cusparine,  i.  357 

diflereutiated  from  cyst,  iii.  341, 

fasciatus,  role  of,  iu  etiology  of 

Cusso,  V.  376 ;  see  also  Koosun 

347 

yellow  fever,  viii.  330 

as  an  anthelmintic,  i.  363 

of  peritoneum,  vi.  571 

pijjicns,  V.  163 

Custard,  caramel,  how  to  make, 

iii. 

organs  affected,  iii.  342,  344 

piingens,  v.  163,  868  ft  seq. 

455 

origin  of,  iii.  342 

role   of,    in  etiology   of  yellow 

Custard-apple,  i   362 

papillary,  iii.  342 

fever,  viii.  330 

Custom,  ilnsage  nioditicd  by,  iii. 

551 

partim    simplex    partim    pajiil 

solicitans.  v.  868 

Cutaneous  concretions,  iii.  330 

liferum.  iii.  342 

Culicidse,  v.  102 

Cutaneous  nerve,  exteinal,  lower. 

])oly])oid,  iii.  341 

Cultivation  of  bacteria,  ineilioils 

i.  454 

simplex,  iii.  342 

of.  viii.  385 

ujiper,  i.  454 

Cystadenomyxoma,  iii.  341 

Culture  metlioils,  viii.  387 

interna  ,  i.  453,  4.54 

Cystamine,  iv.  246;  viii.  60 

sliilcs,  viii.  387 

lesser,  i.  454 

Cystic   degeneration  of  the  lach- 

Cultures, pure,  viii.  385 

Cutch,  ii.  738 

rymal  glanil.  iv.  110 

Culver's  roc  it.  v.  490 

Cuticula,  iii   854 

Cysticercus  acantlirotias,  ii.  786 

physic,  v.  490 

of  hair.  viii.  566 

botvroides.  ii.  786 

Cumaric  anhydride,  iii.  338 

Cutis  la.\a.  iii.  436 

bovis,  ii.  784;  viii.  233 

Cumarin,  iii.  149,  338 

pendula,  iii.  426;  iv.  155 

cellulosiC,  ii.  785,  786;  viii.  233 

Cumin,  iii.  338 

pensilis.  iii.  426 

cutis,  iii.  344 

aldelivde,  ii.  795 

]iroiiria.  viii.  5.54;  see  also  Z>c; 

md 

in  muscle,  vi.  33 

oil  <.f,'  iii.  338 

Cuttlefish  bone,  iii.  339 

in  the  vitreous,  viii.  268 

Cuminol,  iii.  338 

Cuvier,  iiersisteiice  of  left  duct  of. 

of  the  heart,  iv.  583 

Cuminum,  iii,  338 

viii.  302 

metastasis  of.  v.  779 

cynLiniim,  iii.  338 

Cyanic    poisons,    experiments 

on 

innltiloculaiis.  ii.  786 

Cummin,  iii.  338 

animals,  iv.  781 

racemosus,  ii.  786 
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Cysticercus  siibietiiial,  vi.  960 
Cystin  c.ilculi,  iii.  235 

lifpiisit,  iii.  397 

ill  urim',  viii.  .54,  60 
Cystinuria,  i.  645:  viii   54 

an  uutninto.xicaticui.  i.  645 
Cystitis,  i.  772.  793 

jicutr,  i.  773 

bactiTinlogj-  of.  i.  775.  793 

catanlial,  i.  774 

causes  of,  i.  772,  793 

chronic,  i.  773 

classification,  i.  773 

oJinical  liistory,  i,  794 

diagnosis  of,  i.  776,  795 
anatomical,  i.  773 
bacteriological,  i.  775 
clinical,  i,  773 
pathological,  i.  774 

differentiated  from  pj'clitis,  i.  7SC 

cndo-,  i.  774 

e.vfoliativc,  i.  775 

exudative,  i.  774 

follicular,  i.  794 

in  gonorrliiea,  iv.  402 

in  h3pertroi)hy  of  prostate,  vi. 
764 

interstitial,  i.  774 

nodular,  i.  794 

operative  treatment  of,  i.  788 

para-,  i.  773 

pathology  of,  i.  793 

peri-,  i.  773 

prognosis  of.  i.  795 

prophyla.xis  of,  i.  787,  795 

suppurative,  i.  774 

treatment,  i.  787,  795 

ulei-ralive,  i.  774 
Cystitonie,  ii.  727,  730 
Cystocarcinoma,  iii.  342 
Cystocele,  i.  767;  viii.  1,58 

irealnient  of,  viii.  159 
Cystofibroma,  iii.  341 

intiaianalicidar.  iii.  341 
Cystogen,  iv.  246;  viii.  60 
Cystoid  formations  in  the  choroid, 

iv.  Ill 
Cystoma,  iii.  341 ;  see  also  Cystade- 

Hilllilt.    ('///its 

differentiated  frotu  cyst,  iii.  347 

nudtilocular,  iii.  341 

of  auricle,  iii.  666 

of  jaw,  vi.  334 

multilocular,  vi.  334 

of  pharynx,  vi.  603 

ovarian,  vi.  439 

lia|)illiferum.  iii.  341 

proliferum,  iii.  341 
sim]ile.\,  iii.  341 
Cystomonas  urinaria,  viii.  .535 
Cystomyoma  of  uterus,  vi.  76 
Cystomyxoma,  iii.  341 
Cystosarcoma,  iii.  341 
Cystoscope,  iii.  45 

Alliarran's,  iii.  345 

FenwicU-Leiter's.  iii.  345 

for  bilateral  ureteral  catheteriza- 
tion, V.  349 

Nitze's,  iii.  345 

lirineiple  of.  iii.  345 
Cystoscopy,  i.  778 ;  iii.  345 

instriunents,  i.  779;  iii.  345 

l.iatient,  posture  of,  i.  782 
preparation  of,  i.  781 

technique,  i.  781 
Cystotomy,  hypogastric,  i.  770 

su]irapuliie.  vi.  769 
Cyst  tumors  of  jaw,  vi.  334 


Cysts,  iii.  347 
air,  iii.  349 
branchial,  ii.  457:    vi.   200;  vii. 

701;  and  see  Bra iic/hk/  cysts 
bronchiectatie,  viii.  406 
butter,  iii.  351;  viii.  482 
classilicatiou  of,  iii.  348 
congenital,  iii.  349 
contents  of.  iii.  342.  348 
degeneration,  iii.  348 
dentigerous,  v.  249,  255 
dermoid,  iii.  350    ■ 

of  bladder,  i.  769;  vii.  191 

of  orbit,  vi.  406 

of  uniliilicus,  viii.  6 
diagnoseil  from  cystadenoma  and 

from  cystoma,  iii.  347 
diagnosis  of,  iii.  352 
ecln"nocorcus.  v.  539 
endothelial,  iii.  349 
follicular,  iii.  348 

of  bladder,  i.  769;  vii.  191 

of  jaw,  vi.  334 
foreien  bodv.  iii.  349 
gas.  iii.  349'   ■ 

iiydatid,  of  the  liver,  v.  539 
inclusion,  iii.  349 
in  hypcrnephromata,  iv.  807 
lacteal,  ii.  475 
milk,  iii.  351 
occurrence  of,  iii.  349 
of  Bartholin's  gland,  retention, 

i.  735 
of  Cowper's  gland,  iii.  307 
of  Kobelt,  iii.  351 
of  the  autnun.  v.  248 
of  the  auricle,  iii.  608 
of  the  bladder,  i.  769;  vii.  191 
of  the  canal  of  Nuek,  iii.  351 
of  the  chorion,  iii.  60,  62,  349 
of  the  ciliary  body,  iv.  Ill 
of  tlie  conjunctiva,  iv.  108 
of  the  Fallopian  lubes,  iv.  137 
of  the  floor  of   tlie  mouth,   see 

Rill  Ilia 
of  the  hands  and  fingers,  iv.  501. 

507 
of  the  heart,  polypoid,  vi.  334 
of  the  iris,  iv.  110 
of  the  jaw,  v.  255;  vi.  334 
of  the  kidney,  v.  329 
of  the  knee-joint,  v.  275 
of  the  lachrymal  gland,  v.  395 
of  the  mamma,  ii.  475 
of  the  nose,  vi.  138 
of  the  cesophagus,  dermoid,  vi. 

344 
of  the  omentum,  vi.  360 

dermoid,  vi.  360 
of  the  orbit,  iv.  114;  vi.  405 
of  the  ovary,  i.  137 ;  vi.  437,  442 
of  the  pancreas,  vi.  469,  475 
of  the  parotid  gland,  vi.  511 
of  the  peritoneum,  vi.  571 
of  the  placenta,  vi.  652 
of  the  prostate,  vi.  770 
of  the  testicle,  vii.  184 
of  the  tongue,  vii.  795,  798 
of  the  thymus  gland,  v.  729 
of  the  umbilicus,  viii.  6 
of  the  urethra,  i.  770 
of  the  uterus,  viii.  98 
of  the  vagina,  viii.  158 
of   the   vtdvo-vaginal   gland,   i. 
735;  and  see  Bartholin's  gland 
origin  of,  iii.  348 
paranephritic,  v.  330 
parasite,  iii.  349 


Cysts,  ])arovarian,  iii.  351;  vi.  513 
periileutal,  vi.  334 
periodontal,  vi.  334 
periosteal,  of  jaw,  vi.  334 
proliferation,  iii.  348 
renal,  v.  361 
retention,  iii.  348 

of  Bartholin's  gland,  i.  735 
retrograde  changes  in,  iii.  348 
salivar_y,  vi.  511 

sebaceous,  of  external  audiloiy 
canal,  iii.  607 
of  orbit,  vi.  405 
of  umbilicus,  viii.  6 
serous    and    branchial    dift'crcu- 
tiated,  ii.  460 
of  cimjunctiva,  iv.  108 
of  orbit,  vi.  406 
soap.  iii.  351 ;  viii.  482 
sublingual,  see  Riunila 
subperiosteal,  of  jaw,  vi.  334 
symptoms,  iii.  352 
teratoid,  vii.  720 
thyrolingual.  vi.  200 
treatment  of,  iii.  352 
fulio-ovarian.  iii.  351 
vcsirnliii-.  vii.  191 
Cytisus  scoparius,  ii.  498 
Cytology    of    parthenogenesis,    vi. 

514 
Cytolysis,  viii.  476 
Cytoplasm,  ii.  761 
Cytoreticulum,  ii.  761 
Cytotherapy,  vi.  4(19 
Czaplewsky's  method  of  staining 

tulierclc  liaciilus,  viii.  397 
Czerny  method  of  treating  sinusitis, 

iv.  274 
Czerny-Lembert  sutures,  iii.  200 

Dacryoadenalgia,  v.  394 
Dacryoadenitis,  v.  394 
Dacryocystitis,  v.  396 
Dacryoliths,  v.  395,  396 
Dacryon,  vii.  229 
Dacryops,  v.  395 
Dactylitis,  iv.  502 
sypliilitic.  iv.  .506 
tuberculous,  iv.  505 
Dactylomeg-aly,  see  Finger,  liyper- 
tiofjiy  iif 

Dactylosis  spontanea,  i.  145 
Dsemia  extensa,  i.  565 
Dahmen,  v.  230 
Daintree's       adjustable      mouth 

prop,  iii.  12 
Dairy-farms,    management    of,    v. 
842 

sickness  among  employees  of,  v. 
843 
Daisy,  iii.  228 
Dakryops,  iv.  116 
Daland's  hsematocrit,  ii.  34,  47,  48 
Daltonism,  iii.   209;  and  see   Color 

ptrceiitiori  and  Vision 
Damaryl,  iii.  352 

sutjhydrate,  iii.  353 
Damaryiic  acid,  iii.  352 
Damiana,  iii.  3.52 
Dammar  resin,  iii.  353 
Dammara  alba.  iii.  353 

orientalis.  iii.  353 
Dampness  of  walls,  to  prevent,  iv. 

752 
Dance,  St.  Vitus',  iii.  41 
Dandelion,  iii.  353 
Dandy-fever,  iii.  400 
Daphne  guidium,  v.  790 
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Daphne  laurcolii.  v.  790 

iiirzcivum,  V.  790 
Daphnin,  v.  700 
Darier's  disease,   v.   306;  and  see 

K,i-:il'im'.tp>!licii!tin'ii 
Darnel,  vi.  701 

bciinled.  iioisonniis  phuit.  vi.  701 
D'Arsonval's     calorimeters,     ii. 

.-.(i2.  ."iGH,  5tU 
Darwinian  tubercle,  i.  G37 

variations  in.  i.  (UO 
Datames  striatus,  v.  159 
Date  palm,  iii.  353 
Dates,  iii.  352 
Datura,  vii.  535 
alba.  vii.  535 
strainoniuni,  vii.  534 
poisonous,  i.  610 
tatnla.  vii.  535 
Daturin,  poisoning  by,  i.  610 
Daucus  carota,  ii.  704 
Dauriac's  metliod  of  tieatmeut  of 

uniliilieal  liernia,  iv.  680 
Davainea,  ii.  790 

niada.sascaricnsis,  ii.  790 
Davidson's  powder  blower,  iii.  653 
Daviel  spoon,  ii.  7'.;7 
Davos,  iii.  353 
Davos-Doriii,  iii.  353 
Davos-Platz,  iii.  353 
Day-blindness,   iv.    627;    and  see 

y>/iiiilopia 
Day- vision,  iv.  627;  and  see  Heme- 

riil<ijiiii 
Dead-burnt,  ii.  552 
Dead,  disposal  of  the,  iii.  355 
by  burial,  iii.  356 
by  cremation,  iii.  356 
by  embalming,  iii.  356 
Dead  fingers,  iv.  531 
Deadly  night   shade,  i     741 ;  and 

.see  IkUiiihiniia 
Deaf-mutes,  iii.  861 

acquisition  of  language,  by,  iii. 

366 
auricular  instruction  of.  iii.  368 
classification  of,  iii.  361 
combined  system  of  instructing, 

iii.  36^,  372 
congenital  and  adventitious,  iii. 

361 
definition  of,  iii.  361 
education  of,  iii.  367 
higher  education  of.  iii.  370 
home  instruction  of,  iii.  370 
instruction  of,  iii.  367 
language  of  signs,  and  the  com- 
bined   system    of   instructing 
deaf-mutes,  iii.  370 
legal  rights  and  responsibilities 

of,  iii.  367 
manual  alphabets  for,  iii.  368 
method   of   instructing,    iii. 
368 
marriage  of,  iii.  367,  604 
mental  condition  and  character- 
istics of,  iii.  365 
morbidity  of,  iii.  366 
mortality  of.  iii.  367 
number  of.  iii.  362 
occupations  of,  iii.  367 
oral  method  of  instructing,  iii. 

368 
percentage  of,  from  consanguin- 
eous marriages,  iii.  257 
projiortion  of,  iii.  362 
relation    of,    to  consanguineous 
marriages,  iii.  259 


Deaf-mutes,    religious     worlc    for 
a<lult,  iii.  370 
school  age  of,  iii.  370 
schools  tor,  iii.  367 
sign  language  of,  iii.  370 
Deaf-mutism,    caused   by  labyrin- 
thitis, iii.  603 
correlation  of,  with  blindness,  iii. 

365 
etiology  of,  iii.  362 
extent  of,  iii.  362 
hereditary,  iii.  363 
in  the  offspring  of  consanguin- 
eous marriages,  iii,  257,  364 
quasi-congenital,  iii.  361 
treatment  of,  iii.  606 
Deafness,  iii.  373 

inheritance  of,  iv.  644 
in  insanity,  v.  51 
test  for,  vi.  8.52 
Dearborn  Spring,  iii.  374 
Death,  apparent,  ii.  534 
causes  of,  i.  666 

statistics  of,  viii.  253 
certificate  of,  ii.  533;  iii.  376 
definition  of,  iii.  379 
determination  of,  ii.  534 
due  to  status  lympliaticus,  vii. 

449,  450 
following  copulation,  iii.  282 
from  ana!Sthetics,  iii.  9,  23 
from  asphyxia,  i.  574 
from  cold,  ii.  618 
from  electricity,  i.   673;  iii.  751 
from     hanging,     strangulation, 

etc.,  evidences  of,  vii.  535 
modes  of,  iii.  376 
origin  of  (Weissmau's   theory), 

iii.  381 
pli3'siological  theories  of,  iii.  377 
signs  of,  ii.  535 
signs  of  violent,  i.  673 
sudden  or  violent,  investigation 
of,  by  coroner,  i.  658;  iii. 
293 
due  to  status  lympliaticus, 
vii.  450 
utility  of,  to  the  race,  iii.  381 
Death-certification,  iii.  374 
Death-rate,   i.    497;   iii.    495;    viii. 

24J^;  ami  see  Muriality 
Deaths,  viii.  248 

Debility,  nervous,  cold  in,  iii.  194 
Decalcification,  methods  of,  iv.  710 
Decapitation  of  foetus,  vi.  316 
Decapsulation  of  kidney,  viii.  10 
Decidua,  iii.  383 

clianges  in,  at  parturition,  iii.  387 

during  pregnancy,  iii.  38s 
circulatory  disturbances   in,   iii. 

388 
in   extra-uterine  pregnancy,  iv. 
57  "      • 

inllammation  of,  iii.  389 
new  giowths  in,  iii.  393 
pathology  of,  iii.  388 
physiological  changes  in,  iii.  388 
progressive  changes  in,  iii.  389 
reflexa,  iii.  386 

in  extra-uterine  pregnancy, 
iv.  58 
retention  of,  iii.  390 
retrograde  changes  in,  iii.  389 
serotina,  iii.  386 

in  extra-uterine  pregnancy, 
iv.  58 
subinvolution  of.  iii.  390 
syphilis  of,  iii.  391 


Decidua,  tuberculosis  of,  iii.  391 
vera,  iii.  384 

in  extra-uterine  pregnancy, 
iv.  58 
Deciduoma,  iii.  393;  see  also  Chor- 
ion, Decidua,  and  Syncytioma 
benign  um,  iii.  392 
maligmun,  iv.  138;  vii.  595;  viii. 
95" 
Deciduo-sarcoma,  iii.  393 
Decimetre,  viii.  299 
Deckschicht,  i.  218 
Decoction,  v.  735 

comjiound,  of  niezereon,  v.  790 

of  sarsaparilhi,  vii.  41 
of  comfrey  root,  iii.  228 
of  elecampane,  iii.  742 
of  pareira  brava,  vi.  509 
of  persimmon,  vi.  574 
of  pichi,  vi.  632 
of  white  oak  bark,  vi.  309 
Decomposition  of  cadaver,  ii.  537 

signs  of.  ii.  538 
De   Coninck's  base,  ptomain,  vi. 

78S 
Decoration  of  houses,  iv.  753 
Decubitus,  i.  740 
Deeds,  caiJaeity  to  make,  iii.  128 
Deep  Sock  Spring,  iii.  393 
Defecation,  iii.  393 

mechanism  of,  iii.  394 
Defective  childi-en,  jjercentage  of, 
from    consanguineous    marriages, 
iii.  257 
Defensive  proteids,  iii.  844 
Deformed,  jiercentagesof,  from  con- 
sanguineous marriages,  iii.  257 
Deformed  pelves,  vi.  522 
Deformities,  amputation  for,  i.  237 
complicating  hip  disease,  treat- 
ment of,  y.  284 
following  injury  of  the  nose,  vi. 

396 
in  arthritis  deformans,  i.  548 
in  knee-joint  disease,  correction 
of,  V.  287 
prevention  of,  v.  287 
of  abdomen   and   thorax,  deter- 
mined bj-  cyrtometer,  iii.  340 
of  hand,  acquired,  iv.  508 

occupation,  iv.  509 
of  nasal  cavities,  vi.  122 
of  pharj-nx,  vi.  600 
recpiiring  amiuitatiou,  i.  237 
Degeneracy,  insanity  of,  v.  128; 

see  limiiiiiti/.  deyenerative 
Degenerations,  iii.  394 

albuminous,  i.  268;  iii.  394 
of  the  neurone,  vi.  263 
amyloid,  i.  268 

in  blood-vessels,  ii.  96 
in  capillaries,  ii.  93 
in  fat  tissue,  i.  370 
in  kidney,  i.  270 
in  liver,  i.  269 
in  lymph  glands,  i.  370 
in  mucous  membranes,  i.  370 
in  muscle,  i,  370;  vi.  39 
in  spleen,  i.  270 
of  chorion,  iii.  57 
of  omentum,  vi.  359 
and    deposits,   pathological,   iii. 

394 
calcareous,  of  omentum,  vi.  359 
cau.ses  of,  iii.  397 
chole.sterine,  iii.  395 
colloid,  iii.  395 

of  the  skin,  iii.  300 
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JDapIiup. 
Devil's  apple. 

Degenerations,  cystic,  iii.  348 

Delusions  as  symptom  of  insanity. 

Dermatitis  caused  by  animals,  iii. 

of  kidney, 'v.  329,  363 

V.  46 

425 

of  laclirvmal  gland,  iv.  116     | 

in  paranoia,  v.  138 

by  plants,  iii.  424 

fatty,  iii.  394;  v.  ol7 

Dementia,  see  Insani/i/ 

congelationis,  iii.  417 

of  chorion,  iii.  57 

acute  primary,  v.  80 

diagnosed  from  eczema,  iii.  715 

of  liver,  v.  550 

agitated,  v.  7"9 

cpidemica,  iii.  418 

of  muscle,  vi.  28 

as  a  symptom  of  insanity,  v.  45 

from  Roentgen  rays.  iii.  418 

of  neurone,  vi.  262 

paralytica,  v.    86,   105;  "and   see 

herpetiformis,  iii.  "419;  iv.  9 

of  vitreous,  viii.  267 

Puresis 

diagnosed  from  eczema,  iii. 

fibrinoid,  vi.  203 

paretic,  v.  86;  and  see  Paresis 

715 

of  chorion,  iii.  57 

pra;co.\,  v.  101 

diagnosed    from     erythema 

fibroid,  vi.  203 

senile,  v.  Ill 

multiforme,  iv.  9 

granular,  iii.  394 

stuporous,  v.  79  ■ 

malignant  papillary,  iii.  420 

of  muscle,  vi.  28 

thrombotic,  v.  95 

medicamentosa,  iii."  421 

hyaline,  iv.  771 

Demodex  canis,  i.  430 

occupatitm,  iv.  512 

epithelial,  iii.  395 

folliculorura,  i.  430 

of  hands  and  fingers,  iv.  512 

in  blood-vessels,  ii.  96 

Demodicidiae,  i.  430 

papillaris  capillitii,  iii.  423 

in  capillaries,  ii.  93 

Demulcents,  iii.  400 

pustular,  caused  by  quinine,  iii. 

of  chorion,  iii.  57 

Dendraxone,  vi.  235 

423 

of  omentum,  vi.  359 

Dendi-ites,  ii.  331 ;  vi.  233 

repens,  iii.  423 

hydropic,  iii.  394 

varicose  atrophy  of,  vi.  268 

scarlatiniformis,  iv.  8 

of  muscle,  vi.  28 

Dengue  fever,  iii.  400 

venenata,  iii.  424 

of  parathyroid  gland,  vi. 

507 

complications,  iii.  402 

Dermatobia,  v.  153 

of  placenta,  iii.  57 

definition,  iii.  400 

cyaniventris,  v.  153 

lardaceous,  i.  268 

diagnosis,  iii.  401 

n"o\ialis,  v.  153 

mucous,  iii.  395 

differential  diagnosis,  iii.  403 

Dermatol,  iii.  425 

myxomatous,  iii.  395 

etiology,  ii.  576;  iii.  401 

Dermatology,  cocaine  in,  iii.  160 

of  chorion,  iii.  57 

history  of,  iii.  400 

Dermatolysis,  iii.  426 

of  lachrymal  gland,  vi.  406 

in  armies,  ii.  576 

Dermatophilus,  ii.  828 

of  muscle,  vi.  28 

pathology,  iii.  402 

Dermatoses  due  to  occupations,  vi. 

of  neurone,  iv.  262 

prognosis,  iii.  403 

330 

of  pituitary  gland,  vi.  640 

propagation  of,  iii.  401 

of  the  hands  and  fingers,  iv.  511 

of  spinal  cord,  vii.  335 

prophylaxis,  ii.  577;  iii.  403 

Dermographism,  viii.  Ol 

of  vitreous,  viii.  267 

relation   of,  to   malarial   fevers. 

Dermoid  cysts,  iii.  350 

pigmentary,  iii.  395 

iii.  403 

diagnosed  from  branchial  cysts. 

of  neurone,  vi.  263 

sequela?,  iii.  402 

ii.  460 

pseudomucous,  iii.  395 

symptoms,  iii.  401 

of  hands  and  fingers,  iv.  501 

pscvidomyxoniatous,  iii.  395 

synonyms,  iii.  400 

of  mediastinum,  v.  730 

reaction  of,  iii.  760 

treatment,  iii.  403 

of  nasal  cavities,  vi.  123 

wa.w,  i.  268 

Denhart's  mouth  gag,  iii.  12 

of  ovary,  vii.  693;  viii.  581 

Walk-rian,  viii.  273 

Denitrification  by  bacteria,  i.  685 

of  skin,  vii.  717 

Deglutition,  iii.  397 

Denmark,  certification  of  (ieath  in, 

of  testis,  viii.  581 

abolition  uf ,  in  dysphagia,  iii. 

577 

iii.  375 

of  thyroid  gland,  v.  730 

mechanism  of.  iii.  397 

Pharmacopo'ia  in.  vi.  582 

of  W'olllian' body,  viii,  581 

stages  of,  iii.  397 

Dental  index,  vii.  231 

Dermoid  tumors,  vii.  731 

Deiters,  spider  cells  of,  ii.  343 

Dentalosteoma,  vi.  334 

branchial,  vi.  300 

Dekametre,  viii.  299 

Dentigerous  cysts,  v.  249 

of  coniunctiva.  iv.  108 

Delaware,  re(|uirements  for  medical 

Dentinoids,  iv.  334 

of  Fallopian  tubes,  iv.  138 

practice  in,  iv.  48 

Dentistry,  cocaine  in,  iii.  160 

ovarian,  vi.  439;  vii.  722 

history  of  yellow  fever  in, 

viii. 

Dentition,  disorders  of,  iii.  403 ;  and 

Dermol,  iii.  437 

587 

see  ieeth 

Desault's  bandage,  i.  730 

Delayed  union  after   fracture. 

iv. 

formula  of,  iv.  858 

Descent,    scheme   of,    Gabon's,   iv. 

2.-|3 

Denver,  iii.  408 

640 

Delezinier's  base,  ptomalu,  vi. 

790 

Deodorants,  i.  382 ;  iii.  411 

Des  Chutes  Hot  Springs,  iii.  427 

Delhi  sore,  vii.  944 

Deodorized  opium,  vi.  385 

Desiccation,  efl'ect  of,  on  bacteria. 

Delirium,  iii.  398 

tincture  of  opium,  vi.  386 

i.  685 

acutum,  iii.  398 

Depilating  powders,  iv.  809 

Desmoid  tumors,  iii.  427 

cordis,  iv.  599 

Deposits,  i)atliolugical,  iii.  394;  and 

Des  Moines,  Iowa.  iii.  427 

in  insanity,  v.   79,  100;  and 

see 

see  I><</i  Kiratiiins 

Desquamation    following     use    of 

Insa  rdty.  confusiuiml 

Depressants,  cardiac,  ii.  687 

quinine,  iii.  422 

senile,  v.   113;  and  see  Insanity, 

Depression,  mental,  as  symptom 

Detachment  of  the  vitreous,  \iii. 

senile 

of  iusanit}',  v.  44 

267 

Delirium  tremens,  v.  81 

Depressor    anguli    oris    muscle. 

Detroit,  iii.  427 

in  alcoholism,  v.  83 

anijuKilies  of.  vi.  43 

Deuterotoky,  vi.  514 

sine  delirio,  v.  83 

Depressor  nerve  of  Cyou,  iii.  118 

"Devastation,"    ship,    ventilation 

symptoms,  v.  82 

Depressor  thyroideas  muscle,  vi. 

(if  the.  vi.  165 

treatment,  v.  84 

45 

Development,  arrested,  trephining 

Delphinine,  vii.  454 

Depressor,  vaginal,  use  of,  iv.  464 

for.  ii.  426 

Delphinium  consolida,  vii.  454 

Derbyshire  neck,  iv.  376;  and  see 

insanity  from,  v.  145 

glaucum,  vi.  708 

(joitn 

in  childhood,  ii.  833 

poisonous,  vi.  708 

Derma,  viii.  554 

of  new-born,  acquired  anomalies 

staphysagria,  vii.  454 

Dermacentor  americanus,  i.  436 

in,  vi.  276 

Delphinoidine,  vii.  454 

Dermanyssus   galliua:',  i.  434 

Deventer's  method  of  extracting 

Delphisine,  vii.  454 

hirunilinis,  i.  434 

fo'tal  head,  vi.  314 

Delta-amido-n -valerianic  acid, 

Dermatalgia,  iii.  412 

Deviation,  viii.  183 

ptdinaiu.  vi.  788 

Dermatitis  ambustionis,  iii.  416 

average,  viii.  191 

Deltoid  muscle,  anomalies  of,  vi.  51 

blastoniycetic,  iii.  i\j- 

probable,  viii.  191 

Delusions,  v.  46 

calorica"  iii.  416 

Devil's  apple,  see  Podophyllum 
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De  Wecker   and   Masselon's 

arc 

Diaphragm,  hernia  of,  iii.  434 ;  vii. 

Diarrhoea,    infantile,    pathology, 

koriitosc(i|ii(Hif,  vi.  ii'J^> 

524 

iii.  444 

astiuiiiniiictfr,  vi.  HDo 

iullammation  of.  iii.  435 

prognosis,  iii.  445 

De  Wecker's  scissors,  v.  31G 

lymphatics,  v.  641 

inophylaxis,  iii.  446 

Dextrin,  iii.  428 

liialformations  of,  vii.  703 

stimulants  in.  iii.  448 

uiiiuiry.  viii.  43 

nervous  affections  of,  iii.  436 

summer,  iii,  444 

Dextro-cardia,  vii.  707 

neuralgia  of,  iii.  436 

symptinns,  iii.  444 

Dextroform,  i.  idS;  iv.  216 

new  growths  of,  iii.  436 

ticatiiient.  iii.  446 

Dextrose,  iii.  428 

paralysis  of,  iii.  436:  vi.  631 

Diarrhoea!  diseases  among  troops. 

in  plasjiui.  ii.  36 

perforations  of,  iii.  435 

ii.  ,"178 

ill  iiriiR'.  viii.  38 

phenomenon,  iii.  434 

Diarthroses,  i.  553 

Diabetes  insipidus,  vi.   731 : 

and 

rheumatism  of,  iii.  435 

Diastase,  iii.  449 

,>icc  I'fi/i/iin'ii 

rupture  of,  iii.  434 

an  amylolytic  enzyme,  iii.  842 

Diabetes  mellitus,  iii.  438 

spasm  of,  iii.  436 

drugs  arresting  the  action  of,  v. 

an  autci-into.\iciilioii,  i.  646 

tonic  spasm  of,  iii,  436 

684 

calaiacl  in,  iii,  429 

topograpliy  of,  ii.  813 

in  malt.  v.  683 

clinical  coiirsf,  iii,  430 

traumatisms  of,  iii.  434 

Diastase,  taka,  iii.  449 

coma  in,  iii.  430 

tumors  of,  iii.  436 

Diastasis  of  recti  muscles,  iv.  681 

complications,  iii.  433 

Diaphragm  of  the  pharynx,  vi. 

Diastematomyelia,  vii.  697 

detinitioii.  iii.  428 

600 

Diaster,  ii.  7(i4 

diet  in,  iii.  480,  464,  465 

Diaphragmatic  hernia,  iv,  683 

Diastolic  murmurs,  ii.  822;  iv.  604 

drowsiness  in,  iii.  500 

plexus,  vii.  578 

Diatela,  ii.  139 

effect  on  metabolism,  v.  771 

Diaphragmitis,  iii.  435 

Diathermancy  of  the  air  in  lela- 

furunculosis  in,  iii.  429 

Diaphtherin,  vi.  455 

tinn  to  roiisiimption,  iii.  367 

gangrene  in,  iii.  429 

Diaphtol,  ii.  834 

Diathesis,  iii.  449 

headache  in,  iv.  548 

Diarrhoea,  iii.  438 

iiemorrhagic,  iv.  473 

jambnl  for,  v.  244 

among  troops,  ii.  578 

inheritance  of,  iv.  660,  664 

lesions  of  circulatory  apparatus 

choleraic,  iii.  33:  viii.  360 

neuropathic,  see  i^'eurast/wnia 

in,  iii.  429 

as    a    means    of    spreading 

neurotic,  see  lieiirastheida 

of  nervous  system  in,  iii. 

439 

cholera,  viii.  357 

Diaxone,  vi.  335 

of    respiratory    system 

in. 

Cochin  China,  vi.  308 

Dibothriocephalus  cordatus,  ii.  793 

iii.  439 

diagnosis,  iii.  441 

latus,  ii.    7S0,  792 

of  skin  and    mucous  mem- 

diet in,  iii.  4.59 

Dibothi-ium  Mansoni,  ii.  793 

branes  in,  iii.  429 

epidemic,  iii.  439 

Dicheiria,  iv.  493 

medical  treatment,  iii.  431 

etiology  of,  iii.  440 

Dichloromethane,  v.  782 

retinitis  in,  vi.  957 

from  cathartics,  iii.  439 

Diclytra,  iv.  275 

sudden  death  in.  iii.  430 

from  drugs,  iii.  439 

Dicotophyme  renale,  vi.  220 

suprarenal    medication   for, 

vi. 

from  food,  iii.  440 

Dicrocoelium,  vii.  871 

412 

from  indigestion,  iii.  439 

lauceatum,  vii.  871 

symptoms,  iii.  428 

from  ulcer  of  the  rectum,  iii.  440 

lanceolatiim,  vii.  871 

tests  for  sugar,  iii.  428 

in  constipation,  iii.  440 

Dicrotic  notch,  vi.  798 

treatment,  iii.  430 

infantile,  iii.  443 

Avave.  vi.  798 

Diabetic  breads,  iii.  431 

in  intestinal  catarrh,  iii.  440 

Didot's  operation  for  syndactylism, 

coma,  treatment  of  threatened. 

in  intussusception,  iii.  440 

iv.  495 

iii.  432 

in  pancreatic  disease,  iii.  440 

Didymis,  iv.  324 

gangrene,  iii.  429 

in  peritonitis,  iii.  440 

Dieffenbach's     operation   (cheilo- 

neuritis,  iii.  429 

in  pregnancy,  iv.  346 

phisty).  vi.  902 

\ilcer,  vii.  944 

in   pulmonary  consumption,  iii. 

Diencephal,  ii.  165 

urine,  i.  66 

440 

Diencephalon,  ii.  165 

Diacetic  acid  in  urine,  viii.  49 

in  renal  disease,  iii.  440 

development  of,  ii.  279 

tests  for.  iii.  430;  viii.  49 

in  typhoid  fever,  iii.  440 

Diet,  change  of,  effect  on  longevity, 

Diaceturia  an  autointoxication,  i. 

in  uremia,  iii.  440 

V.  .568 

64.-. 

masking  constipation,  iii.  440 

during  pregnancy,  iv,  344 

in  insanity,  v.  40 

nervous,  iii.  443 

for  the  sick"  iii.  4.50 

Di-acetyl  tannin,  vii.  637 

of  children,  treatment  of.  iii.  442 

improper,    as    cause   of    disease 

Diachylon  plaster,  v.  472 

of  infants,  iii.  443 

among  troops,  ii.  619 

Diagnathus,  vii.  701 

pathological  conditions,  iii.  441 

in  acute  infectious  diseases,  iii. 

Diagrammatic  eye,  iv.  90 

symptoms,  iii.  438 

461 

Dialyzed  iron,  v.  22s 

treatment,  iii   442 

in  an.emia.  iii.  460 

Diameters  of  pelvis,  vi.  540 

varieties  of.  iii.  439 

in  ajipendicitis.  iii.  459 

Diamin,  iii.  432 

Diarrhoea,    infantile,  iii.  443;  see 

in  astlima,  iii.  461 

Diamins,  ptomains,  vi.  785 

also  Cholera  infantum 

in  biliary  calculi,  iii.  4,59 

in  urine,  viii.  33 

acute,  iii.  443 

in  cancer  of  the  stomach,  iii.  4.58 

an  auto-iuto.xication,  i.  645 

mycotic,  iii.  443 

in  circulatory  diseases,  iii.  460 

Diaminuria   an   auto  -  iutoxicat 

ion. 

chronic,  iii.  445 

in  cirrhosis  of  the  liver,  iii,  459 

i.  645 

classifjcatiou,  iii.  443 

in  constipation,  iii.  4.58 

Diapedesis,  iii.  433 

complications,  iii.  445 

in  diabetes,  iii,  430,  464 

Diaphoretic  action  of  heat,  iv. 

633 

definition,  iii.  443 

in  diarrhiea,  iii.  459 

Diaphoretics,  iii.  432 

diagnosis,  iii.  445 

in  dilatation  of  the  stomach,  iii. 

Diaphragm,  adhesions  of,  to  neigh- 

diet in,  iii.  447 

458 

boring  organs,  iii.  435 

elimiuative,  iii.  443 

in  dysentery,  iii.  4,50 

anomalies  of,  vi.  61 

hygiene  of,  iii.  446 

in  dyspepsia,  iii.  457 

atrophy  of,  iii.  437 

infectious,  iii.  443 

in  epilepsy,  iii.  466 

clonic  spasm  of,  iii.  436 

irritative,  iii.  443 

in  exanthemata,  iii.  466 

defects  of,  vii.  .534 

mechanical,  iii.  443 

in  fevers,  iii.  461 

development  of,  iii.  184 

medicinal  treatment,  iii.  448 

in  gall-stones,  iii.  463 

diseases  and  injuries  of,  iii.  434 

nervous,  iii.  443 

in  gastritis,  iii.  457 

displacements  of,  iii.  434 

non-infectious,  iii.  443 

in  gout,  iii,  463 
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De  Weeker. 
Diplococcus* 


Diet  in  infantile  diarrhoea,  iii.  447 

in  insanity,  v.  74 

in  insomnia,  iii.  466 

in   intestinal   diseases   of  cbild- 
liood,  iii.  4.59 

in  jaundice,  iii.  459 

in  lltha'mia,  iii.  463 

in  nephritis,  iii.  4.59 

in  nervous  affections,  iii   466 

in  neurasthenia,  iii.  460 

in  ])haryngitis,  iii.  4,56 

in  jileurisy  with  effusion,  iii.  461 

in  pneumonia,  iii.  461 

in    pulmonary   tuberculosis,   iii. 
461 ;  V.  604" 

in  pyloric  obstruction,  iii.  458 

in  renal  calculi,  iii.  463 

in  rheumatism,  iii.  463 

in  skin  diseases,  iii.  466 

in   stenosis    of    cardiac    end   of 
stomach,  iii.  4.56 
of  oesophagus,  Iii.  456 

in  stomatitis,  iii.  456 

in  tonsillitis,  iii.  456 

in  typhoid  fever,  iii.  463 

in  ulcer  of  the  stomach,  iii.  4o8 

in  iiriemia,  iii.  460 

in  uricacida'miii.  iii.  463 

standards  of,  iii.  464  ;  v.  771 

vnn  Xoorden's  standard,  iii.  464 
Dietary  values  of  foods,  vi.  172 
Dietetics  of  the  sick,  iii.  450 
Diethylamin,  ptcmiain,  vi.  785 
Diethylene-diamin,  vi.  638 
Di-ethyl-ketone,  iii.  467 
Diethyl-melonyl-urea,  viii.  221 
Dietl's  crisis,  v.  320 
Dieulafoy's  aspirator,  i.  579 
Differential    air   calorimeter,    ii. 

568 
Differentiation,  iii.  467 

factors  alfccting,  iii.  468 
Diffraction  gratings,  vii.  273 
Diffusion,  i.  50 

and  osmotic  pressure,  viii.  417 

of  salts,  viii.  414 
Digallic  acid,  vii.  636 
Digastric    muscle,    anomalies  of, 

vi.  46 
Dig'estants,  iii.  469 
Digestibility  of  various  foods,  vi. 

175 
Digestion,  iii.  471 

artilicial,  of  tissues,  iv.  712 

buccal,  iii.  471 

disorders  of,    see   Stomach,    dis- 
eases of,  and  Enteritis 

disturbances  of,   effect   on   me- 
tabolism, V.  774 

effect  of  mastication  on,  v.  700 
of  papain  on,  vi.  482 

gastric,  iii.  472 

intestinal,  iii.  473 

leiicneytosis  during,  v.  491 
Digestive  disorders  due  to  occu- 
pation, vi.  320 

in  neurasthenia,  vi.  2.50 

mercury  in.  v.  756 
Digestive  ferments,  iii.  470 
Digestive  system,  changes  in,   in 
myelogenous  leuka?mia,  v.  500 

modificiitions  of,  in  pregnane)', 
iv.  340 
Digestive  tract  in  cretinism,  iv.  393 

in  infancy,  iv.  857 

malformations  of,  vii.  703 

myomata  of,  vi.  76 

syphilitic  affections  of.  vii.  622 


Digestives,  vii.  805,  807 

Digital  compression  in  control  of 

liiinoirliagc,  i.  23!t.  536 
Digital  fascia,  contraction  of,  iv. 

522 
Digitalein,  iii.  477 
Digitalin,  iii.  476 

action  of,  on  heart,  v.  23 
elfects  of,  on  fcetus,  vi.  279 
liyjiodermatic  use  of,  iv.  821 
Digilialines,  iii.  479 
Digitalis,  iii.  476 
action,  iii.  477 

on  blood  pressure,  ii.  698 
on  circulation,  ii.  697 
on  heart,  ii.  697 
allied  drugs,  ii.  701 
as  a  cardiac  tonic,  ii.  696 
as  a  diuretic,  iii.  .548 
composition,  iii.  476 
contraindications,  iii.  478 
description,  iii.  476 
differences    between    strophan- 

thus  and.  vii.  .541 
dose,  iii.  478 
habitat,  iii.  476 
indications  for  use.  ii.  701 
preparations  of.  iii.  478 
purpura,  iii.  476 
to.\icological.  iii.  478 
use  of,  ii.  701 

in  aiuHirism,  i.  327 
in  disea.ses  of  the  heart,  iii. 
477;  iv.  609 
Digitouin,  iii.  477 
Digitoxin.  iii.  477 
Dihydrocollidin,  ]>touiain,  vi.  789 
Dihydrolutidin,  ptcjmain,  vi.  789 
Di-hydro-resorcin,  iii.  479 
Di-iodo-beta-naphtol,  iii.  479 
Di-iodo-carbazol,  iii.  479 
Di-iodoform,  iii.  479 
Di-iodo-methyl-salicylate,  vii  25 
Di-iodo-salicylic  acid,  iii.  479;  v. 
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Di-iodo-salol,  iii.  479 
Dilatation  of  cervi.x  uteri,  viii.  69 
of  gall-bladder,  iv.  295 
of  gall-duct,  iv.  294 
of  heart,  iv.  .593 
of  oesophagus,  vi.  345 
congenital,  vi.  338 
of  stomacli,  vii.  524 
diet  in,  iii.  4.58 
of  veins,  viii.  215;  and  see  Tar- 
ices  and  Plilihfctaxia. 
Dilator  naris   mxiscle,   anomalies 

of,  vi.  43 
Dilator  pupillae,  iv.  76 
Dilators  for  cystoscopy,  i.  779 
Dill,  iii.  479 

fruit,  iii.  479 
seed,  iii.  479 
Diluted  acetic  acid.  i.  65 

hydrobromic  acid,  iv.  777 
hydrochloric  acid,  iv.  780 
hydrocyanic  acid.  iv.  780 
nitrate  of  silver,  vii.  215 
nitrohydrochloric  acid.  vi.  294 
phosphoric  acid,  vi.  620 
solution  of  subacetate  of  lead,  v. 

471 
suljihuric  acid,  vii.  .563 
Diluting   fluids   for  blood    count- 
ing, ii.  43 
Di-methyl-acetal,  iii.  479 
Dimethylamin,  iitoniain,  vi.  784 
Di-methyl-phosphin,  v.  781 


Dimethyl-pyrocatechin,  viii.  321 
Diminished  respiration,  ii.  817 
Diuitro-cellulose,  iii   298 
Dicesophagus,  vi.  338 
Dioptometry,  vi.  394 

objective,  vi.  394 

sulijeetive,  vi.  395 
Dioptrics,  iv.  83 

accommodation,  iv.  93 

refraction,  iv.  83 
Dioptrie,  i.  ,55 
Diosphenin,  ii.  514 
Diospora  caucasica,  v.  302 
Diospyros,  vi.  574 

viiginiana,  vi.  574 
Dioxide  of  manganese,  v.  686 
toxicology  of,  v.  687 

of  sulphur,  vii.  562 
Dioxyanthrol,  i.  363 
Dioxynaphthalene,  iii.  479 
Diphallus,  vii.  710 
Diphtheria,  iii.  4S0 

antitoxin,  i.  389;  iii.  489 

production  of,  i.  390,  698 

bacillus  of,  i.  694.  697;  iii.  480 
in   dissection  and  operation 
wounds,  iii.  531 

bacteriological   diagnosis  of,  iii. 
487;  viiT.  399 

bacteriology  of.  i.  694;  iii.  480 

cardiac  paralysis  in,  vi.  491 

caused  by  milk.  v.  837 

ehai-acteristic  appearances  of,  iii. 
486 

colli  in,  iii.  194 

complications,  iii.  486 

deatii  rate  in,  viii.  2.55 

diagnosis,  iii.  486;  viii.  399 

disposal  of  healthy  members  of 
family  during,  iii.  487 

erythema  in,  iv.  7 

general  treatment,  iii.  488 

history,  iii.  480 

immunity  against,  iii.  482 

in  armies,  ii.  .577 

how  to  avoid,  v.  814 

lar_vngeal,  iii.  488 

local  treatment,  iii.  487 

membrane  formation,  iii.  483 

mixed  infection  in,  iii.  481 

nasal,  vi.  112 

of  the  auricle,  iii.  608 

of  the  conjunctiva,  iii.  243 

of  the  oesophagus,  vi.  340 

of  the  vulva,  viii.  161 

paralysis  following,  vi.  489 

pathology  of,  iii.  483 

persistence  of  bacilli  of,  iii.  481 

pharyngeal,  iii.  484 

prognosis,  iii.  487 

prophylaxis,  iii.  487 

relapses,  iii.  486 

serum  tuerapv  in,  iii.   489;  vii. 
133 

susceptibility  to,  iii.  483 

symptoms,  iii.  484,  485 

toxin,  iii.  481 

transmission  of,  iii.  483 

treatment,  iii.  487 
Diphtheritic  conjunctivitis  a  cause 
of  blindness,  ii.  10 

necrosis,  vi.  303 
Diplacanthus,  ii.  7S1 

nanus,  ii.  791 
Diplacousis,  iii.  603 
Diplegia  facialis,  iv.  134 
Diplo-bacillus,  i.  080 
Diplococcus,  i.  680 
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Diplococcus   iiitraeellularis  menin- 

Disinfection, iii.  498 

Dislocations  of  the  patella,  inter- 

gitidis, i.  709 

at  quarantine  stations,  vi.  823 

mittent,  vi.  518 

putnimonia',  i.  707,  709 

by  chlorine  gas,  iii.  5 

of  the  pelvic  bones,  iii.  523 

Diplogonoporus,  ii.  793 

definition  of,  iii.  496 

of  the  penis,  vii.  176 

iirainlis.  ii     T'.Ki 

of  clothing,  iii.  497,  504 

of  the  phalanges,  iii.  523,  530 

Diploic    cephalhsematomata,   ii. 

of  dressings,  iii.  504 

of  the  radius,  iii.  520 

7r.4 

of  e.xcreta,  iii.  497 

of  the  ribs,  iii.  512 

Diplopia,  iii.  490 

of  hands,  vi.  795 

of  the  scaphoid,  iii.  530 

auonialous  type  of,  iii.  493 

of  patient,  iii.  504 

of   the  semilunar  cartilages,   v. 

from  stiabisnuis,  vii.  530 

of  school-room.  iii.  .505 

274,  288 

nuiiKiphtluilmica,  iii.  493 

of  ships,  iii.  49S,  .505 

of  the  shoulder,  iii.  517 

Diplopoda,  v.  KiO 

of  sick-room,  iii.  497,  504 

congenital,  iv.  6SI8 

Dippel's  animal  oil,  iii.  493 

of  the  person,  iii.  497 

Stimson's  method  of  reduc- 

Diprosopus, vii.  684 

of  woodwork,  iii.  504 

ing,  iii.  511 

ilidplillialnuis,  vii.  684 

Dislocatio  erecta,  iii.  519 

varieties,  iii.  517 

moiiostoimis,  vii.  684 

Dislocations,  iii.  .506 

with  fracture,  iii.  520 

tetroplitlialniiis,  vii,  684 

accidental,  iii.  506 

of  the  spine,  iii.  512 

tridplitlialinus,  vii,  684 

after-treatment,  iii.  511 

of  the  sternum,  iii.  513 

Dipsomania,  v.  84,  133 

ancient,  iii.  ,506 

of  the  thumb,  iii.  523;  iv.  513 

in  epileptic  insanity,  v,  100 

bilateral,  iii.  5(i7 

of  the  toes,  iii.  530 

Diptera,  parasitic,  v.  152 

classitication,  iii.  .506 

of  the  ulna,  iii.  521 

l«iisoiHms,  V.  162 

complete,  iii.  .506 

of  the  vertebne,  vii.  393 

Dipterocarpus,  iv.  456 

complicated,  iii.  .506 

of  the  wrist,  iii.  .523 

Dipygus  parasiticus,  vii.  688,  689 

compound,  iii.  506 

congenital,  iv.  512 

Dipylidium,  ii.  792 

amputation  in,  i.  236 

spontaneous,  iv.  512 

caninum.  ii.  793;  vi.  502 

congenital,  vi.  277 

traumatic,  iv.  512 

Direct  inguinal  hernia,  iv.  671 

of  the  hip,  iv.  692 

old,  iii.  506 

Direct  necrosis,  vi.  201 

of  the  knee,  iv.  698 

pathological,  iii.  506 

Direction,  judgement  of,  iii.  493 

of  the  patella,  vi.  518 

pathology  of,  iii.  508 

Disaccharides  in  urine,  viii.  43 

of  the  shoulder,  iv.  698 

primary,  iii.  .507 

Disarticulation    at    the  elbow,    i. 

of  the  wrist,  iv.  512 

primitive,  iii.  507 

250 

consecutive,  iii.  507 

prognosis,  iii.  .509 

at  tlie  hip,  i.  264 

co.xo-femoral.  iii.  523 

recent,  iii.  ,506 

at  the  linee,  i.  261 

diagnosis,  iii.  507 

recurring,  iii.  507 

at  the  wrist,  i.  250 

entire,  iii.  .507 

re.gular,  iii.  507 

of  the  lingers,  i.  249 

etiology,  iii.  507 

secondary,  iii.  507 

of  tlie  shoulder,  i.  2.53 

incomplete,  iii.  .506 

simple,  iii.  506 

Disassociation,  metliod  of,  iv.  710 

irregular,  iii.  507 

single,  iii.  507 

Disc,  a  form  of  medicine,  v.  736 

multiple,  iii.  507 

spontaneous,  iii.  506 

optic,  iv.  77 

of  tendons,  vii.  665 

statistics  of,  iii.  .507 

Janvier's  tactile,  viii.  562 

of  the  ankle,  iii.  529 

subclavicular,  iii.  ,520 

Discission  for  cataract,  ii.  725 

of  the  astragalus,  iii.  529 

subcoracoid,  iii.  520 

needle,  ii.  725 

of  the  carpus,  iii.  .533;  iv.  512 

subglenoid,  iii.  517 

of  cervi.x  uteri,  viii.  69 

of  the  clavicle,  iii.  514 

symptoms,  iii.  .507 

Discord,    diffcreutiated    from   har- 

of  the  coccyx,  iii.  .523 

traumatic,  iii.  506 

inciny.  i.  615 

of  the  cuboid,  iii,  .530 

treatment,  iii.  509 

Discursiveness  in  insanity,  v.  44 

of  the  cuneiform  bones,  iii.  530 

unilateral,  iii.  507 

Discus  proligerus,  iv.  4.51 

of  the  elbow,  iii.  521 

varieties,  iii.  .506 

Disease  and  insanity,  v.  33,  66,  67 

of  the  eyeball,  vi.  408 

Displacement  of  heart,  iv.  583 

caused  by  millc.V.  833 

of  the  femur,  iii.  533 

of  ovary,  vi.  433 

cause  of  deaf-mutism,  iii.  365 

into  the  ischiatic  notch,  iii. 

of  stomach,  vii.  .523 

constitutional,  a  cause  of  insan- 

526 

of  uterus,  viii.  78 

ity,  V.  33 

into  the  thyroid  foramen,  iii. 

Dissection,  permission  required  for, 

conveyed  by  milk,  v.  837 

527 

ii.  .j:!4 

dependent  on  military  service,  ii. 

on  the  dorsum  ilii.  iii.  524 

Dissection     and      operation 

621 

on  the  pubis,  iii.  527 

wounds,  iii.  .530 

diagnosed  from  blood  examina- 

of the  fibula,  iii.  529 

clinical  course,  iii.  537 

tions,  ii.  69 

of  the  lingers,  iii.  523 

diagnosis,  iii.  539 

due  to  habitation,  iv.  767 

of  the  hip,  iii.  523 

etiology,  iii.  530 

eosinophilia  in,  v.  493 

congenital,  iv.  692 

pathogenesis,  iii,  .533 

fatality  of,  iii.  495 

diagnosed  from  coxa  vara, 

treatment,  iii.  540 

feigned,  among  troops,  ii.  622 

iii.  309 

Disseminated  sclerosis,  viii.  491 

liand  in,  iv.  533 

dorsal.  Stimson's  method  of 

Dissipation,   elTect    of,    on    meno- 

heredity in  relation  to,  iv.  659 

reducing,  iii.  511 

pause,  ii.  799 

in  armies,  ii.  572 

of  the  humerus,  iii.  517 

Dissociation,  diffusion,  and  ac- 

in childhood,  ii.  833 

of  the  hyoid  bone,  iii.  513;  iv. 

tion  of  salts,  viii.  414 

industrial,  vi.  318 
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Distance,  e^itiniatc  of.  viii.  246 

Influence  of  climate  on,  iii.  147 

of  the  knee.  iii.  528 

Distillation  of  water,  viii.  285 

in    relation    to    occupation,    vi. 

congenital,  iv.  698 

iin  ships,  vi.  1(J9 

318 

of  the  kiiynx.  v.  420 

Distilled  spirituous  liquors,  i.  109 

registration  of,  see   Vital  statis- 

of the  maxilla,  iii.  512 

Distoma  Huski.  vii.  ^67 

tics 

of  the  metacarpal  bones,  iii.  .523; 

cavi;e.  vii.  865 

Disinfectants,  i.  687;  iii.  495 

iv.  513 

cou.iunctnm.  vii.  870 

as  digestants,  iii.  470 

of  the  metatarsal  bones,  iii.  .530 

couus.  vii.  869 

Disinfecting  apparatus,  formalde- 

of  the  nasal  bones,  vi.  123,  296 

crassum,  vii.  867 

iiyde,  iii.  .503 

of  the  OS  calcis,  iii.  .530 

endemicum,  vii.  870 

steam,  iii.  499,  501 

of  the  patella,  iii.  527 ;  v.  374 

hfematobium.  vii.  873 

fluid,  Ledoyen's,  v.  472 

congenital,  vi.  518 

of  kidney,  v.  344 
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Di|>Iococcas. 
Duct. 

Distoma   hepatioim  in   gall  -  blad- 

Dog-nose, iv.  638 

Dropsy,  vi.  334;  and  see  Ascilei  and 

der  and  ducts,  iv.  298 

Dogwood,  flowering,  iii.  549 

(Edeinii 

hepatisendemicum.  vii.  870 

.Jamaica,  iii.  550 

false,  vi.  337 

innocuum,  vii.  870 

poisonous  plant,  vi.  697 

in  heart  diseases,  treatment  of, 

perniciosiim,  vii.  870 

Dolomol,  iii.  5.")0 

iv.  610 

heteroplives,  vii.  870 

Dolores,  iii.  5.50 

of  Tenon's  capsule,  vi.  406 

japonicum,  vii.  870 

Dondos,  i    16.T 

of  the  biain,  ii.  431 

lanceolatuni.  vii.  869.  871 

Donovan's  solution,  i,  524 

of  the  joints,  v.  261 

magnum,  vii.  866 

Dorema  ammoniacum,  i.  217 

tuhei-culous,  V.  263 

oculi  humani,  vii.  866 

Dormiol  as  a  liy|iTiotie.  iv.  818 

of  the  pericardium,  iv.  787 

ophthalmobiura,  vii.  866 

Dorsalis  pedis  artery,  iv.  197 

of  the  peritoneum,  i.  563 

pulmonale,  vii.  867 

anomalies  of,  i..  ."i3fi 

renal,  diuretics  in,  iii.  544 

pulmonis,  vii.  867 

Dorsalis  penis   artery,  anomalies 

sleeping,  vii.  342 

Rathonisi,  vii.  867 

of.  i.  .>r!4 

Drosera,  iii.  5.59 

Ringeri,  vii.  867 

Dorso-epitrochlearis  muscle. 

vi. 

Droseracese,  iii.  559 

sibiricum,  vii.  869 

48.  .53 

Drowning,  resuscitation  from,  i.  560 

sinense,  vii.  869 

Dorsum  ilii,  dislocations  on,  iii. 

524 

siizns  of  death  from,  i.  672 

spathulatum,  vii.  870 

Dosage,  iii.  550 

Drowsiness,  iii.  5.59 

tenuicoUe,  vii.  869 

by  rectum,  v.  735 

foiins  of,  iii.  560 

texanicum,  vii.  866 

circumstances  necessitating  mod- 

.from drugs,  iii.  561 

Westermauii.  vii.  867 

ification  of,  iii.  .551 

treatment,  iii.  .561 

Distomum,  see  I>isPmui 

modification  of,  for  children. 

iii. 

Drug  eriiptions,  iii.  421 

Distortion  in  hip-joint  disease, 

551 

Drug  habits,  v.  81 ;  and  see  Cocaine, 

v.  268 

standard,  iii.  550 

Ojit"fii,  C/tlort//.  etc. 

tri-atment  of,  v.  284 

Doses,  divided,  iii.  550 

Drug-inspection,    modern   legisla- 

Distraction   in   treatment  of    hip- 

Double-hand,  iv.  493 

tion  relative  to.  iv.  162 

joint  disease,  v.  277 

Double-staining,  methods  of,  viii. 

Drug  intoxication  and  habitua- 

of knee-joint  disease,  v.  285 

397 

tion,  V.  .SI 

Districhiasis,  iv.  120 

Douches,  iv.  793 

Drugs,  see  Phiintiiim/iaia 

District     of     Columbia,    require- 

ante-partum, v.  385 

action  of,  upon  thecardio-inhibi- 

ments  for  medical  practice  in,  iv. 

hot,  uses  of,  iv.  624 

tory  mechanism,  v.  23 

48 

nasal,  v.  733 

adulteration  of,  iv.  177 

Disuse,  atrophy  from,  i.  607 

pail,  iii.  194 

history  of,  iv.  162 

Dita,  iii.  543 

spray,  iii.  194 

cause  of  diarrha>a,  iii.  439 

Ditain,  iii.  543 

Dover'spowder,  v.  212;  vi.  387 

of  mental  disturbance,  v.  85 

Ditaine,  iii.  543 

iliaplioretic  action  of.  iii.  433 

depending    upon    alkaloids  for 

Ditamine,  iii.  543 

Doxtatter's  Mineral  Well,  iii. 

552 

their  activit}-,  i.  104 

Di-thio-calcium    carbonate,    iii. 

Doyen's  intralaryngeal  tube. 

iv. 

drowsiness  from,  iii.  .561 

54:1 

145 

effect  of,  on   body  temperature, 

Dittany,  iii.  543:  v.  379 

Dracuncular  ulcer,  vii.  944 

ii.  570 

AnierioiiM,  iii.  543 

Dracunculus  loa,  vi.  211 

on  knee-jerk,  v.  366 

Dittrich's  plugs,  viii.  408 

mediuensis,  vi.  310 

eliminated  by  milk,  v.  818 

Diuresis,  vi.  731 

oeuli.  vi.  211 

headache  from  use  of,  iv.  548 

Diuretic,  infusion  of  digitalis  as,  iii. 

Dragendorff's  method  of  analysis 

iiliosyncrasy  in  regard  to,  iv.  843 

478 

for  alkaloids  and   glucosides, 

vi. 

incompatibility  of,  iv.  853 

salt,  vi.  744 

722 

injuriously  affecting  milk,  v.  835 

Diuretics,  iii.  543 

Dragon's  blood,  iii.  553 

toleianee  for,  iv.  843 

action  of.  on  kidney,  vii.  100 

Drainage,  iii.  5.j4 

Drunkenness,  v.  82 

direct,  iii.  543 

in  operations,  i.  569 

a  bar  to  enlistment,  vi.  849 

indirect,  iii.  548 

materials  for,  i.  569;  iii.  554 

convulsive,  of  Percy,  v.  83 

in  nepliritis,  v.  336 

methods  of,  iii.  554 

Iiathological,  v.  82 

irritant,  iii.  546 

of  joints,  V.  294 

Drupacese,  poisonous  plants,  vi.  707 

saline,  iii.  544 

purpose  of,  iii.  554 

Dry-cupping  as  a  counter-irritant, 

stimulant,  iii.  546 

Drainage,  house,  iv.  763 

iii.  3115 

Diuretin,  iii.  548 

defects  in.  iv.  769 

Dry  gangrene,  iv.  305 

as  a  diuretic,  iii.  546 

Drainage  tubes,  iii.  555 

Dry  pleurisy,  vi.  662 

Diverticula  of  a'sophagus,  vi.  346 

Drastic  purgatives,  vi.  813 

Drymis  Winteri,  ii.  646 

Divorces,  viii.  247 

Draught,  imperial,  vi.  745 

Dryobalanops  aiomatica,  ii.  131 

of  insane,  v.  77 

Drawers  for  soldiers,  v.  795 

camphora.  ii.  131,  623 

Divulsion  of  cervix  uteri,  viii.  69 

Dreamy  state  in  epileptic  insanitv. 

Dryopteris,  iv.  148 

of  uretlira,  viii.  24 

V.  99 

filix  mas.  iv.  147 

Dixie  Springs,  iii.  549 

Dregea  volubilis,  i.  565 

marginalis.  iv.  147 

Dizziness,  sensation  of,  vii.  121 

Dressings,    surgical,    i.    568; 

iii. 

Dublin,' N.  H.,  iii.  562 

in  ear  cliseases.  iii.  6.59 

5.V2 

Duboisia,  iii   563 

Dochmius  auchylostomum,  vi.  221 

Dribbling  of  urine,  viii.  484 

Hopwoodii.  iii.  563 

duodeualis,  vi.  221 

Dried  alum,  i.  207 

niyoporoides.  iii.  563 

Dock,  iii.  549 

Dried  sodium  carbonate,  vii.  S 

57 

Duboisine,  iii.  562 

yellow,  iii.  549 

Dried  zinc  sulphate,  viii.  339 

as  a  mydriatic,  vi.  70 

Doenhofrs  myodynamometer,  iii. 

Drigalski   and    Conradi's    agar. 

Dubreuil's  method  of  amputation 

r,u 

viii.  375 

at  the  wrist,  i.  251 

Doering's  lymph,  mill,  viii.  141 

Drinking-water,  see  Water 

Duchenne's  dynamometer,  iii.  564 

Dog,  hainolyniijli  glands  of,  iv.  468 

for  soldiers,  v.  804 

Duct  of  Bartholin's  gland,  dilatation 

lympliatic  system  of,  v.  649 

Drinks  as  food,  i.  177 

of,  i.  735 

Dogbane,  see  Apoci/anncea 

for  the  sick,  iii.  4-56 

of  Cuvier,   left,   persistence  of. 

poisonous  plant,  vi.  705 

Drip-sheet,  iv.  789 

viii.  203 

Dog-buttons,  vi.  307 

mode  of  friction,  iv.  789 

of  mamma,  ii.  467 

Dog-flea,  v.  1.55 

Dromograph,  iii.  101 

of  Santorini,  vi.  460 

Dog-grass,  iii.  298 

Drop  finger,  iv.  516 

of  "Wirsung,  vi.  460 

661 


Duel. 
Eczema. 


GEXEHAL  INDEX. 


Duct  of  Wirsving,  anatomical  rela- 
tion of,  vi.  473 
pancreatic,  vi.  460 

accessory,  vi.  460 
thoracic,  v.  645 
Ductus    arteriosus,    persistence   of, 
vii.  TOT 
premature  obliteration  of.  ii. 
94 
coclilearis,  i.  021 
eiKlolynipliuticiis,  i.  ()'21 
Dudgeon's    sphygmograph,    vii 

Dudley's  method  of  shortening  tlie 

rciuiiil  ligaments,  viii.  84 
Duguetia,  i.  302 
Dulcamara,  i.  T63 
Dulcin,  iii.  .")fi2 
Duncan  Springs,  iii.  563 
Dunham's   peptone    solution,    viii. 
8T1 

tlienno-regiilator.  viii.  3S4 
Duodenum,   clianges  occurring    in 
chyme  in  the,  iii.  83 

histology  of,  v.  184 

measurements  of,  viii.  239 
Duotol,  iv.  434 
Duplex  vagina,  viii.  15T 
Duplicities,  vii.  0T4 

asj'rametrical,  vii.  089 

etiology  of.  vii.  070 

parallel,  vii.  085 

parasitic  origin  of,  vii.  093 

symmetrical,  vii.  0T7 
Dupuytren's  contraction,  iv.  517 

method  of  amputation  at  shoul- 
der, i.  254 
Dura  mater,  ii.  210 

endothelioma  of,  vii.  89 

sinuses  of,  ii.  200 

substitute  for,  ii.  410 

theca  of,  ii.  211 
Dural  arteries,  ii.  249;  and  see  Men 
ingenl  arteries 

veins,  ii.  255 
Duration  of  vrork,   effect  of,   on 

health,  vi.  328.  32T 
Dust  a  public  nuisance,  vi.  330 

effect  of  inhalation  of,  vi.  324 

in  workshops.  prophyla.\is  in  re- 
gard to.  vi.  328 
Dutch  liquid,  iv.  15 
Dwarfism,  viii.  419 

distinguished  from  cretinism,  iv. 
395 

essential,  viii.  419 

primary,  viii.  419 

■secondary,  viii.  424 

symptomatic,  viii.  424 
Dwarfs,  vii.  0T3 
Dyer's  green-weed,  iv.  855 
Dyes,  aniline,  viii.  395 

preparation  of  various,  viii.  396 
Dynamite,  vii.  910 
Dynamometer,  iii.  .503 
Dyscoria,  v.  21T 
Dyscrasia,  iii.  449 
Dysentery,  iii.  .565 

acute  auKubic,  iii.  .571 
catarrhal,  iii.  508 

amoebic,  iii.  509 

bacteriological  diagnosis  of,  viii. 
399 

bacteriology   of,    iii.    569,    5T3 ; 
viii.  399 

chronic  ama-bic,  iii.  5T3 

complications,  iii.  5T3 

diagnosis,  iii.  573 


Dysentery,  etiology,  iii.  569 

forms  of,  iii.  568 

from  impure  water,  iii.  567 

geograpiiical  distribution  of,  iii. 

566 
history,  iii.  565 
in  armies,  ii.  579 
in  children,  iii.  444 
etiology,  iii.  444 
pathology,  iii.  444 
symptoms,  iii.  445 
individual  predisposition  to.  iii. 

568 
influence  of  other  diseases  on,  iii. 
568 
of  soil  on,  iii.  566 
pathological   anatomy,  iii.    .568, 

570,  573 
predisposing  causes,  iii.  566 
prognosis,  iii.  573 
relation  of,  to  tropical  abscess,  v. 

532 
serum  diagnosis  in,  vii.  132 

therapy  in,  vii.  133 
spiu'adic,  iii.  .568 
symptoms,  iii.  569,  .571,  .572 
treatment,  iii.  574 
tropical,  due  to  amoeba  coli,   i. 
232 
Dysidrosis,  vi.  733 
Dysmenorrhoea,  iii.  575 
leucorrlifca  in,  v.  495 
mechanical,  iii.  576 
membranous,  iii.  576 
obstructive,  iii.  576 
treatment,  iii.  576 
Dyspepsia,  vii.  492 
causes,  vii.  492 
diet  in,  iii,  457 

drowsiness  caused  by,  iii.  560 
intestinal,  iii.  458 
nervous,  iii.  457 ;  vii.  504 
treatment,  vii.  490 
Dysphagia,  iii.  577 
Dyspnoea,  iii.  578;  vi.  951 
astJmiatic.  i.  586 
cardiac,  iv.  610 
in  dyspepsia,  vii.  495 
in  pulir.onary  tuberculosis,  v.  605 
Dystocia,  due  to  deformed  pelves, 
vi.  534 

Ear,  affections  of,  causing  headache, 
iv.  549 

anatomv  of,  i.  015 

of  auditory  ossicles,  i.  010; 

iii.  .584 
of  e.xtcrual  auditor}'  canal,  i. 

635 
of  tvmpanic  membrane,  iii. 
581 
angioma  of,  iii.  669 

of  the  auricle,  iii.  608,  666 
anomalies  of  muscles  of,  vi.  43 
artificial  drum  membrane,  iii.  631 
atheroma  of  auricle,  iii,  666 
atresia  of,  i.  603 

auditory  nerve,  affections  of  the, 
iii.  597 
ossicles,  i.  616 
auricle,  affections  of  the,  iii.  606 
benign  growths  of,  iii.  666,  668 
burns  and  scalds  of  the  auricle, 

iii.  611 
carcinoma  of,  iii.  669 
cochlea,  i.  621 

cutaneous  diseases  of  the  auricle, 
iii.  600 


Ear,  cystoma  of  auricle,  iii.  666 
cysts  of  the  auricle,  iii.  608 
diagnosis  of,  iii.  6.58 
diphtheria  of  the  auricle,  iii.  608 
discharge  from,  iii.  6.")9 
Ear,  Diseases  of,  acute  catarrhal  or 
nun -suppurative     iiiHani- 
matiim  of  the  middle  ear, 
iii,  588 
suppurative  inflammation  of 
tlie  middle  ear,  iii,  589 
affections  of  the  auditory  nerve, 
iii.  597 
of  the  auricle,  iii.  606 
of  the  Eustachian  tube,  iii. 

613 
of     the     external  auditory 
canal,  iii.  613 
alterations  in  the  tympanic  mem- 
brane and  adjacent  bony  walls 
due  to  former  disease,  iii.  031 
artiflcial  aids  to  defective  hear- 
ing, iii.  030 
chronic  catarrhal  or  non-purulent 
inflammation  of  the  middle 
ear,  iii.  634 
purulent  inflammation  of  the 
middle  ear.  iii.  637 
foreign   bodies   in   the    external 
auditory  canal  and  middle  ear, 
iii.  646" 
general  therapeutics,  iii.  049 
intracranial      complications     of 
acute  and   chronic   inflamma- 
tions of  the  middle  ear,  iii.  6.54 
mastoid  operations,  v.  701 
methods  of  diagnosis,  iii.  058 
new  growths,  iii.  066 
operations    upon   the   tympanic 
membranes   and    ossicles,   iii. 
070 
syphilitic  affections,  iii.  674 
traumatic  affections,  iii.  687 
tuberculosis  of  the  middle,  iii.  690 
Ear,   eczema  of    external   auditory 
canal,  iii.  619 
erysipelas  of  the  auricle,  iii,  607 
examination  of,  for  purposes  of 

diagnosis,  iii.  658,  663 
external,  i.  615 

anatomy  and  physiology  of, 

i,  01.5 
new  growths  of.  iii.  667 
Ear,  external  auditory  canal,  i. 
615 
anatomy  of,  i,  025 
affections  of,  iii.  013 
foreign  bodies  in,  iii.  646 
traumatisms  of,  iii.  688 
Ear,  fibroma  of  auricle,  iii.  666 

fibrous  ti.ssue  growths  of,  iii.  668 
foreign  bodies  in,  iii.  046 
fractures  of  the  temporal  bone, 

iii.  689 
frost-bite  of  the  auricic,  iii.  607 
gangrene  of  the  auricle,  iii.  007 
general  therapeutics  of,  iii.  649 
gunshot  wounds  of,  iii.  689 
hiematoma  of,  iii.  687 

of  the  auricle,  iii.  608 
hypertrophies  of  the  auricle,  iii. 

"608 
impacted  cerumen,  iii.  614 
inflammations      of,      catarrhal, 
acute,  iii.  .588 
catarrhal,  chronic,  iii.  634 
intracranial      complications 
of,  iii.  654 
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£ar,  inflaininatiousof.  iiou-purulent. 
iii.  634 
nou-suppuiativc,  iii.  588 
punilc'Ut,  iii,  C3T 
suppurative,  iii.  589 
in  insanity,  v.  51 
Ear,  internal,  i.  615,  619 

anutunn-  and  phvsioloffy  of.   i. 

619 
escape  of  pus  into,  svmplnmsof, 

iii.  602 
nialiirnant  trrowtli  of,  iii.  670 
svpliilitic  affections  of  the,   iii. 
682 
affections  of  tlie,   in   cliild- 
hood  and  adolescence,  iii. 
685 
Ear,  labyriutli,  see  Ear,  infertiuf 
laminated  epitlielial  plugs  in  ex- 
ternal auditory  canal,  iii.  615 
lobe   of,    site    for    jiuncture   foi' 

blood  examination,  ii.  38 
lymphatics  of,  v.  627 
malformations,  congenital,  of  the 
auricle,  iii.  611 
of    the     external    auditory 
canal,  iii.  613 
malignant  growths  of,  iii.  668 
massage    for    affections  of,    iii. 

653 
mastoid  operations,  v.  701 

surgical  anatomy  of,  iii.  694 
medication  of.  iii.  653;  v.  733 
metliods  of  diagno.sis,  iii.  658 
Ear,  middle,  i.  615 

acute  catarrhal  inflammation  of, 
iii.  588 
suppurative      inflammation 
of,  iii.  589 
angioma,  iii.  669 
benign  growths  of.  iii.  668 
carcinoma  of,  iii.  669 
chronic  catarrljal  inflammation, 
iii.  634 
snppuiation,  iii.  637 
examination  of,  iii.  663 
tibrous-tissue  growths  of,  iii.  668 
foreign  bodies  in,  iii. 646 
inflammation      of.     intracranial 

complications,  iii.  654 
inflation  of,  iii.  664 
medication  of.  v.  733 
muscles  of,  i.  619 
operations  on,  iii.  671 
papilloma  of.  iii.  668 
pearly  growths  of.  iii.  668 
Politzerization  of,  iii.  664 
purulent  inflammation,  chronic, 
iii.  637 
inflanm.ation,   chronic,  spe- 
cial method  of  exploring 
in,  iii.  640 
3arconia  of,  iii.  670 
syphilitic  affections  of,  iii.  677 
affections  in  childhood   and 

adolescence,  iii.  685 
catarrhal    inflammation    of. 

iii.  677 
neuralgia  of,  iii.  680 
purulent    inflammation    of, 
iii.  679 
tuberculosis  of.  iii.  690 
Ear,  muscles  of  middle  ear,  i.  619 
anomalies  of,  vi.  42 
nervous  affections  of  the  auricle. 

iii.  611 
new  growths  of,  iii.  666 
of  Dionysius,  the,  iii.  633 


Ear,  operations  upon  the  mastoid,  v. 
701 
upon  the  middle  ear,  iii.  671 
upon  the  ossicles,  iii.  670 
upon    the   tympanic    mem- 
brane, iii.  670 
ossicles,  anatomy  of,  i.   616;  iii. 
584 
dimensions  of.  ii.  587 
movements  of.  i.  617 
operations  upon,  iii.  670 
osteoma     of    external    auditory 

canal,  iii.  667  ' 
papilloma  of,  iii.  668 

of  auricle,  iii.  666 
parasitic  inflammation  of  exter- 
nal auditory  canal,  iii.  615 
pearly  growths  of.  iii.  668 
physiology  of,  i.  615 
Politzerization  of,  iii.  664 
polypi,  iii.  621 
sarcoma  of,  iii.  670 
sebaceous  cysts  of  external  audi- 
tory canal,  iii.  667 
surgical  anatomv  of  the  mastoid, 

iii.  694      ■ 
.syphilitic 'affections  of,  iii,  074. 
677 
affections  of.    in   childhood 
and  adolescence,  iii.  685 
syringing  the,  iii.  642,  651 
traumatic  affections  of,  iii.  687 
tuberculosis  of  middle,  iii.  690 

of  the  auricle,  iii.  610 
tym])anic  membrane,  i.  616 
absence  of.  iii.  640 
alterations  in,  due  to  former 

diseases,  iii.  621 
anatomy  of,  iii,  581 
blood-vessels  of,  iii.  584 
destruction  of,  iii.  640 
operations  upon,  iii.  670 
perforation    of,    in    chronic 

purulent  otitis,  iii.  640 
svi)hilitic   affections  of,  iii. 
"  677,  685 

traumatism  of,  iii.  688 
ulceration    of    the    auricle,    iii. 
6(17 
Earache  in  ear  diseases,  iii.  639 
Ear-syringe,  iii.  651 
Ear-trumpet,  iii.  633 
Ear-wax,  i.  626 

Earth,  blood  stains  on,  detection  of, 
ii.  80 
dry,  as  a  deodorant,  iii.  411 
Earth-flea,  ii.  f-28 
Eastman  Springs,  iii.  697 
Eastport,  Maine,  iii.  698 
Eaton  Rapids  Wells,  iii.  698 
Ebei-th's  bacillus,  i.  700;  and  see 

lStirillii.1  and  Tvpliiii<l 
Ebonite,  vi.  1002 
Ebstein's  method  of  treating  obes- 
ity, i.  125 
Ecballium  elaterium,  iii.  730 
Ecbolics,  iii.  698 
Ecboline,  iv.  2 
Ecchymoma,  iii.  273:  vi.  814 
Ecchymoses,  iii.  273 

in  luemopliilia,  iv.  473 
of  eyelids,  iv.  122 
Eccoprotics,  v.  468;  and  see  Laxa- 

thvs 
Ecgonine,  iii.  1.56 
Echinococcus,  ii.  789;  viii.  233 
cysts  in  liver,  i.  27 
in  spleen,  i.  32 


Echinococcus  cysts,    suppurating, 
differential  diagnosis,  v.  535 
booklets,  V.  .541 
meta.stasis  of,  v.  779 
multilocular,  ii.  789;  v.  .540 
of  the  bile  ducts,  iv.  298 
of  the  heart,  iv.  582 
of  the  kidney,  v.  344,  862 
of  the  liver,  v.  .539 
of  the  muscle,  vi.  33 
of  the  nasal  cavities,  vi.  142 
of  the  omcutuni.  vi.  360 
of  the  jiarotid  gland,  vi.  511 
of  the  i>ituitary  gland,  vi.  641 
of  the  thyroid 'gland,  iv.  389 
raci'inosus.  ii.  789 
Echinorhynchus,  vi.  335 
gigas.  vi.  234 
liomiuis,  vi.  225 
Echitamine,  iii.  5-12 
Echitenine,  iii.  542 
Eclampsia,  febrile,  iii.  700 

gravidarum,    au    auto-intoxica- 
tion, i.  647 
infantum,  iii.  700;  vii.  449 

an  auto-intoxication,  i.  644 
clinical  occurrence,  iii.  700 
diagnosis,  iii.  704 
etiology,  iii.  703 
pathology,  iii.  705 
prognosis,  iii.  706 
sequeloe.  iii.  704 
symptomatology,  iii.  703 
synonyms,  iii.  700 
treatment,  iii.  706 
mal.irial,  iii.  701 
of  rachitis,  iii.  702 
puerperal,  headache  in,  iv.  547 
reflex,  iii.  701 
relation  of,  to  diseases  of  chorion, 

iii.  62 
svmjjtomatic,  iii.  700 
toxic,  iii.  701 
Eclysis,  ii.  224 
Ecology,  i.  159 
Ecphyma  globulus,  iii.  707 
Ecstatic  catalepsy,  ii.  717 
Ecthyma,  iii.  707 

diagnosed    from    impetigo,    iv. 

847 
diagnosis,  iii,  707 
etiology,  iii.  707 
following  use  of  bromine,  iii.  423 
gangra'nosum,  iii.  707 
histopathology.  iii.  707 
of  the  auricle,  iii.  606 
prognosis,  iii.  707 
treatment,  iii.  707 
Ectocinerea,   cortex    of    brain,    ii. 

139 
Ectoderm,  i.  440;  iii.  708;  iv.  357 
Ectodermal  cysts,  vii.  730 
Ectoparasites,  vi.  500 
Ectopia  of  heart,  vii.  707 

of  ovniy,  iv.  683 
Ectopic  pregnancy,  iv.  54 
Ectrodactylism,  iv.  493 
Ectropion,  iv.   120 
Ecuador,  Pharmacopana  in,  vi.  583 
Eczema,  iii.  708 
acute,  iii.  711 

treatment,  iii.  719 
caused  b.y  drugs,  iii.  423 
chronic,  iii.  711 

treatment,  iii.  720 
diagnosed  from  granuloma  fun- 
goidcs,  iii.  714 
from  lichen  planus,  v.  506 
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Eczema    diagnosed     from     lichen 

Effleurage,  v.  094 

Electric  currents,  destructive  and 

ruber  acuminatus,  v.  508 

Effusion,  pericardial,  vi.  059 

l(;tlial  effects  of  high  pressure, 

from   lichen  serofulosonini. 

Egg,  see  Ofum 

iii.  742 

V.  609 

us  food  for  invalids,  iii.  455 

experiments  with,  iii.  743 

from   luinis  crvthematosus. 

chemical  composition  of,  iii.  455 

results    of    experimental    work 

V.  01 1 

holoblastic,  i.  440 

with.  iii.  745 

from  miliaria,  v.  792 

mat\u'ation  of,  vi.  868 

Electric  shock  as  cause  of  death. 

from  seborrhcea,  vii.  88 

media  for  bacteria,  viii.  377 

i,  673 

from  s^-cosis,  vii.  572 

meroblastic,  i.  440 

clinical  manifestations  in,  iii.  750 

diagnosis,  iii.  713 

methods  of  preparing,  iii.  455 

resuscitation  from,  iii.  7.52 

ditli'rcniial  diagnosis,  iii.  713 

poached,  iii.  455 

s])(intaneous  recovery  from,  iii. 

epizootica,  iv.  733 

yolk  of.  iii.  727 

752 

cause  of  uu"n'holesome  milk. 

Egg-custard,  iii.  455 

Electrical  diffusion,  ii.  719 

V.  835 

Egg-flip,  iii.  455 

osmosis,  ii.  719 

erythematosum,  iii.  709 

Egg-lemonade,  iii.  455 

Electricity,  atmospheric,  at  health 

etiology,  iii.  711 

Egg-nog,  iii.  455 

resorts,  iv.  564 

fissunT,"iii.  710 

Egols,  iii.  727 

death  from,  iii.  751 

of  arm  and  forearm,  i.  455 

Egypt,  iii.  727 

effect  of,  on  bacteria,  i.  685 

general  symptomatology,  iii.  708 

Ehrlich's  copper    bar    method    of 

on  red  blood  corpuscles,  ii. 

infantile.'iii.  720 

blood  fi.xation,  ii.  64 

25 

intertrigo,  iii.  709.  712 

diazo-reaction,  vii.  920 

faradic,  iii.  757 

keratonized,  of  palm  and  soles, 

eye-piece,  ii.  68 

forms  of.  for   therapeutic   pur- 

V. 305 

receptors,  viii.  469 

poses,  iii.  756 

local  treatment,  iii.  718 

side-chain  theory,  iv.  845;    vii. 

galvanic,  iii.  757 

madidans.  iii.  709.  710 

210 

in  the  treatment  of  amenorrhoea. 

marginatum,  iii.  715 

theories  of  immunity,  iv.  845 

i.  214 

mercurial,  iii.  424 

theory  of  hemolytic  processes. 

of  aneurysm,  iii.  767 

of  the  anus,  iii.  725 

viii.  468 

of  cramps,  iii.  760 

of  the  auditory  canal,  iii.  618 

triple  stain,  ii.  66 

of  diseases  of  the  brain,  iii. 

of  the  auricle,  iii.  606,  619,  723 

Eidoptometry,  vi.  392 

761 

of  the  beard,  iii.  723 

Eigon,  iii.  730 

of  diseases  of  the  peripheral 

of  the  conjunctiva,  iii.  246 

Eimeria,  viii.  538 

nerves,  iii.  759 

of  the  ear,  in  chronic  purulent 

bigemina,  viii.  .539 

of  diseases  of  the  spinal  cord, 

otitis,  iii.  638 

development  of,  viii,  538 

iii.  760 

of  the  eyelid.s,  iii.  724;  iv.  117 

liomiuis,  viii.  .539 

of  diseases  of  the  urinary  or- 

of the  face,  iii.  723 

stieda\  viii.  539 

gans,  iii.  765 

of  the  feet,  iii.  730 

varieties  of,  viii.  538 

of  ear  di.seases,  iii.  654 

of  the  genitals,  iii.  724 

Eka-iodoform,  iii.  730;  iv.  246;  vi. 

of   functional   neuroses,  iii. 

in  diabetes  niellitus,  iii.  429 

483 

763 

of  the  hands,  iii.  726 

Elastic  tissue,   iii.    252;    and    see 

of  gout,  iii.  766 

of  the  legs,  iii.  725 

Conneetii'i'  tissue 

of  headaches,  iii.  763 

of  the  lips,  iii.  724 

Elastica,  vi.  1002 

of  insanity,  v.  73 

of  the  nails,  iii.  727 

Elaterin,  iii.  730,  731 

of  intestinal  obstruction,  v. 

of  the  nipple,  ii.  473 

as  a  inirgative.  vi.  813 

173 

of  the  scalp,  iii.  722 

Elaterinum,  iii.  730 

of  nervous  dyspepsia,  iii.  759 

papulosum,  i.  455;  iii.  709 

Elaterium,  iii.  731 

of  neuralgia,  iii.  759;  vi.  244 

of  arm  and  forearm,  i.  455 

German,  iii.  731 

of  paralysis,  iii.  760 

parasitic,  iii.  721 

Elbow-joint,  iii.  731 

of  rheumatism,  iii.  766 

pathological  anatomy,  iii.  711 

amputation  at  the,  i.  251 

of  tics.  iii.  760 

pathology,  iii.  711 

applied  anatomy  of,  ii.  731.  737; 

of  traumatic    neuroses,   iii. 

prognosis,  iii.  716 

vi.  917 

763 

pnstulnsum,  iii.  710 

bursfe,  ii.  524 

of  women's  diseases,  iii.  764 

rimosum,  iii.  710 

chronic  tuberculous  ostitis  of,  v. 

static,  iii.  756 

rubrum,  iii.  709,  710 

276 

the  destructive  and  lethal  effects 

sclerosum,  iii.  710 

configuration,  iii.  731 

of  high-pressure  currents,  iii. 

seborrhoicum,  iii.  721 ;  vii.  87 

deep  fa.scia,  iii.  734 

742 

diagnosed  from  psoriasis,  vi. 

disease  of,  v.  276 

therapeutic    effects    of    various 

782 

extent,  iii.  731 

forms  of,  iii.  757 

solare.  iii.  712 

hysteria  of,  i.  472 

Electrification  a  factor  in  climate, 

squamosum,  iii.  709,  710 

rriuscles  of,  iii.  734 

iii.  143 

of  arm  and  forearm,  i.  457 

resection  of,  vi.  916 

Electrobiology,  i.  648,  756 

synonyms,  iii.  708 

after-treatment,  vi.  920 

Electrocution,  iii.  744 

trade,  "iii.  424,  726 

history,  vi.  916 

Electrolysis  for  i-emoval  of  super- 

treatment,  iii.  716 

indications,  vi.  916 

lluous  hairs,  iv.  808 

types  of  eruption,  iii.  711 

methods,  vi.  917 

in  urethral  stricture,  viii.  25 

verrucosum,  iii.  710 

stiffness  of,  v.  376 

Electropuncture,  i.  105 

vesiculosum,  iii.  709 

superficial  fascia  and  vessels,  iii. 

Eloctrotherapeutics,  iii.  756 

Edebohls'  decapsulation  of  the  kid- 

733 

application  in  disease,  iii.  759 

ney,  viii.  10 

Elder,  vii.  18 

batteries  used  in,  iii.  757 

Education  as  predisposing  to  sui- 

poisonous plant,  vi.  704 

dosage  of  currents,  iii.  758 

cide,  vii.  552 

Elecampane,  iii.  743 

rules  for  applying,  iii.  758 

higher,  of  deaf-mutes,  iii.  870 

Electric  currents,  accidents  from. 

Electrotonic  currents,  iii.  773 

influence  of,  on  insanity,  v.  29 

iii.  744,  754 

cause  of  extra-jiolar,  iii.  779 

medical,  iv.  46 

action  on  heart,  iii.  749 

tiieories  of,  iii.  777 

Eel,  vinegar,  vi.  207 

amperage,  iii.  743 

Electrotonus,  iii.  767;  vi.  230 

Effervescent  lithiiun  citrate,  v.  519 

conclusions  and  general  consid- 

Elemi, iii.  781 

magnesium  citrate,  v.  673 

erations,  iii.  748 

:\Ianilla.  iii.  781 

potassium  citrate,  vi.  744 

death  from,  iii.  745 

Elemic  acid,  iii.  781 
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Elephantiasis,  iii.  781 

Arabum,  iii.  781 :  v.  666 

congenital,  iii.  7>i'S 

diagnosed  from  acromcgalj',  i.  95 

endemic,  iii.  781 

etiology,  iii,  784 

Gnx'corum,  v.  484;  and  see  Lep- 
rosi/ 

mollis,  iii.  436 

ntcvoid.  iii.  783 

of  tlie  auricle,  iii.  608 

of  tlie  hand,  iv.  41)9 

of  the  vulva,  iii.  7S3:  viii.  163 

pathology,  iii.  785 

parts  attacked,  iii.  783 

prognosis,  iii.  786 

relation  of,  to  lyniphangiectasis, 
V.  621 

sporadic,  iii.  783 

transmitted    bv   mosquitoes,    v. 
870 
Elettaria  repens,  ii.  686 
Elevation    a    means    of    arresting 

liemorrhaee.  iv.  635 
Elevator  disease,  v.  594 
Elgin  Spring's,  iii.  786 
Eliminatives  in  insanity,  v.  73 
Elisenbrunnen  at  Aachen,  i.  1 
Elixirs,  v.  736 

glusidi,  vii.  1 

of  kola,  V.  376 

of  phosphorus,  vi.  621 

of  vitriol,  vii.  563 
Elm,  American,  iii.  786 

bark.  iii.  786 

Eui'opean.  iii.  787 

slip])cry.  iii.  786 
El  Paso  de  Robles  Hot  and  Cold 

Sulphur  Spring's,  iii.  787 
Eisner's  medium,  viii.  372,  578 
Elytritis,  viii.  165 
Emaciation  in  myelogenous  leukw- 

mia,  v.  498.  500" 
Emailloids,  vi.  334 
Embalming,  iii.  3.56:  viii.  428 
Embedding  bo.x,  iv.  716 

mctliods  of,  ii.  323;  iv.  717 
Embelia,  iii.  788 

rilics,  iii.  788 
Embelic  acid,  iii.  788 
Embolism,  iii.  133,  788 

uir.  iii.  790;  viii.  214 

aortic,  iii.  793 

cerebral,  ii.  294;  iii.  791 
symptoms  of,  ii.  396 

cellular,  iii.  790 

coronary,  iii.  793 

crossed,  iii.  133 

direct,  iii.  123.  788 

effects  of,  iii.  790 

fat,  iii.  790 

mesenteric,  iii.  791 

of  central  artery  of  retina,   vi. 
954 

of  spermatic  arterv,  iii.  793 

parado.xical,  iii.  133,  789 

pulmonary,  iii.  791 

renal,  iii.  791 

retinal,  iii.  793 

retrograde,  iii.  123,  789 

sequeUt,  iii.  790 

splenic,  iii.  791 

.symptoms,  iii.  791 
Embolus,  bland,  iii.  789 

infective,  iii.  789 

obturating,  iii.  788 

of  animal  parasites,  iii.  789 

riding,  iii.  788 


Embolus,  straddling,  iii.  788 

tumor-cell.  iii.  789 
Embryoid  tumors,  vii.  719 
Embryological  methods,  iii  793 
Embryology,  iii.  793 

evidence  of  evolution  from,  iv.  31 

historv  of,  iii.  793 

methods  of,  iii.  793 

witness  of,  to  man's  ancestry,  iv. 
38 
Embryoma,  vii.  719,  909 
Embryonal     tissue  =:  granulation 

tissue,  iv.  411 
"Embryonic  remains"  theory  of 

origin  of  carcinoma,  ii.  678 
Embryos,  human,  iii.  794 

at  various  ages.  iii.  795;  viii.  4.50 

growth  of  the.  iv.  416 

pathological,  iii.  797 
Embryotomy,  vi.  315 
Embryotoxon,  iii.  390 
Emergency  boxes,  railway,  vi.  836 
Emergency  rations,  v.  799 
Emetics,  iii.  809 

administration  of,  i.  370 

as  antidotes  to  jioisons,  i.  370 

contr.aindications   to    use   of,    i. 
370,  iii.  813 

direct,  iii.  810 

general  indications  for   the   use 
of,  iii.  813 

indirect,  iii.  810 

in  insanity,  v.  73 

list  of,  i.  370;  iii.  810 

use  of,  in  poisoning,  i.  370;  iii. 
812 
Emetine,  v.  311 
Eminence,  callosal,  ii.  177 

hvpothenar,  iv.  483 

thenar,  iv.  483 
Emissarium  mastoidcum,  ii.  363 

ciccipitale,  ii.  363 

parietale,  ii.  363 

post-condyloideum.  ii.  303 

precondyloidenm,  ii.  363 

tem])orale.  ii.  '363 
Emissary  veins,  ii,  363 
Emmenagogues,  iii.  698 

direct,  iii,  699 

indications  for  use  of,  iii,  698 

indirect,  iii.  699 

list  of,  iii,  699 

Ihcrapeulic  uses  of,  iii,  699 
Emmetropia,  i.  56 

fundus  of  eye  in,  vi.  373 
Emmet's  needle-holder,  viii.  173 

operation  for  rejiair  of  lacerated 
cervix  uteri,  viii.  71 
for  repair  of  lacerated  peri- 
neum, vi.  313 
Emodin,  ii.  515,  706;  vi.  974 
Emollients,  iii,  813 
Emotionalism,  excessive,  v,  48 
Emotions,  expression  of,  in  child- 
hood, ii.  833 

in  insanity,  v.  48 
Emphysema,   acute   vesicular,  iii. 
816 

cellular,  iii.  816 

comjiensatory.  iii.  816 

dyspnii'a  in,  iii.  580 

Eustachian,  viii.  430 

hypertrophic,  iii.  813 

infective,  iv.  303 

interstitial,  iii.  816 

large-lunged,  iii.  813 

occupation  as  an  etiological  fac- 
tor in,  vi.  318 


Emphysema   of  the    abdomen,  v. 
190;  viii,  431 

of  the  eyelids,  iv.  118 

of  the  lungs,  iii.  813 
diagnosis,  iii.  815 
etiology,  iii.  814 
morbid  anatomy,  iii.  813 
pathogenesis,  iii.  814 
physical  signs,  iii.  815 
prognosis,  iii.  815 
symptoms,  iii.  815 
treatment,  iii,  815 

of  the  neck,  viii,  430 

of  the  nose,  vi.  395 

of  the  orbit,  vi.  400 

of  the  thorax,  vii.  753;  viii.  430 

subcutaneous,  iii.  816;  viii.  430 

surgical,  iii.  816 
Emphysematous    gangrene,    iv. 

3(13 
Empleurum  serculatum,  ii,  514 
Empretia  stimulea,  v,  167 
Empyema,  vi,  6()5;  vii,  754 

articuli,  vii,  597 

differential  diagnosis  of,  v.  535 

of  antrum  of  Highmore,  vi.  144 

of  frontal  sinus,  iv.  373 

of  gall-bladder,  iv.  295 

scoliosis  following,  v.  4.59 

sputum  in,  vii.  433 

treatment  of,  vi.  666 
Ems,  iii,  817 
Emulsin,  iii.  843 
Emulsions,  i.  103;  v.  736 

of  asafietida.  i.  563 

of  cliloroform.  iii.  9 

of  cod-liver  oil,  iii,  106 

of  olibanum,  vi,  355 

pancreatic,  iii,  166 
Enamel  of  the  teeth,  vii,  649 
Enantobiosis,  i,  685 
Enarthrodia,  i.  553 
Encephal  =  cerebrum,  ii.  138 
Encephalitis  a  cause  of  headache, 

iv,  .-|.53 
Encephalocele,  ii,  333,  411 

of  the  orbit,  vi.  405 
Encephalome,  ii.  333 
Encephalon,  ii.  138;  and  see  Braiii- 

tlexures  of.  ii.  143 
Encephalopathy,  lead,  v,  474 
Enchondroma,    iii,    38;     and     see 
VJ'oitilrittna 

definition  of,  iii.  38 

diagnosis  of,  iii.  40 

etiology  of,  iii.  40 

mode  of  growth  of,  iii.  39 

of  external  auditorv  canal,   iii. 
668 

of  Fallopian  tubes,  iv.  138 

of  lower  jaw,  v.  285 

of  hing.  V,  606 

of  mamma,  ii.  476 

of  orbit.  iv,_115 

of  parotid  gland,  vi,  510 

of  the  up]ier  jaw,  v,  349 

situation,  iii,  39 

structure,  iii.  38 

varieties,  iii.  39 
Encranius,  vii.  690 
Endangeiitis,  mycotic,  ii.  97 

toxic,  ii.  97 
Endarteritis,  ii.  99 

elastic  tibres  in,  ii.  99 

in  the  chorion,  iii.  59 

obliterating,  ii.  100 

syphilitic,  vii,  624 
Endermatic  medication,  v.  735 
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Endocardial  murmur,  ii.  833 

Enemata,  (juantity,  iii.  834 

Enteroptosis,  pathology,  viii.  435 

nrganic.  ii.  S33 

temiicrature  of,  iii.  834 

prognosis,  viii.  435 

Endocarditis,  iii.  585 

Energ'y,  balance  of,  v.  765 

^tiller's  sign.  viii.  434 

acute,  iii.  585 

Enfeeblement  a  symptom  of  insan- 

symptoms, viii.  432 

liiictcriology,  iv.  585 

ity,  V.  45 

synonyms,  viii.  431 

beniKii,  iv.  586 

Engadine    (Upper),    Switzerland, 

treiitnient,  viii.  435 

chissilioation.  iv.  585 

iii.  825 

Enterorrhaphy,  v.  176 

dilTureiitial  diagnosis,  iv.  587 

Engel's  apparatus  for  determining 

Enterostomy,  v.  182 

etiology,  iv.  585 

all<alinity  of  the  blood,  ii.  68 

Enterotomy,  v.  182 

history,  iv.  585 

England,  certilicatiou  of  death  in, 

in  intestinal  obstruction,  v.  174 

nialigimnt.  iv.  586 

iii.  37i5 

Entocinerea  =  central  tubular  gray 

morbid  .'iDatomy,  iv.  586 

drugs,  history  of  adulteration  of. 

matter  of  brain,  ii.  139 

pliy.sical  signs,  iv.  587 

in,  iv.  163     • 

Entoderm,  i.  440;  iii.  839;  iv.  337 

prognosis,  iv.  587 

inspection  of,  in,  iv.  177 

Eutodermal  cysts,  vii.  721 

recurrent,  iv.  588 

food,  historv  of  adulteratiou  of. 

Eutomophthorales,  iv.  378 

symptomatology,  iv.  586 

in,  iv.  162 

Entropion,  iv.  120 

treatment,  iv.  587 

ins]iection  of,  in,  iv.  163 

Enuresis,  iii.  839 

cbrouic.  see  Heart,  valvular  le- 

Pharmacopo'ia  in,  vi.  582 

continua,  iii.  839 

sitnin  of 

Engle  garliagc  incinerator,  vi.  879 

diagnosis,  iii.  839 

Endocystit'is,  i.  774 

Enlargement  of  thyroid  gland,  v. 

diurna,  iii.  839 

Endometritis,  v.  783;  and  see  Me- 

728 

etiology,  iii.  839 

tritis  and  Puerperal  infection 

scrofulous,  of  lymph  nodes.v.661 

in  young  children,  i.  777 

decidualis.  v.  783 

Enlistment  in  the  army,  vi.  845 

mechanism,  iii.  839 

post  abortuni,  iii.  390 

fraudulent,  vi,  846 

nocturna.  iii.  839 

post  partum,  iii.  390 

renuirements  for.  vi.  845 

prognosis,  iii.  839 

diffusa,  V.  783 

Ennui,  danger  of,  in  military  life, 

symptoms,  iii.  839 

e.xfoliativa.  v.  783 

V.  817 

treatment,  iii.  839 

glandularis,  v.  783 

Enostosis,  vi.  425 

Environment  and  insanity,  v.  65 

interstitialis.  v.  783 

Entamoeba,  viii.  530 

chemical   effect   of,  on   differen- 

senilis. V.  783 

coli,  viii.  530 

tiation,  iii.  468 

Endometrium,  disease  of.    meuor- 

histolytica,  viii.  .531 

Enzymes,  i.  683;  iii.  839 

riiagia  in.  v.  741 

hominis.  viii.  530 

amylolytic,  iii.  842 

Endomysium,  vi.  11 

Enteralgia,  iii.  196 

chemical  composition  of,  iii.  840 

Endoneurium,  vi.  -.238 

Enterectomy,  v.  174 

classiticatiou  of,  iii.  841 

Endoparasites,  vi.  500 

Enteric    diseases    in    animals,   a 

coagulating,  iii.  843 

Endophlebitis  obliterans,  viii.  212 

cause  of  unwholesome  milk,  v.  835 

definition  of,  iii.  840 

ol  bepatic  veins,  ii.  98 

Enteric  fever,  vii.  914;  and  see  Ty- 

determination  of  the  activity  of, 

prolifera.  viii.  213 

piioid  Jerer 

iii.  841 

End-organs,  kiuesodie,  iii.  824 

bow  to  avoid  in  camp.  v.  813 

diastatic,  iii.  842 

nervous,  iii.  818 

Enteritis,  iii.  826 

fate  of,  in  digestion,  iii.  474,  475 

of  special  .sense,  iii.  823 

catarrhal,  iii.  837 

in  human  body,  iii.  841 

peripheral,  iii.  818 

acute,  iii.  827 

fat-splitting,  iii.  843 

Endosalpingitis,  iv.  134 

acute,  course,  iii.  830 

glucoside-splitting,  iii.  843 

Endoscopy,  i.  77S 

acute,  etiology,  iii.  827 

in  plants,  i.  104 

Endospores,  i.  (581 

acute,  pathology,  iii.  828 

in  urine,  viii.  .52 

Endostosis,  vi.  425 

acute,  symptoms,  iii.  830 

mode  of  action  of,  iii.  840 

Endothelial  cells,  v,  655 

acute,  treatment,  iii.  830 

nature  of  action  of,  iii.  840 

cysts,  iii.  349 

chronic,  course,  iii.  830  . 

of  the  pancreas,  vi.  463 

Endothelioma,  vii.  38 

chronic,  etiologj',  iii.  827 

origin  of,  iii.  841 

carcinomatosum   of   the    perito- 

chronic, pathology,  iii.  828 

oxidizing,  iii.  843 

neum,  vi.  570 

chronic,  sj-mptoms,  iii.  830 

proteol.ytic,  iii.  843 

heniaugio-,  vii.  38 

chronic,  treatment,  iii.  831 

relation  of,  to  serum  therapy  and 

lymphaugio-.  vii.  38 

croupous,  iii.  831 

to  immunity,  iii.  844 

lymphaugiomatosum  of  the  peri- 

diphtheritic, iii.  831 

steatolytic,  iii.  842 

toneum,  vi.  570 

]ihlegnionous,  iii.  832 

sngar-splitting.  iii.  842 

of  the  dura.  vii.  39,  908 

Enterocele,  iv.  665 

Eosinophiles,  ii.30 

of  the  kidney,  v.  325 

Enteroclysis,  iii.  832 

in  dermatitis,  iii.  430 

of  the  lachrymal  gland,  iv.  115 

clinical  apiilications  of,  iii.  834 

Eosinophilia,  v.  493 

of  the  lung,"  v.  607 

effects  of.  iii.  833 

diseases  found  in,  v.  493 

of  the  omentum,  vi.  360 

experiments  with.  iii.  832 

in  parasitic  affections,  vi.  504 

of  the  optic  nerve,  iv.  113 

in  cholera  infantum,  iii.  35 

Eosolates,  iii.  844 

of  the  ovary,  vi.  436 

nielliods.  iii.  835 

calcium,  iii.  844 

of  the  parotid  gland,  vi.  511 

solutions  that  maj'  be  used,  iii. 

quinine,  iii.  844 

of  the  |]eritoneum,  vi.  570 

838 

silver,  iii.  844 

Endothelium,  iii.  856 ;  and  .see  Epi- 

quantity    and    temperature 

Epencephal,  ii.  157;  and  see  Brain 

tlielimn- 

(if.  iii'.  S38 

Epencephalon,  ii.  157,  381 :  :uid  .see 

Endyma  =  ependyma,  ii.  139 

Entero-epiplocele,  iv.  665 

ISruin 

Enemata,  iii.  834 ;"  and  see  Alimen- 

Enterokinase,  iv.  462 

Ephedra  antisyidnlitica,  iii.  844 

tiilioii,  rectal ;  and  Enterodysis 

Euterol,  iii.  839 

helvetica,  iii.  S44 

high.  iii.  834 

Enteroliths,  iii.  231 

moiiostacliye,  iii.  844 

indications  for.  iii.  834 

Enteron  =  alimentary  canal,  ii.  138 

vidgari.s.  iii.  844 

in  intestinal  obstruction,  v.  173, 

Enteroptosis,  viii.  431 

Ephedrin,  iii.  844 

175 

apiilication  of  the  term,  viii,  431 

Ephedrine,  iii.  844 

in  intussusception,  iii.  835 

clinical  features,  viii.  432 

pseudo-,  iii.  844 

objections  to,  v.  200 

diagnosis,  viii.  435 

Ephelid,  v.  4M3;  and  sec  Lentigo 

rules  for,  v.  300 

etiology,  viii.  431 

Ephelis,  V.  483:  and  see  Lentigo 

low,  iii.  835 

introductory  and  historical,  viii. 

ab  igne,  v.  478 

nutrient,  i.  186 

431 

a  sole,  V.  478 
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EiKlueardial  inuriniir. 
Ergoliue. 

Epiblast,  iv.  337 

Epilepsy,  prodromes,  iii.  845 

Epithelioma  of  the  urethra,  i.  770 

Epicanthus,  iv.  123:  vii.  699 

prognosis,  iii.  850 

superficial,  ii.  680 

Epicardium,  iv.  573 

psychic,  V.  99 

Epitheliomatous  ulcers,   vii.  945, 

Epicarin,  iii.  .S4'l 

Seguin's  signal  symptom  in 

ii. 

947 

Epicauta  ciuerea,  v.  165 

420 

Epithelium,  iii,  8.53 

lic-iinsylvaiiica.  v.  165 

sensory,  iii.  847 

clioriouic.  iii.  51 

vittatii,  V.  165,  166 

sequehc,  immediate,  iii.  846 

ciliated,  iii.  8.55 

Epidemic  dermatitis,  iii.  418 

remote,  iii.  847 

elassitication,  iii.  8.54 

diagnosis,  iii.  418 

simuiated,  iii.  8.50 

endo-,  iii.  8.56 

etiology,  iii.  418 

stages  of,  iii.  846 

found  in  urine,  viii,  57 

patbology,  iii.  418 

surgical  treatment  of,  ii.  419 

germinal,  vi,  449 

prognosis,  iii.  418 

synonyms,  iii.  845. 

glandular,  iii,  .8.50 

symptoms,  iii.  418 

temperature  and  pulse  in,  iii. 

846 

meso-,  iii,  856 

livatnicul,  iii.  418 

traumatic,  surgical  treatment 

of, 

mucous,  iii.  855 

Epidemics,  isolation  in,  v.  234 

ii.  419 

neuro-,  iii.  856 

Epidermin,  iii.  844 

treatment,  ii.  419;  iii,  851 

pigmented,  iii.  856 

Epidermis,  viii.  552 

urine  in,  iii.  846 

regeneration  of,  vi.  883 

embryology,  viii.  552 

Epileptic  cry,  iii.  846 

reual,  v.  310 

intercellular  spaces,  viii.  553 

Epileptics,     percentage    of,    fi 

om 

respiratory,  vi.  945 

layers,  viii.  552 

consanguineous  marriages,  iii. 

357 

simple  cylindrical,  iii.  854 

reaction  of  the  several  layers  to 

Epileptiform       convulsions 

as 

squamous,  iii,  8."i4 

various  d_ves,  viii.  554 

symiitom  of  intracranial  tumor 

ii. 

stratified  cjiindrical,  iii.  8.55 

rete  Malpighii,  viii.  .5.53 

437 

squam'ous,  iii.  8.54 

stratum  corneuni,  viii.  .5.53 

Epimysium,  vi.  11 

transitional,  iii.  .855 

grauulosum,  viii.  .553 

Epiueurium,  vi..338 

Epitrochleoanconeus  muscle,  vi 

luciduni,  viii.  .554 

Epiphora,  v.  395 

53 

tliickness,  viii.  .5.52 

Epiphysis,  cerebral,  ii.  166 

Eponychium,  vi.  93 

Epidermoids,  vii.  721 

of   humerus,   separation   of. 

iv. 

Epsom  salt,  v.  673 

Epididymectomy,  vii.  184 

361 

.as  a  purgative,  vi.  811 

Epididymis,  iv.  325 

separation  of,  iv.  251 

Epulis,  viii'  490 

cysts  of,  iii,  351 

Epiphysitis,  acute,  vi.  431 

fibrous,  V.  249;   viii.  490 

Epididymitis,  vii,  181,  185 

treatment  of,  vi.  431 

malignant,  viii.  490 

(■oin|ili("itiug  gonorrhoea,  iv.  401 

of  knee,  treatment  of,  v.  386 

myekiid.  viii.  490 

Epidoptometry,  vi.  392 

Epiplocele,  iv.  665 

siin]ile,  viii,  490 

Epidural  space,  ii.  211 

Epiploitis,  vi.  3.59 

Equilibration,  iii,  857 

Epigastric  arteries,  i.  5 

Epiploon,  see  Omentum 

Equilibrium,  iii,  857 

anomalies  of,  i.  .534 

Episclera,  iv.  65 

disturbances    of,    test    for,    iii 

aura,  iii.  845 

Episcleritis,  vii.  74 

601 

hernia,  iv.  680 

syphilitic.  619 

mechanism  of,  in  fishes,  i,  G28 

plexus,  vii.  578 

Epispadias,  vii.  174.  709 

nitrogenous,  v.  764 

region,  i.  11 

ill  the  female,  viii.  161 

nutritive,  v,  763 

Epigenesis,    iv.    19,   6.54;   and   see 

Epispastics,  ii.  14 

sense  of,  viii,  333 

Ikirilitii 

Epistaxis,  vi.  127,  395 

sensory  impressions  in  maintain- 

Epiglottis, V.  408 

diagnosis,  vi.  138 

ing,  iii,  8.58 

cysts  of,  V.  433 

etiology,  vi.  137 

Equinia,  vi    126 

Epignathus,  vii.  690 

prognosis,  vi.  138 

Equino-valgus,     talipes,    iv,    23!, 

Epilation  by  electrolysis,  iv.  808 

treatment,  vi.  128 

237 ;  and  sec  Talipes 

Epilepsy,  ii.  419;  iii.  361,  845;  vii. 

Episylvian  fisstxre,  ii,  193 

Equino-varus,  talipes,  iv.  318,  336; 

44!» 

Epithelial  h  valine  degeneration. 

iii. 

and  see  Tulijies 

alcoholic,  v.  83 

395 

Equinox  Spring,  iii,  860 

aud  idioc}',  v.  149 

pearls,  ii.  672 

Equinus,   talipes,  iv,   333:  and  see 

as  subject  of  litigation,  vi.  239 

plugs,    laminated,    in    external 

Tiflijie^ 

aiua,  iii.  845 

auditory  canal,  iii,  615 

Erasion  of  knee-joint,  v.  286 

chorea  associated  with,  iii.  44 

Epithelioma,  see  Carcinmna 

Erb's  juvenile  muscular  atrophv,  vi. 

condition  of  reflexes  in,  iii.  846 

chorio-,  iii.  61 

62 

cry  of,  iii.  846 

chorionic,  vii.  .595 

phenomenon,  vi.  874 

definition,  iii.  845 

contagiosum,  v.  S.'iO 

Erectile  tumors,  i   350 

description  of  an  attack  of,  iii. 

disseminated,  ii.  681 

Erector  penis  muscle,  anomalies 

846 

multiple,  ii.  682 

of,  vi.  63 

diagnosis,  iii.  8.50 

of  the  auricle,  iii.  668 

Erepsin,  vii.  .548 

diet  in,  iii.  466 

of  the  cervix  uteri,  viii.  87 

Erethistic  ulcer,  vii.  943 

ethylene  bromide  in,  iv.  14 

of  the  conjunctiva,  iv.  109 

Ergot,  iv.  1 

etiology,  iii.  848 

of  the  cornea,  iii.  391 

action,  iv.  3 

frequency  of  attacks,  iii.  847 

of  the  eyelids,  iv.  107,  118 

composition,  iv.  2 

hand  in,  'iv.  533 

of  the  hand  aud  fingers,  iv.  501 

description,  iv.  2 

headache  in,  iv.  .549 

of  the  larynx,  v.  434 

de  seigle,  iv.  1 

hystero-,  iii.  850 

of  the  lower  jaw,  v.  356 

develoimient  of,  iv.  1 

insanity  of,  v.  98 

of  the  nose,  vi.  141 

doses,  iv   3 

interparoxysmal  state,  iii.  848 

of  the  wsophagus,  vi.  344 

habitat,  iv.  2 

.Jacksonian,    surgical    treatment 

of  the  penis,  vii.  177 

history,  iv.  2 

of,  ii.  419 

of  the  scrotum,  see  Cancer  of 

the 

Hougiitdn's  phvsiological  assay. 

masked,  iii.  848 

skin 

iv.  3 

medico-legal  aspects  of,  v.  78 

of  the  skin,  iii.  8.53 

in  aneurism,  i.  337 

morbid  anatomy  and  pathology, 

benign,  iii.  8.53 

preparations,  iv.  3 

iii.  849 

cystic,  iii.  8.52 

uses,  iv.  3 

motor  disturbances,  iii.  847 

multiple,  iii.  8.53 

Ergotic  acid,  iv.  2 

non-traumatic,     surgical     treat- 

of the  umbilicus,  viii.  6 

Ergotine,  iv.  3,  3 

ment  of,  ii.  419 

of  the  upper  jaw,  v.  350 

Bonjean's,  iv.  3 
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ISrgotine,  effect  of,  on  bodj'  tem- 
perature, ii.  571 

livpodcniiatic  use  of,  iv.  830 

Wenzell's,  iv.  2 

Wigger's.  iv.  3 
Ergotinic  acid,  iv.  3 
Ergotinine,  iv.  2 
Ergotism  as  a  cause  of  gangrene. 

iv.  3(14 
Erigeron,  iv.  158 

("iTKiili'iisc.  iv.  158 
Eriodictyon     californicum,     viii. 

Ei-iodictyonic  acid,  viii.  334 
Erlicki's  fluid,  iv.  708 
Erosions  of  cervix  uteri,  viii.  8S 

of  nipple,  ii.  473 

of  veins,  viii.  214 
Errhines,  vii.  457 
Erucic  acid,  vi.  fiS 
Eructations,  nervous,  vii.  .502 
Eruption  from  drugs,  iii.  421 

from  quinine,  vi.  828 

millv-crust,  iii.  710 
Erysipelas,  iv.  3 

and  eczema,  diilerential  diagno- 
sis of,  iii.  713 

bacteriology  of,  i.  705 ;  iv.  3 

complicated   by  kidney  lesions, 
iv.  7 

course  of  disease,  iv.  4 

curative  influence  of,  iv.  6 

definition,  iv.  3 

diagno.sis,  iv.  5 

etiology,  iv.  3 

in  the  new-born,  vi.  378 

medical,  iv.  3 

of  the  arm  and  forearm,  i.  458 

of  the  auricle,  iii.  607 

of  the  eyelids,  iv.  117 

of  the  hand  and  fingers,  indura- 
tive, iv.  502 

of  the  larynx,  v.  419 

of  the  pharynx,  vi.  .502 

of  the  vulva,  viii.  161 

pathological  anatomj',  iv.  4 

phlegmonous,  iv.  4,  503 

prognosis,  iv.  5 

spontaneous,  iv.  3 

surgical,  iv.  3 

symptoms,  iv.  4 

traumatic,  iv.  3 

treatment,  iv.  6 
Erysiphacese,  iv.  280 
Erythema,  iv.  7 

ab  igue,  iv.  7 

annulare,  iv.  8 

caused  by  drugs,  iii.  432 

cholericum,  iv.  7 

contusiforme,  iv.  9 

definition,  iv.  7 

diagnosed  from  eczema,  iii.  713 
from  purpura,  v.  863 

diphtheriticum,  iv.  7 

elevatum  diutinura,  iv.  10 

endeniicum,  vi.  520 

epidemic,  i.  86 

exudativum  multiforme,  iv.  8 

hypera'micura,  iv.  7 

induratum,  iv.  10 

in  eczema,  iii.  708 

iris,  iv.  8 

marginate,  iv.  8 

multiforme,  i.  4.55;  iv.  8 

of  arm  and  forearm,  i.  455 
purpuricum,  iv.  9 
urticans,  iv.  9 

nodosum,  i.  457;  iv.  9 


Erythema  of  Bright's  disease,  iv.  8 

of  urtemia,  iv.  7 

papular,  iv.  8 

pernio,  iv.  7 

perstans.  iv.  8 

scarlatini  forme,  iv.  8 

scarlatiuoides,  iv.  8 
recidivans.  iv.  8 

s3-mptomatic,  iv.  7 
Erytheme   indure   des    scrofuleux, 
iv.  10 

polyraorphe,  iv.  8 
Erythrasma,  iv.  10 
Erythrina  piscipula,  iii.  .550 
Erythroblasts,  ii.  33 
Erythrocytes,   ii.    17,   24;  and  see 

JSIdiiil  mrjiiisr/es.  red 
Erythrocytolysis,    vi.     661 ;     viii. 

467 
Erythrocytorrhexis,  vi.  661 
Ei-ythrocytoschisis,  vi.  663 
Erythrodextrin,  iii.   473;  see  also 

It/ l/Cl If/I'll 

Erythrol  tetranitrate,  viii.  436 
Erythromelalgia,  iv.  531 ;  viii.  436 

diagnosed  from  acromegaly,  i.  95 
Erythrophleine,  iii.  155;  vii.  42 
Erythrophleum,  vii.  42 

guinecnse,  vii.  43 
Erythrophloein,  ii.  703 
Erythrophloeum,  ii.  703 
Erythropsia,  viii.  579 
Erythroretin,  vi.  974 
Erythroxyline,  iii.  155 
Erythroxylon,  iii.  153 

carthagenense,  iii.  155 

coca,  iii.  153 

nova-grauatsnse,  iii.  155 
spruccauum.  iii.  155 

truxillcnse,  iii.  155 
Esbach's  albuminometer,  viii.  31 
Escharotics,  acids  as,  i.  73 
Eschscholtzia,  iv.  10 

ealifnrnica,  iv.  11 
Eserine,  ii.  .549 

as  a  uiyotic,  vi.  71 

hj'podermatic  use  of,  iv.  830 

in  corneal  ulcerations,  iii.  2,S8 
Esmarch's  apparatus  for  controlling 
hemorrhage,  i.  240 

double  inclined  plane,  iv.  356 

elastic  bandage  for  aneurism,  i. 
831 
compressor,  i.  536 

mask,  iii.  13 

operation  (on  jaw),  v.  259 

roll-tube   cultures,  counter   for, 
viii.  404 
Esophoria,  \  ii.  5;i3 
Esperanza   Mineral   Springs,  iv. 

11 
Essences,  v.  739 

apple,  i.  267 

of  lemon,  v.  483 

of  peppermint,  vi.  .554 

of  spearmint,  vii.  263 
Essential  oil  of  dill,  iii,  479 

of  juniper,  v.  299 

of  laurel,  v.  467 

of  lemon,  v.  482 

of  matico.  v.  714 

of  mustard,  vi.  68 

of  ]iepper,  vi.  .552 

of  tea,  vii.  644 
Esthiomene,  i.  396 
Estill  Springs,  iv.  11 
Estlander's    operation,     vi.    903; 
vii.  755 


Ethene  dichloride,  iv.  15 
Ether,  iv.  11 

acetic,  i.  65 

action  of,  iv.  11 

administration  of,  iii.  9,  14 

Aran's,  iv.  15 

as  an  ausesthetic,  i.  291 ;  iii.  9 

clinical  effects  of,  iv.  12 

evidence  regarding,  iii.  35 

compound  spirit  of,  iv.  13 

deaths    from,    post-mortem    ap- 
pearances, i.  664 

cflfects  of  inlialation  of,  i.  297 

formic,  iv.  14 

germicidal  action  of,  iv.  333 

hydriodic,  iv.  14 

hj'drobromic,  iv.  13 

hydrochloric,  iv.  13 

hypodermatic  use  of,  iv.  821 

inhalers,  iii.   15 

local  anaesthesia  by,  iv.  14 

methylene,  vi.  638 

methylic,  v.  781 

nitric,  vi.  290 

nitrous,  vi.  290 

ozonic,  iv.  786 

ozonized,  iv.  786 

preceded  by  nitrous  oxide,  iii.  17 

properties  of,  iv.  11 

pyroacetic,  i.  65 

spirit  of,  iv.  13 

spray,  iv.  13 

stronger,  iv.  11 

sulphuric,  iv.  11 

tests  for,  iv.  11 

therapeutics,  iv.  13 

Wigger's,  iv.  15 
Ethereal  animal  oil,  iii.  493 

extract  of  ginger,  iv.  353 
Ethideue  bichloride,  iv.  15 

dichloride,  iv.  13 

as  an  aniesthetic.  i.  292 
Ethiops  mineral,  v.  756 
Ethlenimin,  vi.  638 
Ethmoid  cells,  diseases  of.  vi.  146 
retention  tumors  of,  vi.408 

sinu.ses,  vi.  104;  vii.  235 
Ethnology,    « ituess  of,    to    man's 

ancestiv.  iv.  39 
Ethoxy-caffeine,  iv.  13 
Ethyl  bromide,  iv.  13 

as  an  ana  st lief ic,  i.  293 
Ethyl  chloride,  iv.  13 

as  an  ana'sthetic,  i.  386,  392 
Ethyl  cyanide,  iv.  786 
Ethyl  formate,  iv.  14 
Ethyl  iodide,  iv.  14 
Ethyl  nitrite,  vi.  290 
Ethyl  oxide,  see  Kt/ic>- 
Ethyl  phenacetin,  iv.  14 
Ethylaniin,  pfoniaVn,  vi.  785 
Ethylene  bromide,  iv.  14 
Ethylene-diamine,  iv.  14 
Ethylene-diamine-trikresol,     iv. 

14 
Ethylene  dichloride,  iv.  1.1 
Ethylene  -  phenylhydi-azin  -  suc- 
cinic acid,  iv.  15 
Ethylic  carliamate,  viii.  15 

urethane,  viii.  15 
Ethylidene  chloride,  iv,  15 
Ethylidenediamin,     ptomai'n,    vi. 

786 
Ethylidene  dichloride,  iv.  13 
Etiology,  data  of,  in  pathology  of 

insanity,  v.  37 
Euoaine,  viii.  439 

alpha-,  viii.  439 
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Eucaine,  beta-,  viii.  439 

as  a  local  aua;stlietic.  i.  288 
compared  with  cocaine,  viii.  439 
Eucalypti  gummi,  iv.  16 
Eucalyptol,  iv.  15 

as  an  expectorant,  iv.  51 
germicidal  action  of,  iv.  332 
Eucalyptus,  iv.  15 
action,  iv.  15 

autiperiodic  action  of,  i.  878 
composition,  iv.  15 
description,  iv.  15 
genus,  iv.  16 
globulus,  iv.  15 
gum,  iv.  16 
leaf,  iv.  15 
oleosa,  iv.  15 
rostratus,  iv.  16 
uses.  iv.  16 
Eudermol,  iv.  16 
Eudoxine,  v.  208:  vi.  296 
Euformol,  iv.  246 
Eug-allol,  iv.  16 
Eugenia  aromatica,  iii.  149 

caryophyllala,  iii.  149;  v.  244 
ciiequen,  ii.  803 
.iambolana,  v.  244 
pimenta,  v.  244 
Eugenic  acid,  iii.  150 
Eugenoform,  iv.  16 
Eugenol,  ii.  046;  iii.  150 
acetaniid,  iv.  16 
benzciyl,  iii.  150 
ciiiiiamyl,  iii.  150 
iodide,  iv.  16 
Euginin,  iii.  149 

Eulenberg's     bariesthesiometer     i 
136 

tlierma»stbesionieter,  i.  136 
Eunatrol,  iv.  16 

Eunematoda,  vi.  205,  206  I 

Eunol,  iv.  16  | 

alpha-,  iv.  16 
beta-,  iv.  16 
Euonymin,  viii.  273 
Euonymus,  viii.  273 

atropurpureus,  viii.  273 
Eupatorin,  vii.  757 
Eupatorium,  vii.  756 

pirfob'atum,  vii.  756 
Euphorbia,  vi.  705 

eorollata,  iv.  17;  vi.  705 
cyparissias,  iv.  17 
beterodoxa,  i.  207;  iv.  17 
ipecacuanha,  iv.   17;  vi.  705 
lathyris,  iv.  17 
marginata,  iv.  17 
pilulifera,  iv,  16 
resinifera,  iv.  17 
Euphorbiacese,  iv.  17 

I'oisonous  ])lantsof,  vi.  694 
Euphorbium,  iv.  17 
Euphorbon,  iv.  17 
Euphorin,  iv.  17 
Euphthalmin  bvdrocblorate  iv   17 

-^alirylafe,  iv."  17 
Eupyrin,  iv.  18 
Euquinine,  iv.  18:  vi.  827 
Eureka  Springs,  Ai-k.,  iv.  18 
Eureka  Springs,  Cal.,  iv.  18 
Eiu-eka  Springs,  Pa.,  vii   3 
Euresol,  iv.  1!) 
Eurobin,  iv.  19 
Europe,  liistory  of  yellow  fever  in 

viii.  5f<6 
Europhen,  iv.  19 
Eurythrol,  vi.  414 
Euspongia  officinalis,  vii.  430 


Euspongia  tubulifera,  vii.  430 
zimocca,  vii.  430 

Eustachian  bougie,  use  of,  iii   652 
catheter,  iii.  664 

Eustachian  emphysema,  viii  430 

Eustachian  tube,  i.  619 
affections  of  the,  iii.  612 
catheterization  of  the,  iii.  604 
foreign  bodies  in,  iii.  613 
measurements  of  the,  viii.  240 
medication  of  the,  v.  733 
through  the,  iii.  634 
obstruction  of  the,  iii.  613 
syphilitic  affections  of  the,  iii 
681 

Eustachian  valve,  iv.  568 
Eustrongylus  gi.gas,  vi.  220 


Ergot  I  lie. 
Expiration. 


visreralis,  vi.  220 


Evacuating  catheter,  ii.  746 
Evacuator,  v.  .520 
Bigelow's,  V.  .521 
^  for  cystoscopy,  i.  780 
Evidence,  expert  medical,  iv.  53 
Evisceration  of  fcetus,  vi   316 
Evolution,    iv.     19,   652;    and    see 
IJerediti/^ 
bathmic,  iv.  34 
evidence  of,  iv.  20,  36,  38 

from  analogy  of  the  other 

sciences,  iv.  20 
from  classification,  iv.  20 
from  embryology,  iv.  21,  38 
from  geographical  distribu- 
tion, iv.  20 

from  homologous  organs  iv 
21 

from  paleontology,  iv.  31 
from  vestigial  organs,  iv.  21 
factors  of.  organic,  iv,  23 
heredity,  iv.  24 
isolation,  iv.  33 
natural  .selection,  iv.  38 
.sexual  selection,  iv.  34 
struggle  for  existence,  iv.  25 
variation,  iv.  23,  39 
history  of  the  theories  of,  iv.  21 
meanings  of  the  term,  iv.  19 
Evolution  of  man,  iv.  38 
evidence  of,  iv.  38 

from  embryology,  iv.  38 
from etlmic  andeomparati ve 

anatomy,  iv.  39 
from  ethnolo.sy.  iv.  39 
from     prehistoric    archaeol- 
ogy, iv.  40 
from  somatology,  iv.  38 
from  variation,  "iv.  39 
Evolution,  ontogenetic,  iv.  10 
organic,  iv.  21 

Exaggerated  respiration,  ii   817 
Exalgine,  iv.  4 

relation  to  phenacetin,  vi.  60G 
Examination,    gvnecolocical,     iv 
456  -  =       . 

in  insanity,  v.  67 
in  life  insurance,  v.  ,509,  511 
obstetric,  v.  380 
of  recruits,  vi.  845 
Examiner,  medical,  iv.  43 
Examining  and  licensing  boards, 

iv.  47 
Exanthemata,  diet  in,  iii.  466 

pharyngitis   accompanyiuE;,    vi 
593  * 

Exanthematous  eruption  on  eve- 
lids,  iv.  117 
Excelsior  Spring,  iv.  48 
Excipients  for  pills,  v.  737 


Excision,  see  EeBection 
of  clavicle,  iii.  130 
of  hip-joint,  v.  383 
of  lower  jaw,  v.  256 
of  tongue,  vii.  800 
of  tonsil,  vii.  817 
of  upper  jaw,  v.  256 
of  urethral  stricture,  viii.  24 
Excitability   of   nerves    vi     '">(> 

239  ' — 

Excitation,  law  of,  iii.  770 
Excitement  as  a  symptom   of  in- 
sanity, v.  44 
Excoccuria,  iv.  17 
Excreta,  amount  of.  v.  763 

disinfection  of.  iii.  497 
Excretory   disorders   of   hysteria 

iv.  833 
Exencephalus,  vii.  697 
Exercise     duiing     pregnancy     iv 
344  •'' 

in  iliabetes  mellitus,  iii.  431 
physical,  vii.  846 
result  of.  on  Mietp.bolisni,  v.  770 
Exhalations  of  bi«h-.  i.  l.'"),5 
Exhausting   diseases,  drowsiness 
m.  iii.  560 

Exhaustion,  febrile,  among  troops 
ii.  iVi-i  '    ' 

Existence,  struggle  for,  a  factor  in 
organic  evolution,  iv.  25 
meaning  if.  iv.  -i'l.  26 
Exocardiai  murmur,  ii.  831 
Exogonium  purga,  v.  240 
Exophoria,  vii.  .):i:j 

Exophthalmic  goitre,  vi.  401;  viii. 
439 
course  of  disease,  viii.  443 
etiology,  viii.  443 
ptithology,  viii.  441 
prognosis,  viii.  444 
symptoms,  viii.  440 
synonyms,  viii.  439 
thymus  extract  in,  vi.  413 
thyroid  medication  in,  vi.  411 
treatment,  viii.  444 
Exophthalmus,  vi.  401 
pul.sating,  vi.  401 

patliology,  vi.  402 
progress    and    termination, 

vi.  401 
symptoms,  vi.  401 
treatment,  vi.  404 
Exosporum,  i.  681 
Exostosis,  vi.  569 

cartilaginea,  vi.  ,569 
eburnea,  vi.  436,  569 
fibrosa,  vi.  569 
ivory,  vi.  426 
mednllaris,  vi.  569 
of  external  auditorv  canal    iii 
620  .  .      ■ 

periosteal,  vi.  .569 

spongiosa,  vi.  .569 

subinigual,  vi.  425 
Exothyropexy,  iv.  397 
Expectation   of  life    at    different 

ages,  viii.  2(iO 
Expectorants,  iv.  48 

depressant,  iv.  49 

sedative,  iv.  49 
'  stimulant,  iv.  50 
Expectoration,   vii.   431;    and  see 

Sim  ti/ III 

Expert  medical  evidence,  iv.  ,53 
Expiration  in  a.>;thnia,  i.  584 

prolonged,  ii.  817 

suppressed,  ii.  817 

659 


i 


]^\|»lo!i^ive  ffolatiu. 
KallopiaiL  liibeft. 


GENERAL  INDEX. 


Explosive  gelatin,  vii.  910 

External  jugular  vein,  anomalies 

Extra-uterine     pregnancy,    ana- 

Explosive niediciual  eompounds,  iv. 

of.  viii.  202 

tomical  considerations,  iv.  57 

So4 

External  plantar   artery,   anom- 

cla.ssitication, iv.  55 

Explosives,  iv.  429-   vii.  909;  and 

alies  of,  i.  .535 

decidua  in,  iv.  57 

st't-*  (riihtihot  iroii/ifh 

External        pterygoid      muscle. 

diagnosis,  iv.  .59 

Exposure  as  a  cause  of  disease,  iu 

anomalies  of.  vi.  43 

etiology,  iv.  .54 

arinics.  ii.  015 

Extraction  of  teeth,  vii.  661 

fate  of "fietus,  iv.  57 

jfixpression,   physical,  iu   insanity. 

Extracts,  v.  780 

frequency  of,  iv.  .54 

V.  .")."),  ."i7 

aqueous,  of  aloes,  i.  194 

placenta  in,  iv.  58 

Exstrophy  of  bladder,  i.  788;  viii. 

bone-marrow,  vi.  414 

rupture  of,  into  peritoneal  cav- 

•i', 

compomid,  see  Compotind  extract 

ity,  iv.  56 

Extension,  Buck's,  iv.  265 

ethereal,  see  Ethereal  extrcici 

symptoms,  iv.  .58 

in  treatment  of  dislocations,  iii. 

fluid,  see  Fluid  extract 

theories  of  causation,  iv.  54 

511 

Goulard's,  v.  471 

treatment,  iv.  60 

of  fractures,  iv.  265 

heart,  vi.  417 

Extravasation     following    contu- 

of liip-joint  disease,  v.  279 

hepatic,  vi.  416 

sions,  iii.  273 

Extensor  brevis    digitorum,   iv. 

intestine,  vi.  416 

Extremities,  hyperkeratosis  of,  v. 

194;  vi.  .55 

kidney,  vi.  416 

305 

Extensor  brevis  digitorum  pedis, 

liver,  "vi.  416 

keratoderma  of,  v.  304 

anomalies  of,  vi.  5S 

lung,  vi.  417 

lupus  of,  v.  614 

Extensor  brevis  hallucis,  vi.  ,58 

mammary  gland,  vi.  416 

malformations  of,  vii.  714 

Extensor  brevis  pollicis,  iv.  242 

mu.scle,  vi.  417 

Extubfttion,  v.  197 

Extensor  carpi  radialis  accessor- 

nervous  tissues,  vi.  415 

Exudates,  iv.  00 

ius,  vi.  54 

of  aconite,  i.  84 

causes  of,  iv.  62 

Extensor  carpi  radialis  brevior, 

of  aloes,  i.  194 

fibrinous,  iv.  61 

iv.  241 

of  arnica  root,  i.  521 

formation  of,  theories  for,  iv.  61 

anomalies  of,  vi.  54 

of  belladonna,  i.  743 

hemorrhagic,  iv,  61 

Extensor  carpi  radialis  longior, 

of  blue  flag,  iv.  158 

inllammatory,  iv.  62 

iv.  241 

of  bryony,  ii.  499 

leucocytes  in,  iv.  61 

anomalies  of,  vi.  54 

of  Calabar  bean,  ii.  .549 

pathological,  iv.  62 

Extensor  carpi  ulnaris,  iv.  241 

of  cannabis  iudica,  ii.  649 

plastic,  in  eczema,  iii.  708 

anomalies  of.  vi.  .54 

of  celandine,  ii.  760 

purulent,  iv.  61 

Extensor  coccygis,  vi.  60 

of  cimicifuga,  iii.  .88 

serous,  iv.  61 

Extensor   communis   digitorum. 

of  cinchona,  iii.  89 

in  eczema,  iii.  708 

iv.  241 

of  colchicum  root,  iii.  192 

Exudation,  pathological,  iv.  60 

anomalies  of.  vi.  54 

of  colocynth,  iii.  201 

Eye,  iv.  63;  and  see  Orbit.  Canjunc- 

Extensor  hallucis  longus  tricau- 

of  conium,  iii.  239 

tini,  Retina,  Iris,  etc. 

datus,  vi.  57 

of  dandelion,  iii.  3.52 

accommodation,  iv.  93 

Extensor  indicis,  iv.  243 

of  digitalis,  iii.  478 

action  of  cocaine  on  the.  iii.  158 

anomalies  of,  vi.  55 

of  ergot,  iv.  3 

affections  of,  cause  of  headache. 

Extensor  indicis  brevis,  vi.  55 

of  euonymus,  viii.  278 

iv.  .549 

Extensor  longus   digitorum  pe- 

of gentian,  iv.  828 

angles  of  the,  iv.  64 

dis,  anomalies  of.  vi.  57 

of  glycyrrhiza,  v.  518 

arcus  senilis,  i.  440 

Extensor  longus  pollicis,  iv.  242 

of  hannatoxylon,  v.  .567 

artificial,  i.  556 

Extensor  minimi  digiti,  iv.  241 

of  hyo.scyamus,  iv.  637 

history  of,  i.  556 

anomalies  of   vi.  .54 

of  iris,  iv.  1.58 

manufacture  of,  i.  557 

Extensor  ossis  metacarpi  polli- 

of jalap,  V.  241 

mode  of  introducing  and  re- 

cis, iv.  242 

of  iambul,  v.  344 

moving,  i.  558 

anomalies  of.  vi.  54 

of  kava,  v.  303 

asthenopia,  i.  .581 

Extensor  ossis  metatarsi  hallu- 

of lactucarium,  v.  403 

astigmatism,  iv.  91 

cis,  anomalies  of,  vi.  57 

of  leptandra,  v.  490 

bandage  for,  i.  729 

Extensor  primi  internodii  hallu- 

of liquorice,  v.  518 

blepharitis,  iv.  119 

cis,  anomalies  of.  vi.  57 

of  uux  vomica,  vi.  808 

blepharoplasty,  iv.  123 

Extensor  primi  internodii  polli- 

of opimn,  vi.  386 

cataract,  ii.  7i9 

cis,  iv.  242 

of  pichi,  vi.  633 

changes  iu,  during  accommoda- 

anomalies of,  vi.  .55 

of  podophj'llum,  vi.  690 

tion,  iv.  93 

Extensor  primi  internodii  polli- 

of poppy  ca  isule.  vi.  735 

in  diabetes,  iii.  439 

cis  et  indicis,  vi.  55 

of  Prunus  v  rginiana,  ii.  804 

choroid,  iv.  72 

Extensor  proprius  digiti  medii. 

of  quassia,  vi.  .'^37 

chromatic  aberration,  iv.  91 

vi.  .55 

of  rbatany,  vi.  904 

ciliary  body,  iv.  73 

Extensor   proprius  hallucis,   iv. 

of  rhubarb,  vi.  974 

commotio  ietina',  iv.  99 

194,  196 

of  stramonium,  vii.  535 

conjunctivitis,  iii.  240 

anomalies  of,  vi.  57 

of  taraxacum,  iii.  852 

cornea,  iv.  70 

Extensor  quadriceps  femoris,  vii. 

of  wahoo,  viii.  278 

crystalline  lens,  iv   81 

738 

of  wild  cherry,  ii.  804 

development,  iv.  65 

Extensor  secundi  internodii  pol- 

organic, vi.  409 

diagrammalic,  iv.  90 

licis,  iv.  242 

orchitic,  vi.  415 

dioptrics  of,  iv.  83 

anomalies  of,  vi.  55 

ovarian,  vi.  415 

diseases  of,  see  under  Catara-ct. 

External  abdominal  oblique  mus- 

pancreatic, v.  829 

Choroid,   Conjunctiva,   Cornea, 

cle,  anomalies  of.  vi.  01 

parotid  gland,  vi.  417 

Olaiicoma,  Hypermetrojria,  My- 

External carotid  arterj*,  anoma- 

splenic, vi.  414 

opia,  etc. 

lies  of,  i.  526 

suprarenal,  vi.  413 

diseases  of,  occupation  causing. 

External   genital    organs,   male. 

testicular,  vi.  415 

vi.  820 

(ievelojiment  of,  iv.  317 

thebaic,  see  Opium,  vi.  383 

of  the  lids,  iii.  240;  iv.  117 

External  iliac  artery,  anomalies 

thymus,  vi.  413 

examination  of,  incase  of  injury. 

of,  i.  .534 

thyroid,  vi.  410 

iv.  98 

External     intercostal    muscles, 

Extradural  abscess,  ii.  415 

field  of  vision,  iv.  91 

anomalies  of,  vi.  00 

Extra-uterine  pregnancy,  iv.  54 

foreign  bodies  in,  iv.  104 
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ExvloNivo  selatiii. 
Fallopian  tiibt'S. 

Eye,  foreign  bodies  in,  removal  of. 

Eyelids,  ecchymosis  of,  iv,  123 

Facial  expression,  importance  of 

by  magnets,  iv.  104 

eczema  of,  iii.  724;  iv.  117 

teeth  in,  vii.  650 

function     of,     in     maintaining 

emphysema  of,  iv.  118 

Facial  hemiatrophy,  viii.  4-18 

equilibrium,  iii.  858 

epieanthus,  iv.  123 

course  and  jirognosis,  viii.  449 

fundus  of,    appearance    of,    vi. 

epithelial  horns  of,  iv.  106 

diagnosis,  viii.  449 

373;  see  Ophthalmoscope 

epitheliomata  of.  iv.  107,  118 

etiology,  viii.  448 

general  arrangement,  iv.  63 

erysipelas  of,  iv.  117 

pathological  anatomy,  viii.  448 

hemorrhage  from,  iv.  98 

exanthemata,  iv.  117 

sj'mptoms,  viii.  449 

hypermetropic,  iv.  796 

tibroma  moUuscum  of,  iv.  107 

treatment,  viii.  449 

inherited  syphilis,  vii.  631 

fibromata  of,  iv.  107 

Facial  hemihypertrophy,  viii.  450 

injuries  of,  iv.  97 

granuloma  of,  iv.  106 

Facial  index,  vii,  231 

a  cause  of  blindness,  ii.  11 

herpes,  iv.  117 

Facial  nerve,  iii.  321 

iridectomy,  v.  213 

hordeolum,  iv.  119 

Facial   neuralgia,   see  Neuralgia, 

iridotomy,  v.  216 

horns  of,  iv.  106 

vi.  242 

iris,  iv.  74 

imperforation  of,  i.  603 

Facial  paralysis,  iv.  124 

anomalies  of,  vi.  216 

iutluence  of  sympathetic  system 

clinical  history,  iv.  124 

iritis,  vi.  S18 

on,  vii.  587 

diagnosis,  iv,'l36 

lymphatic  vessels  of,  v.  628 

in  insanity,  v.  51 

etiology,  iv.  124 

malformation  of,  vii.  699 

injuries  of,  iv.  99 

prognosis,  iv.  126 

measurement  of  the  position  of 

interference  with  mobility  of,  iv. 

treatment,  iv.  127 

th?,  vi.  397 

121 

Facial  vein,  anomalies  of,  viii.  203 

membrane  of  Descemet,  iv.  71 

lipomata  of,  iv.  170 

surface  markings  of,  vi.  191 

mydriatics,  vi.  70 

lymphangiomata    and    lymnho- 

Facies  in  insanity,  v.  55 

myopic,  vi.  77 

'  mala  of,  iv.  107 

Facio-scapulo-humeral     muscu- 

myotics, vi.  70 

lymjihatic  vessels  of  the,  v.  627 

lar  atrophy,  vi.  63 

operations  on,  comparative  value 

malignant  tumors  of,  iv.  107 

Faecal  listula,  iii.  303 

of,  i.  557 

milium  of,  iv.  ]  18 

impaction,  iii.  204 

unsuccessful,    a     cause     of 

moliuscum  of,  iv.  118 

Faeces,  iv.  127 

blindness,  ii.  11 

na'vus  of,  iv.  133 

accunuilation    of,    causing    ob- 

ophthalmoscopy, vi.  367 

ncuro-tibroma  of.  iv.  107 

struction,  v.  176 

parasites  in,  vi.  ,500 

(edema  of,  iv.  117 

chemical  composition,  iv.  129 

physical  conditions  of,  iv.  97 

pedieuli  of,  iv.  119 

color  of,  iv.  127 

post-mortem  appearances  of,  ii. 

phthiriasis  of,  iv.  119 

in  jaundice,  v.  346 

535 

ple-\iform  neuro-fibroma  of,  iv. 

effects  of   starvation   upon   the 

presbyopia,  vi.  753 

107 

composition  of  the,  vii.  443 

pterygium,  iii.  247 

retiex,  time  of,  v,  367 

examination  of,  iv.  131 

refraction,  iv.  83 

repairing   of    injured,    iv.    133; 

in  infancy,  iv.  858 

refractive  apparatus  of,  viii.  241 

and  see  IHiphiiriipldst// 

microscopic  characters,  iv.  128 

irnperreclions  of,  viii.  241 

sarconuita  of.  iv.  107 

parasites  in,  iv.  129;  vi.  501,  502 

relations,  iv.  64 

skin  grafting  for  new,  iv.  122 

)ihysical  characters,  iv.  137 

retina,  iv.  77 

stye  of,  iv.  119 

Fahrenheit       and        centigrade 

rods  and  cones,  iv.  78 

syphilitic  alleclions  of,  iv.  117; 

scales,  iv.  132;  vii.  733 

sclera,  iv.  68 

vii.  619 

Fainting,  see  Brain,  anmnia  of,  ii. 

spherical  aberration,  iv.  91 

tumors  of.  iv.  105 

223 

strabismus,  vii.  530 

warts  of,  iv.  106 

Fainting  fit,  ii.  224 

surgery  of,  cocaine  in,  iii.  158 

wounds  of,  iv.  99 

Falcial  sinus,  ii.  260 

syiihilitie  affections  of.  vii.  619 

xanthelasma  of,  iv.  118 

Falcula,  ii.  212 

irritation  of,  vii.  .594 

xanthoma  of.  iv.  106 

Falkenstein,  Germany,  iv.  132 

neuroses  of.  vii.  594 

Eye-piece  micrometer,  ii.  70 

treatment  of  tulierculosis  at,  iv. 

tumors  of  the,  iv.  105 

Eye-stones,  iv.  123 

132 

a  cause  of  blindness,  ii.  11 

Falling  sickness,  iii.  845 

vision,  viii.  340 

Fabiana,  vi.  631 

Fallopian  tubes,  iv.  133;  vii.  154 

visual  field,  iv.  91 

imiirieata.  vi.  631 

absence  of,  vii.  709 

vitreous  humor,  iv.  83 

Fabianine,  vi.  632 

anatomy  of,  iv.  133;  vii.  154 

Eyeball,  iv.  63 

Fabianol,  vi.  632 

arteries  of,  vii.  157 

dislocation  of,  vi.  408 

Fabrics,  blood-stains  on,  ii.  79,  80 

carcinoma  of,  iv.  138 

enucleation  and  evisceration  of, 

Face,  anomalies  of  the  muscles  of, 

conditions    of,    favoring    extra- 

viii. 444 

vi.  43 

uterine  pregnancy,  iv.  54 

influence  of  sympathetic  system 

carcinoma  of.  ii.  636 

cysts  of,  iii.  351 ;  iv.  137 

on,  vii.  587 

eczema  of  the,  iii.  723 

deeiduoma  malignum,  iv.  138 

measurement   of   movement  of, 

elephantiasis  of  the,  iii.  783 

dermoids  of,  iv.  138 

vi.  397 

erysipelas  of  the,  iv.  4 

diseases  of,  iv.  133,  134 

Eyeglasses,  vii,  263 

in  acromegaly,  tvpical,  i.  88 

etiology,  iv.  134 

Eyelids,  iv.  64 

lupus  of  the,  V.  613 

pathology,  iv.  134 

acue  of,  iv.  117 

lymjjhatics  of  the,  v.  637 

symptoms,  iv.  135 

adenocarcinoma  of.  iv.  107 

malformations  of  the.  vii.  699 

treatment,  iv.  136 

adenomata  of.  iv.  107 

muscles  of  the,  anomalies  of,  vi. 

embryology  of,  iv.  133 

affections  of,  iv.  116 

43 

enchondroma  of.  iv.  138 

angiomata  of.  iv.  106 

presentations,  v.  390 

inflammation  of,  iv.  134;  and  see 

atresia  of,  i.  603 

jirogressive  hemiatrophy  of,  viii. 

Salpingitis 

benign  tumors  of,  iv.  105 

448 

lipoma  of,  iv,  138 

burns  of,  iv.  133 

unilateral  atrophy  of,  viii.  448 

lymphatics  of,  v.  637;  vii.  157  _ 

canities  of,  iv.  130 

veins  of.  anomalies  of,  viii.  202 

malformations  of,  iv.   134;    vii. 

chalazion  of,  iv.  106 

Facial  angle,  vii.  231 

709 

chancre  of,  iv.  117 

Facial  artery,  anomalies  of,  i.  527 

myoma  of,  iv.  138 

coloboma  of,  iv.  123 

conii)ression  of.  i.  ,537 

neoplasms  of,  iv.  137 

comedones  of,  iv.  118 

surface  markings  of,  vi.  191 

nerves  of,  vii.  157 

diseases  of,  iv.  116 

transverse,  anomalies  of,  i.  527 

papilloma  of,  iv.  138 
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Fallopian  tubes,  sarcoma  of, i v.  138 

Fasting  from   solids,  but  not  from 

Fecundation,  see  Impregnation 

structure,  vii.  156 

fluids,  vii.  443 

Feeble-mindedness,  v.  145 

sypliililic  lesions  of,  vii.  626 

loss  of  weight  during,  vii.  441 

diagnosis,  v.  148 

tuberculosis  of,  iv.  137;  viii,  105 

respiration  during,  vii.  442 

etiologj",  V.  146 

False  turpeth  root,  viii.  1 

temperature  during,  vii.  442 

prognosis,  v.  151 

Falsetto  voice,  physiology  of,  v.  456 

urinary  secretion  during,  vi.  442 

symptoms,  v.  147 

Falx  cercbelli.  ii.  212 

Fat  embolism,  iii.  790 

treatment,  v.  151 

cerebri,  ii.  211 

Fat  necrosis,  vi.  205,  465 

Feeding,  forcible,  iv.  139 

Family  in  licrnlity,  iv.  660 

Fat  rendering,   regulation  of,   vi. 

infant,  iv.  8.59 

Family  history  "iu  life  insurance. 

3:!1 

of  premature  infants,  vi.  7.50 

V.  .-|1U 

Fat  tissues,  amyloid   degeueration 

rectal,  i    1S5 

Famine  fever,  vi.  884 

ill.  i.  270 

Fees,  physicians',  viii.  513 

Fan,  winy-disc.  iv.  7.58 

Fatality  of  disease,  iii.  495 

legal  rules  governing  the  collec- 

Fan ear  trumpet,  iii.  633 

in  chloroform  narcosis,  table  of. 

tion  of,  iv.  140 

Faradic  batteries,  iii.  758 

iii.  23 

Feet,  care  of,  in  marching,  v.  815 

electricity,  iii.  757 

Fatigue,  vii    ]?0 

in  soldier.?,  v.  796,  815 

therapeutic  effects  of.  iii.  757 

Fatigue   neuroses,    occupation   as 

eczema  of  the,  iii.  726 

Faradism  as  an  aid  to  artificial  res- 

an  etiological  factor  in.  vi.  320 

hyperidrosis  of  the,  iv.  796 

liiration.  i.  561 

Fatigue  suits,  for  soldiers,  v.  796 

kcratoderma  of  the  soles  of,  v. 

in  insanity,  v.  73 

Fats,  absorption  of,  iii.  85,  474 
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Farcy,    iv.    353;   vi.    126;   see   also 

by   acteals,  iii.  77 

Fehling's  solution,  iii.  428;  viii.  39 

Ohinder-t 

action  of  steapsin  on,  iii.  474 

test  for  sugar  in  milk.  v.  827 

buttons,  iv.  357 

analysis  of,  i.  178 

in  urine,  iii.  428;  viii.  39.  41 

lipes.  iv.  357 

and  carbohydrates,  difference  be- 

Feigned diseases  among  soldiers,  ii. 

Farfara,  iii.  225 

tween,  i.  176 

022 

Farmville  Lithia  Springs,  iv.  138 

animal,  i.  176 

insanity,  v.  68 

Far-point  in  aceomniodatiou,  vi.  78 

as  food,  i.  175 

Fel  bovis,  iv.  299 

Fascia,    ante-brachial,     contracture 

as  heat-producers,  i.  176 

purilicatum,  iv.  299 

of,  i.  462 

emulsified  iu  intestine,  iii.  85 

Fell-0'Dwyer's   apparatus   for  in- 

axillary, vii.  207 

in  fsces,  iv.  128,  130 

sufflation  of  lungs,  iv.  143 

bicipital,  iii.  735 

influence  of,  on  metabolism,  v. 

method  of  insufflating  the  lungs. 

brachial,  i.  451 ;  iv.  239 

770 

iv.  142 

bulbar  (of  eye),  iv.  65 

in  milk,  v.  819 

Fell's  apparatus  for  insufllation.  iv. 

cervical,  vi.  192 

cow's,  V.  820 

142 

digital,  contraction  of,  iv.  522 

determination  of,  v.  826 

Felo-de-se,  iii.  293;  vii.  5.50 

lata  of  the  thigh,  vii.  787 

human,  v.  824 

Felon,  i.  49;  iv.  503 

of  Colles,  iv.  323;  vi.  .564 

origin  of.  v.  819 

Female  catheter,  ii.  7.52 

of  the  abdomen,  i.  3,  4 

in  plants,  i.  102 

Female  genital  tract,  cysts  of,  iii. 

of  the  arm,  i.  451 

in  plasma,  ii.  36 

351 

of  the  arm  and  forearm,  affec- 

in the  urine,  viii.  51 

Female  labor,  injurious  influences 

tions  of.  i.  458 

useful  in  chorea,  iii.  46 

of,  vi.  321 

infection  of,  i.  458 

Fatty  changes  iu  blood-vessels,  ii. 

Femoral  artery,  vii.  738 

syphilis  of,  i.  461 

96 

anomalies  of,  i.  534 

tuberculosis  of.  i.  461 

in  the  capillaries,  ii.  93 

branches  of,  vii.  739 

of  the  elbow,  iii.  733,  734 

in  the  pancreas,  vi.  464 

compression  of,  i.  537 

of  the  hand.  iv.  484 

Fatty   degeneration,  iii.   394;    v. 

deep,  anomalies  of,  i.  535 

of  the  leg.  V.  479 

517 

double,  i.  534 

of  the  neck,  vi.  192 

of  the  heart,  iv.  .588 

in  Scarpa's  triangle,  vii.  739 

of  the  perineum,  iv.  322 ;  vi.  564 

of  the  liver,  v.  .5.50 

ligature  of.  vii.  739 

palmar,  iv.  484 

of  the  lymph  nodes,  v.  660 

Femoral  canal,  i.  9 

contraction  of  the,  iv.  517 

of  the  muscles,  vi.  28 

Femoral  hernia,  iv.  676 

perineal,  iv.  322;  vi.  564 

of  the  neurones,  vi.  262 

anatomy,  iv.  676 

]irevertebral,  vi.  192 

of  the  new-born,  vi.  280 

Bassini's   method   of  treatment, 

Fasciola,  vii.  865 

of  the  pancreas,  vi.  464 

iv.  677 

a'gyptica,  vii.  866 

of  the  placenta,  vi.  651 

diagnosis,  iv.  677 

americana,  vii.  866 

of  the  veins,  viii.  209 

Gordon's  method  of  treatment. 

augusta,  vii.  866 

of  the  vitreous,  viii.  267 

iv.  078 

carnosa,  vii.  866 

Fatty  deposit,  iii.  396 

mechanical  treatment  of,  iv.  683 

gigautica,  vii.  866 

Fatty  infiltration,  iii.  396;  v.  517 

occurrence,  iv.  677 

hepatica,  vi.  502;  vii.  865,  866 

of  the  heart,  iv.  589 

purse-string    method    of    treat- 

liumana, vii.  865 

of  the  lymph  nodes,  v.  660 

ment,  iv.  678 

lauceolata,  vii.  871 

of  the  pancreas,  vi.  464 

results  of  operations,  iv.  678 

maiina,  vii.  866 

Fauces,  isthmus  of,  viii.  107 

treatment,  iv.  677 

Fasciolopsis,  vii.  867 

Fauquier       White     Sulphur 

Femoral  sheath,  i.  9 

Buski,  vii.  867 

Springs,  iv.  138 

Femoral  vein,  vii.  740 

Hallionisi,  vii.  867 

Favus,  vii.  780 

anomalies  of,  viii.  207 

Fastigatum,  ii.  162 

of  the  nails,  vi.  94;  vii.  781 

Femur,  depression   of  neck  of.  iii. 

Fastigial  nucleus,  ii.  162 

Fear  as  a  cause  of  iusanitv,  v.  33 

308 

Fasting,  \u.  441 

Febricula,  iv.  139 

dislocations  of,  iii.  .524 

as  a  therapeutic  measure,  iii.  42 

ephemera,  iv.  139 

Femur,  fracture  of,  iv.  264 

circulation  during,  vii.  442 

Febrifuge,  iii.  92 

cnmpouud.  i\.  266 

clinical  observations  during,  vii. 

Febrile  disturbances  as  cause  of 

Hodgen's   suspension   splint    iu 

444 

insanity,  v.  35 

the  treatment  of.  iv.  265 

dietetic  treatment  after,  vii.  445 

Febrile  exhaustion  among  troops. 

of  neck  of.  iv.  264 

duration  of  life  during,  vii.  443 

ii.  622 

diagnosed  from  coxa    vara. 

faces  during,  vii.  443 

Febris  ardens,  iv.  139 

iii.  309 

from  fluids,  but  not  from  solids, 

calarrhalis.   v.    11;   and  see  In- 

diagnosed  from   dislocation 

vii.  443 

fluenza 

on  the  dorsum  ilii,  iii.  .524 
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Fallopian  tubes> 
Fibroma, 


Femur,  fracture    of,  neck  of,  di- 
agnosed from  fracture  of  ace- 
tabulum, i.  62 
of  shaft,  iv.  265 
of  third  trochanter,  iv.  365 
Femur,  incurvation  of  neck  of,  iii. 

308 
Fenchone,  iv.  145 
Fennel,  iv.  145 
oil  of,  iv.  145 
Roman,  iv.  145 
sweet,  iv.  145 
Fenugreek,  iv.  145 
Fenwick-Leiter    cystoscope,    iii. 

:W5 
Fermentation,  i.  683;  iv.  146 
alcoholic,  in  milk,  v.  823 
butyric-acid,  in  milk.  v.  833 
lactic-acid,  in  milk.  v.  833 
succiuic-acid,  iu  milk,  v.  823 
theories  of,  iv.  146 
Fermentation  test  for  glucose  in 
urine,  viii.  40,  43 
for  lactose  iu  urine,  viii.  43 
Ferments,  see  Enzymes 
coagulation  b}',  iii.  150 
diastatic,  i.  683 
digestive,  iii.  470 
in  fieces,  iv.  131 
organized,  i.  683 
imorganized,  i.  683 
Ferns,  iv.  148 

maiden-hair,  iv.  147 
male,  iv.  147 
sweet,  iv.  148 
vcnus-hair,  iv.  147 
Fernvale  Spring-s,  iv.  148 
Ferralbumose,  v.  229 
Ferratin,  v.  239.  330 
Ferratin-sodium,  v.  330 
Ferratogen,  v.  330 
Ferrein,  pyramids  of.  v.  310 
Ferric  acetate,  v,  235 
albuminate,  v.  239 
chloride,  v.  227 

germicidal  action  of,  iv.  332 
citrate,  v.  236 
hydrate,  v.  225 

with  magnesia,  v.  225 
hydrated  oxide,  v.  335 
hydroxide,  v.  235 
hypophosphite,  v.  337 
nitrate,  v.  328 
peptonate,  v.  229 
perchloride,  v.  337 
phosphate,  soluble,  v.  327 
pyrophosphate,  iv.  228 
sesquichloride,  v.  237 
sulphate,  basic,  v.  228 

normal,  v.  238 
valerianate,  v.  337 
Ferrinol,  v.  330 
Ferri's  solution,  iv.  710 
Ferris  Hot  Springs,  iv.  149 
Ferroijyrin,  v.  230 
Ferrosol,  v.  230 
Ferrous  bromide,  v.  338 
carbonate,  v.  323 
iodide,  v.  234 
lactate,  v.  333 
oxalate,  v.  338 
sulphate,  v.  233 

antiseptic  efficacy  of,  i.  3.54 
as  an  antidote  to  cyanide  of 

potassium,  ii.  350 
germicidal  action  of,  iv.  333 
Ferrum,  see  Iron,  v.  231 
rcductiim,  v.  333 


Fersan,  v.  330 

Fertility    a    modifying    factor    iu 

menopause,  ii.  799 
Fertilization,  see  Impregnation,  iv. 

849 
Ferula  alliacea,  i.  563 
asafa>tida,  i.  563 

fetida,  i.  561 

galbanitlua,  iv.  388 

narthex.  i.  563 

persica,  i.  563 

sumbul,  vii.  563 
Feser's  lactosoope,  v.  837 
Fevers,   ii.    .569;    iv.    149;    and   see 
Calorimitnj 

adynamic,  iv.  150;  vii.  930 

aestivo-autumnal,  v.  677 

African,  iii.  400 

asthenic,  iv.  150 

beverages  in,  iii.  463 

bilious  remittent,  v.  678,  685 
typhoid,  vi.  884 

break-bone,  iii.  400 

calorimetry  in,  ii.  569 

camp,  vii.  930 

cerebrospinal,  ii.  766 

childbed,  vi.  793 

classitication,  iv.  150 

clinical  signilicance  of,  iv.  149 

congestive,  ii.  766 

continued,  iv.  150;  v.  677 

defervescence  of,  iv.  150 

definition  of,  iv.  149 

dengue,  iii.  400 

diet  in,  iii.  461 

different  origins  of,  ii.  570 

double  tertian,  v.  675 

dynamic,  iv.  1.50 

effect  of,  on  metabolism,  v.  771 

enteric,  vii.  914 

eosinophilia  after,  v.  493 

epidemic   catarrhal,   v.   11 ;   and 
see  Infiiienza 
remittent,  vi.  884 

etiology,  iv.  149 

famine,  vi,  884 

fastigium,  iv.  150 

gastric,  V.  678 

hay,  vi.  134 

high,  symptoms  of,  iv.  150 

in  animals,  a  cause  of  unwhole- 
some milk,  V.  835 

in  appendicitis,  i.  424 

initial  stage,  iv.  150 

intermittent,  iv.  150;  v.  675 

jail,  vii.  930 

Levant,  v.  685 

lung,  vi.  676 

malarial,  v.  674 

malignant,  vii.  930 
purpuric,  ii.  766 

Malta.  V.  685 

Mediterranean,  v.  685 

Neapolitan,  v.  685 

neuro-purpuric,  ii.  766 

pathology,  ii.  570;  iv.  149 

period  of  declination,  iv.  150 
of  incubation,  iv.  150 

petechial,  ii.  766 

pharyngitis  in,  vi.  592 

puerperal,  vi.  793 

pulse  in,  vi.  805 

putrid,  vii.  930 

relapsing,  vi.  884 

remittent,  iv.  150;  v.  677 

remitting  icteric,  vi.  884 

rock,  of  Gibraltar,  v.  685 

scarlet,  vii.  46 


Fevers,  simple,  iv.  139 

continued,  iv.  139 
spirillum,  vi.  884 
splenic,  i.  363 
spotted,   ii.   706;   vii.   930;   viii. 

574 
stage  of  invasion,  Iv.  150 
stages  of,  iv.  150 
sthenic,  iv.  150 
syphilitic,  vii.  608 
tick,  viii.  574 
triple  quartan,  v.  675 
tvphoid,  vii.  914 
typhus,  vii.  930 
undulant.  v.  685 
yellow,  viii.  323 
Fibres,   elastic,   found   in  sputum, 
vii.  434 
muscular,  vi.  13,  etc. 
of  connective  tissue,  iii.  3.53 
Sharpey's,  of  bone,  ii.  116 
Fibrilla,  structure  of,  iii.  369 
Fibrillation  of  muscle,  vi.  29 
Fibrin,  essential  part  of  blood  clot, 
iii.  150 
in  blood,  Ii.  33 
in  lymph,  ii.  33 
in  iH'ine,  viii.  33 
placental,  iii.  57 
Fibrin-ferment,  action  of.  iii.  843 
Fibrinogen,  ii.  35 

in  coagulation  of  blood,  iii.  151 
in  urine,  viii.  33 
Fibrinous  bronchitis,  iv.  151 
classitication,  iv.  151 
etiology,  iv.  151 
pathology,  iv.  152 
symptoms,  iv.  152 
treatment,  iv.  153 
Fibrinous  degeneration,  vi   303 

of  choroid,  iii.  57 
Fibro-cartilage,  ii.  705 
Fibro-elastic  cartilage,  ii   705 
Fibroid  heart,  iv.  590 
etiology,  iv.  .590 
morbid  anatomv.  iv.  590 
svmptoms.  iv.  590 
treatment,  iv.  591 
Fibrolipoma,  viii.  480 
Fibroma,  iv.  153;  vii.  907 
areolare,  iv.  154 
clinical  significance,  iv.  156 
combined  with  other  tumors,  iv. 

156 
diagnosis,  iv.  156 
durum,  iv.  154 
etiolog}',  iv.  156 
general  morphology,  iv.  153 
hard,  iv.  154 
keloid,  iv.  154 
mode  of  growth,  iv.  1.55 
molle,  iv.  1.54 
mollu.scum.  iv.  155;  v.  853 
occurrence,  iv.  1.55 
of  the  auricle,  iii.  666 
of  the  bladder,  i.  769.  793 
of  the  eyelids,  iv.  107 
of  the  hand  and  fingers,  iv.  501 
of  the  heart,  iv.  594 
of  the  intestine,  v.  189 
of  the  kidney,  v.  323 
of  the  lar3nx,  v.  433 
of  the  liver,  v.  555 
of  the  lower  jaw,  v.  255 
of  the  mamma,  ii.  475 
of  the  nose,  vi.  140 
of  the  oesophagus,  vi.  343 
of  the  omentum,  vi.  360 
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Fluid  exiracl. 

Fibroma  of  the  ovary,  vi.  43(5 

Filaria  restiformis,  vi.  212 

Finsen  apjiaratus,  treatment    with 

of  the  parotid  gland,  vi.  511 

romanorum  orientalis,  vi.  315 

electric  light,  vi.  993 

of  the  periosteiiin.  vi.  009 

sanguinis  hominis,   iii.   786;  vi. 

method  of  actinotherapy,  vi.  993 

of  the  pliaryux,  vi.  602 

213 

treatment  of  lupus  vuliraris. 

of  the  retiua,  iv.  113 

a  cause  of  elephantiasis,  iii. 

V.  616 

of  the  tonsil,  vii.  832 

785 

Firearms  and  their  projectiles, 

of  the  uinbilieiis,  viii.  6 

diseases  catised  b}',  iii.  81 

iv.  427 

of  the  upper  iaw.  v.  249 

minor,  vi.  315 

Fire  damps,  i.  155;  ii.  059 

of  tlie  urethra,  i.  770 

nocturna,  vi.  313 

First  nerve,  vi.  349 

ossitieaus,  vi.  oCO 

trachealis,  vi.  319 

Fish  as  food  for  invalids,  iii.  4.55 

papillary,  vii.  908 

volvulus,  vi.  212 

circulatory  system  in.  iii.  95 

retroffrade  changes  in,  iv.  155 

Filariasis   a  cause  of  chyluria,  iii. 

hsemolymph  glands  in,  iv.  469 

soft,"iv.  l.')4 

81 

poisonous,  iv.  188 

special  morphology,  iv.  155 

caused  by  mosquitoes,  v.  870 

Fission,  iv.  156 

varieties,  iv.  153 

Filaridse,  vi".  210 

Fissural  connections,  ii.  190 

Fibromyoma,  vi.  75 

Filatow's  spots,  v.   715;  see  Eop- 

diagrams,  ii.  190 

hyaline  degeneration  in,  iv. 

773 

lik's  spots 

integer,  ii.  198 

of  the  intestine,  v.  189 

Filices,  iv.  148 

variation,  ii.  190 

of  the  larynx,  v.  433 

Filicic  anhydride,  iv.   148 

Fissure,  adoccipital,  ii.  193 

of  the  uterus,  viii.   96;  and 

see 

Filicin,  iv.  148 

amvgdaline,  ii.  183 

Utn-iis.  mi/oinn  <if 

Filicinise,  iv.  148 

anal,  i.  395 

Fibro-sarcoma,  vii.  907 

Filix-mas,  iv.  147 

ape,  ii.  304 

of  the  umbilicus,  viii.  6 

Filmogen,  iv.  156 

basisylvian,  ii.  193 

Fibrosis  of  the  corpora  cavernosa, 

Filters,  Berkefeld's,  viii.  383 

calcariue.  ii.  188 

vii.  177 

Kitasato's,  viii.  383 

callosal,  ii.  190 

pulmonary,  vi.  675 

Martin's,  viii.  383 

central,  ii.  194 

Fibrous  connective  tissue,  see 

?on- 

Novy's,  viii.  383 

circuminsular,  ii.  301 

nectire  tissue 

Pasteur's,  viii.  384 

collateral,  ii.  190 

epulis,  v.  249 ;  viii.  490 

Pasteur-Chamberland,  viii.  384. 

episylvian,  ii.  193 

membranes,  histology  of,  iii. 

254 

382 

exoccipital,  ii.  193 

Fibula,  dislocations  of  the,  iii.  539 

Filtration  apparatus  for  agar,  viii. 

external  calcarine,  ii.  186,  188 

fractures  of  the,  iv.  367 

373 

occipital,  ii.  204 

Ficus,  iv.  1,56 

Filtration  of  water,  viii.  383,  384 

perpendicular,  ii.  186,  204 

earica.  iv.  1,56 

for  soldiers'  use,  v.  804 

fronto-margiual,  ii.  193 

Field-hospitals,  see  Army  hospital 

Filum  terminale,  vii.  293 

great  liorizontal,  ii.  160 

corps,   and   Army  medical   depart- 

Fingers, iv.  486 

longitudinal,  ii.  187 

ment,  i.  473,  etc. 

absence  of,  iv.  492 

hippocanipal.  ii.  190 

Field  rations,  v.  799 

amputation  of,  i.  349 

hyposylviau,  ii.  193 

Field-surg-eons  aud  Ar/ny  medical 

anatomy  of.  iv.  486 

inflected,  ii.  193 

depiirtment.  i.  473,  etc. 

anomalies  of    development,   iv. 

insular,  ii.  193 

duties   of,  in   time   of  war. 

.see 

491 

intercerebral,  ii.  187 

Army  hospital  corps 

cellulitis  of,  iv.  503 

interhemi-splieral,  ii.  187 

Field,  visual,  iv.  91 

chondroma  of,  iv.  501 

intermedial,  ii.  193 

Fifth  nerve,  iii.  323 

club,  iv.  .500 

interparacentral.  ii.  193 

Fifth  ventricle  of  brain,  ii.  184 

congenital  absence  of,  iv.  492 

intraparietal,  ii.    198,  277;   viii. 

Fig-,  iv.  MO 

constrictions  of.  iv.  496 

155 

Figure-of-S  bandage,  i.  728; 

iii. 

contractions  of,  iv.  509,  .523 

lambdoidal,  ii.  186,  190 

510.  517 

Dupuytren's,  iv.  517 

medifrontal,  ii.  193 

Fig-wort,  vii.  77 

dead,  iv.  531 ;  vi.  273 

of  Kolando,  ii.  194,  277;  and  see 

Filaments  ni  bacilli,  i.  680 

deflections,  iv.  496,  497 

Central  fissure 

Filaria  athiopica,  vi.  210 

deformities  of.  iv.  490 

olfactorv,  ii.  193 

Bauerofti.  vi.  213.  214,  504 

diseases  of  the,  iv.  490 

orbital,  "ii.  193 

conjunctiviT,  vi.  312 

dislocations  of,  iii.  .523;  iv.  513 

orbito-fiontal,  ii.  193 

Demf'.rquayi,  vi.  215 

drop,  iv.  516 

paracentral,  ii.  193 

dermathcn'ica.  vi.  213 

Dupuytren's  contraction  of.  iv. 

parietal,  ii.  193 

diurna.  vi.  315 

517 

paroccipital.  ii.  198,  199 

dracunculus.  vi.  210 

felons,  iv.  503 

pomatic,  ii.  2U4 

hominis.  vi.  212 

fractures,  iv.  264 

postcalcarine,  ii.  193 

bronchialis,  vi.  213 

frost-bite  of,  iv.  503 

postcentral,  ii.  193 

oris.  vi.  213 

hammer,  iv.  533 

postcuneal,  ii.  193 

iramitis,  vi.  212 

Hippocratic.  iv.  500 

postoccipital  fovea,  ii.  193 

inermis,  vi.  212 

hvpertrophy  of,  iv.  498 

postparoccipital.  ii.  193 

labialis.  vi.  213 

niallet,  iv.  516 

postrhinal,  ii.  193,  309 

lentis,  vi.  213 

panaritium,  iv.  .503 

precentral,  ii.  193,  277 

loa,  vi.  211 

phlegmon  of,  iv.  615 

precuneal,  ii.  193 

lymphatica,  vi.  213 

short,  iv.  498 

preoccipital  fovea,  ii.  194 

MagaUuesi,  vi.  215 

supernumerary,  iv.  493,  500 

preparoccipital.  ii.  194 

medinensis,  vi.  210,  .504 

syphilitic  affections  of,  iv.  505 

presylvian.  ii.  193 

metastasis  of,  v.  779 

trigger,  iv.  526 

rectal,  i.  395 

nocturna,  vi.  213 

tuberrulosis  of,  iv.  504,  .505 

rostral,  ii.  194 

oculi,  vi.  211 

tumors  of.  iv.  .500 

sagittal,  ii.  187;  see  Intercerebral 

humani,  vi.  212 

ulnar  dellection,  iv.  514 

fissure 

of  blood,  characteristics  of,  vi 

316 

warts  of,  iv.  500 

subcentral,  ii.  193 

synopsis  of  various,  vi. 

216 

webbed,  iv.  494 

subfrontal.  ii.  193,  303 

Ozzardi,  vi.  315 

■Whitlow's,  iv.  503 

suboccipital,  ii.  194 

palpebralis,  vi.  213 

wounds  of,  iv.  .501 

subsylvian,  ii.  193 

peritonei  hominis,  vi.  213 

Finsen  apparatus  for  use  with  sun- 

subtemporal, ii.  194 

perstans,  vi.  315 

light,  vi."993 

supercallosal,  ii.  193 
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Fissure,  supeiceutial,  ii.  193 
superfrontal,  ii.  193 
supertemporal.  ii.  193 
Sylvian,  ii.  2(W.  376 
temporo-()fci|iital,  ii.  204 
trausiusular,  ii.  193 
traustemporal,  ii.  194 
transverse  occipital,  ii.  198 
vesical,  vii.  708 
Fissures,   arrangement   of,   signifi- 
cance of,  ii.  204 
best     elucidated      upon     foetal 

brains,  ii.  189 
collocation   of,  with  sutures,  ii. 

188 
complete,  ii.  374 
depth  of,  determined,  viii.  163 
development  of,  ii.  373 
inconstant,  list  of,  ii.  198 
methods  of  locating  the,  ii.  374, 

403 
of  criminals,  ii.  205 
of  Santorini,  ii.  626 
of  the  nipple,  ii.  473 
partial,  ii.  191.  193 

with  structural  correlatives, 
ii.  193 
permanent,  ii.  187,  193,  375 
relation  of,  to  the  landmarks  on 

the  skull,  ii.  274,  403 
temporary,  ii.  274 
to  be  studied  before  gyres,  ii.  189 
total,  ii.  191 
transitory,  ii.  185,  374 
Fistula,  cervical,  vii.  701 
fa'cal,  iii.  203 
in  ano,  v,  564 
lachrymal,  v.  395,  397 
Q?sophago-traclieal,  vi.  338 
of  the  cornea,  iii.  289 
of  the  nasal  cavities,  vi.  133 
of  the  umbilicus,  viii.  6 
parotid,  vi.  510 
rectal,  i.  394 
salivar}',  vii.  489 
thyro-lingual,  vi.  300 
uretero-vaginal,  viii.  168 
urethrovaginal,  viii.  168 
vesico-uterine,  viii.  168 
vesico-utero-vaginal,  viii.  168 
vesico-vaginal,  viii.  168 
Fistulse,  i.  754 

amphibolic,  i.  754 
branchial,  vi.  300 
cervical,  vii.  701 
permanent,  i.  754 
temporary,  i.  7.^4 
Fistulina  hepatica,  iv.  385 
Fit,  fainting,  ii.  224 
Fitz  shaker,  the,  vi.  161 
Fixation  in  chronic  joint  disease,  v. 
277 
in  hip-joint  disease,  v.  378 
in  knee-joint,  v.  285 
of  uterus,  viii.  84 
Fixed  attention  to  induce  hypno- 
sis, iv.  812 
Fixed  joint,  see  Anki/losis,  i.  359 
Fixing  ;igeuts,  ii.  64;  iv.  706 
Flag,  bbie,  iv.  1.57 

sweet,  ii.  549 
Flagella,  i.  681 

staining  of,  viii,  397 
Flagellation   of   Plasmodium    ma- 

hiri;i',  vi.  659 
Flake  manna,  v.  693 
Flame,  injuries  from,  ii.  530 
Flat-foot,  iv.  198,  204 


Flat-foot,  anatomy  of,  iv.  199 
attitudes  in,  iv.  201 
symptoms,  iv.  301 
treatment,  iv.  305 
varieties,  iv.  203 
Flatulence,  vii.  495 

a  symptom  in  diarrhoja,  iii.  438 
Flaxseed,  v.  516 
meal,  v.  516 
oil,  V.  516 
Flea,  dog,  v.  155 
earth,  ii.  828 
hen,  V.  1.55 
house,  V.  1.55 
sand,  ii.  828 
Fleabane,  iv.  158 
Canada,  iv.  1.58 
oil  of,  iv.  1.58 
Flemming's  hardening  fluid,  iv. 

707 
Flesh-fly,  v.  154 

Flexion  and  extension  of  forearm, 
iii.  739 
as  method  of  treating  aneurism 
i.  331 
Flexor  accessorius,  anomalies  of, 

vi.  .59 
Flexor  accessorius  longus  digito- 

rum  pedis,  vi.  .5S 
Flexor     accessorius     profundus 

digitorum,  vi.  .58 
Flexor   brevis   digitorum  pedis, 

anomalies  of,  vi.  59 
Flexor  brevis  hallucis,  anomalies 

of,  vi.  59 
Flexor  brevis  minimi  digiti,  an- 
omalies of,  vi,  60 
Flexor     brevis     minimi     digiti 

pedis,  anomalies  of.  vi.  55 
Flexor  brevis  pollicis,  anomalies 

of,  vi.  55 
Flexor  carpi  radialis,  anomalies  of, 

vi.  53 
Flexor  carpi  radialis  brevis,  vi. 

54 
Flexor  carpi  ulnaris,  anomalies  of, 

vi.  .53 
Flexor  hallucis  longus,  anomalies 

of,  vi.  59 
Flexor  indicis,  vi.  53 
Flexor  longus  digitorum  pedis, 

anomalies  of,  vi.  .58 
Flexor  longus  pollicis,  anomalies 

of,  vi.  .54 
Flexor  profundus  digitorum,  an- 
omalies of,  vi.  53 
Flexor  proprius   digiti  secundi, 

vi.  .59 
Flexor  sublimis  digitorum,  anom- 
alies of,  vi.  53 
Flexures  of  the  brain,  ii.  142 
Flint's  murmur,  iv.  604 
Floating  kidney,  v.  330 
spleen,  vii.  425,  430 
stomach,  vii.  523 
Flocculus,  ii.  1.58 
Florence's  test  for  seminal  fluid, 

vii.  113 
Florida,  iv.  158 

history  of  yellow  fever  in,  viii. 

587 
requirements  for  medical  prac- 
tice in,  iv.  48 
Flour  as  food,  v.  800 

dust,  effect  of  inhaling,  vi.  325 
Flowering  dogwood,  iii.  549 
Flowers,  insect,  v.  151 
of  sulphur,  vii.  561 


Fluavil,  iv.  456 

Fluhrer's       aluminum     gravity 

probe,  ii.  423 
Fluid,  cereliro-spinal,  ii.  245 
Fluid  extract,  v.  736 

compound,   of  sarsaparilla.   vii. 

41 
of  aconite,  i.  84 
of  aletris,  i.  170 
of  alligator  pear,  i.  191 
of  apocynum,  i.  421 
of  arnica  root,  i,  521 
of  aspidosperma,  i.  579 
of  baptisia,  iv.  855 
of  belladonna,  i.  743 
of  bitter-orange  peel,  vi.  398 
of  blood  root,  ii.  73 
of  blue  flag,  iv.  1.58 
of  broom,  ii.  498 
of  buchu,  ii.  514 
of  cannabis  iudica,  ii.  649 
of  capsicun,  ii.  6.54 
of  caroba,  ii.  704 
of  cascara  sagrada,  ii.  707 
of  cedron  seeds,  ii.  760 
of  chequen.  ii.  803 
of  chestnut,  ii.  826 
of  chewstick,  ii.  826 
of  chimaphila,  vi,  639 
of  chirata,  ii.  835 
of  cimicifuga,  iii.  88 
of  cinchona,  iii.  89 
of  cocillana,  iii.  164 
of  colchicuni  root,  iii.  193 
of  colchicum  seed,  iii.  192 

of  columbo,  iii.  633 

of  convallaria,  v.  513 

of  conium,  iii.  339 

of  corn  .silk,  iii.  293 

of  coto,  iii.  396 

of  cotton  root,  iii.  297 

of  cubeb,  iii,  338 

of  cypripedium,  iii.  340 

of  dandelion,  iii.  353 

of  digitalis,  iii.  478 

of  dita,  iii.  .543 

of  dock,  iii.  549 

of  dogwood,  iii.  550 

of  dulcamara,  i.  763 

of  embelia,  iii.  788 

of  ergot,  iv.  3 

of  erigeron,  iv.  158 

of  erythroxylon,  iii.  154 

of  eucalyptus,  iv.  16 

of  eupatorium,  vii.  7.57 

of  euphorbia  pilulifera,  iv.  17 

of  fleabane,  iv,  1.58 

of  fraugula,  ii,  515 

of  gelsemiiim,  iv.  315 

of  gentian,  iv.  338 

of  geranium,  iv,  328 

of  ginger,  iv.  353 

of  glycyrrhiza,  v.  518 

of  grindelia,  iv.  415 

of  guaraua,  iv,  426 

of  hamamelis,  viii.  314 

of  hydrastis,  iv.  775 

of  hyoscyamus,  iv.  637 

of  iris,  iv.  158 

of  ipecac,  v.  312 

of  jaborandi.  v.  240 

of  kava,  v.  303 

of  koosso,  v,  377 

of  leptandra,  v.  490 

of  liquorice,  v.  518 

of  lobelia,  v.  566 

of  lupulin,  V.  609 

of  matico,  v.  714 
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Foetus,  development  of  the,  forma- 

Food, Foods,  concentrated,  for  army 

of  mix  vomica,  vi.  308 

tion  of  the  allanlois.  i.  187 

rations,  v.  803 

of  piiiciia,  \i.  o{)9 

of  the  amnion,  i.  218 

containing  arsenic,  poisoning  by. 

of  piissillora.  vi.  ol7 

of  the  chorion,  iii.  47 

viii.  347 

of  pi'isiiunion.  vi.  574 

origin  of  tlie  female  generative 

contamination  of,  by  copper,  iv. 

of  piflii.  vi.  G33 

organs,  vii.  147 

184 

of  pipsissi'Wii,  vi.  039 

of  the  heart,  iv.  573 

diarrhoea  caused  by,  iii.  440 

of  |)lt'iirisy  root.  vi.  (!68 

of  the  kidneys,  v.  815 

dietary  values  of.  "vi.  173 

of  piidopliyHum,  vi.  690 

of   the   male   generative  or- 

digestibility of,  vi.  175 

of  polaOion-y.  vi.  72S 

gans,  iv.  816 

effect  of,  on  differentiation,  iii. 

of  poiiu'fifi'iinate,  vi.  738 

of  the  urogenital  system,  iv. 

469 

of  jnilsatilla.  vi.  797 

316,  321' 

fat  as,  i.  175 

of  (|Urtssia,  v.  827 

ovum  stage,  viii.  450 

for  infants,  care  in  preparation 

of  rlialauy,  v.  964 

Foetus,   diagnosis  of  position    and 

of.  iii.  446 

of  rliiibarb.  vi.  974 

presentation  of,  v.  881,  386 

for  invalids,  iii.  4.50 

of  rose,  vi.  1000 

effect  of  poisons  on.  when  taken 

for  soldiers,  v.  798 

of  rumex  (dock),  iii.  549 

by  the  mother,  vi.  279 

idiosyncrasv   in    regard    to,   iv. 

of  sanguiiiaria,  ii.  73 

evisceration  of,  vi,  316 

843 

of  saisiiiiarilla,  vii.  41 

fate  of  the,  in  extra-uterine  preg- 

improper, cause  of  dysentery,  iii. 

of  saviiic,  vii.  43 

nancy,  Iv.  57 

568 

of  saw  palmetto,  vii.  48 

growth  of,  iv.  417 

inspection  of,  iv.  175 

of  scuega,  vii.  114 

increaise  of  weight  of,  iv.  416 

modern   legislation    relative 

of  senna,  vii.  117 

in  historv  of  the  human  embryo. 

to,  iv.  162 

of  serpentaria,  vii.  255 

iii.  792" 

laxative  value  of,  v.  468 

of  spigelia,  vi.  637 

papyraceus,  iv.  841 

method  of  inspection  and  analy- 

of squill,  vii.  434 

viability  of,  i.  678 

sis,  iv.  180 

of  stillingia,  vii.  461 

weinht  of,  iv.  417 

patented,  for  infants,  iv.  866 

of  stramonium,  vii.  535 

Foetus  in  foetu,  vii.  619.  909 

poisonous,   examination  of,   iv. 

of  sumach,  vii.  563 

Folds,  aryteuo-epiglottidean,  v.  406 

189 

of  taraxacum,  iii.  352 

Folie,  V.  25 ;  and  see  Insanity 

preservation  of,  vi.  755 

of  thoroughwort,  vii.  757 

adeux,  v.  185 

preservatives  for,  v.  737 

of  triticum  repens,  iii.  298 

a  doulile  forme,  v.  129;  and  see 

proteid  as,  i.  176 

of  ustilago,  viii.  64 

Circular  insanity 

relation  of,  to  teeth,  and  form  of 

of  uva  ursi,  i.  738 

circulaire,  v.  129;  and  see  Circu- 

jaw, V.  700 

of  valerian,  viii.  181 

lar  insanity 

standards,  iv.  175 

of  veratrum  viiidc,  iv.  626 

gemellaire,  v.  185 

supply,  animal,  viii.  234 

of  viburnum,  viii.  234.  235 

Folin's  method  of  estimating  quan- 

use of"  copper  vessels  in  cooking 

of  witchhazel,  viii.  314 

tity  of  uric  acid  in  urine,  viii.  36 

and  preserving,  iii.  280 

of  xanthoxylum,  i.  383 

Follicular  cysts,  iii.  348 

values  of  various  kinds  of,  i.  177 

of  ycrba  sauta,  viii.  334 

FoUiculite  epilante,  iv.  161 

vegetable  and  animal,  i.  177 

Fluidity  of  the  vitreous,  viii.  267 

Folliculitis  agminata,  vii.  782 

water  as,  i.  174 

Fluids,    diluting,  for    blood-count- 

complicating gonorrhoea,  iv.  401 

Food  epidemics,  iv.  184 

ing,  ii.  43 

conglomerata,  vii.  782 

Food  poisons,  iv.  183 

for  irrigation,  in  operations, 

i.569 

decalvans.  i.  200;  iv.  161 

fish.  iv.  188 

infiltration,  iv.  706 

diagnosis,  iv.  161 

ice-cream,  iv.  189 

preserving,  for  tissues,  iv.  706 

etiology,  iv.  161 

meat,  iv.  1.S5 

Flukes,  vii.  860 

symptoms,  iv.  161 

milk,  iv.  188 

Fluorofoi-m  water,  iv.  161 

treatment,  iv.  162 

molluscs,  iv.  189 

Fluoroformol,  iv.  161 

of  vulva,  viii.  163 

vegetables,  iv.  189 

Fluorol,  iv.  786 

scrofulosonun.  v.  500 

Food-stuffs,   potential  energy  and 

Fluoroscope,  see  Roentgen  rays  and 

Fol's  modification  of  Flemming's 

phy.siological  value  of,  v.  765 

UifiUnijnijih 

hardening  fluid,  iv.   707 

"Food  values,  vi.  172 

Flushing  of  the  face  at  the  meno- 

Fontana, sp'ices  of,  iv.  71 

Foot,  iv.  1911 

pause,  ii.  799 

Fontanels,  ii.  212;  viii.  ,581 

amputation  of,  i.  255 

Fluxion,  V.  551 

Food,  Foods,   i.   178;  v.  723,   773; 

partial,  i.  258 

Fly,  Spanish,  ii.  651 

and  see  Aliment  ;  Metaholisin  ; 

anatomy  of,  iv.  190 

Focal  interval,  i.  591 

Meal  inspection 

and  hand  compared,  iv.  190 

length,  iv.  84 

adulteration  of,  iv.  162.  175 

arches  of,  iv.  190 

lines,  i.  591 

history  of,  iv.  162,  167 

arteries  of,  iv.  197 

necrosis,  vi.  204 

legislation    concerning,    iv. 

anomalies  of,  i.  535 

Foci,  iv.  86 

162 

artificial,  v.  514 

Foeniculum,  iv.  145 

alcohol  as  a,  i.  177 

biir.sa?  of,  ii.  526 

capillaccum,  iv.  145 

amount  required,  i.  178 

club,  iv.  216 

Fcenum  grsecum,  iv.  145 

analysis  of,  i.  178;  iv.  174 

contracted,  iv.  210 

Foetal    brains    more    useful 

than 

articles  of,  liable  to  adulteration. 

disabilities  of,  iv.  198 

those  of  monkeys  for  elucidating 

iv.  176 

dislocations  of  joints  of,  iii.  529 

fissures,  ii.  189 

artificial  coloring  matter  in,  iv. 

distortions  of,  iv.  216 

Foetation,  mulliple,  iv.  341 

171 

fascia  of,  iv.  193 

Foeticide,  i.  43 

as  modifying   mammary   secre- 

flat, iv.  198 

Foetus,  cysts  in,  iii.  349 

tion,  V.  881 

hollow,  iv.  210 

death  of,  diagnosis  of,  iv.  348 

caloric  values  of,  vi.  175 

human,  characteristics  of,  iv.  191 

decapitation  of.  vi   310 

canned,  for  army  rations,  v.  803 

integument  of  sole  of,  iv.  197 

Foetus,  development  of  the, 

viii. 

carbohydrate  as,  i.  176 

joints  of,  iv.  193 

4,50;   and  see  Einhrtjos  and 

Em- 

classification  of.  i.  174 

ligaments  of,  iv.  193 

bryology 

complete,  iii.  4.50 

lymphatics  of,  v.  633 

age,  viii.  450 

constituents  of.  iii.  450 

muscles  of,  iv.  193 

embryonal  stage,  viii.  458 

composition  of  various  kinds  of. 

nerves  of,  iv.  197 

foetal"  stage,  viii.  457 

i.  178 

of  Chinese  woman,  iv.  198 
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Foot,  perforating  ulcer  of  the,  vi.  557 
persistent  abduction  of,  iv.  203 
plilegnion  of.  vi.  616 
resection  of  joints  of  the,  vi.  924 
splay,  iv.  198 
surgical  anatorav  of  the  joints 

of,  iv.  193 
synovial  sheaths  in,  iv.  194 
tendons  in,  iv.  194 
use  of,  for  prehensile  purposes. 

iv.  191 
varying  value  of,  as  a  measure, 
in  different  countries,  viii.  294 
veins  of,  iv.  197 
weak,  iv.  198 
Foot-and-mouth  disease,  iv.  783 
a  ("Luse  of  unwhok'SDme  milk,  v. 
H:]r> 
Foot-gear,  militar}-,  v.  795 
Foramen,   adductor,  of  the  thieh, 
vii.  738 
great  sciatic,  iv.  589 
lesser  sciatic,  vi.  .539 
lunulate,  ii.  317 
of  Magendie.  ii.  154 
of  Hivinus.  iii.  626 
ovale,  iv.  568 
Foramina  Thebesii,  iv.  .569 
Forceps,  anterior  excisor,  vi.  146 
a.\is-traction,  vi.  313 
for  arresting  hemorrhage,  iv.  635 
for  introducing  cotton  into  ear. 

iii.  631 
for  removal  of  coin  from  larynx 

V.  441 
jack-screw  excisor,  vi.  147 
obstetrical,  vi.  312 

action  and  use  of,  vi.  313 
as  a  compressor,  vi.  313 
as  a  lever,  vi.  312 
as  a  rotator,  vi.  312 
as  a  tractor,  vi.  312 
axis-traction,  vi.  313 
high,  vi.  314 
in  breech  cases,  vi.  314 
indications  for  applying,  vi. 

313 
low,  vi.  314 

prognosis  in  use  of,  vi.  314 
technique  in   applying,   vi. 
313 
uterine  dressing,  iv.  464 
Forcite,  vii.  910 
Forearm,  iv.  338 

amijutation  of,  i.  351 
applied  anatomy  of,  iv.  238 
arteries  of,  iv.  342 
dislocations  of,  iii.  520 
fascia  of,  iv.  239 
flexion  and  extension  of,  iii.  739 
fracture  of  bones  of,  iv.  363 
muscles  of,  iv.  340 
nerves  of.  iv.  339,  243 
pronation  and  supination  of,  iii. 

740 
veins  of,  iv.  239:  viii.  308 
Forebrain,  development  of  the,  ii. 

273 
Foreign  bodies  a  cause  of  perito- 
nitis, viii.  499 
cysts  formed  around,  iii.  349 
in  the  air  passages,  i.  158 
in  the  auditory  canal,  iii.  646 
in  the  bladder,  iii.  347 
in  the  bronchi,  i.  160 
in  the  conjunctiva,  iii.  350 
in  the  Eustachian  tube,  iii.  613 
in  the  eye,  iv.  104 


Foreign  bodies  in  the  frontal  si- 
nuses, iv.  374 

in  the  gall  bladder  and  gall  ducts, 
iv.  394 

in  the  hand  and  fingers,  iv.  502 

in  the  intestines,  treatment  of,  v. 
176 

in  the  larynx,  i.  160;  v.  441:  vi. 
198 

in  the  nose,  i.  158 

in  the  wsophagus,  vi.  346:  vii. 
476 

in  the  omentum;  vi.  361 

in  the  orbit,  vi.  408 

in  the  pericardium,  vi.  .558 

iu  the  pharynx,  i.  159:  vi.  591 

in  the  stomach,  vii.  523 

in  the  tongue,  vii.  797 

in  the  tonsils,  i.  1.59:  vii.  820 

in  the  trachea,  i.  160 

in  the  tympanic  cavity,  iii.  648 

in  the  ureters,  viii.  13 

in  the  urethra,  viii.  17 

in  the  veins,  viii.  218 

located  bv  the  Roengen  rays,  vi. 
988       ■  • 
Foreskin,  see  Prepnce  and  Circum- 

riniiin 
Form,  apjireciation  of,  viii.  244 
Formacoll,  iv.  246,  374 
Formalbumin,  iv.  246 
Formaldehyde,  iv.  244 

apparatus   for    disinfection   b}', 
iii.  .503 

as  a  deodorant,  iii.  411 

as  a  disinfectant,  i.  688 ;  iii.  498, 
503 

as  a  germicide,  iv.  332 

as  a  liardeniug  agent,  iv.  345 

as  a  fixing  agent,  iv.  245 

as  an  antiseptic,  i.  384 

as  a  preservative,  iv.  245 

compounds  of,  iv.  246 

determination  of,  in  milk,  v.  841 

gelatin,  iv.  374 

machines  for  generating,  vi.  822 

physiological  action  of,  iv.  245 

preparations  of,  iv.  246 

therapeutics  of,  iv.  245 

to.xieology  of,  iv.  245 

urea,  iv.  346 
Formalin,  iv.  344,  346 

as  a  food  preservative,  vi.  755 
Formanilid,  iv.  346 
Formatol,  iv.  346 
Formic  acid,  iv.  247 

as  a  germicide,  iv.  333 
Formicidas,  v.  167 
Formin,  iv.  346:  viii.  60 
Formochloral,  iv.  346 
Formoforiu,  iv.  346 
Formol,  iv.  344,  246 

as  a  hardening  fluid,  ii.  333 
Formopyrin,  iv.  246 
Formulary,  national,  vi.  587 
Fornix,  ii.  179 

columns  of,  ii.  179 

commissure  of,  ii.  180 

of  the  conjunctiva,  iv.  65 
Fort  Bayard,  vi.  383 
Fort  Crawford  Mineral  Well,  iv. 

347 
Fortoin,  iv.  346.  247 
Fossa,  cubital,  iii.  733 

ischio-rectal,  vi.  564 

navieularis,  viii.  15 

ovalis,  iv.  568 
Fossae,  nasal,  vi.  102 


FossEe  of  ekull,  vii.  224 

Fossores,  v.  167 

Foster's     lamp  -  wick    tampons, 

viii.  179 
Fountain      Park      Magnetic 

Springs,  iv.  247 
Four-tailed  bandage  for  fracture 

of  lower  jaw.  v.  253 
Fourth  nerve,  iii.  325 
Fovea  centralis,  iv.  77 
Fowler's    method    of    treating    in- 
guinal hernia,  iv.  675 
operation  for  syndactylism,  iv. 

495 
pessary,  viii.  66 
solution,  i.  .524 

as  a  germicide,  iv.  335 
Foxglove,  iii.  476 
Fracture-box,  iv.  255 
Fractures,  iv.  247 

accomjianying   luxation   of    the 

shoulder,  iii.  .520 
ambulatory  treatment,  iv.  256 
articular,  iv.  257 
by  direct  violence,  iv.  248 
b}'  indirect  violence,  iv.  248 
b.v  nuiscular  action,  iv.  248 
Bennett's,  iv.  263 
Colics',  iv.  262 
comminuted,  iv.  248 
complete,  iv.  47 
complications  of,  iv.  251 
compound,  iv.  248,  251 
amputation  in,  i.  236 
treatment  of,  iv.  256 
congenital,  vi.  277 
delayed  union  after,  iv.  252,  2.56. 

258 
dentate,  iv.  348 
depressed,  iv.  247 
diagnosis,  iv.  251 
differential  diagnosis,  iv.  251 
etiology,  iv.  248 
extension  in  the  treatment  of.  iv. 

264 
faulty  union  after,  iv.   2.53,  3.56, 

258 
gangrene  after,  iv.  357 
green-stick,  iv.  257 
gunshot,  iv.  356 
imjiacted,  iv.  348 
incomplete,  iv.  247 
intercondyloid,  of  humerus,  iv. 

261 
intra-articular,  iv.  258 
longitudinal,  iv.  348 
massage  in  treatment  of,  iv.  356; 

V.  698 
multiple,  iv.  248 
objective  signs  of,  iv.  3,50 
oblique,  iv.  248 
of  the  acetabulum,  i.  60 
of  the  acromion,  iv.  859;  vii.  45 
of  the  ankle,  iv.  268 
of  the  arm.  i.  464 
of  the  base  of  the  skull,  ii.  423 
of  the  calcaneum,  iii.  254 
of  the  carpus,  iv.  263 
of  the  clavicle,  iv.  2.58 
of  the  coracoid  process,  iv.  259; 

vii.  45 
of  the  coronoid  process,  iv.  363 
of  the  cranium,  iv.  .556.  557 
of  the  femur,  iv.  264.  266 

Hodgeu's  suspension   splint 
in  the  treatment  of,  iv.  265 
of  the  fibula,  iv.  267 
of  the  fingers,  iv.  264 
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Fractures  of  the  forearm,  i.  464 ;  iv. 
3G2 

of  I  lie  glenoid  cavity;  vii.  46 

of  tlic  luinienis,  iv.  260 

with  (lislociition,  iv.  260 

of  the  liyoid  bone,  iv.  794 

of  till'  laryn.x.  v.  420 

of  the  lower  jaw.  v.  333 

of  the  malh'o'li,  iv.  208 

of  tlie  nietaearpal  bones,  iv.  363 

of  the  melalaisal  bones,  iv.  369 

of  the  neck  of  the  feiiuir,  iv.  364 
and   co.xa    vara,  dill'erential 

diagno.sis  of,  iii.  309 
and  di.sloeations.  diflferential 
points,  iii.  524 

of  the  nose,  vi.  133,  396 

of  the  olecranon,  iv.  263 

of  the  orl)it.  vi.  408 

of  the  patella,  iv.  266 

of  the  penis,  vii.  176 

of  the  radius,  iv.  262 

of  the  ribs.  iv.  269 

of  the  scapula,  vii.  45:  iv.  359 

of  the  skull,  iv.  556.  557;  ii.  421 

of  the  spine,  vii.  392 

of  the  sternum,  iv.  269 

of  the  surgical  neck  of  the  hu- 
merus, iv.  260 

of  the  temporal  bone,  iii,  689 

of  the  thigli,  iv.  264 
in  cliildren,  iv.  366 

of  the  tibia,  iv.  267 

of  the  toes,  iv.  269 

of  the  trachea,  v.  420 

of  the  ulna,  iv.  262 

of  the  ujiper  jaw.  v.  347 

pathology,  iv.  248 

Pott's,  iv.  368 

prognosis,  iv.  251 

prophylaxis,  iv.  253 

reduction  of,  iv.  253 

repair  after,  iv.  249 

simple,  iv.  248 

splints  for,  iv.  354 

spontanecms,  iv.  348 

sprain,  v.  290 

subjective  signs  of,  iv.  249 

symptoms,  Iv.  249 

tarsal,  iv,  269 

toothed,  iv.  248 

transverse,  iv.  248 

treatment,  iv.  253 

varieties,  iv.  947 

vicio\is  union,  treatment  of,  iv. 
2.58 

A'rays  in  diagnosis  of,  iv.  350 
Fraenkel-Gabbet  method  of  stain- 
ing tuliercle  bacillus,  viii.  397 
Fraenkel's  modification  of  Libo- 

rius'  tube  for  anac'robes,  viii.  389 
Frag-ilitas  crinium,  i.  605 

ossiuni,  vi.   430 
Fragmentation  of  muscle,  vi.  29 
Frambcesia,  viii.  319 
France,  adulteration   of   foods  and 
drugs  in,  iv.  164 

Pharmacopa'ia  in,  vi.  .583 
Frangula,  ii.  515 

as  a  laxative,  v.  470 
Frangulin,  ii.  515 
Frankincense,  vi.  355 
Franklinization,  iii.  7.56 
Franklin  Spring,  iv.  269 
Franklin    theory   of    color  sensa- 
tions, viii.  245 
Franzensbad,  iv.  269 
Fraxin,  i    570,  v.  692 


Fraxinus,  i.  570 

americana,  i.  570 

excelsior,  i.  570;  v.  692 

ornus,  V.  693 
Freckles,  v.  483;  and  see  Lentigo 

sunnner,  v.  483 
Freezene,  vi.  755 

Freezing  as  a  means  of  purifying 
water,  viii.  377 

death  from,  in  armies,  ii.  618 
Fremitus,  bronchial,  ii.  815 

friction,  ii.  815 

vocal,  ii.  HI.") 
French  Lick  Springs,  iv.  270 
Fresh  air,  germicidal  power  of,  iii. 

499 
Freund's   method  of   determining 
piefornied  sulphates  in  the  urine, 
viii.  54 
Friar's  balsam,  i.  746 
Friction,  v.  694 

pleuro]iericardial.  ii.  821 

sounds,  ii.  819 
Friedlauder's  instrument  for  count- 
ing leucocytes,  ii.  46 
Friedreich's    hereditary   ataxia, 

vii.  347 
Fright  as  a  cause  of  chorea,  iii.  44 

expression  of,  by  the  hand,  iv. 
488 
Frog,  circulatory  system  in,  iii.  95 

histological  study  of,  iv.  703 
Frog  plates,  iv.  703 
Frohde's  reagent,  vi.  391 
Frontal  lobes,  injury  to,  ii.  312 

tumors  of,  ii.  447 
Frontal  sinuses,  iv.  270;    vi.    104; 
vii.  334 

anatomy  of,  iv.  370;  vii.  334 

diseases  and  injuries  of,  iv.  370 

empyema  of.  iv.  373 

foreign  bodies  in.  iv.  374 

inflammation  of,  iv.  371 

injuries  of,  iv.  374 

ins<'Cts  in,  iv.  374 

measurements  of.  viii.  240 

mucocele  of,  iv.  272 

new  growths  in.  iv.  274 

osteoma  of,  iv.  375 

sarcomata  of,  iv.  375 

tumors  of,  iv.  374 
Frontalis  muscle,  anomalies  of,  vi, 

43 
Fronto-marginal  fissure,  ii.  193 

gyre,  ii.  193 
Frost-bite,  iii.  417 

of  the  auricle,  iii.  607 

of  the  fingers,  iv.  .502 
Frost-Lang  operation,  viii.  446 
Frozen   parts,   characteristic   signs 

of,  iii.  417 
Fructose  in  urine,  viii.  43 
Fructosuria,  viii.  43 
Fruit  as  food  for  invalids,  iii.  456 

amount  allowed  in  army  rations, 
v.  799 

Bael,  i.  731 

jioisonous,  vi.  099 
Fry's  Mineral  Spring,  iv.  375 
Fucus  vesiculosus,  i.  799 
Fuel  for  heating  liou.ses,  iv.  758 

gas.  ii.  663" 
Fulminate  of  mercury,  \ii.  911 
Fulminate  powder,  iv.  430 
Fulton  Wells,  iv.  275 
Fumaria  officinalis,  iv.  275 
Fumaric  acid,  iv.  275 
Fumarine,  iv.  375 


Fumes,  noxious,  effect  of,  vi.  336 
Fumigation  as  a  means  of  medica- 
tion, V.  735 

by  calomel,  v.  753,  706 
Fumitory,  iv.  275 
Functional  murmurs,  ii.  823 

characteristics  of,  ii.  825 
Functionless  areas  of  the  brain, 

ii.  311 
Fungi,  algal,  iv.  378 

as  food  for  invalids,  iii,  456 

aural,  iii.  615 

basidial  spore,  iv,  383 

cup-,  iv.  381 

economic  importance  of,  iv.  377 

edible,  iv.  375 

groups  of,  iv.  277 

imperfecti,  iv.  283 

mould,  i,  730 

poisonous,  iv.  275 

reproduction  of,  iv.  376 

rust,  iv.  382 

spore-sac,  iv.  379 

structure  of,  iv.  375 
Fungous     growths     in     auditory 
meatus  in  clu'ouic  purulent  otitis, 
iii.  (j:i9 
Fungous  ulcer,  vii.  480 
Fungus  chirurgoruin,  vii.  431 

favus,  i.  720 

sccalis.  iv.  1 
Funic  souffle,  iv.  343 
Funis,  sec  I'liihilical  cord 
Funnel  chest,  ii.  806 
Funnel,    duuble- walled    hot- water, 
viii.  373 

single-walled  hot-water,  viii.  373 
FUrbringer's  method  of  hand  ster- 

ilizali')!),  i.  .566 
Furfurol  reaction  for  carbohydrates 

in  urine,  viii.  38 
Furnace  for  heating  houses,  iv.  759 

gas,  ii.  664 
Furuncle,  i.  49;  ii.  113 

caused  by  drugs,  iii.  433 

in   external  auditory  canal,   iii. 
018 
Furunculosis,  i.  49;  ii.  114 

in  diabetes  mellitus,  iii.  439 
Fusaria  mystax,  vi.  233 

vcrmicularis.  vi.  223 
Fused  nitrate  of  silver,  vii.  215 
Fusel  oil,  r  169 

as  an   adulterant  of  liquors,  iv. 
177 
Fusion  calorimeter,  ii.  561 

Gaboon  ulcer,  vii.  944 
Gad-flies,  v.  165 
Gadinin,  ptomai'n,  vi.  790 
Gadus,  iii.  165 

morrhua.  iii.  165 
Gaertner's  tonometer,  vi.  803 
Gaiaform,  iv.  328 
Gainesville  (Ga.)  Mineral 

Springs,  iv.  386 
Gairal's      "aerophore       pulmo- 

nique,"  iv.  143 
Gait  in  insauit}',  v.  59 
Galactagogues,  iv.  387 
Galactocele,  ii.  475;  iii.  351 
Galacturia,  iii.  81 
Galanga,  iv.  388 
Galangal,  iv.  388 
lesser,  iv.  388 
Galbanum,  iv.  388 
Galbiati's      symphyseotomy 

knife,  vi.  015 
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Fraoliires. 


Galbraith  Springs,  iv.  388 
Galen,  baiuUijje  of.  i.  728 
Galen's  vein,  ii.  2.56 
Galeodidse,  v.  160 
Galipea  Cusparia,  i.  357 
Galipine,  i.  857 
Galipinine,  i.  357 
Galipot,  vii   913 
Galla,  \  i.  306 

lialapensis,  vi.  306 

K-vautica,  vi.  306 

quercina,  vi.  306 

tiuctoria,  vi.  806 

turcica,  vi.  306 
Gallacetophenone,  iv.  289 
Gallanilid,  iv.  289 
Gallanol,  iv.  289 
Gall  bladder,  v.  527 

ab.scess  of,  iv.  395 

absence  of,  iv.  398 

and   gall-ducts,  disease.?  of,  iv. 
289 

cancer  of,  i.  38 ;  iv.  296 

relation  of,  to  gall-stones,  iv. 
397 

catarrhal  iutiaraniationof,  iv.  289 

congenital  defects  of,  iv.  398 

cyst-like  dilatation  of,  iii.  850 

distoma  in,  iv.  298 

empyema  of,  iv.  295 

enlargement  of  the,  iv.  395 

foreign  bodies  in,  iv.  294 

inflammation  of,  iv.  289 

measurements  of,  viii.  339 

morbid  growths  of,  iv.  296 

operations  on,  v.  559 

parasites  in,  iv.  398 

purulent,  ulcerative,  and  croup- 
ous inflammation  of,  iv.  293 

tumors  of,  i.  28 
Gall  ducts,  cancer  of,  iv,  297 

catarrhal  inflammation  of,  iv.  289 

congenital  closure  of,  iv.  295 
defects  of,  iv,  398 

diseases  of,  iv.  389 

echinococcus  in,  iv.  398 

foreign  bodies  in,  iv.  394 

hydatid  disease  of,  iv.  298 

occlusion  of,  iv.  293 

parasites  in,  iv.  298 

purulent,  ulcerative,  and  croup- 
ous inflammation  of,  iv.  292 

stenosis  and  occlusion  of,  iv.  293 

tumors  of,  iv.  296 

worms  in,  iv.  298 
Gall,  ox.  iv.  299 

inuified,  iv.  299 
Gall  stones,  i.  755;  iii.  228;  iv.  294 

diet  for,  iii.  463 

etiology,  i.  755;  iii.  280 

formation  of,  iii.  230 

relation  of,  to  carcinoma  of  gall 
bladder,  iv.  297 

varieties  of,  iii.  239 
Gallic  acid,  iv.  399 

germicidal  action  of,  iv.  333 
Gallicin,  iv.  399 
Gallobvomol,  iv.  399 
Galloformin,  iv.  246,  299 
Gallon,  fixed  standard  of,  viii.  297 
Gallotannic  acid,  vii.  636 
Galls,  see  ISiitgall,  vi.  306 

production  of,  upon  plants,  iv. 
31 
Gallus  bankiva  domesticus,  iii. 

727 
Galton's    standard    scheme  of   de- 
scent, iv.  640 


Galton's  whistle,  iii.  661 
Galvanism,  iii.  757 

in  insanity,  v.  7S 

tlierapeutic  efTects  of,  iii.  757 
Galvanized  pipes  and  utensils, 

zinc  poisoning  due  to,  viii.  340 
Gal vano- cautery,    use  of  in  intu- 

niesfent  rhinitis,  vi.  118 
Galvano-puncture  in  the  treatment 

of  aneurism,  i.  338 
Gamasidaa,  i.  434 
Gamboge,  iv.  300 

action  and  uses.'iv.  300 

as  a  purgative,  vi.  812 

cake,  iv.  300 

in  sorts,  iv.  300 

pipe,  iv.  300 

purse,  iv.  300 

Saigon,  iv.  300 
Gambogic  acid,  iv.  300 
Gamma  rays,  viii.  .549 
Gammacism,  vii.  435 
Ganglia,  cardiac,  vii.  578 

cervical,  vii.  575 

cystic,  i.  469 

extirpation  of,  for  neuralgia,  vi. 
246      ' 

Gasseriau,  removal  of  the,  iv.  308 

histology  of,  vii.  579 

inferior  cervical,  vii.  574 

lower  cervical,  vii.  576 

middle  cervical,  vii.  576 

nerve  fibres  of  the,  vii.  580 

of  Scarpa,  i.  631 

periosteal,  i.  46 

semilunar,  vii.  578 

pathology  of,  vii.  109 

solar,  vii.  578 

superior  cervical,  vii.  575 

terminal  monocellular,  vii.  574 

upper  cervical,  vii.  575 

vestibular,  i.  631 
Ganglion,   i.   469;  ii.   528;  and  see 

/j/zr.wr  tSinyicid) 
Ganglionated  cords,  vii.  573,  575 

anatomy  of,  vii.  575 

cervical  part.  vii.  575 

lumbar  part,  vii.  576 

sacral  part,  vii.  577 

thoracic  part,  vii.  577 
Gangrene   and   contusion    differen- 
tially diagnosed,  iii.  373 

black,  iv.  801 ;  vi.  204 

caused  bv  drugs,  iii.  423 

cold,  iv.  301 ;  vi.  304 

complicating  fr.acture.  iv.  257 

diabetic,  iii.  429;  iv.  303,  306 

diphtheritic,  iv.  307 

dry,  iv.  301,  805;  vi.  204 

symmetrical,  effect  of  mas- 
sage in,  v.  698 

due  to  carbolic  acid,  vi.  303,  308 
to  infections,  iv.  307 
to  Z-rays,  iv.  303 

emphysematous,    iv.     303;    vi. 
304;  and  see  Phlegmon 

etiolog}'.  iv.  304 

foudroyante,  iv.  303 

hospital,  iv.  303,  308 

hot,  vi.  204 

hysterical,  iv.  303 

idiopathic,  iv.  303 

in  children  (noma),  iv.  807 

moist,  iv.  305;  vi.  304 

multiple,  iv.  302 

spontaneous,  iv.  303 

neonatorum,  vi.  280 

neuropathic,  iv.  303;  vi.  304 


Gangrene  of  the  auricle,  iii.  607 

of  the  lungs,  v.  ,590;  vii.  755 

of  the  lesiiphagus.  vi.  839 

of  the  pancreas,  iv.  308;  vi.  473; 
anil  see  Pancreas,  necrosis  »f 

of  the  penis,  vii.  176 

of  the  prepuce,  i.  732 

of  the  testicle,  vii.  180 

pathology,  iv.  300,  304 

per  decuijitum,  i.  740 

primary,  iv.  300 

putrid,  vi.  204 

relapsing,  iv.  306 

secondary,  iv.  300 

senile,  iv.  802,  806 

sequelfc,  iv.  308 

spontaneous,  ii.  100;  iv.  303 

spreading  traumatic,  iv.  308 

surgical,  iv.  304 

symmetrical,    iv.    306;   vi.    483; 
and  see  Raynaud's  disease 

toxic,  iv.  303 

traumatic,  iv.  303 

varieties,  iv.  302 

warm,  iv.  801 

white,  iv.  301 ;  vi.  204 
Gaping,  viii.  318 
Garbage  carbonizcr,  vi.  878 

cart  for,  vi.  877 

collection  of,  vi.  877 

destructor,  vi.  882 

disposal  of.  vi.  878 

Merz  apparatus  for  reduction  of. 
vi.  880 
Garcinia  Hanburii,  iv.  300 
Garget   a   cause    cjf     unwholesome 

milk.  V.  835 
Gargling,  v.  733 
Garlic,  iv.  808 
Garotting,  signs  of  death  from,  i. 

673;   vii.  535 
Garou,  v.  790 
Garrison  rations,  v.  799 
Garrot,  Morel's,  i.  289 
Gas,  air,  ii.  664 

a  nuisance,  remedies  for,  vi.  333 

coal,  ii.  663 

and  water  compared  in  dead- 
ly effect,  i.  154 

cysts,  iii.  849 

fiiel,  ii.  C68 

furnace,  ii.  664 

illuminating,  ii.  663 

in  the  blood  plasma,  ii.  35 

in  the  peritoneal  cavity,  diagno- 
sis of,  i.  24 

natural,  ii.  664 

noxious,  effects  of,  vi.  326 

oil.  ii.  664 

water,  ii.  664 
Gas  chamber,  Strieker's,  iv.  705 
Gas  phlegmon,  vi.  611 
Gas-works,  regulation  of,  vi.  332 
Gasserian-ganglion  operation  for 
tic  doloureux.  vi.  246 

operative   removal    of    the,    iv. 
808 
Gastein,  iv.  309 
Gasteromycetes,  iv.  286 
Gastrsea,    theory   of   Haeckel  con- 

ci'ining.  iv.  313 
Gastralgia,  vi.  248;  vii.  504 

and  intestinal  colic,  diagnosis  of. 
iii.  197 

etiology,  vi.  248 

treatment,  vi.  248;  vii.  504 
Gastrectomy,  vii.  487 
Gastric  colic,  vi.  248 
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Gastric  disease,   dvspncra  in,  iii. 

Gastrorrhaphy,  vii.  478 

Genital  eminence,  iv.  320 

580 

Gastroschisis,  vii.  703 

fold,  iv.  330 

Gastric  glands,  sccrctiou   of.  vii. 

Gastrostomy,  vii.  480 

groove,  iv.  830 

95 

Gastro-succorrhcea,  vii.  501 

Genital  organs,  condyloma  of,  iii. 

Gastric  juice,  iv.  310 

Gastrotomy,  vii.  480 

337 

secretion   of,    effect   of  disturb- 

Gastrula,  iv.  311 

cysts  of,  iii.  351 

auces  of  iiietabolisiu  ou, 

Gaultherase,  an  enzyme,  iii.  843 

eczema  of  the,  iii.  724 

V.  773 

Gaultheria,  viii.  ;J13' 

in  diabetes  mellitus,  iii.  439 

effect  of  syniiiatlietic    ner- 

oil of,  viii.  313 

elephantiasis  of,  iii.  783 

vous  system  on,  vii.  583 

procumlieus,  viii.  313 

embryology  of,  iv.  316 

Gastric  tonics,  Vii.  805 

Gaultherilene,  viii.  313 

femaie,  anatomy  of,  vii.  147 

Gastric  ulcer,  vii.  510 

Gautier   and   Etard's  base,    jito- 

disorders  of,  in  pregnancy, 

(liiignosis.  vii.  513 

maVn,  vi.  788,  789 

iv.  347 

etiolo.gy.  vii.  510 

Gautier  and  Morgues'  liase,  pto- 

effect  of  castration  on.  ii.  715 

morbid  anatomy,  vii.  510 

maiu,  vi.  789 

examination    of,    in     preg- 

patliogeuesis, vii.  510 

Gauze  as  a  dressing,  iii.  555 

nancy,  iv.  343 

statistics,  vii.  510 

iodoformized,  v.  207 

injuries  to,  followed  by  leu- 

symptoms,  vii.  511 

Gavage,  iv.  867 

corrhnea,  v.  495 

treatment,  vii.  513 

Gaylord     and     Gulick    Mineral 

lymphatics  of,  v.  637 

Gastritis,  vii.  505 

Springs,  iv.  314 

malignant    disease    of,   ac- 

acute, vii.  505 

Geaster,  iv.  386 

companied  by  leucorrba-a, 

course,  vii.  506 

Gehrung's  pessary,  viii.  68 

V.  496 

definition,  vii.  505 

Geissospermine,  iv.  314 

medication  of  mucous  mem- 

diagnosis, vii.  506 

Geissospermum,  iv.  314 

brane  of,  V.  734 

diet  in,  iii.  457 

la;ve,  iv.  314 

operations  on,   followed  by 

etiology,  vii.  505 

vellosii,  iv.  314 

leucorrhoea,  v.  495 

morbid  anatomy,  vii.  505 

Gelanthum,  iii.  719 

source  of    peritonitis,    viii. 

primary,  vii.  505 

Gelatin,  iv.  314 

499 

prognosis,  vii.  506 

as  an  antidote,  i.  371 

lupus  of  the,  V.  614 

secondary,  vii.  505 

as  culture  medium,  viii.  371 

male,  iv.  316 

symptoms,  vii.  506 

explosive,  vii.  910 

anatomy  of,  iv,  333 

treatment,  vii.  506 

formaldehyde,  iv.  374 

development  of,  iv.  316,  319 

cbronic,  vii.  507 

in  cream,  detection  of,  v.  840 

diseases  of,  vii.  173 

and  carcinoma  of  the  stom- 

shredded,  iv.  314 

lymphatics  of,  v   636 

acli,  differential  diagnosis 

urine,  viii.  377 

Genital  ridge,  iv,  330;  vi.  449 

of,  vii.  508 

Gelatinum,  iv.  314 

Genito-urinary  diseases,  chronic. 

course,  vii.  508 

Gelatose,  iv.  314 

climate  suitable  for.  iv.  565 

diagnosis,  vii.  508 

Gelle's  test  for  hearing,  iii.  661 

methylene  blue  in.  v.  783 

diet  in,  iii.  457 

Gelsemine,  iv.  314,  315 

Genito-urinary    surgery,  cocaine 

etiology,  vii.  507 

Gelseminic  acid,  iv.  315 

in.  iii.  160 

morbid  anatomy,  vii.  507 

Gelseminine,  iv.  314,  315 

Genito-urinary   system,  changes 

primar}-,  vii.  507 

Gelsemium,  iv.  314 

in,  in  mj'elogenous   leukainia,   v. 

prognosis,  vii.  509 

action  and  use,  iv.  315 

500 

secondary,  vii.  507 

administration,  iv.  315 

Genito-urinary  tract,  in  cretinism. 

symptonis,  vii.  508 

composition,  iv.  314 

iv.  394 

treatment,  vii.  509 

description,  iv.  314 

mixed  tumors  of,  vii.  909 

interstitial  purulent,  vii.  507 

poisoning  by,  iv.  315 

Gentian,  iv.  337 

phlegmonous,  vii.  .507 

sempervirens,  iv.  314 

action  and  use,  iv.  337 

diagnosis,  vii.  507 

Gemelli's  method  of  staining  fla- 

adininistration,  iv.  338 

etiology,  vii.  507 

gella,  viii.  398 

and  chirata  compared,  ii.  835 

morbid  anatomy,  vii.  507 

Gemellus  inferior  muscle,  anom- 

composition, iv.  337 

symptoms,  vii." 507 

alies  of.  vi.  50 

description,  iv.  327 

treatment,  vii.  507 

Gemellus  superior  muscle,  anom- 

family,  iv.  338 

toxic,  severe,  vii.  506 

alii-s  of,  vi,  56 

violet,  preparation  of,  viii.  396 

diagnosis,  vii.  507 

Gemmules,  vi.  335 

carbolic,  preparation  of,  viii. 

morbid  anatomy,  vii.  507 

General  paralysis  of  the  insane. 

396 

symptoms,  vii.  506 

V.  86 

yellow,  iv.  337 

treatment,  vii.  507 

definition,  v.  86 

Gentiana,  iv.  337 

Gastrocnemius  muscle,  vi.  480 

diagnosis,  v,  91 

lutea,  iv.  337 

anomalies  of.  vi.  58 

etiology,  v.  86 

Gentianaceae,  iv.  328 

Gastrodiscus  hominis,  vii.  865 

exciting  causes,  v.  87 

Gentianin,  iv.  338 

Gastro-duodenostomy,  vii.  486 

pathology,  v.  93 

Gentianose,  iv.  327 

Gastrodynia,  vi.  248 

predisposing  causes,  v.  86 

Gentiogenin,  iv.  327 

Gastro-enterostomy,  vii.  483 

prognosis,  v.  88.  93 

Gentiopicrin,  iv   337,  328 

Gastro-gastrostomy,  vii.  486 

symptoms,  v.  88 

Gentisic  acid,  iv.  327,  328 

Gastro-intestinal     canal,     poisons 

mental,  v.  89,  90 

Genu    recurvatum,   congenital,   iv. 

of.  i.  643 

sensory,  v.  90 

698 

injuries  to,  i.  18 

treatment,  v.  93 

valgum,  V.  373 

tract,    auto-intoxications    of,   i. 

Generatio  aequivoca,  i.  677 

varum,  ii.  134 

643 

Generation,  sinnitaneons.  i.  677 

Geoform,  iv.  340.  :!38 

Gastro-jejunostomy,  vii.  483 

Genetic  selection,  iv.  35 

Geogi-aphical  distribution  of  ani- 

Gastrolysis, vii.  479 

Geneva   convention,    articles  con- 

mals and  plants,  evidence  of  evo- 

Gastropexy, vii.  479 

cerning  marine,  iv.  739 

lution,  iv.  20 

Gastroplasty,  vii.  486 

Geneva  Lithia  Springs,  iv.  316 

Georgia,  historj'  of  yellow  fever  in. 

Gastroplegia,  vii.  503 

Genio-hyo-glossus  muscle,  anom- 

viii. 587 

Gastroplication,  vii.  479 

alies  of,  vi,  47 

requirement  for  medical  practice 

Gastroptosis,  vii.  533,535;  and  see 

Genio-hyoid  muscle,  anomalies  of, 

in,  iv.  48 

Enternptiiiiis 

vi.  47 

Geosote,  iv.  435 
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Geraniol,  vi.  1000 
Geranium,  iv.  328 

maculatum.  iv.  328 

wild,  iv.  338 
Gerhai-dt's  test  for  diacetic  acid,  i. 

CO:  viii.  49 
Germ,  i.  7.^8 
Germ  cells,  vi.  864 

cycle  of,  vi.  864 

iu  impregnation,  iv.  847 
Germ  layers,  iv.  337 
Germ  nuclei,  fission  of.  iv.  849 
Germ  theory  of  the  origin  of  car- 
cinoma, ii.  678 
German  measles,  iv.  994:  and  see 

Roetliebi 
Germander,  v.  379 
Germany,    diugs,   adulteration  of, 
in,  iv,  165 
inspection  of,  in,  iv.  177 

food,  adulteration  of,  in,  iv.  165 

Pharmacopoeia  in,  vi.  583 
Germicides,  iv.  339 

heat  used  as,  iv.  634 
Germinal  disc,  i.  440 
Genninal  epithelium,  vi.  449 
Germinal  spot,  vi.  448 
Germinal  vesicle,  vi.  448 
Gerontoxon,  i.  440:  and  see  Arexis 

Gersuny's     operation     for  saddle 

nose,  vi.  134 
Gestation,  iv.  338;   sec  also  Preg- 
nancy 

diagnosis  of,  iv.  341 

ditferential  diagnosis  of,  iv.  343 

duration  of,  iv.  343 

extrauterine,  iv.  bi. 

hj-giene  of,  iv.  344 

management  of,  iv.  344 

moditfcations  of,  iv.  338 

multiple,  iv.  341 

pathology  of.  iv.  344 
Gettysburg  Springs,  iv.  349 
Geuda  Springs,  iv.  349 
Geum,  i.  674 

rivale,  i.  674 

urbauum,  i.  674 

virgiuianum,  i.  675 
Giant-cell  sarcoma,  vii.  34 
Giant-cells,  iv.  350 
Giants,  vii.  673;  viii.  457 
Gibraltar,  rock  fever  of.  v.  685 
Gigantism,  i.  95;  viii.  457 

and  acromegaly,  viii.  463 

differential  diagnosis,  i.  95 

general,  viii.  457 

baud  iu,  iv.  .500 

beiedit}'  in,  viii.  461 

symptomatic,  viii.  458 

true,  viii.  4.58 
Gigantorhynchus  gi,gas,  vi.  334 

moniliformis,  vi.  335 
Gigartina  niamillosa,  vi.  1 
Gihon's  stretcher,  vi.  188 
Gila  monster,  vi.  717 
Gilead,  balm  of,  i.  734 
Gillenia,  v.  212 

stipulacea,  v.  213 

trifoliata,  v.  313 
Gillenin,  v.  313 
Gilroy  Hot  Springs,  iv.  351 
Gilson's  fluid,  iv.  709 
Gimbernat's  ligament,  i.  3 
Gin,  i.  109:  v.  Sit'.l 

artiticial,  v.  299 
Gin-drinker's  liver,  v.  .'544 
Ginger,  iv.  351 


Ginger,  oil  of,  iv.  353 
.lamaica,  iv.  353 
wild,  vii.  254 
Ginger-tea,  iv.  352 
Gingerol,  iv.  353 
Gingivitis  in  pregnancy,  iv.  346 

phagedenic,  viii.  488 
Ginseng,  iv.  353 
Glabella,  vii.  329 
Glacial  acetic  acid,  i.  65 
Gland  or  glands,  absorbent,  v.  656 
accessory  thyroid,  vii.  775 
acid,  of  the  stomach,  vii.  463 
adrenal,  i.  137 
agminated,  v.  186 
axillary,  vii.  309 
Bartholin's,  i.  734 

cysts  of,  iii.  351 
blood  of  the,  ii.  37 
bronchial,  ii.  489 
Brunner's,  v.  184 
cardiac,  of  the  stomach,  vii.  463 
carotid,  viii.  411 
ceruminal,  i.  626 
cervical,  vi.  198 
conglobate,  v.  656 
Cowper's,'iii.  3U5;  iv.  327 
fundus,    of    the    stomach,    vii. 

463 
gastiic,  vii.  463 

secretion  of  the.  vii.  95 
hreraolymph,  iv.  466;  v.  657 
intestinal,  v.  183 
lachrymal,  affections  of  the,  v. 
■  394 

cyst  of,  V.  395 

hypertrophy  of,  v,  394 

inlhunmaliou  of,  v.  394 

luxation  of,  v.  394 

neuralgia  of,  v.  394 

tumors  of,  v.  395 
lymphatic,  v.  656 
mammary,  in  the  female,  ii.  461 ; 
and  see  Mann  mi 

secretion  in,  of  the,  vii.  101 
marrow-lj'mph,  iv.  470 
Meibomian,  viii.  5,59 
Montgomery's,    increase   of,   in 

pregnancy,  ii.  469;  iv.  340 
myxoma  of,  vi.  89 
of  Lieberklihn,  v.  182 
of  the  groin,  vii.  736 
of  the  neck,  excision  of,  v.  669 
of  the  skin,  viii.  556 
of  the  urethra,  viii.  15 
of  Tyson,  viii.  559 
pancreatic,  secretion  in  the,  vii. 

93,  104 
parathyroid,  iv.  379 
parotid,  vi.  198;  vii.  90 
Peyer's,  v.  186 
pineal,  Ii.  166 
pituitary,  vi.  639 
prostate,  vi.  757 

pyloric,  of  the  stomach,  vii.  463 
reproductive,  secretion    in    the, 

vii.  104 
salivary,  vii.  90 

secretion  in  the,  vii.  90 
sebaceous,  viii.  558 

secretion  in  the,  vii.  100 
splenolymph,  iv.  469 
submaxillary,  vi.  19S 
supraclavicular,  in  carcinoma  of 

the  breast,  ii.  633 
sweat,  viii.  .556 

secretion  in  the.  vii.  100 
thymus,  vii,  766;  viii,  568 


Gland  or  glands,  thyroid,  iv,   377; 
vii,  770;  viii.  .571 
internal  secretion  iu  the,  vii, 
101 
Tyson's,  viii,  559 
vulvo-vaginal,  vii.  170 
Glanders,  iv,  352;  vi,  136 
acute,  iv,  355 
anatomical      and     pathological 

characteristics,  vi.  136 
as  a  cause  of  stenosis  of  larvnx. 

V.  440 
bacillus  of,  i.  717,  719 
chronic,  iv.  855 
diagnosis,  iv.  360;  vi.  127 
etiology,  vi.  136 
in  animals,  iv.  353;  viii.  333 
acute,  iv.  353 

aud  public  health,  viii.  383 
chronic,  iv.  353 
diagnosis,  viii.  233 
mallein  test  for.  viii.  333 
treatment,  viii.  333 
of  the  pharynx,  vi.  598 
prognosis,  vi.  127 
symptomatolog}'.  vi.  126 
sj'nonyms,  vi.  126 
treatment,  iv.  360;  vi.  127 
Glandular  epithelium,  iii.  856 
Glans  penis,  condyloma  of,  iii.  337 
strangulation  of,  iu  paraphimo- 
sis, vii,  174 
Glass  benches  and  culture  slides, 

viii.  387 
Glass-blower's  mouth,  vi,  331 
Glasses,  see  /Sjiectne/es 
"  Glatten,"  ventilation  of  the,  vi. 

105 
Glauber's  salt,  vii,  257 

as  a  ]iurgative,  vi,  811 
Glaucoma,  ii.  11 :  iv.  361 
absolute,  iv.  364 
acute  inflammatory,  iv.  363 

simple,  iv.  361 
as  a  cause  of  bliudness,  ii.  11 
chronic  inflammatorj',  iv.  363 

simple,  iv.  361 
fulminans,  iv,  363 
hemorrhagic,  iv,  364 
iridectomy  in,  v,  315 
pathological  anatomy  of,  iv,  365 
pathology  of,  iv,  361 
primary,  iv,  361 
prognosis  of,  iv,  367 
relative  frequency  of  the  forms 

of,  iv,  364 
secondary,  iv,  364 

iridectomy  in.  v,  315 
subacute,  iv,  363 
theories  of,  iv.  365 
treatment  of,  iv.  367 
varieties  of,  iv.  361 
Gleason's  operation  for  deviated 

nasal  .septum,  vi.  136 
Glechoma,  v.  379 

hederacea,  v.  379 
Glen  Alpine  Mineral  Springs,  iv. 

308 
Glen  Alpine  Springs,  iv.  368 
Glenard's  disease,  v.  320;  vii.  523; 

viii.  431 
Glen  Springs,  iv.  368 
Glen  Summit  Springs,  iv.  369 
Glenn  Spring,  iv.  370 
Glenn  Springs,  iv,  370 
Glenola  Springs,  iv,  370 
Glenwood  Springs,  iv,  370 
Glioma,  iv,  371;  vii,  907 
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Glioma  (if  the  brain,  diagnosis  of,  ii. 

Glycogen  in  plasma,  ii.  36 

Goitre,  submaxillary,  iv.  885 

450 

in  urine,  viii.  43 

surgical,  iv.  396 

of  the  optic  nerve,  iv.  114 

tests  for,  viii.  43 

choice  of  an  anaesthetic,  iv. 

of  the  retina,  iv.  113 

Glycogenesis,  v.  563 

397 

endophytum,  iv.  113 

Glycogenic  function  of  the  liver, 

enucleation,  iv.  397 

cxopliytum,  iv.  li;i 

v.  503 

exothyropexy,  iv.  397 

lelennjiieelodes,  iv.  371 

Glyconin,  iii.  727 

incision,  iv.  397 

Gliosarcoma,  iv.  873 

Glycosolveol,  i.  370 

Injection,  iv.  396 

Gliosis,  iv.  372 

Glycosolvol,  iv.  374 

ligation  of  thyroid  arteries, 

Globe  receiver  for  tilling  media  into 

Glycosuria,    iii.    428 ;    viii.   38 ;  see 

iv.  397 

tiilic-s,  viii.  379 

also  Diiihetes  melUtun 

resection,  iv.  897 

Globulimeter  of  Mantegazza,  ii.  49 

alimentary,  iii.  428 

resection,  partial,  iv.  397 

Globulins  of  plasma,  ii.  35 

causes,  iii.  428 

symptomatology  and  diagnosis, 

Globulysis,  viii.  467 

in  insjtnity,  v.  40 

iv.  385 

Globus  hystericus,  iv.  832:  vii.  826 

phloridzin,  viii.  39 

syuou3'ms,  iv.  376 

Glomerulitis,  desquamative,  v.  332 

retinitis  in,  vi.  9.57 

thymus  extract  in,  vi.  413 

lin.lifiM-ative,  v,  332 

s.vmpathi'tic     system,    influence 

thyroid  medication  in,  vi.  411 

Glomerulus,  v.  310 

(if,  ill  production  of,  vii.  584 

treatment,  iv.  387 

functions  of  the,  vii.  98 

tcmpiiraiy,  iii.  428 

vascular,  iv.  384 

Glonoin,    vi.    293;    and   see   yitro^ 

Glycozone,  iv.  787 

waxy,  Iv.  383 

ijlijferin 

Glycuronates  in  iirine,  viii.  45 

Gold,  iv.  397 

Glonolobus  condurango,  iii.  236 

Glycuronic  acid  in  the  urine,  viii. 

Gold-leaf  electrodes,  iv.  706 

Glossiphonia  granulosa,  i\ .  702 

46 

Gold  thread,  iv.  398 

Glosso-labio-laryngeal     paraly- 

Glycyrrhetin, v.  518 

Golden  seal,  iv.  774 

sis,  vi.  (Hi 

Glycyrrhiza,  v.  517 

Golgi's  method  of  staining  nerve 

Glosso-pharyngeal  nerve,  iii.  318 

glabra,  v.  517 

tissues,  ii.  335;  vii.  312 

Glossoplegia,  iv.  824;  vii.  794 

glandulifera,  v.  517 

GoU,  columns  of,  vii.  297 

Glossy  skin,  iv.  530 

Glycyrrhizin,  v.  518 

Gonion,  vii.  229 

Glottis,  V.  406 

ammoniated,  v.  518 

Gonococcus,  i.  709;  iv.  398 

ledema  of,  v.  412 ;  and  see  Laryn- 

Gmelin's   test   for   bile    pigments, 

bacteriology  of,  i.  709 

gilis,  adematviis 

viii.  50 

examination  for,  iv.  399;  viii.  400 

spasm  of,  V.  429 

for  biliriillin,  v.  245 

in   purulent    coniunctivitis.   iii. 

Gloves  for  soldiers,  v.  796 

Gnathobdellidae,  iv.  701 

241 

use  of,  in  surgery,  iv.  373 

Gnathostoma  siamense,  vi.  210 

toxins  of,  i.  710 

Glucin,  iv.  374 

Gnathostomidse,  vi.  210 

Gonocyte,  vi.  864 

Glucose,  adulteration  by,  iv.  176 

Gnats,  buffalo,  v.  164 

Gonorrhoea,  iv.  398 

in  urine,  viii.  38 

Goa,  iii.  75 

abortive  treatment  of,  iv.  400 

tests  for,  viii.  39,  41 

jiowder,  iii.  75 

afl'ccting  bauds  and  fingers,  iv. 

Glucosides,  Dragendorff's   method 

Goat,  liiemolvmph  glands  of,  iv.  468 

507 

of  detecting,  vi.  722 

milk  of.  V.  826 

as  a  cause  of  peritonitis,  viii.  499, 

drugs  depending  upon,  for  their 

Godbold  Mineral  Well,  iv.  374 

501 

activity,  i.  103 

Goerbersdorf,  iv.  375 

as  a  cause  of  salpingitis,  iv.  135 

in  plants,  i.  103 

Goffe's  operation  for  vesico-vagiual 

bacteriological    diagnosis,     viii 

substances  incompatible  with.  i. 

cystocele,  viii.  1.59 

400 

103 

for    vesieo-vaginal    fistula. 

balanitis  in.  iv.  401 

Glue-making,  regulations  for,  vi. 

viii.  176 

bubo  following,  ii.  500 

332 

speculum,  viii.  176 

causes  and  nature  of,  iv.  898 

Gluside,  vii.  1 

Goitre,  iv.  376;  and  see  Cretinism 

chordee  in,  iv.  398 

Gluteus  maximus,  anomalies  of,  vi. 

and  Thjiroid 

chronic,  iv.  402 

55 

anatomy,  iv.  377 

treatment  of.  iv.  403 

medius,  anomalies  of,  vi.  55 

and  cretinism,  iv.  389 

complications  of,  iv.  401 

minimus,  accessor}-,  vi.  56 

benign,  iv.  381 

Cowperitis  in,  iv.  401 

anomalies  of,  vi.  56 

collo.d,  iv.  382 

cystitis  in,  iv.  402 

quart  us,  vi.  56 

complications,  iv.  387 

diagnosis  of,  iv.  398 

Glutoid  capsules,  iv.  374 

congenital,  iv.  381 

epididymitis  in.  iv.  401 

Glutol,  iv.  374 

cystic,  iv.  382 

folliculitis  in,  iv.  401 

Glycerin,  iv.  374 

etiology  of  endemic,  iv.  379 

incubation  period,  iv.  898 

distilled,  iv.  374 

exophthalmic,  viii.  439 

internal  remedies,  Iv.  400 

germicidal  action  of,  iv.  333 

an  auto-intoxication,  i.  646 

in   women,    viii.     165;    and   see 

mounting  in,  iv.  727 

course  of  the  disease,  viii. 

T ' II gin  Ms,  specifw 

Price's,  iv.  374 

443 

definition,  viii.  165 

refining  of,  regulations  for,  vi. 

etiology,  viii.  443 

diagnosis,  viii.  166 

332 

pathology,  viii.  441 

gonococcus,  i.   709;  iv.  399; 

Glycerites,  iv.  374;  v.  736 

prognosis,  viii.  443 

viii.  400 

of  carbolic  acid,  ii.  658 

symptoms,  viii.  440 

latent,  viii.  165 

of  starch,  vii.  441 

synonyms,  viii.  439 

peritonitis  due  to,  viii.  499, 

of  tannic  acid,  vii.  637 

thymus  extract  in,  vi.  413 

501 

of  yolk  of  egg.  iii.  727 

thvroid    medication  in,    vi. 

physical  signs,  viii.  166 

Glyceroformol,  iv.  246 

411 

pr(>guosis,  viii.  166 

Glyceryl  borate,  ii.  130 

treatment,  viii.  443 

salpingitis  due  to,  iv.  135 

Glycine,  i.  7.54 

fibrous,  iv.  382 

sources  of   contagion,    viii 

Glycocine,  i.  754 

geographical  distribution  of  en- 

165 

GlycocoUs,  i.  68,  754 

demic,  iv.  379 

symptoms,  viii.  166 

compound,  in  urine,  viii.  46,  47 

historical  note,  iv.  377 

treatment,  viii.  167 

Glycoform,  iv.  374 

malignant,  iv.  387 

;  oints  in,  v.  265 

Glycoformal,  iv.  246 

morbid  anatomy,  iv.  884 

kyphosis  due  to,  v.  378 

Glycogen  deposit,  iii.  397 

plongeant,  iv.  385 

latent,  viii.  165 

in  cells,  iii.  396 

retropharyngeal,  iv.  385 

lesions  of,  iv.  898 
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Glioma. 

Caaresriil  aud  Mosso's  base* 


Gonorrhoea,   leucorrha'a    with,    v. 
494 

local  treatment,  iv.  400 

micrococcus  of,  i.   709;  iv.  399; 
viii.  400 

microscopical   diagnosis  of,    iv. 
399 

neonatorum,  vi.  280 

pliimosis,  iv.  401 

posterior  urethritis  in,  iv.  401 

prognosis  of,  iv.  399 

prostatitis  in,  iv.  401 

pyelitis  in,  iv.  403 

symptoms,  iv.  398 

synonyms,  iv.  398 

treatment  of,  iv.  399 

vesiculitis  in,  iv.  403 
Gonorrhceal  arthritis,  iv.  403 

conjunctivitis,  iii.  241 

myositis,  vi.  32 

rheumatism,  iv.  403;  vii.  59& 

urethritis,  i.  771 ;  viii.  17 

vulvitis,  viii.  IGl 
Gonotoxin,  i.  710 
Goodell's   modification    of    Ellin- 

ger's  dilators,  viii.  6'J 
Gooro  nuts,  v.  37,5 
Gordiacea,  vi.  234 
Gordius,  vi.  234,  .502 

mediuensis,  vi.  310 

pulmonalis  apri.  vi.  219 
Gordon  Springs,  iv.  40.5 
Gordon's  method  of  treating  fem- 
oral hernia,  iv.  678 
Gossypium,  iii.  396 

hcrbaccum,  iii.  296 

puriticatum,  iii.  297 
Gottstein's    curette,  vii.  83.5 

a'Siipliagos<'o|H'.  vii.  47") 
Gouania  domingensis,  ii.  820 
Goulard's  cerate,  v.  471 

extract,  V.  471 
Gouley's  tunnelled  catheter,  ii.  746 

tunnelled  groove  guide,  viii.  34 
Goundou,  iv.  638 
Gourd,  iii.  338 
Gout,  iv.  405 

acute,  iv.  405 

anatomical  changes  in,  iv.  407 

blood  changes  in,  iv.  406 

causative  conditions  of,  iv.  407 

chronic,  iv.  406 

concretions  in,  iii.  230 

diagnosis  of,  iv.  406 

diet  in,  iii.  463;  iv.  408 

electro-therapeutics  in,  iii.  766 

Garrod's  theory  of,  iv.  407 

headache  in.  iv.  548 

in  hand  and  fingers,  iv.  514 

irregular,  iv.  406 

joints  in.  v.  264 

neurosal  theory  of,  iv.  407 

of  pharynx,      see     Pharyngitis, 
gotity 

prophylaxis  of.  iv.  408 

rheumatic,  vi.  969 

theories  regarding  the  nature  of, 
iv.  407 

the  urine  in.  iv.  406 

tophi  in,  iii.  230 

treatment  of,  iv.  408 
Gouttiere  de  Bonnet,  the,  v.  378 
Gouty  hand.  iv.  514 

vilcer.  vii.  944 
Gowers'  ataxic  paraplegia,  vii.  337 

ha'niocj'tometer,  ii.  43 

hitniogldliinometer,  ii.  .54 
Graafian  follicle,  vi.  451 ;  vii,  153 
Vol.  viii.— 43 


Gracilis  muscle,  vii.  738 

anomalies  of,  vi.  57 
Graefe  knife,  ii.  730 
Grafts,  omental,  vi.  361 

skin-,  vii.  221 
Grain,  varying  values  of,  in  differ- 
ent countries,  viii.  294 
Grain  oil,  i.  169 
Gram,  viii.  399 
Graminese,  iv.  410 
Gram's  stain,  viii.  397 
Granatin,  vi.  732 
Granatonine,  vi.  733 
Granatum,  vi.  732;  and  see  Pome- 

gnuHitt' 
Grand  Haven  Mineral  Spring,  iv. 

410 
Grand  mal,  iii.  .'^45 
Granular  conjunctivitis,  iii.  244 
Granular  degeneration,  iii.  394 

of  muscle,  vi.  2S 
Granulated    citrate    of    magne- 
sium, V.  673 

as  a  laxative,  v.  468 
Granulation  tissue,  iv.  410 

definition,  iv.  410 

organizing,  iv.  411 

protective  qualities  of,  iv.  412 
Granulations,  healtliy,  iv.  411 

luxuriant  supcrlicial,  iv.  412 

pathological,  iv.  411 

sequestrum,  iv.  413 

superficial  chronic,  iv.  412 
Granules,  sporagcnous.  i.  681 
Granuloma    fungoides,    diagnosed 
from  eczema,  iii.  714 

of  the  choroid,  iv.  Ill 

of  the  conjunctiva,  iv.  108 

of  tlie  eyelids,  iv.  106 

of  the  iris,  iv.  110 

of  the  lachrymal  apparatus,  iv. 
116 

of  the  umbilicus,  viii.  6 

tropicum,  viii.  319 
Granville's  lotion,  ii.  15 
Grape,  i\.  413 

fruit,  iii.  727 
Grape-cure,  v.  749 
Grass,  citronella,  iii.  126 

couch,  iii.  298 

dog,  iii.  298 

family,  iv.  410 

nard.  iii.  126 
Grasse,  France,  iv.  413 
Gratiola  officinalis,  vii.  78 
Gratiolin,  vii.  7M 

Gratuitous  services,  physician  re- 
sponsible for.  V.  iM<'i 
Graves'  bivalve  vaginal  specu- 
lum, iv.  463 
Graves'  disease,  viii.  439;  and  see 
Exopit t/udmic  goitre 

headache  in,  iv.  .548 

t.lie  heart  in.  iv.  599 
Gravity,  force  of,  effect  on  differ- 
entiation, iii.  468 
Gray  powder,  v.  750 
Grease,  in  the  liorae,  iii.  807 
Grease  wood,  iii.  844 
Great  Bear  Spring,  iv.  414 
Greece,  Pliarmaco])n'ia  in,  vi.  .584 
Greek  Church,  marriage  la^vs  of.  iii. 

256 
Greenbrier        White       Sulphur 

Springs,  iv    414 
Green  Lawn  Spring,  iv.  414 
Greenheart  bark,  i.  753 
Green  milk,  v.  833 


Green-stick  fracture,  iv.  247 
Green  stools,  significance  of,  iv.  127 
Green  vitriol,  v.  223 
Grenadier,  vi.  732 
Griffith's  mixture,  v.  233 
Grindelia,  iv.  415 

as  an  expectorant,  iv.  51 

robusta,  iv.  415 

squarrosa,  iv.  415 
Grip,  or  Grippe,  v.  11;  and  see  In- 

flut'ltZil 

Gritti's    method  of   amputation 

at  knee,  i.  263 
Groin,  medical  and  surgical  anatora)- 

of,  vii.  736 
Groove,  Harrison's,  ii.  810 
Gros  nez,  iv.  638 
Gross'  blood-clot  catheter,  ii.  74.5 

mouth  gag,  iii.  12 

spiral   |irostatic  catheter,  iii.  744 
Ground  itch,  vi.  231 
Ground  water,  vi.  168 
Growth,  iv.  415 

as  a  function  of  cells  and  tissues, 
iv.  415 

definition  of,  iv.  415 

in  infancj',  iv.  8-58 

laws  of  mammalian,  iv.  431 

of  cells,  iii.  399 

of  children,  ii.  832;  iv.  419 

of  infants,  iv.  418,  858 

of  man,  iv.  417 

of  the  fffitus,  iv.  417 

rate  of,  iii.  378 

stoppage  of,  iv.  422 
Growths,  pathological,  see  Tumors 
Gruber's  ear  specula,  iii.  662 

reaeliiin.  in  rliolera,  i.  716 
Gruening's  magnet  for  the  removal 
of  metallic  bodies  from  the  eye,  iv. 
104 
Grutum,  v.  818 
Gryphotic  nails,  vi.  93 
Guacamphol,  iv.  422 
Guaciu,  iv.  423 
Guaco,  iv.  433 
Guaiac,  iv.  433 

resin,  iv.  423 

wood.  iv.  423 
Guaiacetin,  iv.  428 
Guaiacic  acid,  iv.  423 
Guaiacol,  iv.  423 

bisulphate,  vi.  827 

oacodylate,  iv.  485 

ethyl,  iv.  435 

salts  of.  iv.  434 
Guaiaconic  acid,  iv.  433 
Guaiacum,  diaphoretic  action  of,  iii. 
433 

officinale,  iv.  433 

sanctum,  iv.  423 

test  for  blood,  ii.  74 
Guaiacyl,  iv.  425 
Guaiakinol,  iv.  425 
Guaiamar,  iv.  425 
Guaiaperol,  iv.  435 
Guaiaquin,  iv.  425;  vi.  827 
Guaiaquinol,  vi.  ,S27 
Guaiaretic  acid,  iv.  423 
Guaiasanol,  iv.  425 
Guanidiu,  ptomain,  vi.  786 
Guao,  poisonous  plant,  vi.  698 
Guarana,  iv.  425 
Guaranine,  ii.  .546;  iv.  436 
Guard-duty,  liygiene  of.  v.  815 
Guarea  Rusbyi,  iii.  164 
Guareschi  and  Mosso's  base,  pto- 
main. vi.  788 
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Guarnieri's  gelatin  agar,  viii.  375 
Guernsey  and  the  Channel  Isl- 
ands, iv.  43() 
Guethol,  iv.  425 
Guinea-pigs,  _u:rowtii  of,  iv.  421 

liaiiiolyiupli  glands  of,  iv.  469 
Guinea  worm,    vi.    210;    and    sec 

Filiin'tt  /italiiiensis 
Guinoral,  iv.  426 
Gullet,  see  (Esap/mf/us 
Gum,  acacia,  iv.  427 
acaroiiles.  viii,  818 
ammoniac,  i.  217 
animal,  see  Dt.vtriit 
Arabic,  iv.  427 
artificial,  iii.  428 
balata,  i.  723 
Benjamin,  i.  745 
Botany  Bay.  viii.  318 
elastic,  vi."l0n2 
guaiac,  iv.  423 
myrrh,  vi.  85 
resins  in  plants,  i.  103 
seneca,  iv.  427 
tragacanth.  vii.  845 
Gum  tree,  lUue,  iv.  15 
Gumma,  vii.  613:  and  see  Sypliilis 
of  the  arm  and  forearm,  i.  457 
of  the  auricle,  iii.  675 
of  the  brain,  diagnosis  of,  ii.  4.50 
of  the  kidney,  v,  361 ;  vii.  626 
of  the  larvnx,  v.  443 
of  the  liver,  v.  561 ;  vii.  624 
of  the  lung,  vii.  622 
of  the  pharynx,  vi.  596 
of  the  tongue,  vii,  795 
of  the  trachea,  v,  445 
Gummi  olibani,  vi,  355 
Gums,  see  Act  ire  jn'inciples 

intlamed,  treatment  of.  iii.  407 
in  i)lants,  i.  101 
Gum-weed,  California,  iv.  415 
Gun-cotton,  iii.  298 

as  an  explosive,  vii.  910 
solulile,  iii.  298 
Gun-firing,     concussion     due    to, 

elfect  of,  on  hearing,  iii.  603 
Gunjah,  ii,  647 
Gunning's  test  for  acetone,  i.  67; 

viii,  49 
Gun-powder,  iv.  429;  vii.  909 
Guns,    iv.    427;    and    see    Gnnnhot 

wounds 
Gunshot  injuries,  iv.  433 
Gunshot  wounds,    iv.  427 

bullets  in,  to  be  let  alone,  iv.  446 

complications,  iv.  444 

diagnosis,  iv.  441 

general  treatment,  iv.  444 

in  the  Civil  AVar,  iv.  450 

in   the   Spanish-American  War, 

iv.  450 
mortality  from,  iv.  443 
multiplicity  of,  iv,  441 
of  soft  parts,  iv.  438 
of  the  abdomen,  iv.  454 
of  the  blood-vessels,  iv.  447 
of  the  chest,  iv.  452 
of  the  ear,  iii,  689 
of  the  external  auditory  canal, 

iii.  689 
of  the  head,  iv.  451 
of  the  joints,  iv.  438,  449;  v.  295 
of  the  long  bones,  iv.  438,  449 
of  the  orbit,  vi.  408 
of  the  spine,  iv.  451 
of  the  viscera,  iv.  455 
primary  symptoms,  iv.  440 


Gunshot    wounds,  prognosis,    iv. 
442 

remote  eflects,  iv.  444 

requiring  amputation,  i.  236 

statistics  of,  iv.  450 
Gurgles,  vi.  838 
Gurjun  balsam,  iv.  456 
Gurjunic  acid,  iv.  456 
Guru  nuts,  see  Koln  nutu 
Gusano  peludo,  v.  153 
Gussenbauer's  artificial  larynx, 

V.  425 
Gut-cleaning,   regulations  for,  vi. 

332 
Gutta,  iv.  456 
Gutta  percha,  iv.  456 
Guyon's  llexible  prostatic  catheter, 
ii.  743 

modification  of  Syme's  amputa- 
tion, i.  259 
Gymnastics  for  soldiers,  v.  816 

in  treatment  of  scoliosis,  v.  463 

medical,  v,  695 
Gymnema  sylvestre,  i,  565 
Gynsecological  examinations,  iv. 
456 

anffisthetics  in,  iv.  457 

bimanual,  iv.  458 

dilatation,  iv,  466 

external  genitals,  iv,  458 

history,  iv.  456 

inspection,  iv.  458 

nurse,  assistance  of,  iv.  457.  464 

table  for,  iv,  457 

the  aspirating  sj'ringe,  iv.  466 

the  curette,  iv.  466 

the  cystoscope,  i.  779 

the  dressing  forceps,  iv.  464 

the  depressor,  iv.  464 

the  microscope,  iv.  466 

the  probe  and  sound,  iv.  465 

the  speculum,  iv.  462 

the  tenaculum,  iv.  465 

vaginal,  iv.  458 

with  instruments,  iv,  462 

without  instruments,  iv,  458 
Gynaecological    operations,    fol- 
lowed l)y  leucorrlKca,  v.  495 

use  of  cocaine  in,  iii.  160 
Gynsecophorus  heematobius,  vii, 

873 
Gynatresia,  i.  604 
Gynocardia,  ii.  803 

odorata,  ii,  803 
Gynocardic  acid,  ii.  803 
Gypsum,  ii.  5uJ 
Gyres,  ii.  187 

callosal,  ii.  193 

frontomargiual,  ii.  193 

inflected,  viii.  1.54 

insular,  ii.  193 

intercentral,  viii.  159 

medifrontal,  ii.  193 

orbital,  ii.  193 

paracentral,  ii.  193 

parietal,  ii.  193 

paroccipital.  ii.  193 

postcentral,  ii.  193 

precentral,  ii.  198 

rectus,  ii.  193 

subcalcarine,  ii.  191 

subcollateral,  ii.  191 

subfrontal,  ii,  193,  203 

subparietal,  ii,  193 

superfroutal,  ii.  193 

supertemporal,  ii.  198 

temporal,  ii.  193 
Gyromitra,  iv.  281 


Gyromitra  bruuuea,  iv.  281 
esculenta,  iv,  281 

Habit,  cocaine,  iii,  162 

o])iuin,  cocaine  for,  iii.  160 

Habit  contractures  of  hand,  iv. 
528 

Habitations,  air  of,  iv.  754 
basements,  iv.  753 
building  materials,  iv.  751 
drainage,  iv,  763 
floors,  iv,  752 
halls,  iv.  753 
heating  of,  iv.  758 
interior  arrangements,  iv.  753 
interior  finish  and  decorations, 

iv,  7.53 
lighting  of.  iv.  761 
roof  and  roofing,  iv.  752 
sanitary  inspection  of,  iv.  768 
site,  iv"  750 
stairs,  iv.  753 
temperature  of,  iv.  755 
testing  for  plumbing,  iv.  766 
ventilation  of,  iv.  755 
wall  decorations,  iv.  753 
water  supjily,  iv,  762 

Habitations  for  soldiers,  v,   807 

Ct  seq. 

Habits,  in  life  insurance,  v.  510 
Haemachromatosis,  vi.  635 
Hsemacytometer,  Gowers',  il.  43 

Oliver's,  ii,  50 

Thoma-Zeiss,  ii.  43 
Haemadipsa,  iv.  703 

japonica,  iv.  703 

zeylanica,  iv.  702 
Haemalbumin,  v.  230 
Hsemamceba  malari:e,  viii.  541 

vivax.  viii.  .542 
Haemangioendothelioma,  vii.  38, 

908 
Haemangioma,  i.  3.50;  vii.  908 

cavernosum,  i,  350 
of  liver,  v.  555 

simplex,  i,  350 

telangiectatic,  i,  3.50 
Haematemesis,  vii.  511 

in  cancer  of  the  stomach,  vii,  515 

neonatorum,  vi,  280 
Haematicum,  v.  230 
Haematidrosis,  iv.  466 
Haematimeter      of      Hayem     and 

Xachet,  ii.  41 
Hsematin,  ii.  29 

in  urine,  viii.  51 
Haematinics,  vii,  807 
Haematinuria,  viii,  51 
Haematoblasts,  ii,  33 
Haematocele,  iv.  60;  vii.  188 

pelvic,  iv.  60 

pudendal,  viii.  161 

retro-uterine,  iv.  60 

scrotal,  vii,  178 

vaginal,  vii.  178 
Haematocrit,  Daland's,  ii,  34,  48 

Ilediu's,  ii.  47 
Hsematogen,  v,  230 
Hsematogeuous  pigments  in  the 

tissues,  iii,  397 
Haematoidin,  ii.  29;  vi.  635 

crystals,  ii.  29 

infarct,  iv.  868 
Haematol,  v,  230 
Haematolysis,  viii,  467 
Haematoma,  iii,  273;  vi.  814 

aspiration  for,  i.  580 

of  the  amnion,  i.  226 


674 


GENERAL  IXDEX. 


<;ii'.ii-aieri's  gclaliu  agar. 
HaiKl. 


Hsematoma  of  the  auricle,  iii.  608 

of  the  eur,  iii.  687 

of  tlie  sturuo-cleidomastoid  mus- 
cle in  the  new  born,  vi.  277 

of  the  ovary,  vi.  484 

pudendal,  viii.  101 

treatment,  iii.  374 
Hsematomyelia,  vii.  349 
Haematopoiesis,  ii    36 
HEBmatoporphyrin,  ii.  39 

in  the  urine,  viii.  51 
Haematosalpinx,  iv.  135 
Hsematoscope,  Heuocque's,  ii.  53 
Haematoxylin,  v.  567 

.stain  for  nerve  tissues,  ii.  326 
Hsematoxylon,  v.  566 

action  and  use,  v.  567 

campechiauum,  v.  566 
Hasmaturia,  i.  786;  viii.  33 

essential,  v.  338 

in  chronic  nephritis,  v.  328 

in  cystitis,  i.  794 

in  hvpertrophy  of  jirostate,  vi. 
764 

in  renal  calculus,  v.  328 

in  renal  tumor,  v.  326 

in  tuberculous  kidney,  v.  328 

source  of  bleeding  in,  v.  327 

tests  for.  viii.  33 
Hsementaria,  iv.  703 

Ghilianii,  iv.  702 

olficinalis,  iv.  702 

mexicana.  iv.  702 
Hsemic  murmur,  ii.  823 
Hsemin,  ii.  39 

crystals,  ii.  39,  75 

in  blood  stains,  ii.  74 
Hsemochromatosis,  ii.  69 
Haemochromogen,  ii.  39 
Hasmocyanin,  animal  pigment,  iii. 

•i-ir> 
Hsemocytolysis,  vi.  305 ;  viii.  467 
Haemodi'ometer,   Volkmann's,    iii. 

100 
Haemofuscin,  vi.  634 
Hsemogallol,  iv.  466;  v.  230 
Haemoglobin,  ii.  27;  vi.  949 

absorption  spectra  of,  ii.  28 

composition  of,  ii.  38 

compounds  of,  ii.  29 

decrease  of,  vi.  355 

estimation  of,  ii.  51 

comparison  of  various  meth- 
ods of,  ii.  59 

intlueuce  of  chlorates  upon,  iii.  3 
of  iron  upon,  v.  221 

in  lower  animals,  iii.  334 

in  pernicious  ana'inia,  i.  273 

in  poisoning  by  CO,  i.  662 

in  the  urine,  viii.  33 
tests  for,  viii.  33 

reduced,  ii.  37;  vi.  949 

relation  of,  to  specific  gravity  of 
the  blood,  ii.  24,  60 
Haemoglobinometer,    Gowers',  ii. 
54 

Oliver's,  ii.  57 

Taylor's,  ii.  57 

von  Fleischl-Miescher,  ii.  57 
Hsemoglobinuria,  viii.  32 

tests  for,  viii.  32 
Hasmol,  iv.  466;  v.  230 
Haemolymph  glands,   iv.  466;  v. 
657 

circulation  in,  iv.  471 

definition  and  description,  iv.  466 

development,  iv.  471 

experimental  pathology,  iv.  473 


Haemolymph  glands,  function,  iv. 
471 

histology,  iv.  467 

in  an.-imia,  iv.  471 

in  leucocytosis,  iv.  472 

in  letika;Tnia,  iv.  472 

in  lower  animals,  iv.  467 

in  man,  iv.  469 

location,  iv.  467 

marrow-lymph  glands,  iv.  470 

occurrence,  iv.  467 

pathology,  iv.  466, '471 
Haemolysis,'  vi.  205;  viii.  467 

agglutination  in  relation  to,  viii. 
473 

antiha?molysiu,  viii.  473 

bacteriolysis,  viii.  476 

by  bacteria,  viii.  474 

by  known  chemical  and  physical 
agencies,  viii.  467 

by  serums,  viii.  468 

by  vegetable  poisons,  viii.  474 

by  venoms,  viii.  474 

cytolysis,  viii.  476 

Ehrlich's  theory  of,  viii.  468 

serum,  varieties  of,  viii.  476 
Haemometer,  von  Fleisehl's,  ii.  55 
Haemopericardium,  iv.  472 
Haemopliilia,  iv.  473 

delinition,  iv.  473 

diagnosed  from  purpura,  v.  862 

diagnosis,  iv.  475 

ecchymoses  and  petechia'  in,  iv. 
474 

etiology,  iv.  473 

external  hemorrhages  in,  iv.  474 

hereditary  transmission,  iv.  473 

history,  iv.  473 

interstitial  hemorrhages   in,    iv. 
474 

joint  affections  in,  iv.  474;  v.  265, 
275 

morbid  anatomj',  iv.  474 

pathology,  iv.  ^75 

prognosis,  iv.  475 

symptoms,  iv.  474 

synonyms,  iv.  473 

treatment,  iv.  475 
Heemopneumothorax,  v.  598 
Haemoptysis,  iv.  416 

after-treatment,  iv.  477 

cold  in,  iii.  195 

in    pullnonar^•    tuberculosis,    v. 
605 

physical  signs,  iv.  477 

prodromal  s.vmi>toms,  iv.  476 

sequela;,  iv.  478 

symptomatology,  iv.  476 

treatment,  iv.  477 
Haemosiderin,  vi.  635 
Haemosiderosis,  vi.  635 
Haemostatics,  iv.  478,  634 
Haffkine's    prophylactic    treat- 
ment of  bubonic  plague,  ii.  513 
Hagenia  abyssinica,  v.  376 
Hair,  viii.  563 

abnormalities  of,  vii.  717 

atrophy  of,  i.  604 

cells,  i.  631 

cortex,  viii.  565 

cuticula,  viii.  566 

embryology,  viii.  563 

end,  i.  606 

external  root  sheath,  viii.  566 

gray,  ii.  647 

Henle's  layer,  viii.  566 

Huxley's  layer,  viii.  566 

in  insanity,  v.  51,  58 


Hair,  inner  root  sheath,  viii.  566 

medulla,  viii.  .566 

precocious  development  of,  iv 
807 

removal  of,  bv  electrolysis,   iv. 
808 

rin,ged,  ii.  647 

root  sheaths,  viii.  566 

sheaths,  viii.  565 

superHuous,  iv.  807 

syiiliiiitie  disca.ses  of  the,  vii.  616 
Hair  dyes,  injurious  effects  of.  iv. 

479 
Hair  follicle,  histologv  of  the,  viii. 

565 
Hairiness,  abnormal,  iv.  807 
Hair-snakes,  vi.  324 
Hair-worms,  vi.  324 
Haldane's  method  of  determining 

C'(.»j  in  air.  vi.  KiO 
Halisteresis  ossium,  vi.  420 
Halitosis,  ii.  480 

causes  of,  ii.  481 

treatment,  ii.  481 
Halls,  iv.  753 
Hall's  method  of  artificial  respir.a- 

tinn,  i.  5(111 
Hallucinations,  v.  46 

a  symi)tom  of  insanity,  v.  46 

in  paranoia,  v.  138 
Hallux  tlexus,  iv.  213 

rigidus,  iv.  213 

valgus,  iv.  213 

varus,  iv.  214 
Halsted's  interrupted  suture,  v.  178 

method  of  preparing  suturesand 
ligatures,  i.  568 

operation  for  radical  cure  of  in- 
guinal hernia,  iv.  674 
Halteridium  danilewsky,  vi.  600 
Hamamelis,  viii.  313 

virginjaiia,  viii.  313 
Hamilton's  apparatus  for  treatment 
of  fracture  of  lower  jaw,   v. 
252 

dynamometer,  iii.  564 

method  of  reducing  dislocation 
of  hip,  iii.  525 
Hammer  (of  the  tvmpanum),  anat- 

■  iniy  of.  i.  616;  iii".  .584 
Hammer-finger,  iv.  523 
Hammer-toe,  iv.  215 
Hammond's  a'Slhcsiometer,  i.  135 

dynamometer,  iii.  564 

wire-splint,  v.  253 
Hamularia  lymphatica,  vi.  313 
Hancock's  method  of  amputation 

of  foot,  i.  258 
Hand,  iv.  479 

absence  of,  iv.  492 

acquired  deformities  of,  iv.  508 

amputation  of,  i.  250 

anatomy  of,  iv.  482 

and  foot,   comparison  between, 
iv.  190 

anomalies  of  arteries,  i.  532 
of  muscles,  vi.  55 

ape,  iv.  531 

arteries  of,  iv.  489 

artificial,  v.  514 

ataxia  of,  iv.  538 

burns  and  scalds  of,  iv.  503 

bursa;  of,  ii.  534 

chancre  of.  iv.  505 

cicatricial  confractions  of,  iv.  508 

circulatory  disorders  of,  iv.  537 

claw-,  iv.  531 

cleft,  iv.  496 
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Hvarl, 

Hfl,iid,  club-,  iv.  496,  497 

Hand,  myositis  of,  iv.  538 

Harmony  and  discord,  i.  615 

comparative  anatomy  of,  iv.  480 

necrotic  conditions  of,  iv.  507 

Harris'   instrument  for  obtaining 

cougfuitai  ileformitii'S  of,  iv.  491 

neoplasms  of,  iv.  500 

urine  from  the  two  ureters  sepa- 

congestion of,  iv.  527 

nerves  of,  iv.  488 

rately,  V.  355,  3.56 

contractures  of,  habit,  iv.  538 

nervous  afTections  of,  iv.  538 

Harris  Lithia  Springs,  iv.  .538 

of  occupation,  iv.  528 

neuralgia  of,  iv.  528 

Harrison  Hot  Springs,  iv.  ,53S 

contu.sions  of,  iv.  502 

occupation  neuroses  of,  iv.  528 

Harrison's  groove,  ii   SIO 

crusheil,  iv.  502 

of  glory,  iv.  480 

Harting's  injection  tank,  iv.  73G 

cutaneous    distribution    of    the 

paralysis  of,  iv.  527 

Hartley's  method  of  dressing  after 

nerves  of  the,  iv.  487 

paralytic  deformities  of,  iv.  527 

resection  of  knee,  vi.  935 

deep  fascia  of,  iv.  485 

phlegmon  of,  vi.  615 

Hartmann's  cannula,  iii.  651 

deflections  of,  iv.  496,  513 

physiognomy  of,  iv.  489 

tuning  forks,  iii.  660 

deformities  of  the,  iv.  490 

preachers',  iv.  .530 

Harvey-Banting  treatment  of  obes- 

acquired, iv.  508 

scabies  of,  iv.  .507 

ity,  i.  125 

contractions  of  the  fingers, 

scalds  of,  iv.  503 

Hashish,  ii.  647 

iv.  508 

senile  changes  in,  iv.  533 

Hastings  and  St.  Leonards,  Eng- 

from occupation,  iv.  509 

supernumerary,  iv.  493 

land,  iv.  539 

dermatitis  of,  iv.  512 

superstitions  concerning,  iv.  479 

Hat,  military,  v.  794 

dermatoses  of,  iv.  511 

surface  markings  of  the  palm,  iv. 

Havana,  history  of  yellow  fever  in, 

development  of,  iv.  480 

483 

viii.  584 

diseases  of,  iv.  490 

synovial  sheaths  of,  iv.  344,  482 

Haversian  canals,  ii.  115 

disinfection  of,  vi.  795 

sypliilis  affecting  the,  iv.  505 

svstenis.  ii.  115 

dislocations  of  joints  of  the,  iii. 

tendons  of,  iv.  485 

Haw",  black,  viii.  234 

523;  iv.  513 

the  convulsive,  iv.  487 

Hawaii,  iv.  .539 

divisions  of,  iv.  481 

the  energetic,  iv.  489 

climate  of,  iv.  .541 

double,  iv.  493 

the  feeble,  iv.  488 

flora  and  fauna  of,  iv.  541 

eczema  of  the,  iii.  726:  iv.  511 

the  nervous,  iv.  489 

geography  of,  iv.  540 

elephantiasis  of,  iv.  499 

the  tonic,  iv.  488 

geology  of,  iv.  540 

embryology  of,  iv.  481 

trophic  changes  in,  iv.  538 

health 'in,  iv.  541 

expression  of  emotion  by,  iv.  489 

tuberculosis  of,  iv.  504 

history  of,  iv.  539 

fasci;?  of,  iv.  484 

ulcers  of,  iv,  508 

Pharmacopwia  in,  vi.  584 

foreign  bodies  in,  iv.  502 

wounds  of  the,  iv.  501 

requirements  for  medical  prac- 

frost-bite of,  iv.  502 

Handkerchief  liandage,  iii.  557 

tice  in,  iv.  48 

hemiplegia   contractures  of,   iv. 

dressings,  iii.  557 

Hayem  and  Nachet's  blood-count- 

530 

Hanging  as  a  cause  of  asphyxia,  i. 

ing  ap]iaratus.  ii.  41 

hypertrophy  of,  iv.  498 

.577 

Hayem's  solution,  ii.  40 

hysterical  contractures  of,  iv.  532 

evidences  of  death  from,  i.  673; 

Hay  fever,  iv.  .541 ;  vi.  134 

in  acromegaly,  i.  89;  iv.  500 

vii.  ,535 

annual  recurrence  of,  iv.  542 

in    amyotrophic    lateral    spinal 

suicidal  or  homicidal?  i.  578 

association,  i.  751 

sclero.sis,  iv.  532 

Hanging-block  cultures,  viii.  388 

course  of,  iv.  .542 

in  arthritis,  iv.  513 

Hanging-drop  cultures,  viii.  388 

climate  suitable  for,  iv.  565 

deformans,  iv.  514 

slide  fur,  viii.  394 

etiology,  iv.  543 

in  cervical  paraplegia,  iv.  .531 

Hangnail,  vi.  93 

health  resorts  for,  iv.  565 

in  childhood,  iv.  515 

Hanot's  cirrhosis,  v.  .548 

idiosyncrasy  in,  iv.  841 

in  erythromelalgia,  iv.  531 

diagnosed  from  obstructive  cir- 

peculiarities of,  iv.  542 

infections    and    parasitic   condi- 

rhosis, V.  .547 

treatment,  iv.  .544;  vi.  135' 

tions  of.  iv.  503 

Haplopappus  Baylahuen,  iv.  415 

Haygarth's  nodosities,  vi.  970 

inflammations  of,  iv.  503 

Haptophore,  viii.  470 

Hayti,  Pluirniacopaia  in,  vi.  .584 

in  fright,  iv.  488 

Harbin  Hot  Sulphur  Springs,  iv. 

Haywood  'White  Sulphur  Spring, 

in  general  diseases,  iv.  533 

533 

iv.  .546 

in  gigantism,  iv.  500 

Hardening  tissues,  methods  of,  iv. 

Head,  anomalies  of  muscles  of,  vi. 

in  gout,  iv.  514 

706 

43 

in  hypertrophic  cervical  pachy- 

Hardback, vi.  1000 

bandage  for,  i.  728 

meningitis,  iv.  531 

Hardness  of  water,  viii.  386 

bones   of,   conduction   of  sound 

in  infantile  hemiplegia,  iv.  ,533 

Harebell,  ii.  633 

through,  i.  618 

injuries  of  the,  iv.  501,  516 

fainil}-,  see  Campanulacea 

bursie  of.  ii.  533 

in  lead  palsy,  iv.  .539 

Harelip,  iv.  534 

concu,ssiou  of,  effect  on  hearing. 

in  median  paralysis,  iv.  530 

accidental,  iv.  .535 

iii.  603 

in  musculo-spiral  paralysis,   iv. 

Collis'  operation  for,  iv.  537 

deep  wounds  of,  iv.  555 

530 

congenital  origin  of,  iv.  534 

extraction  of  the,  vi.  314 

in  myxoedema,  iv.  500 

deformities  associated  with,  iv. 

gunshot  wounds  of,  iv.  451,  .5.54 

in  osteoarthropatliy,  iv.  ."00 

534 

in  chronic  hydrocephalus,  iv.  778 

in  paralysis  agitans,  iv.  533 

double,  iv.  535 

in  cretinism,  iv.  393 

in  progressivemuscular  atrophy. 

hereditary    transmission   of,    iv. 

injuries  of,  ii.  430,  421 

iv.  531 

.534 

as  a  cause  of  blindness,  ii.  11 

in  rheumatism,  iv.  514 

Malgaignc's    operation    for.    iv. 

irritative  lesions  following. 

in  syringomyelia,  iv.  500 

536 

iv.  562 

in  tetany,  iv.  533 

median,  iv.  .535 

in  medico-legal  autopsy,  i.  6.59 

in  ulnar  paralysis,  iv.  530 

Mirault's  operation  for,  iv.  .536 

lymphatic  glands  of,  v.  630 

ischicraic  myositis  of,  iv.  527 

operations  for,  iv.  .5.36 

vessels  of,  v.  627 

keratoderma  of  palm  of,  v.  304 

Phelps'  operation  for,  iv.  .537 

superficial  wounds  of,  iv.  554 

leprosy  affecting  tlie,  iv.  .507 

Sedillot's  operation  for,  iv.  .536 

veins  of,  anomalies  of,  viii.  202 

lymphatic  vessels  of,  v.  631 

Thomas   Smith's  operation  for, 

wounds  of,  iv.  5.54 

malformations  of,  iv.  490 

iv.  .538 

during  birth,  iv.  562 

middle  region  of,  iv.  483 

time  for  operating  upon,  iv.  535 

irritative  lesions  following. 

muscles  of,  iv.  483 

Hare's  method  of  brain  localization. 

iv.  ,563 

muscular  affections  of,  iv.  537 

ii.  404 

Headache,  iv.  546;  vii.  119 

power  of,  iii.  565 

Harmattan  (wind),  iii.  140 

ana'mic,  iv.  549 
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Heart. 


Headache,  circulatory,  iv   549 

classification  of,  iv.  547 

congestive,  iv.  547 

diagnosis  of,  iv,  553 

electro-therapeutics  in,  iii.  762 

following  antestliesia,  iii.  24 

fromalcoliol,  iv,  548 

from  coffee,  iv,  548 

from  drugs,  iv,  548 

from  hunger,  iv.  549 

from  indigestion,  iv.  .'547 

from  infectious  germs  and  their 
to.xins,  iv.  548 

from  lead,  iv,  548 

from  products  of  defective  me- 
tabolism, iv,  547 

from    retained    excrementitious 
substances,  iv,  547 

from  tobacco,  iv.  548 

functional,  iv.  547 

hyperajmic,  iv.  549 

hysterical,  iv,  548 

in  acromegaly,  iv,  553 

in  caries  of  the  cervical  verte- 
bra, iv,  553 

in  cerebral  abscess,  iv.  652 

in  cerebral  amemia,  iv.  550 

in  constipation,  iv,  547 

in  dental  disorders,  iv,  549 

in  diabetes,  iv.  548 

in  iliseases  of  the  cranial  bones, 
iv.  ,553 

in  diseases  of  the  frontal  sinus 
iv.  553 

in  ear  disease,  v.  549 

in  encephalitis,  iv.  552 

in  epilepsy,  iv,  549 

in  gout,  iv,  548 

in  Graves'  disease,  iv,  .548 

in  leptomeningitis,  iv,  552 

in  mastoid  disease,  iv,  5.52 

in  meningitis,  iv,  552 

in  neurasthenia,  iv,  548 

in  ocular  troubles,  iv,  549 

in  pachymeningitis,  iv,  5.52 

in  puerperal  eclampsia,  iv,  .547 

in  sexual  disorders,  iv,  549 

in  sinus  thrombosis,  iv.  5.52 

in  spinal-cord  diseases,  iv,  553 

in  syphilis,  iv.  553 

iu  tumors  of  the  brain,  ii.  435; 
iv,  551 

in  uterine  disease,  iv,  549 

in  vascular  diseases,  iv.  553 

inveterate,  surgical  treatment  of, 
ii.  425 

migraine,  iv.  550 

nasopliaryngeal,  iv.  .549 

neuropathic,  iv.  548 

ophthalmoscope  in  diagnosis  of, 
iv.  .553 

organic,  iv.  551 

paroxysmal,  iv,  550 

reflex,  iv,  549 

rheumatic,  iv.  547 

sick,  iv.  550 

toxsemic,  iv.  547 

treatment  of,  iv.  5.53 

urfemic,  iv.  547 
Head-covering',  military,  v.  794 
Head  louse,  v.  157 
Head  rest  for  removal  of  brain,  ii. 

385 
Healing',  processes  of,  v.  10 
Healing  Springs,  Ala.,  iv.  562 
Healing  Springs,  Va.,  vi.  746 
Health  of  troops,  i.  495 
as  affected  by  age.  i.  .501 


Health  of  troops  as  affected   by 
branch  of  service,  i.  500 
by  length  of  service,  i.  .500 
by  race,  i.  4i)8 
by  seasons,  i.  498 
influence  of  military  rank  on,  i. 

502 
in  peace,  i.  .503 
in  war,  i.  .507 
Health  resorts,   iv.    .563;    and  see 

Cliiiiiite 
Health,  State  boards  of,  iv.  .566 
cost  of.  iv.  .56f) 

dates  of  organization  of,  iv.  566 
powers  and  duties  of,  iv.  566 
Hearing,  see  Audition 
acuteness  of,  i.  625 
as  an  aid  in  the  judgment  of  di- 
rection, i.  624 
by  bone  conduction,  i.  618 
centripetal  conduction  path  or, 

ii.  363 
compared  with  sight,  i.  634 
cortical  centre  of,  ii,  307 
defective,   artificial  aids  to,  iii, 

630 
definition  of,  i.  611 
disturbances  of,    in  insanity,  v, 
51 
in    lesions    of   the    corpora 

quadrigeniina,  ii.  369 
in  tumors  of  the  brain,  ii.  445 
luuction  of   the   auditory  nerve 
in.  i.  621 
of  the  auricle  iu,  i.  615;  iii. 

373 
of  the  cochlea  in.  i.  621 
of  the  Eustachian  tube  in,  i. 

619 
of     the     external     auditory 

meatus  in,  i.  615 
of  the  external  ear  in,  i.  615 
of  the  labyrinth  in,  i.   ()19, 

623 
of  the  labyrinthine  fluid  in, 

i.  622;  ii"i.  373 
of  the  membrana  tectoria  in, 

i.  623 
of   the   membrana  tymjiani 

in.  i.  616 
of  the  o.ssicula  in,  i.  616;  iii. 

373 
of  the  rods  of  Corti  in,  i.  623 
of  the  semicircular  canals  in, 

i.  630,  624 
of  the  stapedius  muscle  in, 

i.  619 
of  the  tensor  tympani  mus- 
cle in,  i.  619 
of  the  tympanum  iu,  i.  616 
impaired,  tests  for.  iii,  374 
judgment  of  direction  and  dis- 
tance of,  i,  634 
loss  of,  see  Deiif/tess 
mechanism  of,  i.  611 
orgau  of,  i,  615 
philosophy  of,  iii,  373 
physiology  of,  i,  615 
tests  for,  iii.  316,  660;  vi,  853 
througli  the  bones  of  the  head,  i, 
618 
Heart,  iv.  567 

abscess  of,  iv,  .593 
actinomycosis  of,  iv,  .579 
allorhytiimia,  iv.  599 
anwmic  infarction  of,  iv.  579 
anatomy  of,  iv.  567 
and  athletics,  iv.  612 


Heart  and  great  vessels,  transposi- 
tion of,  vii.  707 
aneurism  of  the,  iv.  .580 

of  valves,  iv.  .583 
angina  pectoris,  iv,  600 
animal  parasites  of,  iv.  582 
anomalies  of  veins  of,  viii.  '201 
apex,  iv,  573 
apex-beat  of,  iii,  106 
arhythmia,  iv.  .598 
athletic,  iv.  .591 
au.scultution  of  the,  ii.  831 
automaticity  of  beat,  iii,  110 
base  of,  iv,  573 
beat,  iii,  104 
blood-vessels  of,  iv.  573 
bradycardia,  iv.  .597 
carcinoma  of.  iv.  .594 
changes  iu  form  of,  vii.  706 

iu  position  of,  vii.  707 
compression,  in  chloroform  syn- 
cope, ii,  33 
concentric   hypertrophy   of,    iv, 

.591 
condition    of,  in   diphtheria,  iii, 

483 
congenital  malformation  of,  vii, 

706 
cysticercus  cellulosa?  of,  iv,  583 
cysts,  iii.  3.50;  iv.  594 
depressants  of,  ii.  687 
development  of,  iv.  573 
diagnosis  of  aneurism  of,  iv.  582 
of  aortic  regurgitation,   iv. 

604 
of  .'lortic  stenosis,  iv.  605 
of  dilatation  of,  ii.  823;  iv. 

6!3;  vi.  563 
of  displacements  of,  iv.  584 
of  endocarditis,  iv.  .586 
of  fatty  degeneration  of,  iv. 

589 
of  fatty  infiltration  of.  iv.  .590 
of  fibroid  disease  of,  iv.  590 
of  hydatids  of,  iv.  583 
of  hypertroi)liy  of.  iv.  593 
of  inflaniniation  of,  iv.  593 
of  irritable,  iv,  .598 
of    mitral   iusutliciencj',   iv. 

606 
of  mitral  stenosis,  iv.  608 
of  pulmonary  regurgitation, 

iv.  608 
of   puliTionary   stenosis,    iv. 

608 
of  rupture  of,  iv.  611 
of  strain  of,  iv,  613 
of  thrombosis  of,  iv,  615 
of  tricuspid  insufficiency,  iv 

608 
of  tricuspid  stenosis,  iv,  608 
of  valvular  lesions  of,   iv, 

604,  609 
of  wounds  of,  iv,  616 
dilatation  of,  ii,  823;  iv.  591.  613 
disease  of,  and   chorea,  associa- 
tion of,  iii,  43 
as  a  cause  of  insanity,  v,  33 
balneology  in,  vi,  1.53 
bearing   of,    upon    question 
of  administering  a  general 
auo'sthetic,  iii,  10 
blindness  from,  ii,  13 
climates    suitable    for     the 
treatment  of,  iv,  565 
health  resorts  for,  iv,  565 
displacements  of,    iv,    583;   vii. 
707 
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Heart,  dulness  of,  ii.  820 

ilvspeplic,  iv.  597 

ccliiuococcus  of.  iv.  o82 

effects  of  alcohol  upon.  ii.  693 
of  call'ciue  upon,  ii.  703 
of  chloiol'orni  upon,  iii.  8 
of  curare  upon,  v.  33 
of  digitalis  upon  ii.  (597;  iii. 

477 
of  S(iuill.s  upon,  ii.  703 
of  stropluinthusupoti,  ii.  701 
of  training  upon,  iv.  612 

endocarditis,  iv.  585 

examination    of,    during    preg- 
nane)', V.  381 
for  life  insurance,  v.  511 

extract  of.  vi.  417 

excentric    h3-pertropliv    of.    iv. 
591 

failure  in  diphtheria,  iii.  486 

fatty  degeneration  of,  iv.  588 
infiltration  of,  iv.  589 

fibroid  disease  of  the,  iv,  590 

fibroma  of,  iv.  594 

fcetal,  auscultation  of,  v.  381 

fragmentation  of,  iv.  593 

hydatids  of.  iv.  583 

hypertrophy  of.  ii.  832;  iv.  591 

inflammation  of,  myocarditis,  iv. 
593 

in  Graves'  disease,  iv.  599 

inhibitory  meclianism  of,  v,  20 

irritable. "iv.  598 

in  soldiers,  ii.  631 

inspection  of  beat,  ii.  819 

lymphatics  of,  iv.  573;  v.  643 

malformations  of,  vii.  706 

malpositions  of,  vli.  707 

mechanism  of,  iii.  104 

muscle,  affections  of,  pulse  in,  vi. 
805 

myocarditis,  iv.  593 

myxoma  of.  iv.  594 

nerve  supply  of,  iii.  110;  iv.  594 

neuroses  of,  iv.  594 

outlines  of,  on  chest  wall,  iv.  567 

palpation  of,  ii.  830 

palpitation  of,  iv.  595 

parasites  of,  vi.  501 

parencliymatous      degeneration 
of,  iv."  593 

pentastoma  denticulatum  in,  iv. 
583 

percussion  of,  ii.  820 

pbvsical  examination  of,  ii,  819 

rate  of  beat,  iii.  109 

relations  of,  iv.  571 

rhabdomyoma  of,  iv.  594 

rhythm  of,  ii.  821 

rujiture  of,  iv.  610 

a  cause  of  death,  i.  670 

sarcoma  of,  iv.  594 

segmentation,  iv.  593 

signiticance  of  palpitation  of,  iv. 
595 

.simple  hypertrophy  of,  iv.  591 

soldiers',  iv.  612 

soiuids,  ii.  821 ;  iii.  106 

spontaneous  rupture  of,  iv.  610 

strain,  iv.  613 

structure  of,  iv.  573 

surfaces  of,  iv.  571 

symptoms  of  dilatation  of,  iv. 
593 
of  displacements  of,  iv.  584 
of  eudocarditis.  iv.  586 
of  fatty  degeneration  of,  iv. 
589 


Heart,  symptoms  of  fatty  infiltra- 
tion of,  iv.  590 
of  fibroid  disease  of.  iv.  590 
of  hydatids  of,  iv.  582 
of  hypertrophy  of,  iv.  593 
of  rupture  of,  iv.  611 
of  thrombosis  of,  iv.  614 
of  valvular  disease,  iv.  604 
of  wounds  of,  iv.  616 
s_vphilitic  disea.se  of  the,  iv.  601 
tachj'cardia.  iv.  596 
thrombosis  of  (heart  clot),  iv.  614 
topographical  anatonij'  of,  ii.  819 
transposition  of,  vii.  707 
treatment  of  abscess  of,  iii.  572 
of  aneurism  of,  iv.  583 
of  dilatation  of,  iv.  613 
of  displacements  of.  iv.  585 
of  endocarditis,  iv.  .587 
of  fatty  degeneration  of,  iv. 

589 
of   fatty  infiltration  of,   iv. 

590 
of  fibroid  disease  of,  iv.  591 
of  hydatids  of,  iv.  582 
of  hvpertropliy  of,  iv.  593, 

609 
of  irritable,  iv.  598 
of  rupture  of,  iv.  611 
of  strain  of.  iv.  614 
of  valvular  diseases,  iv.  009 
of  wounds  of,  iv.  616 
trichina  spiralis  in,  iv.  583 
tuberculosis  of.  iv.  603 
tumors  of,  iv.  593 
valvular  disease  of,  iv.  603 
combined,  iv.  609 
dyspnoea  in,  iv.  610 
etiology,  iv.  603 
prognosis  of,  iv.  609 
treatment  of,  iv.  609 
weak,  iv.  597 
work  of  the,  iii.  109 
wounds  of,  iv.  615;  vii.  753 
a  cause  of  death,  i.  670 
Heart-burn,  vii.  494 
Heat,  absorption  of,  by  air,  i.  148 
action  of,  on  cow's  milk,  v.  821 
animal,  ii.  558,  and  see  Calorim- 

etry  and  Temperature 
as  a  cardiac  stimulant,  iv.  624 
as  a  counter-irritant,  iv.  634 
as  a  diaphoretic,  iii.  433;  iv.  623 
as  a  disinfectant,  iii.  496 
as  a  hemostatic,  iv.   478,   634, 

636 
as  an  aid  in  the  judgment  of  di- 
rection, iii.  493 
as  a  preservative  of  milk,  v.  839 
as  a  sedative,  iv.  624 
as  a  therapeutic  agent  in  ear  dis- 
eases, iii.  650 
centres  in  the  brain,  ii.  .567 
coagulation  by,  iii.  150 
effects  of,  i.  l"49 

on  red  blood  corpuscles,  ii. 
625 
exhaustion  from,  iv.  619 
factors  influencing  the  effect  of. 

iv.  633 
germicidal  action  of,  iv.  333,  624 
methods  of  applying,  iv.  623 
necessary    for   vital   activity   of 

cells,  ii.  763 
production  of  and  dissipation  of, 
ii.  569 
centres  for,  ii.  567 
regulation  of,  ii.  568 


Heat,  production  of,  relation  to  size 
of  body,  ii.  569;  v.  767 
prostration  from,  iv.  619 
radiant,  effect  of,  iv.  633 
regulation  of.  and  body  tempera- 
ture, ii.  568 
physiology  of.  iv.  149 
sensation  of.  vii.  319 
therapeutics  of,  iv.  632 
Heat-stroke,  iv.  617 

cause  of  death  in,  iv.  619 
causes,  iv.  617 
cold  in.  iii.  195 
complications,  iv.  631 
definition,  iv.  617 
diagno.sis,  iv.  631 
pathological  anatomy,  iv.  617 
pathology,  iv.  617 
prognosis,  iv.  621 
symptoms,  iv.  619 
synonyms,  iv.  617 
treatment,  iv.  631 
Heat  values  of  foods,  vi.  175 
Heating  of  dwellings,  iv.  758 
of  scliool-buildings,  70 
sanitary  inspection  of  apparatus 
for,  iv.  769 
Hebephrenia,  v.   101,  103;  and  see 

lleirtettti'i  prixcux 
Heberden's  nodosities,  i.  547;  iv. 

514;  vi.  970 
Hebra's  contrivance  for  administer- 
ing a  continuous  bath,  vi.  549 
prurigo,  vi.  771 
water-bed,  vi.  549 
Hectometre,  viii.  299 
Hedeoma,  vi,  550 

pulegioides,  vi.  550 
Hedera,"'v.  238 
helix,  V.  338 
poetica,  v.  338 
Hederin,  v.  338 
Hedg-e  hyssop,  vii.  78 
Hediu's  hsematocrit,  ii.  47 
Hedonal,  iv.  634 
I  as  a  hypnotic,  iv.  818 

j  Heel,  painful,  iv.  216 
Hegar's  amputation  of  the  cervix 

uteri,  viii.  67 
Hegar's    operation    for    lacerated 

perineum,  vi.  313 
Hegar's  sign,  iv.  343 
Hehner's  test  for  formaldehyde  in 

milk.  v.  841 
Height   and  weight,    relative,   iu 

childhood,  ii.  832 
Height  of  body  calculated  from  iso- 
lated parts,  ii.  540 
Heilbronn  Mineral  Springs,   iv. 

634 
Heintz  method  of  estimating  quan- 
tity of  uric  acid  in  urine,  viii.  35 
Heitzmann's  theory,  i.  760 
Helenin,  iii.  742 
Helicis  major  muscle,  i.  638 

minor  muscle,  i.  638 
Heliotropin,  vi.  638 
Helix,  i.  630 

variations  in  form  of,  i.  640 
Helix  aspera,  viii.  567 
hortensis,  viii.  ,567 
poniatia,  viii.  567 
Helixigenin,  v.  238 
Helixin,  v.  338 
Hellebore,  American,  iv.  625 
black,  ii.  703;  iv.  636 
false,  i.  127 
green,  iv.  625,  626 
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Hellebore,  poisoning  by,  iv.  620 

wliiic,  poisouing  by,  iv.  636 
Helleborein,  iv.  626 

action  on  tbc  heart,  ii.  703 
Helleborin,  iv.  626 
Heller's  test  for  blood  pigmtnt  in 

till-  urine,  viii.  32 
Hellhoffite,  an  explosive,  vii.  911 
Helmet,  military,  v.  794 
Helmholtz's    ophtlialmometer,    vi. 
364 

ophthalmoscope,  vi.  381 

resonator,  i.  614 
Helminthocorton,  vi.  1 
Heloderma,  vi.  717 

bite  of,  poisonous,  vi.  717 

horridum,  vi.  717 

siispeotum,  vi.  717 
Helvellales,  iv.  281 
Hemeralopia,  ii.  13;  iv.  627 

and  nyctalopia,  iv,  627 

idiopathic,  iv.  627 

objective  signs  of,  iv.  627 

treatment,  iv.  628 
Hemiacardius,  vii.  679 
Hemiansesthesia,  causes  of,  i.  286 

hy.sli-rieal,  i.  283;  iv.  834 
Hemianopsia,  ii.  313;  iv.  628 

bilateral,  iv.  630 

homonymous,  iv.  630 
nasal,  iv.  630 
temporal,  iv.  630 

heteronymous,  iv.  628 

homonymous,  iv.  628 

nasal,  iv.  628 

symptom  of  brain  diseases,  iv. 
631 

temporal,  iv.  628 

unilateral,  iv.  630 
Hemiathetosis,  i.  600 
Hemiatrophy  of  the  face,  viii.  448 

progres.sive,  viii.  448 

of  the  tongue,  vii.  793 
Hemicrania,  vii.  697 
Hemicranin,  iv.  631 
Hemidesmus,  iv.  631 

inilicus,  i.  565;  iv.  631 

radi.v.  iv.  631 
Hemihypertrophy,  facial,  viii.  450 
Hemileuca  mala,  v.  167 
Hemiopia,  iv.  628 
Hemiplegia,  iv.  631 

causes,  iv.  631 

hand  in,  iv.  533 

hysterical,  iv.  6o3 

infantile,  iv.  533,  633 

manifestations,  iv.  631 

organic,  iv.  631 

permanent,  iv.  632 

seat  of  lesion,  iv.  633 

spinal,  vii.  373 
Hemiptera,  v.  155 
Hemisystole,  vi.  801 
Hemlock,  iii.  238 

pitch,  vi.  639 

poison,  iii.  238;  vi.  703 

poi.soning  by,  viii.  477 
Hemorrhage,  iv.  633 

acupressure  in,  i.  104 

after  amputation,  i.  245 

after  tooth-e.xtraction,  vii.  663 

after  uvulotomy,  viii.  109 

arrest  of,  iv.  475,  634 

by  acupressure,  i.  104 

by  cold,  iv.  636 

by  compression,  i.  536 

by  heat,  iv.  636 

by  haemostatics,  iv,  478 


Hemorrhage,    arrest    of,    by    iron 
salts,  V.  229 

by  ligature,  iv.  634;  see  also 
under  Arteries 

by  pressure,  iv.  635 

by  styptics,  iv,  478 

by  suprarenal  preparations, 
vi.  413 

by  suture,  iv.  635 

by  the  cautery,  iv.  636 

by  torsion,  iv".  635 
arterial,  iv.  633 
as  a  cause  of  death,  i.  666 
blindness  following,  ii.  13 
capillary,  iv,  633 
cautery  in,  iv.  636 
cerebral,  ii.  241 

and   brain  tumor,  diagnosis 
of,  ii.  449 

diagnosis,  ii.  344 

etiology,  ii.  241 

insanity  following,  v.  94 

in  whooping-cough,  viii.  308 

pathological  anatomy,  ii.  241 

prognosis,  ii.  245 

surgical  treatment  of,  ii.  423 

symjjtomatology,  ii.  342 

treatment,  ii.  245 
cold  in,  iv.  636 
complicating     whooping-cough. 

viii.  308 
compression  iu  the  arrest  of,  i. 

536 
consequences  of.  iv.  634 
constitutional  treatment  of,   iv. 

634 
effects  of,  upon  the  blood,  ii.  278; 

iv.  634 
following  amputation,  i.  239,  245 

shot  injuries,  iv.  447 

shot   injuries,    primarv,  iv. 
440 

shot  injuries,  treatment,  viii. 
24 

tonsillotomy,  vii.  819 
from  bone,  iv.  636 

the  nose,  vi.  127,  395;  and 
see  Ei/istaxis 
general  treatment  of,  iv.  475,  634 
hemostatics  in,  iv.  479 
heat  in,  iv.  636 
in  brain  surgery,  ii.  408 
in  fracture  of  the  skull,  iv.  559 
in  ha'mophilia,  iv.  473 
in  idiopathic  ana'mia,  i.  273,  376 
in  jaundice,  v.  246 
iu  myelogenous  leu  U.'emia,  v.  499 
interstitial,  iv,  473 
iu  the  etiology  of  epilepsy,  iii. 

849 
in  the  orbit,  vi.  400 
in  the  spinal  cord,  vii.  349 
into  the  adrenals,  vii,  566 
into  the  labyrinth,  iii.  601 
into  the  pericardial  sac,  iv.  472 
into  the  pituitary  gland,  vi.  640 
into  the  thoracic  duct,  vii.  745 
into  the  vitreous,  viii.  267 
in  tracheotomy,  vii.  840 
intramuscular,  vi.  26 
iron  iu  the  arrest  of,  v.  339 
leucocytosis  after,  v.  493 
ligature  in,  iv.  634;  see  also  un- 
der Arteries 
local  arrest  of,  iv.  635 
meningeal,  vii.  353 
ocular,  iv.  98 
a-sophageal,  vi.  339 


Hemorrhage  of  the  adrenals  iu  tlie 
new. born.  vi.  380 
of  the  chorion,  iii.  .53 
of  the  choroid,  iii.  69 
of  the  new-born,  vi,  380 
of  the  omentum,  vi.  358 
pancreatic,  vi.  464 
patholog)-  of,  iii.  123 
placental,  iii.  53,  388;  vi.  650 
post-partum,  iv.  786 
prevention  of,  in  amputation,  i. 

238 
primary,  in  gunshot  wounds,  iv, 

440 
prophylactic  treatment,  iv.  034 
I'enal,  w  361 
retinal,  vi,  955 
secondary,  iv.  633 
spinal  meningeal,  vii.  352 
styptics  iu,  iv.  478 
subconjunctival,  iii.  350 
suprarenal   preparations  in,   iv. 

413 
symptoms  of,  iv.  634 
torsion  in.  iv.  635 
transfusion  after,  iv.  636 
umbilical,  iv.  280 
under  the  nails,  vi.  93 
uterine,  iv.  786;  see  also  Menor- 
rliiir/ia  and  Metrorrharjia 
tampon  for,  viii.  177 
venous,  iv.  633 

Wj'etli's  method  of  compression 

in  liip-joint  amputations,  i.  ,536 

Hemorrhagic  diathesis,   iv.    473; 

and  see  lliv.iiiophitiu. 
Hemorrhagic  infarct,  iii.   122;  iv, 

86s 
Hemorrhoidal  plexus,  vii.  579 
Hemorrhoids,  i.  391 

after-treatment,  i.  393 

cautery  iu  the  treatment  of,  i. 

393 
cold  in,  iii.  194 
external,  i.  391 
injection  in  the  treatment  of.  i. 

392 
in  pregnancy,  iv.  346 
internal,  i.  391 
ligature  in  the  treatment  of,  i. 

393 
cesophageal,  vi.  338;  viii.  216 
operation  by  clamp  and  cautery, 

i.  393 
treatment  of,  i.  391 
Hemp,  Indian,  ii.  647 
Henbane,  iv.  637;  aud  see  Hyoscya- 
in  US 
poisonous,  i.  610;  vi.  710 
Hen  flea,  v.  155 

Henle's  fenestrated  membrane,  ii.  91 
layer,  viii.  566 
loop,  v,  310 
Henna,  iv.  638 
Henotannic  acid,  iv.  638 
Henocque's  hsematoscope,  ii.  53 
Henpuye,  iv.  638 
Hepatic  colic,  dilferentiated  from 

intestinal  colic,  iii.  197 
Hepatic   diseases,  effect  of,  upon 

metabolism,  v.  771 
Hepatic  extract,  vi.  416 
Hepatic  veins,  anomalies  of.  viii. 

207 
Hepaticodiaphragmaticus    rntis- 

cle,  vi.  61 
Hepatitis,  v,  531 ;  aud  see  Liver,  ab- 
scess of 
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Hepatitis  aposteniatosa,  v.  530 

Hernia,  clinical  varieties,  iv.  666 

Hernia,  strangulated,  differentiated 

extrinsic,  v.  531 

congenital,  iv.  665 

from   intestinal  colic. 

iii. 

intrinsic,  v.  531 

umbilical,  iv.  678 

197 

suppurative,  v.  530 

diaphragmatic,  iii.  434;  iv.  665, 

mechanism,  iv.  667 

from  arterial  infection, v.  531 

683 

treatment,  iv.  668 

of  biliary  origin,  v.  533 

acquired,  iii.  434 

taxis  for,  iv.  668 

of  portal  origin,  v.  531 

congenital,  iii.  434 

contraindications  to,  iv. 

668 

per  extensionera,  v.  352 

direct  inguinal,  iv.  671 

dangers  of,  iv.  668 

primary,  v.  531 

epigastric,  iv.  680 

traumatic  ventral,  iv.  681 

sec-cindary.  v.  531 

etiology,  iv.  665 

trusses  for,  iv.  683 

Hepatization,  gray,  vi.  678 

exciting  causes,  iv.  666 

umbilical,  iv.  678;  viii.  6 

red,  vi.  078  " 

femoral,  iv.  676 

classes  of,  iv.  678 

Herbage,  poisonous,  iv.  705 

anatomy  of,  i.  9;  iv.  676 

ventral,  iv.  680 

Herb-juice  cure,  the.  at  Meran,  v. 

occurrence  of,  iv.  677 

vesical,  iv.  683 

748 

results  of  operations,  iv.  678 

Hernies  par  glissement,  iv.  683 

Herbs,  fresh,  tinctures  of,  v.  739 

treatment,  iv.  677 

Herniotomy,  iv.  669 

Hereditary  ataxia,  vii.  347 

Fowler's  method  of  radical  cure, 

Heroin,  iv.  684 

Heredity,  iv.  638 

iv.  675 

as  an  expectorant,  iv.  .52 

and  immunitv,  iv.  664 

Gordon's  method  of  cure,  iv.  678 

Herpes,  iv.  684 

and  infections,  iv.  663,  664 

Halsted's  method  of  radical  cure. 

calarrhalis  cornea;,  iii.  285 

and  insanity,  v.  65,  69 

iv.  674 

circiuatus,  iv.  8 

and  intoxications,  iv.  663 

herniotomy,  iv.  669 

cornea\  iii.  285 

and  mutilations,  iv.  663 

indirect  inguinal,  iv.  671 

genitalis,  iv.  685 

and  neuropathies,  iv.  664 

infantile,  iv.  672 

idiopathica  corncie,  iii.  385 

and  overdevelopment,  iv.  663 

umbilical,  iv.  679 

in  pregnancy,  iv.  347 

and  reduction  and  svnapsis.  vi. 

inflamed,  iv.  666 

iris,  iv.  8 

870 

inguinal,  i,  7;  iv.  669 

of  the  cvelids,  iv.  117 

as  a  cause  of  cretinism,  iv.  392 

anatomy,  iv.  669 

of  the  throat,  vi.  .591 

as  a  cause  of  insanity,  v.  28 

diagnos"is,  iv.  672 

of  the  tongue,  vii.  796 

as  a  factor  of  organic  evolution. 

post-operative  treatment,  iv. 

of  the  vulva,  iv.  685 

iv.  24 

676 

pra?putialis,  iv.  685 

as  a  form  of  motion,  iv.  645 

radical  cure  of,  iv.  672 

produced    by  salicylic  acid. 

iii. 

data  of,  in  pathology  of  insanity, 

treatment,  iv.  683 

433 

V.  36 

internal,  iv.  665 

progenitalis,  iv.  685 

definition  of,  iv.  638 

interstitial  hernia,  iv.  672 

diagno.sis    of,    from     chan- 

effects of,  iv.  659 

in  the  linea  alba,  iv.  680 

croid,  ii.  797 

familial,  iv.  660 

in  the  lincje  semilunares,  iv.  681 

simplex,  iv.  684 

individual,  iv.  660 

in  the  lincae  transversie,  iv.  681 

zoster,  1.  4.56;  iv.  686 

racial,  iv.  659 

irreducible,  iv.  666 

and      eczema,      differential 

specific,  iv.  659 

ischiatic,  iv.  682 

diagno.sis  of,  iii.  715 

influence  of,  in  parthenogenesis, 

kelotomy,  iv.  669 

corner,  iii.  285 

vi.  .515 

Koclier's  method  of  radical  cure. 

frontalis,  iv.  117 

in  gigantism,  viii.  461 

iv.  674 

of    supraorbital    nerve, 

iv. 

in  its  relation  to  the  development 

Lucas  Cliampionni^re's  method 

117 

of  morbid  states,  iv.  659 

of  radical  cure,  iv.  675 

on  arm  and  forearm,  i.  456 

in  paresis,  v.  87 

lumbar,  iv.  681 

ophthalmicus,  iv.  117 

in  relation  to  consumption,  iii. 

Macewen's   method    ef    radical 

Herpetic  fever,  iv.  685 

264 

cure,  iv.  675 

Hesperetin,  iii.  127 

law  of  ancestral,  iv.  642 

mechanical  treatment,  iv.  683 

Hesperidin,  ii.  514;  iii.  V2i:  v. 

483 

phenomena  of,  iv.  640 

oblique  inguinal,  iv.  671 

Hesse's  apparatus  for  air  analj 

•sis. 

theories  of,  iv.  644 

obstructed,  iv.  666 

viii.  403 

Hering's  theory  of  color  sensation. 

obturator,  iv.  681 

Niihrstoff-IIeyden  agar,  viii. 

376 

viii.  245 

of  the  appendix  vermiformis,  iv. 

Heterochromia,  v.  218 

Hermann's  hardening  fluid,  iv.  708 

683 

Heterochronie,  iv.  807 

modification  of,Flemming's  hard- 

of the  bladder,  i.  790;  iv.  682 

Heterolysin,  viii.  472 

ening  fluid,  iv.  707 

of  the  cord,  iv.  678 

Heterophoria,  vii.  533 

Hermaphroditic  malformations, 

of  the  large  intestine,  iv.  683 

Heterophyes,  vii.  870 

vii.  711 

of  the  meninges,  ii.  233 

heterophyes,  vii.  870 

Hermaphroditism,  iv.  711 

of   the   ovary,  iv.  682;  vi.  432; 

Heteroptera,  v.  160 

bilateral,  vii.  711 

viii.  163 

Hetocresol,  iv.  688 

false,  vii.  712 

of  the  pelvic  outlet,  iv.  682 

Hetoform,  iv.  688 

lateral,  vii.  711 

of  the  pregnant  uterus,  iv.  349 

Hetol,  iv.  688 

true,  vii.  711 

of  the  uterus,  viii.  78,  85 

Heuchera,  i.  206 

unilateral,  vii.  711 

of  the  ventricles  of  tiie  larynx, 

americana.  i.  206 

Hermophenol,  iv.  665 

V.  436 

Hewitt's  mouth  prop,  iii.  12 

Hernia,  iv.  665 

predisposing  causes,  iv.  665 

nitrous  oxide   and    oxygen 

ap- 

acquired,  iv.  665 

purse-string  method  of  cure  of. 

paratus,  iii.  20 

adult  umbilical,  iv.  679 

iv.  678 

nitrous  oxide  inhaler,  iii.  19 

anatomical  varieties,  iv.  669 

radical  cure  of  inguinal,  iv.  672 

Hexamethylenediamin,   ptomaVn, 

associated  with  undescended  tes- 

reducible, iv.  666 

vi.  785 

ticle,  iv.  675 

reduction  en  masse,  iv.  669 

Hexamethylene-tetramine, 

iv. 

Bassini's  method  of  cure,  iv.  672, 

sliding,  iv.  683 

240;  viii.  00;  and  see  iriitropi 

I 

677 

slipped,  iv.  683 

Hexapoda,  v.  158.  160 

Bloodgood's  method  of   radical 

strangulated,  iv.  667 

poisonous,  V.  160 

cure,  iv.  675 

anatomical  changes,  iv.  667 

Hexoses  in  urine,  viii.  38 

cerebri,  ii.  233;  iv.  61 

aspiration  in,  i.  580 

Hexylamin,  ptomain,  vi.  785 

choice  of  methods  of  cure  for  in- 

catises of,  iv.  667 

Hey's  method  of  tarso-metarsal 

am- 

guinal,  iv.  675 

classification,  iv.  668 

putation,  i.  256 

680 
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Hepatitis. 
Horseradish. 


Hiatus  aorticus,  i.  408 

Hibernating-  animals,  blood  in,  ii. 

Hicks'  metbod  of  version,  vi.  314 
Hides,  tanning  of,  regulations  for, 

vi.  330 
High  altitudes,  cases  suitable  for, 

iii.  354 
Highland  Springs,  Cal.,  iv.  688 
Highland  Springs,  Me.,  ir.  689 
Highmore,  antrum  of,  vi.  104 ;  and 
see  Miixillitry  t</iifts 
cystic  disease  of,  v.  248 
hydrops  of,  v,  248 
measurements  of,  viii.  240 
polypus  of,  V.  249 
suppuration  in,  v.  248 
Hill  and  Barnard's  sphygmome- 
ter, vi.  SUM 
Hill's  mercurial  gas  pump,  vi.  949 
Hip  disease,  v.  2W).  2iJ8 
abscess  in,  v.  268 
and  congenital  dislocation  of  the 
hip,  differential  diagnosis,   v. 
271 
atrophy  in,  v.  267,  270 
attitude  in,  viii.  270 
deformity  in,  v.  268 

treatment,  v.  284 
determination  of  amount  of  de- 
formity, V.  269 
dia.enosis  of,  v.  269 
differential  diagnosis  of  varieties 

of,  V.  271 
distortion  of  the  limbs  in,  v.  268 
distraction  in  tlie  treatment  of, 

V.  278 
extension  in  the  treatment  of,  v. 

279 
fixation  in  the  treatment  of,  v. 

278 
limping  in,  v.  267 
muscular  stiffness  in,  v.  269 
night  cries  in.  v.  267 
pain  in,  v.  267,  270 
prognosis,  v.  268 
protection  in  the  treatment  of,  v. 

281 
swelling  in,  v.  270 
treatment,  v.  278 
tuberculous  osteitis,  v.  366 
Hip-joint,  iv.  689;  vi.  938 

amputation  at,  i.  264;  v.  284 
ankylosis  of,  i.  360 
arthritis  deformans,  of,  v.  273 
blood  supply  of,  iv.  692 
bursie  of,  ii.  52.') 
capsule  of,  iv.  691 
chronic  ostitis  of,  v.  266 
congenital  dislocation  of,  iv.  693 
diagnosed   from   coxa  vara, 

iil  309 
Lorenz  method  of  treating, 
iv.  695 
development  of,  iv.  690 
disease  of,  see  Hip  disease 
dislocations  of,  iii.  .523 
congenital,  iv.  692 
drainage  of,  v.  294 
excision  of,  v.  383 
liability  of,  to  disease  or  injury, 

iv.  689 
ligaments  of,  iv.  690 
method  of  examining,  v.  369 
movements  of,  iv.  689 
nerves  of,  iv.  692 
relations,  iv.  689 
resection  of,  vi.  936 


Hip-joint,  resection  of,  after-treat- 
ment, vi.  941 
history,  vi.  936 
indications,  vi.  936 
methods,  vi.  938 
results,  vi.  936 
synovitis  of  the,  v.  272 
Hipp"ocamp,  ii.  179 
Hippocampus  major,  ii.  179 

development  of.  ii.  278 
Hippocratic  bath,  iv.  699 
tiugeis,  iv.  500 
siiecussion,  vi.  668 
Hippomane,  iv.  17 

manciuella,  poisonous,  vi.  699 
Hippospongia  equina,  vii.  430 
Hippuric    acid,    foruiatiou    of,    in 
body,  V.  772 
iu  urine,  v.  318;  viii.  46 
tests  for,  viii.  46 
Hirsuties,  iv.  807 
Hirudinea,  iv.  700 
Hirudo,  i".  701 
decora,  iv.  702 
medicinalis,  iv.  701 
nipponica,,iv.  701 
officinalis,  iv.  701 
troctiua,  iv.  701 
Hiss'  plate  medium,  viii.  376,  578 

tube  medium,  viii.  376,  578 
Histidin,  i.  68 
Histogenesis,  iv   649 
Histological  technique,  iv.  703 
aniline  dyes,  iv.  721 
artificial  digestion  of  tissues,  iv. 

713 
dovible  .staining,  iv.  721 
metallic  impregnations,  iv.  723 
methods  of   applying   reagents, 
iv.  704 
of  decalcification,  iv.  710 
of  dissociation,  iv.  710 
of  embeddin,g,  iv.  717 
of    fixing,    hardening,    and 

preserving,  iv.  706 
of  injecting,  iv.  723 
of  making  sections,  iv.  712 
of  mounting,  iv.  727 
of  staining,  iv.  718 
of  studying  living  and  fresh 
tissue,  iv.  703 
special  stains,  iv.  733 
Histon  in  urine,  viii.  33 

test  for,  viii.  33 
Histotherapy,  vi.  409 
Hives,  see  Urticaria 
Hoarseness,  v.  415 
Hob-nailed  liver,  v.  544 
"  Hoche,"  plan  of  the,  vi.  164 

ventilation  of  the,  vi.  164 
Hodenpyl's  method  of  section  cut- 
ting, iv.  713 
Hodge's  obstetric  forceps,  vi.  313 
Hodgen's  splint,  iv.  264 
Hodgkin's  disease,  ii.  643;  iv.  728; 
V   663 
anatomical  characters,  iii.  691 
definition,  iv.  728 
diagnosis,  iv.  730 
differentiated  from  leukaemia,  v. 

503 
etiology,  iv.  728 
extract  of  bone  marrow  in,  vi. 

414 
history,  iii.  691 
pathology,  iv.  729 
prognosis,  iv.  731 
symptoms,  iv.  729 


Hodgkin's  disease,  synonyms,  iv. 
728 

the  blood  in,  ii.  69 

treatment,  iv.  731 
Hoffa-Schede  appliance,  modified, 

for  correction  (jf  scoliosis,  v.  464 
Hoffmann's  anodyne,  i.   361 ;   iv. 

13 
Hog  apple,  see  Podopliyllum 
Hog  cholera,  detection  of.  v.  737 
Hogs,  diseases  among,  detection  of, 

V.  727 
Holarrhena,  iv.  733 

uutidyscnterica.  iv.  732 
Holland,   food  adulteration  in,  iv. 
166 

Pharmacoposia  in,  vi.  585 
Hollyhock,  v.  686 
Holoacardius,  vii.  679 
Holocaiu,  iv    732 
Holorachischisis,  vii.  695 
Holzin,  iv.  246 
Holzinol,  iv.  246 
Homatropine,  iv.  732 

as  a  mydriatic,  vi.  70 
Homburg,  Germany,  iv.  732 
Homicide  and  suicide,   probabili- 
ties between,  in  case  of  poisoning, 
vi.  692 
Homines  pilosi,  iv.  807 
Homochelidonine,  alpha,  ii.  760 

beta,  ii.  112.  TOO 
Homocinchonidine,  iii.  93 
Homocresol,  iv.  425 
Homoeosis,  viii.  184 
Homogamy,  iv.  .33 
Homogentisuric  acid  in  urine,  viii. 

47 
Homologous   organs,   as  an    evi- 
dence of  evolution,  iv.  31 
Homosexuality,  v.  134 
Homotypes,  viii.  184 
Honduras  bark,  ii.  706 
Honey,  iv.  733;  v.  736 

adulteration  of,  iv.  181 

a  form  of  medicine,  v.  736 

of  rose.  iv.  733;  v.  736 
Honthin,  iv.  733 

Hoof-and-mouth  disease,  iv.  733 
Hooklets,  echinococcus,  v.  .541 
Hooping-cough,      see      M'houping- 

ciiufih,  viii.  306 
Hopea  micrantha,  iii.  352 

spleiidida,  iii.  3.52 
Hopkins'     method     of     estimating 
quantity  of  uric  acid  iu  urine, 
viii.  36 

rongeur  forceps,  ii.  407 
Hops,  iv.  735 

difference  between  lupulin  and 
v.  609 
Hordeolum,  iv.  119 
Horehound,  iv.  736 
Horion,  v.  11,  and  see  Influenza 
Horn,  Politzer's  metallic,  iii.  633 
Hornet,  bald-faced,  v.  168 
Horn's  Spring,  iv.  736 
Horns,  cutaneous,  iii.  392 

of  the  eyelids,  iv.  106 

of  the  penis,  vii.  177 
Horny  changes,  iii.  391 

excrescence,  iii.  392 
Horse,   hitmolymph  glands  of,  iv. 

468 
Horse-chestnut,  ii.  514 
Horse  flesh  as  food,  v.  727 
Horse-flies,  v.  165 
Horseradish,  iv.  737 
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Horseshoe  tourniquet,  i.  239 

Huntington's  chorea,  v    101 

Hydrate,  ferric,  with  magnesia,  v. 

Horsley's  instniiiK'iit  tor  fixing-  tlie 

Hunyadi  Janes  Spring,  Austria, 

325 

(issuiv  of  ]{ol:imlo,  ii.  403 

viii.  478 

Hydrate  of  iron,  v.  325 

iiK'tliod  of  bmiu  localiziitiou,  ii. 

Huppert's  test  for  acetone  in 

the 

and  magnesia,  v.  335 

403 

urine,  i.  67 

of  magnesia,  v.  673 

Hospital  cars,  vi.  836 ;  vli.  855 

for  bile  pigments,  viii.  50 

of  potassium,  vi.  743 

Hospital,  field,  i.  474 

Hura,  iv.  17 

Hydrencephalocele,  ii.  333, 

411 

Hospital  gangrene,  iv,  307 

Hurthle's  spring  manometer 

iii. 

Hydriodic  acid,  iv.  775 

Hospital,  isolation,  iv.  334 

98 

etlier,  iv.  14 

Hospital  phagedena,  iv.  307 

Hutchinson's  spirometer,  vi.  947 

Hydroa,  iv.  8.  776 

Hospital  ships,  iv.  737 

syphilitic  teeth,  vii.  654 

vacciniforme,  iv.  776 

ill  I'.iiglanil,  iv.  745 

Huts  for  solilicrs.  v.  Sll 

Hydrobilirubin,  i.  755 

iu  tlie  rnited  States,  iv.  737,  745 

Huxham's  tincture,  iii.  89 

Hydrobromic  acid,  iv.  776 

medical  oHieer.s,  duties  of,  iv.  743 

Huxley's  layer  of  hair,  viii.  5 

36 

as  a  hypnotic,  iv.  817 

niirse.s  on,  iv.  744 

Hyalin,  iv.  771 

Hydrobromic  ether,  iv.  13 

officcr.s  of,  iv.  740 

Hyaline  bodies,  iv.  773 

Hydrobromide  of  quinine, 

ii.  90 

of  the  United  States  army,  iv. 

cartilage,  ii.  704 

Hydrocele,  vii.  185 

737 

changes  in  jiancreas,  vi.  464 

abdominal,  vii.  187 

the  Aid,  i^^  739 

Hyaline    degeneration,    iii. 

395, 

bilocular,  vii.  187 

the  Bai/  State,  iv.  739 

396;  iv.  771 

complications,  vii.  186 

the  Missouri,  iv.  738 

causes  of,  iv.  773 

congenital,  vii.  186,  187 

the  Olirettc,  iv.  739 

locations,  iv.  772 

diagnosis,  vii.  186 

tlie  Uiliif.  iv.  737 

of  connective  tissue,  iv.  773 

idiopathic,  vii.  185 

Hospital  tents,  v.  810 

of  lymph  nodes,  v.  660 

infantile,  vii.  187 

.Munson".s.  v.  810 

of  omentum,  vi.  359 

inguinal,  vii.  186 

Hospital  wards,  amount  of  air  re- 

of placenta,  vi.  615 

of  the  canal  of  Nuck,  viii 

.  98 

quired  in,  ii.  601 

of  veins,  viii.  309 

of  the  spermatic  cord,  vii 

187 

contagious,  ii.  661 

Hyaline  deposits,  iii.  396 

symptomatic,  vii,  185 

lying-in.  ii.  661 

Hyalitis,  viii.  365 

symptoms,  vii.  186 

surgical,  ii.  661 

asteroid,  viii.  366 

treatment,  vii.  186 

Hot-air   treatment  of  fractures, 

punctata,  viii,  206 

varieties,  vii.  186 

iv.  356 

su])]iurative,  viii.  366 

Hydrocephalocele,  ii.  333 

Hot  Borate  Spring,  iv.  746 

Hyaloid  artery,  persistent,  viii 

265 

occipital,  ii.  333 

Hot  Springs,  Bath  County,  Va., 

Hyaloid  canal,  viii.  365 

Hydrocephalus,  see  Idiocy, 

liydro- 

iv.  746 

opacity  of  the  walls  of,  viii. 

265 

cephalic 

Hot  Springs,  Fall  River  County, 

Hyaloid  membrane,  viii.  305 

acute,  ii.  431 

S.  D.,  iv.  748 

Hyaloplasm,  ii.  761 

aspiration  in,  i.  581 

Hot   Springs,    Garland    County, 

Hyaloserositis,    nuiltiple    pros 

■res- 

chronic,  iv.  777 

Ark.,  iv.  7-18 

sive,  viii.  504 

congenital  and  acquired,  iv. 

Hot   Springs,  Madison   County, 

Hydatid  cysts,  ii.  789 

777 

N.  C,  iv.  749 

kyphosis  due  to,  v.  378 

definition  of,  iv.  777 

Hot  Sulphur  Springs,  Col.,  iv.  750 

of  the  heart,  iv.  582 

diagnosis,  iv.  779 

"Hottentot  apron,"  the,  viii.  163 

of  the  kidney,  v.  344 

duration,  iv.  779 

Hot  water  to  heat  houses,  iv.  760 

of  the  liver,  v.  539 

ctiolog}',  iv.  777 

House,  see  Ihitiitdtionn 

of  the  pericardium,  vi.  .563 

internal  and  external. 

iv.  777 

House,   sanitary  inspection    of. 

Hydnacese,  iv.  385 

morbid  anatomy,  iv  "" 

78. 

iv.  768 

Hydnocarpus   anthelmintica 

ii. 

of  adolescents  or  adults,  iv. 

House  sanitation,  iv.  750 

803 

779 

Howard  Springs,  Lake  County, 

Hydnum  caput  ursi,  iv.  286 

prognosis,  iv.  779 

Cal.,  iv.  770 

coralloides,  iv.  386 

symptoms,  iv.  778 

Howard      Springs,     Lauderdale 

erinaceus,  iv.  386 

theories  concerning,  iv.  777 

County,  Ala.,  iv.  770 

imbricatum,  iv.  286 

treatment,  iv.  779 

Howard's  method  of  artificial  res- 

repandum, iv.  386 

congenital,  iv.  777;  vi.  280 

piration,  i.  .560 

Hydracetin,  iv.  773 

diagnosed  from  brain  tumor,  ii. 

Howship's  lacunae,  ii.  119 

Hydradenoma,   not  identical  with 

449 

Hubbard  Springs,  iv.  770 

ctiUoid   degeneration  of   the  skin, 

external,  iv.  777 

Hudson  Hot  Springs,  iv.  770 

iii.  200  _ 

internal,  iv.  777 

Huefner's  apparatus  for  estimation 

Hydramins,  ptomai'ns,  vi.  786 

neonatorum,  vi.  280 

of  urea,  viii.  34 

Hydramnion,  i.  337;  iv.  773 

Hydrochinon,  iv.  788 

Humerus,  dislocations  of,  iii.  517 

Hydramnios,  iv.  773 

Hydrochloric  acid,  iv.  780 

fractures  of,  iv.  360 

diagnosed  from   ovarian  tumor. 

action  of,  on  the  tissues,  i 

.  71 

Humidity    an   element  of  climate. 

vi.  439 

as  a  caustic,  ii.  757 

iii.  143 

Hydrangea,  iv.  774 

as  a  germicide,  iv,  333 

of  health  resorts,  iv.  564 

arboiescens,  iv.  774 

as  a  vesicant,  iii.  304 

relation  to  temperature,  iii.  143 

Hydrangin,  iv.  774 

burns  from,  ii.  520 

Humulus  lupulus,  iv.  735 

Hydrargyro-iodo-hsemol,  v.  330 

in  the  stomach,  function 

of,  iii 

Hungary,  Pharameopana  in,  vi.  581 

Hydrargyrum,  see  Mercury 

472 

Hunger,  a  cause   of  headache,  iv. 

cum  creta,  v.  750 

origin  of,  vii.  96 

549 

Hydrarthros,  v.  261 

in  the  urine,  viii.  52 

in  diabetes  mellitus,  iii.  428 

Hydrarthrosis,  v.  261 

post-mortem  appearances 

in  poi- 

sensation  of,  vii.  130 

Hydrastin,  iv.  775 

soning  by,  i.  661 

Hunter's  canal,  vii.  738 

Hydrastine,  iv   775 

toxicology  of.  i.  71 

(lejiressor.  iv.  464 

Hydrastinine,  iv.  775 

Hydrochloric  ether,  iv.  13 

Hunter's  Hot  Springs,  iv.  771 

hydrochlorate,  iv.  775 

Hydrochloride  of  quinine. 

iii.  90 

Hunter's  method  of  treatment  for 

Hydrastis,  iv.  774 

Hydrocyanic  acid,  iv.  780 

aneurism,  i.  328 

canadensis,  iv.  774 

action  of,  on  heart,  v.  23 

Hunter's  Pulaski  Alum  Springs, 

.li-zaMisis.  iv.  775 

analysis,  in  poisoning  by, 

iv.  783 

v.  771 

Hydrate,  ferric,  v.  225 

detection  of ,  post-mortem 

iv.788 
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Hydrocyanic     acid,     experimeBts 
with,  iv.  781 

inhalation  of,  symptoms  follow- 
ing,  iv.  782 

lethal  dose,  iv.  783 

medico-legal  questions  in  poison- 
ing by,  iv.  785 

physiological  effects  of,  iv.  781 

poisonous  effects  of,  iv.  781 

post-mortem  appearances  in  poi- 
soning by,  i.  663;  iv.  783 

statistics  of  poisoning  by,  iv.  781 

symptoms  of  poisoning  by,  iv. 
782 

tests  for,  iv.  784 

therapeutics  of,  iv.  780 

toxicology,  iv.  781 

treatment   of   poisoning  by,  iv. 
783 
Hydrocyanic  ether,  iv,  78G 
Hydrofluoric  acid,  iv.  786 

ill  llie  uiiue,  viii.  53 
Hydrogen  as  a  geimicide,  iv.  333 

in   diagnosis  of   penetrating  ab- 
diiniiiud  wounds,  v.  190 
Hydrogen  dioxide,  iv,  786 

as  a  gerjiiiciile,  iv.  333 

in  facial  infection,  i.  460 
Hydrogen  peroxide,  iv.  786 
Hydrogen,  sulphuretted,  as  ger- 
micide, iv.  386 
Hydromeningocele,  ii.  233 
Hydronephrosis,  i.  33;  v.  357 
Hydropericardium,  iv.  787 

anatomic  alterations,  iv,  787 

etiolog)',  iv.  787 

physical  signs,  iv.  787 

prognosis,  iv,  788 

symptoms,  iv.  787 

treatment,  iv.  788 
Hydroperitoneum,  i.  .563 
Hydrophobia,    vi.    830;    and    see 

dyspnoea  in,  iii.  580 
Hydrophone,  vii,  459,  460 
Hydrophthalmus,  iv.  364 
Hydi'opic  degeneration,  iii.  394 

of  muscle,  vi.  28 
Hydropneumothorax,  vi.  667 

jjliysical  signs  of,  vi.  668 
Hydrops,  vi.  334 ;  and  see  (Edciita 

adiposus,  iii.  79 

ascites,  i.  563 

chylosus,  iii.  79 

of  the  antrum  of  Highmore,  v. 
248 

of  the  knee,  v.  273 
treatment,  v.  288 

of  the  omentum,  vi.  359 

of  the  ventricles  of  the  brain,  iv. 
777 
Hydropsia  spui-ia,  vi.  337 
Hydroquinone,  iv.  788 

effect  of,  ou  bodily  temperature, 
ii.  571 

in  tlie  urine,  viii.  44 
Hydrorrhcea,  vi.  114 
Hydrosalpinx,    pathology  of,   iv. 

Hydrostatic  test,  i.  673 
Hydrotherapy,  iv.  788 

ill  chronic  diseases,  iv.  792 

in  insanity,  v.  73 
Hydrothionsemia,  an  auto-intosi- 

r:ition,  i.   645 
Hydrous  wool  fat,  v,  405 
Hydroxide  of  iron,  v.  225 

of  magnesium,  v.  672 


Hydroxide  of  potassium,  vi.  743 

of  sodium,  vii.  256 
Hydroxylamine,  iv.  792 

hydrochloride,  iv.  792 
Hydrozone,  iv.  787 
Hyeres  and  Costebelle,  iv.  793 
Hygiene,  military, '»^792    ^ 

alcohol,  iv.  805 

antiscorbutics,  iv.  803 

barracks,  iv.  807 

bathing,  iv.  816 

beverages,  iv..804 

camps,  iv.  809 

clothing,  iv.  792 

food,  iv,  798 

foot  covering,  iv.  795 

general  considerations,  iv.  817 

guard  duty,  iv.  815 

gymnastics,  iv.  816 

habitations,  iv.  708 

liead  covering,  iv,  794 

marching,  iv.  814 

rations,  iv,  799 

setting-up,  iv.  815 

tents  and  camps,  iv.  809 

underclothing,  iv.  795 

uniform,  iv.  793 

water,  iv.  804 

weight     of     equipments,   arms, 
etc.,  iv.  797 
Hygiene,  naval,  vi.  1.54 

climatic  conditions,  vi.  178 

clothing,  vi.  180 

enviroinneut,  vi.  178 

examination  of  recruits,  vi.  180, 
187 

food,  vi.  171,  179 

introductory,  vi.  1.54 

rations,  vi.  171 

subjective  conditions,  vi.  179 

the  sick,  vi.  187 

ventilation,  vi.  1.55 

water,  vi.  167 
Hygiene  of  acclimatization,  i.  .54 

of  infancy,  iv.  859 

of  insanity,  v.  73 

of  occupation,  vi.  316 
Hygienic   treatment  of    infantile 

diarrhd'a,  iii.  446 
Hygroma,  iv.  794 

congenitnm  colli,  iv.  794 
Hygrophilia,  iv.  794 

s]iino.sa,  iv.  794 
Hymen,  vi.  ,568;  vii,  166 

cysts  of,  iii.  351 
Hymenolepis,  ii.  791 

diminuta,  ii.  791 

niurina,  ii.  791 

nana,  ii.  791 
Hymenomycetes,  iv.  283 
Hymenoptera,  poisonous,  v.  167 
Hyofascialis  muscle,  vi.  45 
Hyoglossus  muscle,  anomalies  of, 

vi.  47 
Hyoid  bone,  vi,  198 

dislocations  of,  iii.  513;  iv.  794 

fractures  of,  iv.  794 
Hyoscine,  iv.  795 

hydrobromate,  iv.  795 
as  a  liypnotic,  iv.  818 

hypodermatic  use  of,  iv.  820 

toxic  action  of,  iv.  795 
Hyoscyamina,  iv.  795 
Hyoscyamine,  iv.  795 

as  a  hypnotic,  iv,  818 

effect  of,  on  body  temperature, 
ii.  571 

hydrobromate,  iv.  795 


Hyoscyamine,    hypodermatic    use 
of,  iv.  820 

sulphate,  iv.  795 
Hyoscyamus,  iv.  637;  andsee/A/i- 
biliic 

albiun,  iv.  638 

as  a  h^'pnotic,  iv.  818 

niger,  iv,  637 

poisonous,  i,  610 
Hyperacousis,  iii.  603 
Hyperaemia,  v.  551 

active,  v,  551 

as  precursor  of  cystitis,  i.  793 

cerebral,  ii,  368 

headache  in,  iv.  .549 

mechanical,  v.  551 

of  chorion,  iii.  53 

of  choroid,  iii.  64 

of  conjunctiva,  iii,  240 

of  liver,  v.  .551 

of  lungs,  V.  591 

of  o'sophagus,  vi.  338 

of  omentum,  vi.  3.58 

of  placenta,  iii.  53 

of  retina,  vi.  953 

of  striated  muscle,  vi.  26 

passive,  v,  551 

patholog}-  of,  iii.  120 
Hypersesthesia,  vii.  117 

in  hysti-iia.  iv.  831 

in  insanity,  v.  51 

ocular,  i,  582 

of  larynx,  v.  427 

of  mamma,  ii.  473 

of  nipple,  ii.  473 

of  phiiryn.x.  vi.  605 
Hyperchlorhydria,  vii.  500 
Hyperemesis    of  pregnancy,   iv. 

345 
Hyperidrosis,  ii.  486;  iv.  796 
Hyperisotonic  solutions,  viii.  417 
Hyperkeratosis,  iii.  291 ;  v.  307 

eccentrica,  vi,  735 

figurata  centrifuga  atrophicans, 
vi.  735 

of  the  extremities,  v.  305 

subungualis,  vi.  94 
Hyperkinesis,  varieties  of,  iii.  275 

of  stomach,  vii.  502 
Hyperleucocytosis,  v.  491 
Hypermetropia,  i.  56,  582;  iv,  796; 
vi,  77 

absoluta,  iv.  797,  800 

acquisita,  iv,  800 

and   emmetropia,  dilVeience  be- 
tween, iv.  796 

aphakia,  iv.  803 

diagnosis  of,  iv.  801 

facultativa,  iv,  799 

fundus  of  eye  in,  vi,  373 

latens,  iv.  798 

manifest,  iv.  798 

measurement  of,  iv.  801    ■ 

objective    measurement   of,    iv. 
801 

relativa,  iv.  799 

subjective  measurement  of.  iv. 
801 

treatment  of,  iv.  803 
Hypernephroma,  iv.  805 
Hyperopia,  see  Hypermetropia 
Hyperosmia,  vi.  131 
Hyperostosis,  vi.  425,  .569 

circumscribed,  vi.  569 

in  .syphilis,  ii.  123 

of  the  external  auditorv  canal, 
iii.  620 

of  the  mastoid  process,  iii.  682 
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Hyperostosis  of  the  skull,  vi.  374 

of  tlic  upper  law,  v,  2r)0 
Hyperphalangism,  iv.  494 
Hyperplasia,  iv,  809;  and  scp  Ui/- 
jicrtnip/ii/ 

c-miiiH'iisiitory.  iv.  SIO 
iiciirnil  t(Misi(l<Maliiins.  iv.  810 

lyiupliiidcnoid.    in    status    lym- 
])liaticus,  vii.  447 

of  the  liroucliial  ftliinds.  v.  729 

of  tlie  Ivinph  nodes,  v.  662 

of  the  onientuMi,  vi.  360 

of  llie  spleen,  vii.  436 
Hyperpncea,  vi.  951 
Hyperpyrexia,  iv.  620 
Hyperthyroidism,  viii.  417 
Hypertonic  solutions,  viii.  417 
Hypertrichosis,  iv.  807:  vii.  717 
Hypertrophic     cirrhosis    of    the 

liver,  V.  54r) 
Hypertrophic  elongation  of  cer- 
vix uteri,  viii.  (i.") 
Hypertrophic  rhinitis,  vi.  119 
Hypertrophy,  iv.  809 

acquired,  iv.  809 

causes  of,  iv.  809 

compensatory,  iv.  809 

intrinsic,  iv.  809 

laborers',  iv.  810 

numerical,  iv.  809 

of  Luschka's  tonsil,  iii.  613 

of  non-striated  muscle,  vi.  39 

of  striated  muscle,  vi.  27 

of  the  adrenals,  vii.  .567 

of  the  arteries,  ii.  96 

of  the  bladder,  i.  768 

of  the  cervi.x  uteri,  viii.  65 

of  the  clitoris,  viii.  162 

of  the  lingers,  iv.  498 

of  the  hand,  iv.  498 

of  tlie  heart,  ii.  823;  iv.  .591 

of  the  labia  minora,  viii.  163 

of  the  lachrymal  glands,  v.  394 ; 
vi.  406 

of  the  larynx,  v.  419 

of  the  mamma,  ii.  473 

of  the  nails,  vi.  93 

of  the  oesophagus,  vi.  843 

of  the  ovary,  vi.  433 

of  the  parathyroid   glands,   vi. 
507 

of  the  pituitary  gland,  vi.  640 

of  the  placentii,  vi.  651 

of  the  prepuce,  i.  732 

of  the  prostate,  vi.  763 

of  the  veins,  viii,  209 

of  the  vulva,  viii,  163 

quantitative,  iv,  809 

true,  iv.  809 
Hyperuresis,  iv.  731 
Hypholoma,  iv.  385 

suhlateritium,  iv.  285 
Hyphomycetes,  i.  720 
Hypnol,  iv,  811 
Hypnone,  iv.  811 
Hypnosis,  iv,  811 
Hypnotic  states,  iii.  361 
Hypnotics,  iv.  813 

indications  for,  iv.  813 

in  insanity,  v.  73 

mode  of  action,  iv.  813 
Hypnotism,  i.  648;  iv   811 

l]istory  of,  iv.  811 
Hypoblast,  iv.  337 
Hypochlorites  of  lime  and  soda, 

germi-:idal  action  of,  iv.  333 
Hypochondriasis,  v.  130;  and  see 
Insanity,  liyiiuclu>ndriatal 


Hypoderma  bovis,  v.  153 

lineata,  v.  153 
Hypodermatic     medication,     iv. 
818;  V.  735 
advantages  of,  iv.  821 
disadvantages  of.  v.  735 
Hypodermatic  syring-e,  iv.  819 
Hypodermoclysis,  iv.  822 
indications  for,  iv,  823 
in  shock,  vii,  302 
quantity  of  fluid  to  be  used,  iv. 

822 
technique,  iv.  823 
Hypogastric  lymphatic  glands, 

V.  640 
Hypogastric  plexus,   v.   640;  vii. 

578 
Hypoglossal   nerve,    iii.    318;    iv. 
823 
paralysis  of  muscles  supplied  by, 

iv.  823 
pathology,  iv.  823 
pliysiology,  iv.  823 
Hypoisotonic  solutions,  viii.  417 
Hypoleucocytosis,  v.  491,493;  and 

si'c  hcxrojieniit 
Hypomania,  v.  123 
Hypophalangism,  iv,  492 
Hypophosphites,  iv,  824 

of  iron,  V,  227 
Hypophysin,  vi.  413 
Hypophysis  =   pituitary   body,  ii. 

165 
Hypophysis  cerebri,  vi.  639 
Hypoplasia,  i.  140,  606 

of  heart  and  vascular  system,  i. 

140 
of  uterus,  viii.  77 
vascular,  ii.  95 
Hypopyon,  iii.  387 
Hypopyon  keratitis  as  a  cause  of 

lilindncss,  ii.   10 
Hyposecretion   of  gastric  juice, 

vii.  503 
Hypospadias,  vii.  174,  709 

in  the  IVniale.  viii.  161 
Hypostasis,  ante-mortem,  cause  of, 
iii.  121 
external,  ii.  586 

evidence  of  death,  ii.  586 
post-mortem,  ii.  536;  iii.  121 
Hyposulphites,  vii,  557 
Hypotonic  solutions,  viii.  417 
Hypotrichosis,  vii,  717 
Hyssop,  V,  379 

hedge,  vii.  78 
Hyssopus  officinalis,  v,  379 
Hysterectomy,  iv.  825 

abdominal,  for  cancer  of  cervix 

uteri,  viii.  92 
after-treatment,  iv.  830 
coelio-,  iv.  825 
combined,  iv.  830 
complications,  iv.  830 
history  of.  iv.  825 
indications  for,  iv.  825 
kolpo-,  iv.  828 
kolpo-coelio-,  iv.  830 
vaginal,    for  cancer    of    cervix 
uteri,  viii.  90 
Hysteria,  iii.  261 ;  iv.  831 ;  and  see 
Insn nity,  hysterical 
acoustic,  hearing  in,  iii.  603 
an.xsthesia  in,  i.  283 ;  iv.  833 
circulatory  disturbances  in,  iv. 

833 
clinical  history  of,  iv.  831 
convulsions  in,  iv.  833 


Hysteria,  definition,  iv.  881 

diagnosis  of,  iv.  834 

dyspntea  in,  iii.  580 

effect  of  "damages"  in,  vi.  339 

electrical  treatment  of,  ii.  653 

etiol(jgy,  iv.  831 

excretory  disturbances  in,  iv.  833 

h.'.nd  in,  iv.  533 

headache  in,  iv.  548 

hyperoesthesia  in,  iv.  831 

major,  iv.  831 

mental  condition  in,  iv.  833 

minor,  iv.  831 

motor  disturbances  in,  iv.  832 

paralysis  in,  iv.  832 

prognosis,  iv.  834 

secretory  disturbances  in,  iv.  838 

sensory  disturbances  in,  iv.  831 

traumatic,  vi.  340 

treatment,  iv.  834 
Hysterical   lesions   of   upper  ex- 
tremity, i.  473 
Hysterical  spine,  vii.  889 
Hysterionica,  iv.  415 

Haylahuen,  iv.  415 
Hystero-catalepsy,  ii.  717 
Hystero-epilepsy,  iv.  833 

Ibit,  iv.  835 
Ice,  see  Void 

for  soldiers'  use,  v,  805 

purer  than  the  watei'  from  which 
it  is  formeil,  viii.  377 
Ice  applications,  iii.  194 
Ice  bag,  iv.  790 
Ice  calorimeter,  ii.  561 
Ice  cream,  poisoning  by,  iv.  189 
Iceland  moss,  vi.  1 
Icene,  vi,  755 
Ichor,  i,  45 
Ichthalbin,  iv.  835 
Ichthargan,  iv.  835 
Ichthoform,  iv.  835 
IchthyocoUa,  v.  334 
Ichthyol,  iv.  835 

albuminate,  iv.  885 

silver,  iv.  835 
Ichthyomethia  piscipula,  iii.  550 
Ichtyosis,  iii.  391 ;  iv.  836 

anerine  des  scrofuleux.   v.   807; 
and  see  Keratosis  pilaris 

diagnosed  from  seborrhcEa,  vii. 
89 

diagnosis  of,  iv.  888 

fo'talis,  iv.  840 

follicularis,  v.  806;  and  see /leca- 
tosis  follie  u  laris 

hystrix,  iv.  837 

palmaris,  v.  304;  and  see  Kera- 
tiiderma  palmare 

plantaris,  ".  304;  and  see  Kera- 
toderma  plantare 

sebacea,  vii   87 
Ichthyotoxismus,  iv,  188 
Icterus,  v,  344;  and  see  Jaundice 

after  hemorrhages,  v.  347 

akathectic,  vi.  483 

catarrhalis,  iv.  389 

dift'usion,  vi.  488 

drowsiness  in,  iii.  560 

ex  emotione,  v.  247 

gastro-duodenalis,  iv.  389 

gravis,  v.  536 

inanition,  v.  247 

neonatorum,  iv.  856;  v.  346;  vi 
280 

psychicus,  v.  247 

simplex,  '".  289 
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Icterus,  spasticus,  v.  247 

sypliiliticus,  v.  247 
Idaho,     requirement     for    medical 

practice  in,  iv.  48 
Idaho  Hot  Springs,  iv.  840 
Idan-Ha  Spring,  iv.  841 
Ideas,  compul.sive,  v.   131 ;  and  see 
l>is<i  H  itt/.  compulsive 
fi.\ed  and  insistent,  in  insanitv, 

V.  48 
flight  of,  V.  121 
imperative,  v.  131 
paraplegia  dependent  upon,  vi. 
499 
Identification  of  charred  bodies, 

i.  074 
Idiocy,  V.  1A~> 

amaurotic  family,  v.  150;  vi.  958 
diagnosis,  v.  148 
diplegic,  v.  149 
epileptic,  v.  149 
etiology,  v.  146 
hemiplegic,  v.  149 
hydrocephalic,  v.  148 
microcephalic,  v.  148 
Mongolian,  diagnosed  from  cre- 
tinism, iv.  395 
paralytic,  v.  149 
pathology,  v.  146 
prognosis,  v.  151 
resulting  from  consanguinity  of 

the  parents,  iii.  257 
sensorial,  v.  150 
symptoms,  v.  147 
traumatic,  v.  150 
treatment,  v.  151 
Idiopathic  catalepsy,  ii.  716 
Idioplasm,  iv.  647 
Idiosyncrasy,  iv.  ."^41 

dosage  modified  by,  iii.  551 

in  regard  to  drugs,  iv.  842 

Idiotisme,  v.  101 ;  aud  see  Dementia 

pr(vci>.v 
Igasuric  acid,  vi.  308 
Igazol,  iv.  842 
Ignatia,  iv.  843 
Ileo-colitis,  acute,  in  children,  iii. 

444 
Ileothoracopagus,  vii.  863 
Ileum,  v.  185 
Ilex  paraguensis,  v.  713 

veiticillata,  i.  170 
Iliac  artery,  circumflex,  anomalies 
of,  i.  534 
common,  anomalies  of,  i.  523 

compression  of,  i.  537 
external,  anomalies  of,  i.  534 

compression  of.  i.  537 
internal,  anomalies  of,  i.  535 
Iliac     lymphatic      glands     and 

plexus,  V.  64(1 
Iliac  regions,  ill 
Iliac  veins,  anomalies  of,  viii.   206 
Iliacus  minor  muscle,  vi.  56 
Iliacus  muscle,  anomalies  of.   vi. 
56 
superficial,  vi.  56 
Ilicinese,  i.  428 
Ilio-capsularis  muscle,  vi.  56 
Ilio-inguinal  nerve,  vii.  736 
Ilio-lumbar  neuralgia,  vi.  247 
Ilio-tibial  band  of  the  fascia  lata, 

vii.  737 
Ilium,  vi.  537 

development  of,  vi.  543 
dislocation  of  femur  on  dorsum 
cif.  iii.  .524 
Illegitimacy,  viii.  248 


Ill-humor,   transitory,  in  epileptic 

insanity,  v.  99 
Illicium,  i.  358 

anisatum,  i.  358 

religiosum,  i.  358 

veruni,  i.  358 
Illinois,  history  of  yellow  fever  in, 
viii.  588 

requirement  for  medical  practice 
in,  iv.  48 
"Illinois,"  ventilation  of  the,  vi. 

164 
Illuminating  agents,  characteris- 
tics of  chief,  iv.  761 
Illuminating  gas,  ii.  663 

actinn  of,  on  economy,  ii.  664 

effect  of.  on  fo'tus.  vi.  279 

poisoning  by,  ii.  663 
Illusions,  V.  46 

as  symptom  of  insanity,  v.  46 
Images,   formation  of,  in  the  eye, 

iv.  85 
Imbecility,  v.  145 

dia,gnosis,  v.  148 

etiology,  v.  146 

moral,  v.  136 

pathology,  v.  146 

prognosis,  v.  151 

symptoms,  v.  147 

treatment,  v.  151 
Immobilization  of  limb  by  plaster- 

of-Paris.  iii.  558 
Immunity,  iv.  843,  872 

acquired,  iv.  843 

and  heredity,  iv.  664 

inherited,  iv.  846 

natural,  iv.  846 

relation  of  i)hagocytosis  to,  vi. 
579 

specifle,  iv.  845 

theories  of,  iv.  845 

variation  in,  iv.  843 
Immunization,  viii.  471 

methods  of,  viii.  402 
Impacted  cerumen,  iii   014 
Impacted  fractures,  iv.  248 
Impaction,  fa>cal,  iii.  204 
Imperforation,    i.    603;    and    see 

Atrmii 
Imperial  draught,  vi.  745 

ilriuk,  how  to  make,  iii.  456 
Impetigo,  iv.  846 

contagiosa  of  the  auricle,  iii.  606 

diagnosed  from  eczema,  iii.  715 
from  smallpox,  vii.  2.50 
Implantation  cone,  vi.  235 
Implantation  metastasis,  v.  778 
Implantation  of  ureters,  viii.  14 
Impotence,  i.  420;  vii.   192 

irritable,  i.  420 

nervous,  i.  420;  vii.  192 

organic,  i.  420;  vii.   192 

paralytic,  i.  420 

psychical,  i.  420 

symptomatic,  vii.  192 
Impregnation,  iv.  847 

after  the  menopause,  ii.  800 
Impulses,  morbid,  v.  133 
Impulsions,  v.  48 

in  insanity,  v.  48 
Inactive  alpha  -  amido-isobutyl- 

acetic  acid,  iitcimain,  vi.  78S 
In-and-in  breeding  of  animals, 

iii.  258 
Inanition  in  insanity,  v.  71 
Incapacity,  civil,  iii.  127 
Incisor  teeth,  vii.  646 
Inclusion  cysts,  iii.  349 


Incompatibility,  medicinal,  iv.  853 
Incontinence  of    urine,    viii.   486; 
and  see  Enuresis 

pyloiic,  vii.  503 

seminal,  vii.  192 
Incubator    infants,   statistics    of, 

vi.  752 
Incubators,  vi.  749;  viii.  383 
Incudo-tympanic  joint,  iii.  586 
Incus,  i.  617;  iii.  585 

removal  of  the,  iii.  672 
Index,  in  study  of  variations,  viii. 
184 

cranial,  vii.  280 

occipital,  ii.  275 

parietal,  ii.  275 

pelvic,  vi.  .541 

s;icral,  vi.  536 
India,  Pharmacopoeia  in,  vi.  582 
India-rubber,  vi.  1002 
Indian  apple,  see  I'ddnphyllum 
Indian  cannabis,  ii.  647 
Indian   corn,    toxic  effect    of,    see 

/',  lUyni 
Indian  hemp,  ii.  647 
Indian  physic,  v.  212 
Indian  Mineral  Springs,  iv.  854 
Indian  poke,  iv.  625 
Indian   Springs,   Butts   County, 

Ga.,  iv.  854 
Indian  Springs,  Martin  County, 

Ind.,  iv.  855 
Indian  Territory,  requirements  for 

iiieilical  practice  in,  iv.  48 
Indiana,  food  and  drug  adulteration 
in,  iv.  174 

I'eriuirement  for  medical  practice 
in,  iv.  4H 
Indiana     Mineral    Springs    and 

Mud  Baths,  iv.  855 
Indianapolis,  Indiana,  iv.  855 
Indican  in  urine,  v.  774;  viii.  44 

tests  for,  viii.  45 
Indigestion,  vii.  492 

causes,  vii.  492 

diarrhoea  from,  iii.  439 

dysentery  from,  iii.  568 

headache  from,  iv.  547 

nervous,  treatment  of,  vi.  253 

symptoms,  vii.  493 

treatment,  vii.  497 
Indigo  concretions,  iii.  235 

wild,  iv.  855 
Indirect  necrosis,  vi.  201 
Individual,  the.  in  heredity,  iv.  660 
Indole,  ptomain,  vi.  789 

germicidal  action  of,  iv.  333 
Indoxyl  in  urine,  viii.  44;  and  see 
Indicnii 

Ijotassiiuii  sulphate,  see  Indican 
Indusium,  ii.  184 
Industrial   poisoning  by  arsenic, 

viii.  348 
Inee,  vii.  .541 
Infancy,  iv.  855 

anatomical      and     physiological 
characteristics  of,  iv.  856 

circulation  in,  iv.  857 

definition  of,  iv.  855 

dentition  in,  iv.  855 

development  of  senses  and  nieu- 
fal  faculties,  iv.  858 

digestive  tract  in.  iv.  857 

fa-ces  in,  iv.  858 

feeding  in,  iv.  859 

growth  in,  iv.  858 

hemiplegia  in,  iv.  633 

hygiene  in,  iv.  859 
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Infancy,  mortality  in,  iv.  859 

Infection  to  avoid,  v.  379 

Inflammation  of  the  periosteum, 

pulse  ill.  iv.  8r)7 

Infectious  diseases,  acute,  diet  in. 

vi.  419 

icspiratinn  in,  iv.  857 

iii.  461 

of  the  iK'ritoneum.  see  Peritonitis 

Infant  foods,  prcpuiiiliini  of,  iii.  446 

relation    between     delirium 

of  the  pituitary  gland,  vi.  640 

Infant  foods,  patented,  iv.  880 

and.  iii.  399 

of  the  placenta,  iii.  58 

iuuounts  to  be  given,  iv.  867 

communicability  of,  iv.  871 

of  the  salivary  glands,  vii.  13 

aiiiilysis  of,  iv.  867 

due  to  occupation,  vi.  330 

of  the  soft  palate,  viii.  107 

Infant  hygiene,  iv.  8.59 

headache  in,  iv.  548 

of  the  stomach,  see  Gastritis 

Infant  mortality,  iv.  859;  viii.  251 

in  military  service,  ii.  572 

of  the  thymus  gland,  v.  739 

(.-U'c'Ct  ot  tciiialc  work  on,  vi.  321 

joint  complications  in,  v.  365 

of  the  umbilicus,  viii.  6 

of  hi.cli  birth  rateon.  viii.  251 

notification  of,  vi.  296 

of  the  uppier  jaw,  v.  247 

of  intemiK'rancc  and  ]>l)^'ert_y 

Inferior   constrictor  of  pharynx 

of  the  ureter,  viii.  11,  14;  and  see 

on,  viii.  251 

muscle,  anomalies  of,  vi.  47 

Ureteritis 

Infanticide,  i.  672;  viii.  512 

Inferior     hypogastric    plexus,    vii. 

of  the  urethra,  viii.  17;  and  see 

Infantile  lironchilis,  vi.  684 

578 

Urethritis 

colic,  iii.  198 

mesenteric  plexus,  vii.  578 

of  the  uvula,  viii.   107;  and  see 

cliarrhu>a,  iii.  443 

Inferior       longitudinal       sinus, 

Unilitis 

eczema,  iii.  720 

anomalies  of,  viii.  204 

of  the  vagina,  viii.  103 ;  and  see 

paralysis,  iv.  633;   see  also  Pa- 

Inferior oblique  accessory  mus- 

Vaginitis 

ralysis,  infantile  spinal 

cle,  vi.  43 

of  the  veins,   viii.   210;  and  see 

scorbutus,  vii.  81 

Inferior  petrosal  sinus,  anomalies 

PhleUtis 

diagnosis,  vii.  83 

of,  viii.  204 

of  the  vitreous,  viii.  365;  and  see 

etiology,  vii.  81 

Infiltrations,  iii.  394:  iv.  872 

Iljialitis 

pathology,  vii.  83 

calcareous,  vi.  575 

reparative  changes  in,  v.  8 

treatment,  vii.  82 

in  blood-vessels,  ii.  96 

serous,  v.  6 

Infantilism,  diagnosed  from  cretin- 

in capillaries,  ii.  93 

suppurative,  v.  6 

ism,  iv.  395 

fatty,  V.  517 

symptoms,  v.  1 

Infants,  see  New-born 

of  liver,  v.  550 

tissue  changes  in,  v.  3,  7 

artificial  feeding  of,  iv.  861 

fluid,  iv.  873 

uveal.  \u.  591;  and  see  Uveitis 

bronchopneumonia  in,  vi.  684 

intlainmatory,  iv.  873 

Inflammatory  conditions  as  cause 

composition  of  fa-ces  of,  iv.  858 

leuktemic,  iv.  872 

of  extrauterine  pregnancy,  iv. 

examination  of,  iv.  860 

of  the  cornea,  iii.  283 

55 

fracture  of  femur  in,  iv.  266 

parasitic,  iv.  873 

of  hand  and  fingers,  iv.  .503 

growth  of,  iv.  418 

petrifying,  vi.  575 

Inflammatory  infiltration,  iv.  873 

incubator,  statistics  of,  vi.  752 

syphilitic^  iv.  873 

Inflation  cannula,  iv.  7U4 

inherited  svphilis  affecting   the 

tissue,  iv.  872 

Inflation   of  intestines,  in  obstruc- 

ear, iii.  684 

tubercular,  iv.  873 

tion,  V.  175 

pneumonia  in,  vi.  683 

tumor,  iv.  873 

of  middle  ear,  iii.  663 

premature,  vi.  747 

Inflammation,  v.  1 

Influenza  v.  11 

pseudoleukseniia  of,  vi.  772 

acute,  V.  10 

among  troops,  ii.  581 

purulent  conjunctivitis    in,    iii. 

amputation  for,  i.  337 

bacillus  of,  i.  697;  v.  13 

242 

bacteria  in,  v.  6 

bacteriology  of,  i.  693 ;  v.  13 

selection  of  a  wet-nurse  for.  viii. 

blood  changes  in,  v.  3 

complications  and  sequeliB,  v.  15 

304 

causes,  v.  1 

diagnosis,  v.  16 

significance  of  crying  in,  iii.  834 

chemotaxis  in,  v.  8 

etiology,  V.  13 

treatment  of  colic  in,  iii.  198 

chronic,  v.  11 

in  the  new-born,  vi.  278 

Infarction,  iv.  868 

diapeilesis  in,  iii.  432 

morbid  anatomy,  v.  14 

aii.-imic,  iv.  868 

exudation -in,  v.  5 

of  the  pharynx,  vi.  .593 

bilirubin,  iv,  868 

fibrinous,  v.  6 

parotitis  following,  vi.  513 

calcium,  iv.  868 

hemorrhagic,  v.  6 

prevention  of,  v.  17 

careinoniatous  lymphatic,  ii.  683 

leucocytosis  in,  v.  4'93 

prognosis,  v.  16 

chalk,  iv.  868 

new  formation  of  blood-vessels 

sputum  in,  vii.  433 

hsmatoidin,  iv.  868 

in,  V.  9 

symptoms,  v.  14 

hemorrhagic,   iii.    132;   iv.   868; 

of  Cowper's  glands,  iii.  306 

treatment,  v.  17 

viii.  314 

of  the  arteries,  ii.  96 

vaccination  against,  v.  17 

melanin,  iv.  868 

of  the  bone,  vi.  418 

Infraction,  iv.  248 

of  the  chorionic  villi,  iii.  53 

of  the  bronchial  glands,  v.  587 

Infraspinatus   muscle,   anomalies 

of  the  heart,  iv.  579 

of  the  bursa?,  v.  266 

of,  vi.  51 

of  the  lung,  v.  591 

of  the  chorion,  iii.  58 

Infundibulum  of  lung,  v.  .580 

of  the  omentum,  vi.  358 

of  the  cornea,  iii.  284 

Infusions,  v.  736 

of  the  placenta,  iii.  54 

of  the  deeidua,  iii.  389 

compound,  of  gentian,  iv.  338 

of  the  spleen,  vii.  427 

of  the  diaphragm,  iii.  435 

of  senna,  vii.  117 

uric  acid,  iv.  868 

of  the  lachrymal  gland,  v.  394 

of  basil,  i.  736 

in  the  new-born,  vi.  281 

of  the  lymph  nodes,  v.  660 

of  broom,  ii.  498 

Infection,  iv.  869 

of  the  mamma,  ii.  474 

of  cinchona  calasaya,  iii.  89 

action  of,  on  body,  iv.  871 

of  the  mediastinum,  v.  732 

of  digitalis,  iii.  478 

and  heredity,  iv.  663,  664 

of  the  mouth,  viii.  487;  and  see 

of  elecampane,  iii.  742 

bacterial  e.xcitant,  iv.  8'() 

Stomatitis 

of  erigeron,  iv.  158 

commuuicability  of,  iv.  871 

of  the  mucous  membranes,  vi.  3 

of  evening  primrose,  vi.  755 

host,  iv.  870 

of  the  muscles,  vi.  30,  39 

of  fleabane,  iv.  158 

idiosyncrasy  in,  iv.  843 

of  the  nasal  mucous  membranes. 

of  horehound,  iv.  736 

immunity  from,  iv.  872 

vi.  109;  and  see  likinitis 

of  jequirity,  v.  260 

inheritance  of,  iv.  660 

of  the  tt'sophagus,   vi.   339,  and 

of  juniper  berries,  v.  399 

in  the  new-born,  vi.  277 

see  CEsoplianitis 

of  koosso,  V.  377 

leucocytosis  in,  v.  492 

of  the  omentum,  vi.  359,  361 

of  pennyroyal,  vi.  550 

portals  of  entry,  iv.  871 

of  the  ovary,  see  Oiiji/ioritis 

of  persimmon,  vi.  574 

protozoic,  iii.  416 

of  the  ]5ericardium,  see  Pericar- 

of prunus  virginiana.  ii .  804 

puerperal,  vi.  793 

ditis 

of  ustilago,  viii.  64 

i 
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Infanrj'. 

Infusions  of  wil<l  clierry,  ii.  804 

Inquest,  coroner's,  iii.  294 

Insanity,  general  paresis,  etiology, 
V.  86 

Ingals'     operation    for    deviated 

Insane  as  witnesses,  v.  77 

nasal  septum,  vi.  126 

care  of  the,  v.  71 

pathology,  v.  93 

Ingrown  toe-nail,  v.  18:  vi,  93 

conmiitment  of,  by  civil  ijrocess, 

prognosis,  v.  93 

Inguinal  canal,  iv,  324,  (570 

v,  75 

symptomatdlo.ey,  v.  93 

Inguinal  hernia,  iv.  069 

contracts  with  the,  v.  76 

treatment,  v.  93 

iiK'chanical  treatment  of.  iv.  683 

examination  of  the.  v.  67 

hereditary  predisposition  to,  v.  38 

radical  cure  of,  iv,  672 

general  paralysis  of  the,  see  Par- 

hydrotherapy in,  v.  73 

Inguinal   lymphatic   glands,    v. 

esis 

hygienic  measures  iu,  v.  73 

634 

supervision   of  the    person  and 

hypochondriacal,  v.  130 

exlirpatiou  of,  vii,  178 

projierty  of  the.  v.  78 

hysterical,  v.  97 

Inguinal  region,  anatomy  of,  i.  C 

Insanity,  v.  25 

impulsive,  v.  133 

Inguino-femoral  region,"  anatomy 

accessory  causes  of,  v.  32 

in  childhood,  v.  30 

of,  i,  8 

acute  febrile  disturbances  in  re- 

mania, v.  128 

Inhalation   of  noxious  gases  as  a 

lation  to.  V.  35 

manic-depressive,  v.  13ft 

cause  of  asphyxia,  i,  576 

age  in  relation  to.  v.  30 

diagnosis,  v.  126 

voeal  bands  in,  i.  451 

alcoholic,  v.  81 ;  and  see  Alcohol- 

etiology, v.  125 

Inhalations,  v.  733 

ism 

prognosis,  v.  137 

Inhalers  for  administering  anaes- 

alcoholism a  factor  in,  v.  28 

symptoms,  v.  131 

thetics,  iii.  13 

among  troops,  ii.  614 

treatment,  v.  127 

Inheritance,  see  Heredity,   Correhi- 

anxiety  in  relation  to,  v.  32 

marriage  iu  relation  to.  v.  77 

Hon 

autointoxications  in  relation  to, 

masturbation  iu.  v.  39 

cheraico-physical  theory  of,  iv. 

V.  34 

medication  in,  v.  73 

662 

border  lines  of,  v.  64 

medico-legal  aspects  of.  v.  74 

direct,  iv,  639 

chorea  associated  with,  iii.  43 

melancholia,  v,  117 

exclusive,  iv,  643 

choreic,  v.  100 

mental  therapeutics  iu,  v.  74 

particulate,  iv.  643 

chronic  delusional,  v.  137 

moral,  v.  136 

tmiparental,  iv.  643 

circular,  v,  129 

myxa?dematous,  v.  143 

Wei.ssmann's  theory  of,  iv.  661 

civilization  in  relation  to,  v,  39 

nationality  in  relation  to.  v.  30 

Inhibition,  v.  19 

civil  state  in  relation  to.  v.  30 

of  old  age,  v.  32 

cardiac,  v.  20 

classification  of.  v.  25,  27 

of  puberty  and  adolescence,  v. 

comparative,  v,  19 

climacteric,  v.  116 

lOl" 

disturbance  of,  in  insanity,  v.  55 

climate  iu  relation  to,  v.  30 

atypical  forms,  v.  104 

historical,  v.  19 

climatotherapy  in,  v,  73 

desci-iptive  definition,  v.  101 

of  movements  of  intestines,   v. 

communicated,  v.  135 

diagnosis,  v.  107 

24 

compulsive,  v,  131 

etiolo.gy,  v.  106 

of  pain,  V.  25 

confusional,  v.  79 

mild  and  simple  form,  v.  103 

of  reflex,  v  24 

clinical  history,  v.  79 

pathological  anatomy,  v.  108 

of  secretions,  v,  24 

definition,  v.  79 

premonitorv   symptoms,   v. 

of  stomach,  v.  24 

differential  diagnosis,  v.  81 

103 

referred  to  cerebral  cortex,  v.  25 

etiology,  V.  79 

prognosis  and   progress,  v. 

vaso-motor,  v.  24 

of  toxic  origin,  v.  45 

108 

Iniencephalus,  vii.  698 

primary,  v.  79 

severe        and     complicated 

Inion,  vii.  229,  238 

prognosis,  v.  81 

forms,  V.  103 

Injecting  canuulse,  iv.  726 

secondary,  v.  79 

statistics,  v.  107 

Injecting,    methods   of,  in   histo- 

treatment, v.  81 

the  disease  process,  v.  105 

logical  techuique,  iv,  723 

consanguineous  marriages  in  re- 

treatment, v.  109 

Injections,  hypodermatic,  iv,  818 

lation  to,  iii.  257 

of  the  neuroses,  v,  97 

intravenous,  v.  193 

constitutional  diseases  a  cause  of. 

organic,  v.  94 

rectal,  V.  734:  aud  see  EnemiiUi 

V.  33 

paralysis   with,   v.    86;  and   see 

Injuries,  a  cause  of  inflammation. 

contrary  sexual  instincts  in,   v. 

Paresis 

V.  1 

134 

paralytic,  v.  94 

amputation  for,  i.  235 

convalescence,  v.  74 

paranoia,  v.  137 

of  the  eye,  a  cause  of  blindness, 

dependent    on  cerebral    causes, 

pathological  anatomy  of,  v.  40 

ii,  11 

V.  94 

pathology  of,  v.  36 

of  the  larynx,  v.  414 

definition,  v,  25 

physical  "causes  of,  v.  33 

of  the  miiscles,  vi.  88 

degenerative,  v.  128 

symptoms  of,  v.  51 

of  the  nails,  vi.  93 

dementia  precox,  v,  101 

poisons  iu  relation  to,  v.  34 

of  the  prostate,  vi,  757 

depressive  forms  of,  v.  131 

postepileptic,  v.  99 

of  the  ureters,  viii,  13 

diagnosis  of,  v.  64 

predisposing  causes,  v.  28 

of  the  urethra,  viii,  15 

direct  causes  of,  v.  34 

pre-epileptic,  v.  99 

relation  of,  to  nervous  diseases. 

diseases  of  women  a  factor  iu,  v. 

presenile,  v.  110 

vi,  238 

33 

prognosis  of,  v.  08 

requiring  amputation,  i.  235 

drowsiness    accompanying,    iii. 

progressive  systematized,  v.  137 

Ink  containing  arsenic,  poisoning  by. 

560 

psychical  causes  of,  v.  33 

viii.  348 

education  in  relation  to,  v,  29 

symptoms  of,  v.  44 

In-knee,  see  Knock-knee,  v.  372 

electrotherapy  in,  v,  73 

puerperal,  v.  33,  141 

Innervation,  v.  25 

epileptic,  V.  98 

religion  in  relation  to,  v.  30 

Innominate  artery,  anomalies  of. 

etiology,  v.  37 

senile,  v.  109,  111;  and  see  Be- 

i.  520 

fear  in  relation  to,  v.  32 

meniia,  senile;  Confusion, 

Innominate  bone,  vi.  536 

feigned,  v.  68 

senile 

development  of.  vi.  543 

from  arrest  of  development,  v. 

diagno.sis,  v.  115 

Innominate  vein,  anomalies  of.  viii. 

145 

etiology,  v.  114 

202 

from  drugs,   v.   84;  see   Opium- 

pathology, v.  115 

Inoculation  of  animals,  viii.  392 

ism,  and  Coeaivism 

prognosis,  v.  115 

Inorganic  murmur,  ii.  822 

general  paresis,  v.  69,  86 

treatment,  v.  115 

Inosite  in  urine,  viii.  52 

definition,  v.  86 

varieties,  v.  Ill 

tests  for,  viii.  52 

diagnosis,  v.  91 

sex  in  relation  to,  v.  30 
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Insanity,  simultaneous,  v.  135 

Intermediary  body,  viii.  471 

Intestinal  secretion,  disturbances 

suitiilal  tendency  in,  v.  70 

Intermittent  fever,  v.  675 

of,  effect  on  metabolism,  v.  773 

suicide  in  relation  to.  v.  28 

diagnosis,  v.  676 

influence  of  sympathetic  system 

surgical  treatment  of,  v.  73 

masked,  v.  677 

on,  vii.  .5.S3 

symptomatology,  v.  43 

pathological  anatomy,  v.  675 

Intestinal  surgery,  v.  176 

synonyms,  v.  25 

pharyngitis  in.  vi.  593 

Intestinal  ulceration,  in  burns,  ii. 

tiiyrcdgcuic,  v.   143 

prognosis,  v.  677 

51 S 

thvroidglauci    preparations    in, 

prophylaxis,  v.  676 

Intestine,  action  of  cocaine  on  the, 

Vi.  411 

symptoms,  v.  675 

iii.  158 

toxic,  V.  34 

treatment,  i.  378 ;  v.  676 

adenoma  of,  i.  113;  v.  188 

traumatic,  v.  35.  96 

Internal  abdominal  oblique  mus- 

anastomosis of,  by  Murphy  but- 

treatment of.  v.  71 

cle,  anomalies  of.  vi.  01 

ton,  iii.  306;  v.  180  " 

Insect  flowers,  v.  l.Tl 

Internal  capsule,  ii.  IHl 

lateral,  iii.  207;  v.  178,  180 

Insect  powder,  v.  l.")l 

Internal   glands,   disturbances    in 

anatomy  of,  i.  13 

Insecticides,  arsenical,  poisoning 

secretion  of.  v.  774 

angioiua  of,  v.  188 

liy.  viii.  347 

relation  to  auto-intoxication,  v. 

anthrax  of,  i.  365 

Insects  in  nasal  cavities,  vi.  142 

775 

blood  supiily  of,  v.  186 

parasitic,  v.  152 

theories  of  action  of.  v.  775 

calculi  in,  iii.  231 

poisonous,  V.  158 

Internal      intercostal      muscles, 

carcinoma  of,  ii.  636;  v.  188 

respiration  of.  vi.  945 

anomalies  of.  vi.  60 

condition  of  the,  in  diphtheria. 

Insolation,  iv.  617;  and  see  Heat 

Internal  jugular  vein,  anomalies 

iii.  484 

utroke 

of.  viii.  2U3 

development  of,  i.  181 

among  troops,  ii.  617 

ligation  and  ex.section  oi.  v.  713 

effect  of  salt  solutions  on.  viii. 

cause  of  insanity,  v.  35 

Internal  mammary  artery,  anoma- 

418 

(Iniwsiiiess  in.  iii.  560 

lies  of,  i.  529 

enterectomy,  v.  174 

Insomnia,  v.  169 

vein,  anomalies  of.  viii.  202 

enterostomy,  v.  183 

causes  of,  v.  170 

Internal  pudic  artery,  vi.  566 

enterofomy,  v.  174,  182 

diet  in,  iii.  466 

anomalies  of.  i.  533 

extract  of]  vi.  416 

iiydrotherapy  in.  iv.  792 

Internal  secretions,  vii.  101 

fibroma  of,  v.  188 

in  insanity,  v.  51,  71 

Interosseous    membrane  of   fore- 

fibromyoma of,  v.  188 

in  neurasthenia,  vi.  251 

arm,  iv.  243 

histology  of.  v.  183 

significance  of.  v.  169 

Interosseous  muscles  of  the  toot. 

hyj)ertrophy     of     the    mucous 

treatment  of.  v.  170 

anomalies  of,  vi.  60 

"membrane  of,  v.  187 

InsTjection,  in  autopsy,  i.  651 

of  the  hand,  anomalies  of,    vi. 

impaction  of,  iii.  304 

in  examination  of  the  heart,  ii. 

55 

implantation  of.  lateral,  iii.  207 

819 

palmar,  of  the  thumb,  vi.  55 

inflammation  of,  see  Colitis,  Dys- 

of  food  and  drugs,  iv.  162 

Interosseous  nerve,  anterior,  in  the 

cntery,  and  Enteriiis 

of  meat,  v.  733 

forearm,  iv.  343 

injuries  of,  i.  18,  30 

of  milk,  V.  839 

posterior,  in  the  forearm,  iv.  343 

intussusception  of,  iii.  203 

sanitary,  of  buildings,  iv.  768 

Interparietal  fissure,  ii.  198 

invagination  of,  iii.  303 

Inspiration,  see  Bespiration,  vi,  944 

Interpeduncular  space,  tumors  of. 

laparotoni}'.  v.  174 

cog-wheel,  ii.  817 

dia,gnosis.  ii.  447 

large,  anatomy  of,  i.  14 

interrupted,  ii.  817 

Interphalangeal    joint,    resection 

hernia  of,  iv.  682 

Inspissatio  sanguinis,  vi.  355 

of.  vi.  Oil 

histology  of,  V.  185 

Instep,  height  of,  in  different  races. 

Interspinales  muscles,  anomalies 

measurements  of,  viii.  239 

iv.  191 

of.  vi.  (id 

medication  of,  v.  734 

Instruction  of  deaf-mutes,  iii.  367 

Interstitial  tissue,  iii.  354 

movements  of,  v.  171 

Instruments,  sterilization  of.  i.  568 

Intertrigo,  iii.  7(19 

parasites  of,  vi.  501 

Insufficiency,  aortic,  physical  signs 

Intestin,  v.  170 

tojiographical   anatomv  of. 

of.  ii.  b24 

Intestinal    absorption,    effect    of 

i.  183 

mitral,  physical  signs  of.  ii.  823 

enteroclysis  on.  iii.  833 

tumors   of,  diagnosed    from 

Insufflation  of  the   lungs,   Fell- 

Intestinal    auto-intoxication   as 

renal  tumors,  v.  329 

n'Dwver  method  of,  iv.  143 

cause  of  in.sanity.  v.  34 

lavage  of,  iii.  833 

Insula,"ii.  187.  202 

Intestinal  catarrh.,  diarrha;a  in,  iii. 

lipoma  of,  v.  188 

Insular  fiss.ire.  ii.  193 

440 

lymphatics  of,  v.  187,  637 

gyre,  ii.  193 

Intestinal  colic,  iii.  19(i 

malforfnations  of.  vii.  704,  705 

Insular  sclerosis,  viii.  491 

Intestinal   diseases  of  children, 

medication  of,  v.  734 

Intellect  in  childhood,  ii.  833 

diet  in.  iii.  459 

movements  of,  v.  170 

Intemperance  as  a  cause  of  insan- 

Intestinal dyspepsia,  diet  in.  iii. 

inhibition  of,  v.  24 

ity,  v.  34 

4.58 

mucous  polyps  of,  v.  187 

Intercalatum,  locus  niger.  ii.  163 

Intestinal  movements,  v.  170 

muscular  coat  of,  v.  170 

Intercentral  fissure,  ii.  187 

influence  of  sympathetic  svstem 

new  growths  of,  v.  187 

gyre,  ii.  193 

on,  vii.  .586' 

nerves  of,  v.  187 

Intercerebral  fissure,  ii.  187 

Intestinal     obstruction     (surgi- 

obstruction of.  v.  173 

Intercostal  artery,  superior,  anom- 

cal), V.  172 

occlusion  of.  i.  604 

alies  of.  i.  .")3!t 

acute,  V.  173 

paiasites  of,  vi.  .501 

Intercostal      lymphatic     glands 

chronic,  v.  172 

peristalsis  of,  v.  170 

and  plexus,  v.  644 

from   diverticula,  treatment  of. 

physiology   of,   see   Absm-ption, 

Intercostal  muscle,  vii.  748 

V.  175 

hiyeiition 

external,  anomalies  of,  vi.  60 

from  facal  accumulation,  treat- 

polypoid adenoma  of,  v.  188 

internal,  anomalies  of,  vi.  60 

ment  of,  V.  176 

sarcoma  of,  v.  188 

Intercostal  nerves,  vii.  752 

from   foreign  bodies,   treatment 

severed,  treatment,  v.  193 

Intercostal  neuralgia,  vi.  246 

of,  V.  176 

small,  anatomy  of.  i.  13 

Interdental  splints,  v.  2.53 

from  intussusception,  treatment 

bacteria  in.  iii.  85 

Interhemispheral  fissure,  ii.  187 

of,  V.  175 

histology  of,  v.  183 

Intermaxillary  bone,  treatment  of. 

from  volvulus,  treatment  of,  v. 

measurements  of,  viii.  239 

in  cleft  palate,  iii.  132 

175 

medication  of,  v.  734 

Intermedial  fissure,  ii.  193 

Intestinal  peristalsis,  v.  170 

parasites  of,  vi.  501 
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Intestine,  small,  secretion  of,  vii.  97 
tumors  of,  i.  35 
stenosis  of,  i.  604 
stricture  of,  v.  173 
suturing  of,  v.  176 
svpliilitic  lesion  of,  vii.  6'.i3 
the  law  of  tlie,  v.  171 
topographical  anatomy  of,  i.  183 
tumors  of,  i.  35;  v.  187 
villi  of,  V.  183 
volvulus  of,  iii.  204 
wounds  of,  V.  189 
causation,  v.  189 
contused,  v.  189.  191 
diagnosis,  v.  190 
gunshot,  V.  190 
incised,  v.  191 
lacerated,  v.  189.  191 
prognosis,  v.  193 
punctured,  v.  191 
symptoms,  v.  190 
treatment,  v.  191 
Intoxication,  alcoholic,  v.  81 

amaurosis,  as  cause  of  blindness, 

ii.  13 
and  heredity,  iv.  663 
drug.  V.  84 

medico-legal  aspects  of.  v.  78 
of  the  neurone,  vi.  268 
Intracranial  abscess,  ii.  411 

growths,  symptoms  of,  ii.  435 
hemorrhage,  ii.  423 
tumors,  ii.  415 
wiiuiids,  iv.  560 
Intranuclear  network,  ii.  761 
Intrapulmonary  pressure,  vi.  946 
Intrathoracic  pressure,  vi.  946 
Intravenous    injections,    v.     193, 

735 
Intubation,  v.  195 

ailvantages  over  tracheotomy,  v. 

199 
care  and  feeding  after,  v.  199 
dangers  andditliculties  of,  v.  198 
extraction  of  the  tube,  v.  195 
history  of,  v.  195 
instruments  for,  v.  195 
in  the  treatment  of  croup,  iii.  333 
method  of  inserting  the  tube,  v. 
196 
Intussusception,   iii.   203;  v.   199; 
and  see  Intcxtiiiiil  vhslniction 
acute,  v.  175 
causes  of.  v.  199 
chronic,  v.  175 
diarrhoea  in,  iii.  440 
diagnosis,  iii.  203 
enema  in,  iii.  835 
location,  v.  199 
prognosis,  v.  201 
symptoms,  iii.  203;  v.  199 
treatment,  iii.  203;  v.  200 
Inula,  iii.  742 

helenium.  iii.  742 
Inulin,  iii.  742 

Inunction  as  a   means  of  medica- 
tion, v.  735 
Invagination  of  the  intestine,  iii. 

2ii;! 
Inversion  of  uterus,  viii.  85 
Invert  sug-ar,  vii.  549 
Invertase,  an  enzvnie.  iii,  843 
Invertin,  iii.  475, '843;  v.  201 
Involucrum,  vi,  420 
Involution  forms  of  bacteria,  i. 

681 
Involution  of  the  uterus,  viii.  98 
lodacetanilid,  v.  205 
Vol.  viii.— 44 


lodamyl,  i.  267 
lodautifebrin,  v.  201,  205 
lodantipyrin,  v.  202 
Iodides,  v,  202 

medicinally  used,  v.  203 

mercuric,  v.  754 

mercurous,  v.  752 

niethenyl,  v.  207 


of  iron,  v.  224 


224 


saccharated , 

of  lead,  V.  471 

of  rubidium,  vi.  10.03 

of  silver,  vii.  215 

of  sulphur,  vii.  562 

of  zinc.  viii.  339 
Iodine,  v.  203 

antidotal  value  of.  i.  373 

as  an  antiseptic,  v,  204 

constitutional  elfects  of,  v.  204 

germicidal  action  of.  iv.  333 

poisoning  by,  see  IihUkih,  v.  205 

therapeutics  of.  v.  204 

trichloride,  v.  205 

as  a  .sermicide,  iv.  333 
lodipin,  V.  205    . 
lodism,  V.  205 

sv'nptoms  (if.  V.  202 
Iodized  starch,  vii.  441 
lodochloroxychinoline,  viii.  238 
lodocresol,  vii.  860 
lodo-eugenol,  iv.  16 
Iodoform,  v.  207 

as  a  disinfectant,  i.  687 

germicidal  action  of,  iv.  333 

to.xicological.  v.  208 
lodogallicin,  v.  209 
lodo-haemol,  v.  230 
lodol,  v.  207,  209 

germicidal  action  of,  iv.  334 
lodo'muth,  V.  309 
lodonaftan,  v.  209 
Idonaphtol,  iii.  479 
lodonaphtol-beta,  v.  209 
lodophenacetin,  v.  209;  vi.  607 
lodophenin,  v.  209;  vi.  607 
lodopyrin,  v.  202 
lodo-salicylic  acid,  v.  210;  vii.  9 
lodosulphateof  cinchonine,  v .  210 
lodothyrin,  vi.  410 
lodozen,  v.  210 

Ionization,  see  Dissoeiution  and  Ions 
Ions,  viii.  414 

anta.gouistic  action  of,  in  living 
tissues,  viii.  416 

importance  of,  in    biology   and 
physiology,  viii.  415 
in  therapeutics,  viii.  415 
Iowa,  requirement  for  medical  prac- 
tice in,  iv.  48 
Ipecac,  V.  210 

action  of,  v.  211 

adulterants  and  substitutes,   v. 
211 

as  an  emetic,  i.  370;  iii.  811 

as  an  expectorant,  iv.  49 

Cartliagena,  v.  211 

composition,  v.  211 

de-emetinized.  v.  212 

description,  v.  211 

false,  v.  212 

habitat,  v.  210 

history,  v.  210 

idiosyncrasy  for,  iv.  841 

North  American,  v.  212 

preparations  of.  \'.  212 

use,  V.  212 
Ipecacuanha,  v.  210 
Ipecacuanhic  acid,  v.  211 


Ipomoea,  v.  240 

biloba,  iii.  275 

jalapa,  v.  240 

orizabensis.  iii.  275 

pandurata.  iii.  275 

simulans.  iii.  275 

tuijiethem,  iii.  275 
IridacesB,  poisonous  plant  of.  vi.  694 
Iridectomy,  v.  212,  216 

history,  v.  213 

indications,  v.  214 

operation,  v.  212 

uses.  V.  214 
Irideremia,  v.  217 
Iridiu,  i.  158;  vi.  417 
Irido-choroiditis    as    a    cause    of 
blindness,  ii.  12 

iridectomy  in.  v.  214 
Irido-cyclitis,  vii.  591 
Iridodesis,  v.  314 
Iridotomy,  v.  216 
Iris,  iv.  74 

absence  of,  v.  217 

anomalies  of.  v.  316 

arterial  circle  of  the.  iv.  74 

benign  tumors  of,  iv.  110 

colobonia  of,  v.  217 

cysts  of,  iv.  110 

granulomata  of.  iv.  110 

in  albinism,  v.  218 

intianimation     of,    v.     218;    see 
Iritis 

injuries  to.  iv.  102 

malignant  tumors  of.  iv.  110 

melanoma  of.  iv.  110 

microscopical  anatomy  of,  iv,  77 

movements  of,  iv.  95 

nerves  of,  iv.  95 

pi.gmentation,    anomalies   of,   v. 
218 

sarcomata  of.  iv.  110 

teleangiectatic  tumors  of,  iv.  110 

traumatic  graniiloma  of,  iv.  110 

tumors  of,  iv.  110 

wounds  of,  iv.  103 
Iris  (plant),  iv.  1.57;  vi.  417 

family,  see  Iridaeem 

florentina,  vi.  417 

germanica,  vi.  417 

pallida,  vi.  417 

poisonous  plant,  iv.  704 

versicolor,  iv.  157 
Irish  moss,  vi.  1 
Irisiu,  iv.  158 
Iritis,  v.  218 

as  a  cause  of  blindness,  ii.  10 

causes  of,  v.  218 

condylomatosa.  v.  319 

consequences  of.  v.  219 

diagnosis  of,  v.  31S 

gummatosa,  v.  219 

iridectomy  in,  v.  214 

plastica,  v.  219 

serosa,  v.  219 

spongy,  V.  219 

suppurativa,  v.  319 

syphilitic,  v.  320;  vii.  620 

treatment  of,  v.  220 

varieties  of,  v.  219 
Iritomy,  v.  216 
Iron,  \-.  221 

acetate  of,  v.  225 

albuminate  of,  v.  239 

alum,  V.  328 

and  amnmnium.  citrate  of,  v.  226 
sulphate  of,  v.  238 
tartrate  of,  v.  236 

and  potassium,  tartrate  of,  v.  236 
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Iron  and  quinino,  citrate  of,  v.  226 

Isch8emia,  patliology  of.  iii.  132 

Ixodidse,  i.  435 

mill  stiTclniinc.  citrate  of,  v.  236 

Ischiatic  hernia,  iv.  683 

Ixtlan  Springs,  Mexico,  v.  339 

Miititlotal  value  (if,  i.  373 

Ischiatic     notch,     dislocation     of 

as  a   patlioldgical   pigment,  vi. 

femur  into  the.  iii.  536 

Jaborandi,  v.  331) 

635 

Ischio-calcaneus  muscle,  vi.  .56 

Aracati,  v.  339 

basic  sulphate  of,  v.  228 

Ischio-cavernosus  muscle,  anom- 

diaphoretic action  of.  iii.  433 

bitter  wine  of,  v.  23(i 

alies  of,  vi.  i'l'i 

Paraguay,  v.  239 

bromide  of,  v.  32m 

Ischio-condyloid  muscle,  vi.  57 

Pernambuco,  v.  339 

by  hydrogen,  v.  323 

Ischio-femoral  muscle,  vi.  55 

Rio  .Janeiro,  v.  339 

carbonate  of,  v.  223 

Ischiopagus  parasiticus,  vii.  683 

Jaborine,  v.  340 

chloride  of,  iv.  333:  v.  227 

Ischio-rectal  abscess,   i.   394;   vi. 

Jacaranda,  ii.  704 

as  a  germicide,  iv.  332 

5(i4 

caroba,  ii.  704 

citrate  of,  v.  326 

Ischio-rectal  fossa,  vi.  564 

proccra,  ii.  704 

compounds,  medicinal  properties 

Ischiothoracopagus,  vii.  683 

Jackson's  retractor,  iv.  838 

of.  V,  331 

Ischium,  vi.  53  7 

ventilating  grate,  iv.  759 

dialyzed.  v.  238 

development  of,  vi.  543 

Jacksonville,  Florida,  v.  340 

dust.  elTeet  of  inhaling,  vi.  334 

Ischl,  V.  333 

Jaffe's  test  for  indican  in  urine,  viii. 

general  therapeutics  of.  v,  32!) 

Isinglass,  v.  234 

45 

hydrated  o.\ide  of,  v.  225 

American,  v.  234 

for  kreatiniu  in  urine,  viii.  37 

with  magnesia,  v.  235 

Jai.iauese.  see  Agar-af/ar 

Jalap,  V.  240 

hydrated  sesquioxide  of.  i.  373 

Russian,  v.  234 

compound  powder  of,  v.  241 

hydroxide  of.  v.  225 

Island  of  Reil,  ii.  302 

]uirgative  action  of,  vi.  812 

hypophosjihite  of,  v.  237 

Isoagglutinin,  viii.  473 

Jalapin,  vii.  44 

hyposuljihite  of.  v.  337 

Iso-amylamin,  ptomaVn,  vi.  785 

Jamaica,  v.  341 

in  ana^nia,  v.  229 

Isoanemonic  acid,  vi.  797 

Jamaica  dogwood,  iii.  .550 

in  food.  i.  175 

Isoemodin,  ii.  515 

Jamaica  ginger,  iv.  353 

inorganic,  v.  323 

Isohesperidin,  iii.  137 

Jambava,  v.  344 

in  water,  viii.  390 

Isolactic  acid,  v.  403 

Jambul,  V.  344 

in  urine,  viii.  56 

Isolation,  a  factor  of  organic  evolu- 

James' powder,  i.  375 

iodide  of,  v.  284 

tion,  iv.  33 

Jamestown  weed,  vii.  534 

lactate  of,  v.  323 

in  general  hospitals,  v.  238 

poisonous,  i.  610 

nitrate  of.  v.  328 

Isolation  hospitals,  v.  234 

Jansen's  forceps,  v.  703 

normal  sulphate  of,  v.  228 

arrangement,  v.  235 

method  of  treating  sinusitis,  iv. 

organic,  v.  322 

capacity,  v.  235 

374 

compounds  of,  v.  230 

construction,  v.  337 

Janus  asymmctros.  vii.  685 

peptonate.  v.  329 

cost,  V.  335 

symmetros,  vii.  685 

perchloride  of,  v.  327 

furnishing,  v.  237 

Japaconitine,  i.  84 

phosphate  of,  v.  227 

plans,  V.  336 

Japan,  l'harmaeo]iieia  in.  vi.  .584 

poisoning  by,  v.  231 ;  viii.  478 

routine   of    admission    and  dis- 

Japanese belladonna,  vii.  76 

preparations  of,  v.  233 

charge.  V.  237 

Jargonaphasia,  i.  414 

pyrophosphate  of.  v.  337 

site,  V.  235 _ 

Jarvis'  adjuster,  iii.  511 

Quevenne's.  v.  233 

Isolichenin,  vi.  1 

Jasmine,  yellow,  iv.  314 

reduced,  v.  223 

Isolysin,  viii.  473 

Jatecuba,  ii.  .838 

saccharated  carbonate  of,  v.  233 

Isotonic  solution,  viii.  417 

Jateorhiza  palmata,  iii.  336 

iodide  of,  v.  324 

applied  to  lildod.  ii.  30 

Jaundice,  v.  344;  aud  see  Icterus 

sesquicliloridf  of,  v.  237 

Isovaleric  acid,  viii.  181 

after  hemorrhage,  v.  247 

soluble  pliospliate  of,  v.  227 

Israel's  operation  for  saddle  nose, 

ascending,  v.  345 

pyro])liosphate  of,  v.  337 

vi.  134 

catarrhal,'  iv.  289 

subsu'lphate  of,  v.  338 

Issues,  iii.  305 

diet  in,  iii.  459 

sulphate  of,  v.  233.  228 

Italy,  Pluarmacopoeia  in,  vi.  584 

from  inanition,  v.  247 

tersulphate  of,  v.  328 

Itch,  vii.  43 

in  the  new-born,  v.  246;  aud  see 

uncon>.!)ineii.  v.  233 

army.  i.  433 

Icterus  neiinatnrum 

valerianate  nf.  v.  227 

ground,  vi.  321 

malignant,  v.  536 

Iron  Lithia  Springs,  v.  230 

.lackson's,  i.  433 

diagnosed   from   yellow  fe- 

Iron workers,  health  of,  vi.  324 

seven  years',  i.  482 

ver,  viii.  596 

Irondale  Springs,  v.  3i9 

Itch-mite",  i.  430 

mechanical,  v.  245 

Irone,  vi.  417 

Itch  weed,  iv.  635 

morbid  anatomy  and  course,  v. 

Irradiation,  i.  596;  v.  331 

Itching,  in  eczema,  iii.  708 

246 

Irreducible  hernia,  iv.  666 

Itrol,  vii.  316 

obstructive,  v.  245 

Irrigating  apparatus,  iv.  704 

Ivory  exostoses  of  the  lower  jaw, 

symptoms,  v.  245 

Irrigation,  iii.  ST3 

V.  356 

p.sycliical.  v.  247 

ill  dysentery,  iii.  574 

Ivy,  V.  338 

symptoms,  v.  245 

Irrigation  fluid,  sterilization  of,  i. 

black,  V.  238 

syphilitic,  v.  247 

5li'.l 

common,  v.  238 

toxa-mic.  v.  245 

Irrigators,  rectal,  iii.  836 

creeping,  v.  338 

symptoms,  v.  246 

Irritability,  i.  757;  ii.  763;  v.  231 

English.  V.  238 

varieties,  v.  346 

(jf  muscle,  effect  of  current  on, 

family,  i.  438 

Javal's  binocular  optometer,  i.  594 

iii.  773 

ground,  v.  379 

ophthalmometer,  vi.  367 

of  nerve,  effect  of  current  on.  iii. 

leaves,  V.  239 

Javal-Schiotz,  ophthalmometer  of. 

767 

poison.  V.  239;  vi.  696 

vi.  365 

Irritable  heart  in  soldiers,  ii.  621 

poisoning  by.  vi.  696 

Javelle  water  as  antidote  to  bleach 

Irritant  action,  degrees  of,  ii.  14 

idiosyncrasy  in.  iv.  843 

iiig  powd<-r.  i.  373 

linisons.  vi.  691 

Ixodes  americanus,  i.  436 

Jaw,  acute  arthritis  of,  v.  258 

Irritants   belonging  to  the  animal 

bovis,  i.  437 

alveolar  absce.ss.  v.  248 

kingdom,  iii.  425 

liexagoDUs.  i.  435,  436 

ankylosis  of.  v.  2.58 

Irritation,  cerebial.  ii.  268 

reduvius,  i.  436 

closure  of.  v.  258 

Ischaemia,  iii.   123 

ricinus.  i.  436 

cyst  tumors  of,  vi.  334 

of  retina,  vi.  954 

unipunclata,  i.  436 

cystoma  of,  vi.  334 
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Jaw,  disease  of  the  temporo-maxil- 
lary  articulation,  v.  258 
disliicatiuu  of  tlie,  iii.  513 

iu  tooth  extraction,  vii.  (5(53 
fracture  of,  v.  253 

in  tooth  extraction,  vii.  (i(53 
iu  insanity,  v.  51 
injuries  and  diseases  of,  v.  2-17 
lower,  abscess  of,  v.  253 
cysts  of,  V.  255. 
division  of,  in  excision  of  the 

tongue,  vii.  80i5 
enchoudroma  of,  v.  255 
epithelioma  of,  v.  25(3 
excision  of,  v.  256 
exostoses  of,  v.  256 
tibrouui  of,  v.  255 
fractiu'c  of,  v.  253 
injuries  and  diseases  of,  v. 

251 
necrosis  of,  v.  254 
operations  upon  the,  v.  256 
osteoma  of,  v.  256 
periostitis  of,  v.  253 
phosphorus  necrosis  of,   v. 

254 
removal  of,  v.  256 
sarcoma  of,  ii.  642 ;  v.  256 
splints  for,  v.  353 
tumors  of,  v.  255 
niultilocular  cysts  of.  vi.  334 
necrosis  of.  v.  258 

in  children,  v.  254 
organic  closure  of,  v.  258 
permanent  closure  of  the,  v.  258 
phosphorus  necrosis  of,  v.   254; 

vi.  423 
sarcoma  of.  ii.  643 
upper,  cystic  disease  of  the  an- 
trum. V.  348 
dentigerous  cysts  of,  v.  249 
encliondroma  of,  v.  249 
epithelioma  of,  v.  250 
tiln-oma  of,  v.  249 
tibrous  epulis  of.  v,  249 
fractures  of,  v.  247 
inflammation  of,  v.  247 
injuries  and  diseases  of,  v. 

247 
operations  on  the.  v.  250 
osteoma  of,  v.  249 
osteoplastic  section  of  the.  v. 

251 
polvpus  of  the  antrum,  v. 

349 
removal  of,  v.  251 
sarcoma  of,  ii.  642 ;  v.  250 
solid  tiunors  of.  v.  249 
suppuration  in  the  antrum, 

V.  248 
tumors  of,  v.  249 
Jecorin,  v.  259 

Jefferson's     decimal    system    of 
weights  and  measures,  viii.  298 
^  Jejunum,  histology  of,  v.  185 
Jellies,  as  food  for  invalids,  iii.  456 
Jelly,  Wliarton's,  iii.  253 
Jemez  Hot  Springs,  v   2(i0 
Jendrassik's     reinforcement     of 
knee-jerk.  v.  365 
of  tendon  reflexes,  vi.  873 
Jenks'  long  obstetric  forceps,  vi. 

313 
Jequirity,  v.  260 

in    granular   conjunctivitis,    iii. 
245 
Jervin,  iv.  636 
Jervine,  ii.  690;  iv.  635 


Jessamine,  yellow,  iv.  314 
Jewett's    axis-traction     forceps, 

vi,  313 
Jiggers,  ii.  828 

Joint  disease,  affecting  the  synovial 
membranes,  v.  261 
beginning  in  bone.  v.  261 
chronic,  v.  361 

abscesses  following,  v.  284 
amputation  for,  v.  284 
ankle,  v.  275 
compression  in  the  treatment 

of,  V.  277 
distortion  following,  v.  284 
elbow,  V.  276,  289 
excision  for,  v.  283 
extension   or   distraction   in 

the  treatment  of,  v.  277 
fixation  in  the  treatment  of, 

v.  277 
hip.  V.  266;  see  also  IlipiUs- 

knee.  v.  373.  285 
local  application  in  the  treat- 
ment of,  V.  277 
metacarpophalangeal  artic- 
ulations, V.  289 
metatai'so-phalangeal  articu- 
lations, V.  375 
phalangeal  articulations,  v. 

376 
protection  in  the  treatment 

of,  V.  277 
sacrococcygeal  joint,  v.  277 
serous  synovitis,  v.  261 
shoulder,  v.  276,  289 
sterno-clavicnlar   and   acro- 
mio-clavicular    joints,    r. 
277,  289 
symphysis  pubis,  v.  277 
temporo-maxillary  articula- 
tion, v.  377 
treatment,  v.  277 
wrist.  V.  276,  289 
extension  in  the  treatment  of,  v. 

277 
functional,  v.  265 
gonorrhieal,  v.  265 
gouty.  V.  264 
hysterical,  v.  365 
in  h;emophilia.  iv.  473;  v.  365 
rheumatic,  v.  264;  vi.  969 
scorbutic,  v.  365 
sprains,  v.  289 
syphilitic,  v.  364 
treatment,  v.  377 
tuberculous,  v.  263 
Joints,  i.  550 

affections  of,  see  also  Joint  dis- 

ease 
amphiarthrodial,  i.  551,  553 
ankle,  i.  358 :  see  also  Ankle-joint 
ankylosis  of,  i.  359,  465;  v.  293; 

see  Ankylo»iii 
arthrodial.  i.  551,  553 
aspiration  in,  i.  580 
ball-and-socket,  i.  553 
lilood-supply  of,  i.  554 
bones  of.  i.  554 
cartilage  of,  i.  554 
characteristics  of,  i,  551 
chronic  diseases  of,  v.  261 
classification  of,  i.  553 
coaptation  of,  i.  553 
complications  of  acute  infectious 

diseases,  v.  365 
condyloid,  i.  553 
contusions,  v.  293 


Joints,  defective  cartilages  in,  v.  297 

derangement,  v.  295 

development  of,  i,  550 

diarthrodial,  i.  553 

drainage  of.  v.  294 

dropsy  of  the.  v.  261 

elbow,  iii.  737;  vi.  917;  see  El- 
boir-joint 

enarthrodial,  i.  553 

excision  of,  v.  283 

fluid  iu.  aspiration  of.  i.  .580 

formation  of,  primitive,  i.  551 
synovial  cavity,  i.  551  (Fig.) 

functional  affections  of,  v.  365 

functions  of  the  structures  enter- 
ing into  the  formation  of,  i. 
554 

gliding,  i.  552 

gunshot  wounds  of,  iv.  438,  449: 

"  V.  395 

hinge-,  i.  553 

hip-,  iv.  689;  vi.  938;  sec  also 
Hip-joint 

immovable,  i.  553 

iucudo-tj'mpanic,  iii.  586 

infected  from  osteomyelitis,  v. 
364 

injuries  to.  v.  289 

knee,  v.  369;  vi.  933;  see  Knee- 
joint 

ligaments  of.  i.  554 

lipoma  of,  viii.  481 

loose  bodies  in.  v.  288 

lumbosacral,  vi.  538 

malleo-incudal,  i.  617;  iii.  586 

management  of,  in  fractures,  iv. 
255 

metatarso-iihalangeal,  v.  275 

movable,  i.  551.  553 

movable  bodies  in.  v.  295 
causation,  v.  296 
operation  for,  v.  297 
symptoms,  v.  296 
treatment,  v.  297 

nerve  supply  of,  i.  554 

neuroses  of,  v.  365 

non-planiform,  i.  553 

of  the  toot,  iv.  192 

of  the  pelvis,  vi.  538 

pivot-,  i.  553 

planiform,  i.  553 

points  of  tenderness  in  lesions  of, 
ii.  128 

pommel-,  i.  553 

primitive,  i.  551,  553 

relation  of  muscles  to,  i.  552 

resection  of,  vi.  909 

sacro-coccygeal,  vi.  538 

sacro-iliac.  vi.  538 

saddle,  i.  553 

shoulder-,  vi.  922;  see  ShmtUler- 
joint 

sprains  of.  v.  289 

stiffened,  treatment  of.  iv.  357 

structure  of.  i.  5.53 

subluxations,  v.  297 

synarthrodia!,  i.  551,  558 

synovial  membranes  in,  i.  554 

syphilitic  disease  of  the,  v.  364 

table  of.  i.  553 

temporo-maxillary.  v.  358 

tumors  of.  v.  264 

wounds  of,  V.  292 
contused,  v.  293 
gunshot,  iv.  438.  449;  v.  295 
incised,  v.  293 
lacerated,  v.  293 
punctured,  v.  293 
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Joints,    wouDfls   of,   treatment,    v. 

Katabolism,  i.  7.57;  ii.  763;  v.  763 

Keratoderma    palmare   et  plan- 

293 

of  imiteid  matter,  v.  764 

tare,  etiology,  v.  305 

wrist,  vi.  913;  viii.  816 

Katalysine  water,  iv.  349 

patliology,  V.  305 

Jordan's  "White  Sulphur  Springs, 

Katatonia  in  dementia  pra'cox,  v. 

|)rogno.sis,  v.  306 

V.  -i'.nf 

103 

symptoms,  v.  304 

Judgment  of  direction,  iii.  4!)3 

Katelectrotonus,  see  EiectriHoii  us 

synonyms,  v.  304 

Judson's  brace  for  talipes,  iv.  221. 

Kauri,  iii   378 

treatment,  v.  306 

235 

U'um,  iii.  3.53 

varieties,  v.  304 

Jugal  point,  vii.  229 

Kava,  v.  301 

Keratodermia  eccentrica,  vi.  735 

Juglandic  acid,  ii.  029 

alplia-resiu,  v.  301 

Keratoglobus,  iv.  304 

Juglans,  ii.  529 

beta-resin,  v.  301 

Keratohyalin,  iii.  291 

finorea.  ii.  529 

Kavahin,  v.  301 

Keratoma,  diagnosed  from  ichthy- 

nigra, ii.  529 

Kava-kava,  v.  301 

osis,  iv.  838 

rcsia.  ii.  529 

"  Kearsage,"  United  States  steam- 

lialmare,    see   Keratodfniui    pul- 

Juglon,  ii.  529 

sliip.  plan  of,  showing  method  of 

mitre 

Jugular  canal,  ii.  362 

ventilation,  vi.  1(13 

plantare,  see  Kerdtodcrina  plun- 

Jugular  vein,    auomalies  of.    viii. 

Keen's  cerebral  electrode,  ii.  409 

In  re 

304 

Kefir,  v.  302,  830 

Keratoscopic  disc  of  Placido,  vi. 

anterior,  vi.  196 

grains,  v.  302 

394 

surface  marking  of,  vi.  191 

seeds,  v.  303 

Keratoscopy,  vii.  194 

external,  vi.  196 

Kelis,  V.  303 ;  and  see  Kelmil 

Keratosis  follicularis,  v.  306 

surface  marking  of.  vi.  191 

genuine,  v.  302 

definition,  v.  306 

internal,  vi.  196 

spontaneous,  v.  302 

diagnosis,  v.  307 

suri^acc  marking  of.  vi.  191 

spuria,  v.  303 

etiology,  v.  306 

phlebitis  of,  complicating  otitis 

vera,  v.  303 

pathological  anatomy,  v.  306 

media,  iii.  658 

Kelly's   corrugated  tenaculum,   iv. 

prognosis,  v.  307 

Juice,  gastric,  iv.  310 

461 

symptoms,  v.  306 

Juices,  v.  736 

method  of  artificial  respiration. 

synonyms,  v.  306 

Jumble  beads,  v.  260 

i.  561 

treatment,  v.  307 

Jung's  compressorium,  iv.  711 

of  hysterectomv,  iv.  827 

Keratosis  follicularis  contagiosa, 

Juniper,  v.  298 

Keloid,  iii.  87:  iv.  154 i  v.  302 

V.  307 

diuretic  action  of,  iii.  546 

Addison's,  v.  864 

Keratosis    obturans     of    external 

Juniperus,  v.  298 

cicatricial,  iv.  154;  v.  303 

auditory  canal,  iii.  615 

communis, V.  298 

definition,  v.  302 

Keratosis  pilaris,  iv.  837;  v.  307 

o.xycednis,  ii.  540 

diagnosis,  v.  304 

definition,  v.  307 

sabina,  vii.  43 

etiology,  v.  302 

diagnosis,  v.  308 

virgiuiana,  v.  298 

pathologj-      and       pathological 

etiology,  v.  308 

Junker's  inhaler,  iii.  14 

anatomy,  v.  303 

pathology,  v.  308 

Junket,  vi.  557 

prognosis,  v.  304 

prognosis,  v.  308 

liiiw  to  make.  iii.  4.53 

scar,  v.  303 

sj'mptoms.  V.  307 

Junod's  boot,  ii.  73 

secondary,  v.  303 

synonyms,  v.  307 

spontaneous,  iv.  155 

treatment,  v.  308 

Kaellia  (pvcnantbemimi).  v.  379 

symptoms,  v.  302 

Kerion,  vii.  782 

Kairine,  v.  299 

synonyms,  v.  302 

Kermes  mineral,  i.  375 

antipyretic  action  of.  ii.  571 

treatment,  v.  304 

Kernig's  sign,  ii,  394;  vi.  876 

etbylated,  v.  299 

true,  iv.  1.55 

in  cerebro-s))inal  meningitis,  li. 

methylated,  v.  399 

Kelos,  V.  303;  and  .see  Keloid 

.394,  770 

Ijhysiological  action,  v.  399 

Kelotomy,  iv.  6G9 

Kessel's  operation,  iii.  672 

therapeutics,  v.  299 

Kelp-ware,  i.  799 

Keystone  Mineral  Spring,  v.  308 

Kairine  A,  v.  399 

Kemp's  irrigating  tubes,  iii   83(1 

Key  West,  iv.  160;  and  see  Florida 

Kaiserquelle  (at  Aachen),  i.  1 

Kentucky,  hislorv  ol'  vellow  fe\iT 

Khairsal,  ii.  738 

Kakerlakism,  i.  165 

in,  viii.  588,  "589 

Khamsin  (winds  in  Egypt),  iii.  140 

Kala-azar,  v.  399 

requirements  for  medical    prac 

Khersal,  ii.  738 

Kala-dukh,  v.  300 

tice  in,  iv.  48 

Kickapoo   Magnetic  Springs,  v. 

Kala-jwar,  v.  300 

United   States    steamship,    plan 

308 

Kalmia,  vi.  706 

of,  showing  method  of  ventila- 

Kidney, v.  308 

anffustifolia,  vi.  707 

tion,  vi.  163 

absence  of,  v.  310,  320;  viii.  11 

lat'ifolia,  vi.  706 

Keratin,  iii.  291 ;  v.  304 

actinomycosis  of,  v.  345 

Kalz  method  of  testing  for  beta- 

Keratitis,  iii.  284 

action  of  auiesthetics  upon,  i.  298 

oxybutyric  acid,  viii.  48 

as  a  cause  of  blindness,  ii.  10 

of  diuretics  upon,  vii.  100 

Kaniala,'  v.  300 

bullosa,  iii.  285 

adenoma  of,  i.  113;  v.  324 

action  and  uses,  v.  300 

catarrhal,  iii.  284 

adenosarcoma  of,  v.  325 

as  an  anthelmintic,  i.  363 

fascicular,  iii.  385 

affections  of,  health  resorts  for. 

Kamsin  (winds  in  Egypt),  iii.  738 

interstitial,  iii.  386 

iv.  .565 

Kandahar  sore,  i.  170;  vii.  944 

iridectomy  for.  v.  315 

amyloid  degeneration  of.  i.  270 

Kansas,   requirements   for   medical 

neuroparalytic,  iii.  289 

"  disease  of,  v.  321 

practice  in,  iv.  48 

parenchymatous,  iii.  286 

anatomical  relations  of,  i.  15 

Karyokinesis,  ii.  763 

phlyctenular,  iii.  284 

anatomy  of,  v.  308 

aty  jical,  v.  300 

sujierticial,  iii.  284 

angioma  of,  v.  328 

pat  lological,  v.  300 

suppurative,  iii.  286 

anomalies  of,  v.  310,  319 

stages  of,  ii.  764 

traumatic,  iii.  385 

arteries  of  the,  v.  313 

Karyoiymph,  ii.  761 

vascular,  iii.  285 

anomalies  of,  i.  .533 

Karyolysis,  v.  301 ;  vi.  201 

Kerato-angioma,  i.  348 

ascaris  lumbricoides  in.  v.  345 

Karyomitosis,  ii.  763 

Keratoderma,  symmetrical,  v.  304 

atrophy  of,  i.  610 

stages  of,  ii.  704 

Keratoderma    palmare   et  plan- 

blood  supply  of,  v.  312,  3.58 

Karyoplasm,  ii.  761 

tare,  V.  304 

calculus  of,  V.  3.59;  and  see  Cal- 

Karyorrhexis,  v.  301 ;  vi.  201 

definition,  v.  304 

cuhis.  renal 

Karyosomes,  ii.  763 

diagnosis,  v.  305 

cancer  of  the,  ii.  640 
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Kidney,  capsule,  tumors  of,  v.  330 
carcinoma  of  the,  i.  34;  ii.  640; 

V.  324 
cliondroma  of  the.  v.  3'3o 
condition   of,  in  diphtheria,   iii. 

484 
congestion  of,  v.  321 

active,  v.  321 

mechanical,  v.  322 

passive,  v.  322 
contracted,  v.  339,  340 
convoluted  tubule,  v.  310 

function  of.  vii.  99 
cortex  of  the,  v.  .309 
c_vanotic  induration  of,  v.  322 
cystic  degeneration   of.  v.   329, 
"363 

cysts  of,  iii.  3.51 ;  v.  329,  361 
decapsulation  of,  viii.  10 
development  of,  v.  31.5 
disease  of,  a  cause  of  insanity,  v. 
33 

bearing  of,  upon  (jucstiou 
of  administering  a  general 
amt'Sthetic,  iii.  10 

climate  suitable  for,  iv.  .565 

diarrho'a  in,  iii,  440 

in  insanit}',  v.  54 
displacements  of,  v.  320 
distoma  hoematobiuni  in,  v.  344 
echinococcus  in,  v.  344,  362 
effect  of  alcohol  upon.  i.  167 
endothelioma  of,  v.  32.5 
excisicm  of,  etlect  on  the  urine, 

v.  318 
extract,  vi.  416 
fibroma  of,  iv.  155;  v.  323 
floating.  V.  320 

functional     activity     of,    deter- 
mination of.  V.  353 
fused,  V.  310,  320 
glomerulus  of,  v.  310 

function  of,  vii.  98 
gouty,  V.  340 
granular,  v.  339,  340 
health  resorts  for  affections  of, 

iv.  ,565 
hemorrhage  from.  v.  361 
horseshoe,  v.  319 
hyperaniia  of,  v.  321 
hypernephroma  of,  iv.  805 
in  childhood,  ii.  831 
infection  of  the.  v.  358 
injuries  of,  i.  17 

symptoms,  i.  20 

treatment,  i.  18 
lardaceous,  v.  321 
lesions  of,  following  anaesthesia, 
iii.  24 

following  erysipelas,  iv.  7 
lipoma  of.  v.  323;  viii.  481 
lobulated,  v.  319 
lymphadenoma  of  the,  v,  326 
lymphatics  of,  v.  314,  637 
malformations  of,    v.    319;    vii. 

707 
malignant  growths  of,  v.  323 
medulla  of,  v.  309 
methods  of  examination   of,  v. 

354 
microscopical  structure  of,  v.  310 
mottled,  v.  337 
movable,  i.  34;  v.  330,  357 
myoma  of,  vi.  77 
myxoma  of,  v.  323 
neiihritis,  v.  330 
nerves  of,  v.  314 
new  irrowths  of  the,  i.  33;  v.  323 


Kidney  of  chronic  hemorrhagic  ne- 
phritis, V.  337 
of  pregnancy,  v.  333 
operations  on,  v.  3.55 
osteoma  of,  v.  323 
pale  granulav,  v.  339 
palpable,  v.  320 
palpation  of.  v.  327,  3.54,  357 
parasites  of,  v.  344;  vi.  .501 
pelvis,  new  growths  of.  v.  339 
pentastomum    dcnticulatum  in, 

v.  344 
perithelioma  of  the,  v.  325 
physiology  of,  v.  315 
pseudotuberculosis  of  the,  v.  347 
red,  v.  337 
red  granular,  v.  340 
relations  of  the,  v.  309 
Siircoma  of  the,  i.  34;  v.  335 
sclerosis  of,  v.  339 
secretion  in  the,  vii.  98 
senile,  v.  340 

strongyliis  gigas  in,  v.  344 
supernumerary,  v.  310 
supiiuratiou  in  the,  v.  3.58 
surgical  alfections  of.  v.  353 

anatoliiy  of.  v.  3.53 
syjihilis  of.  "v.  361 ;  vii.  626 
tuberculosis  of  the,  i.  34;  v.  345; 

vii.  903 
tumors  of  the,  i.  33;  v.  332 
of  the  eapside  of,  v.  330 
variegated,  v.  337 
waxy,  v.  331 
whil!e,  V.  337,  339 
yellow.  V.  337 
Kiefer  nozzle,  iv.  401 
Kilian's  method  of  examining  the 
posterior  wall  of  the  larynx,  v. 
433 
of  treating  sinusitis,  iv.  374 
Kimball's  device  for  rapid  collec- 

tinn  iif  lymph,  viii.  141 
Kinepox,   natural,   occurrence  of, 

in  the  United  States,  viii.  112 
Kinewin,  vi.  837 
Kinic  acid,  iii.  93 
Kino,  v.  363 

action  and  uses.  v.  363 
East  Indian,  v.  362 
Malabar,  v.  363 
Kinoin,  v.  362 
Kino-red,  v.  362 
Kinotannic  acid,  v.  362 
Kissing-bug,  v.  161 
Kissingen,  v   363 
Kissingen  waters,  v.  363 
Kitasato's  filter,  viii.  382 
Kite-tail  tampons,  viii.  179 
Kjeldahl's  method  for  determining 
the  nitrogen  in  urine,  viii.  33 
for  determining  the  proteids  in 
milk,  V.  828 
Klamath  Hot  Springs,  v.  363 
Klebs-LoefHer  bacillus,  i.  694;  iii. 

4S(1 
Kleptoraania,  v.  133 
Klotz's  endoscopic  tube,  ii.  746 
Knapp's     method    of     estimating 
([uantity  of  glucose  in  urine,  viii.  41 
Knapsack,  soldiers',  y.  797 
Knee,  housemaid's,  v.  274 
Knee-jerk,  v.  368;  vi.  874 

conditions  inlluencing,  v.  364 

crossed,  v.  364 

effect  of  drugs  on.  v.  366 

of  section  of  spinal  cord  on, 
V.  366 


Knee-jerk,  essentials  to  production 
of,  y.  366 
how  to  elicit,  \ .  363,  364 
influence  of  cereliellum  on,  v.  368 

of  cerebrum  on,  v.  368 
muscles  involved  in,  v.  366 
paradoxical,  v.  364 
physiological,  v.  363 
puriiose  of,  v.  368 
reinforcement  of,  v.  365.  368 
time  of.  v.  367 
tonus  theory  of.  v.  367 
variations,  v.  364 
Knee-joint,  v.  369:  vi.  933 
amputation  at  the.  i.  261 
arthritis  deformans  of,  v.  274 
blood  sui)])ly  of,  v.  371 
bursa^  of,  ii.  525 
capsule  of,  v.  370 
chronic  rheumatoid  arthritis  of, 

v.  288 
congenital  dislocations  of,  iv.  698 
cysts  of  till',  V.  275 
Knee-joint,  diseases  of  the,  v.  273 
preventiiin  of  deformity  in.v.  287 
treatment  of,  v.  285 
compression,  v.  286 
distraction,  v.  285 
erasion,  v.  286 
fixation,  v.  285 
Knee-joint,  dislocations  of  the,  iii. 
,528;  iv.  698 
displacement   of    the  semilunar 

cartilages,  v.  288 
drainage  of,  v.  294 
hydrops  of.  v.  273 

treatment,  v.  388 
in  hsemophilia,  v.  375 
ligaments  of.  v.  370 
loose  liodies  in  the,  v.  288 
movable  bodies  in,  v.  295 
nerves  of,  v.  371 
pain  in,  in  hip  disease,  iv.  693 
periarticular  disease,  v.  274 
prepatellar  bursitis,  v.  374 
resection  of.  vi.  933 
slipping  of  patella,  v.  288 
subluxation  of  semilunar  carti- 
lages, y.  297 
synovial  fringes  in,  v.  275 

membrane,  v.  370 
synovitis  of.  v.  273 

treatment,  v.  287 
tubercular  ostitis  of.  v.  373 

treatment,  v.  386 
tuberculosis  of,  v.  373 
tumor  albus  of,  v.  373 
water  on,  v.  388 
Knee-kick,  v.  363 ;  vi.  874 ;  and  see 

Knee-jerk 
Knee  phenomenon,  v.  363;  vi.  874; 

and  see  Knee-jerk 
Knee  reflex,   v.   363;  vi.   874;  and 

see  Knee-jerk 
Knock-knee,  v.  373 
adolescent,  v.  373 
braces  for,  v.  374 
etiology,  v.  373 
operative  treatment  for,  v.  874 

Lorenz  method,  v.  375 
osteoclasis  for,  v.  375 
osteotomy  for,  v.  374 
pathology  of,  v.  373 
rachitic,  v.  372 
Koch-Ehrlich  method  of  staining 

tuberelr  liarillus.  viii.  397 
Kocher's  method  of  resection  of 
elbow,  vi.  918 
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Koclier's  luclliod  of  rcsec- 
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Kocher's  method  of  resection  of 

Kyphosis,  angular,  ii.  809 

Lachrymal    caruncle,    tumor;. 

of 

hip,  vi.  y38 

causes  of,  v.  377 

tlu-,  iv.  110 

of  shoulder,  vi.  933 

varieties,  v.  377 

Lachrymal  concretions,  v.  39 

"( 

of  wrist,  vi.  915 

Lachrymal  di-ainage  apparatus. 

Kocher's  method  of  treatment  of 

Lab,  vi.  893 

iv.  116 

innuiiiiil  hcniiu,  iv.  G74 

Labarraque's  solution,  iii.  6 

granuloma  of.  iv.  110 

Koch's  bunllus  luberculo.sis,  i.  680 

as  an  antidote  to  bleaching  pow- 

polyps of.  iv.  116 

lildod-serum  coagulatoi'.  viii.  376 

der,  i.  373 

tun'un-s  of,  iv.  116 

"coniina  bucilhis,"  viii.  363 

germicidal  action  of,  iv.  333 

Lachrymal  gland,  adenoma  of 

,  iv. 

cyliuder  for  air  analysis,  viii.  403 

Labdanum,  v.  403 

116 

dry  heat  sterilizer,  viii.  380 

Labia,  vii.  170 

affections  of,  v.  394 

incubator,  viii.  383 

ma.iora,  vi.  568 

atrophy  of,  v.  394 

levelling  apparatus,  viii.  386 

minora,  vi.  568 

concretions  in,  v.  395 

safety  burner,  viii.  384 

hypertrophy,  of,  viii.  163 

cystic  degeneration  of,  iv.  116 

stean"i  sterilizer,  viii.  380 

Labiatae,  v.  379 

cysts  of,  V.  395 

Koilonychia,  vi.  93 

Labor,  and  sec  Ohntctrii-x 

degenerations  of,  vi.  406 

Kola,  v.  375 

anesthesia  in,  v,  388 

enlargement  of,  vi.  406 

fresli,  V.  375 

antisepsis  in.  v.  379,  384,  385 

epithelioma  of,  iv.  116 

Kola  nut,  ii.  540;  v.  375 

asepsis  in.  v.  379,  384,  385 

hypertrophy  of.  v.  394;  vi. 

too 

Kola  red,  v.  375 

care  of  patient  before,  v.  380 

inflanunation  of,  v.  394 

Kolanin,  v.  375 

eSect  of  ankylosis  of  .sacro-coccj'- 

luxation  of,  v.  394 

Kolpo-coelio-hysterectomy,      iv. 

geal  ji.iint  on,  vi.  528 

lymphosarcoma  of,  iv.  116 

83(1 

of  deformed  pelves  on,   vi. 

neuralgia  of,  v.  394 

Kolpo-hysterectomy,       technique 

524 

myxoma  of,  iv.  116 

nf,  iv.  !S30 

of  tumors  of  pelvis  on,  vi. 

myxosarcoma  of,  iv.  116 

Kombe,  vii.  .541 

528 

sarcoma  of.  iv.  116;  vi.  406 

Kombic  acid,  vii.  541 

examination  of  patient  bef  jre,  v. 

tumors  of,   iv.    115;  v.  395 

vi. 

Kdnig's  operation  for  rhinoplasty. 

380 

406 

vi.  !)(16 

first  stage  of,  duties  of  physician 

Lachrymal  passages,  iv.  66 

for  sa<ldle  nose,  vi.  134 

during,  v.  387 

Lachrymal  probe,  v.  399,  400, 

403 

Koosin  as  an  anthelmintic,  1.  363 

management  of,  v.  886 

Lachrymal  sac,  lilcnnorrhiea,  v 

401 

Koosso,  V.  376 

management  of,  v.  383 

inflammation  of,  v.  396 

Koplik's  spots,  V.  715 

in  cases  of  deformed  pelvis. 

measurements  of,  viii.  340 

Korescopy,  vii.  194 

vi.  ,538 

Lachrymal    secretion,    effect 

of 

Kosin,  V.  376,  377 

medidlary  narcosis  in,  v,  388 

svmpathetic    nervous   system 

on. 

Koumyss,  i.  169;  v.  830 

normal,  management  of,  v.  379 

vii.  583 

linw  to  make.  iii.  453 

outtit  for,  V.  382 

Lachrymal  stricture,  v   397 

Krabbea,  ii.  793 

pathological  conditions  produced 

Lachrymal  tubercle,  vii.  238 

grandis.  ii.  793 

during,  vi.  377 

Lactalbumin,  v.  821 

Kraepelin's  classification  of  forms 

premature,  induction  of,  vi.  309 

Lactanin,  v.  403 

of  insanity,  v.  37 

preparation  of  patient  for,  v,  382 

Lactarius,  iv.  284 

Krameria,  vi.  9C4 

second  stage,  duties  of  physician 

deliciosus,  iv.  284 

argentea,  vi.  964 

during,  v.  387 

piperatus,  iv.  284 

Brazilian,  vi.  964 

technique  of,  v,  386 

volemus,  iv.  284 

ixina,  vi,  964 

third  stage,  management  of,  v. 

Lactase,  an  enzyme,  iii.  843 

lanceolata,  vi.  964 

389 

Lactate  of  iron,"  v.  323 

Peruvian,  vi.  964 

unusual  mechanisms,  v,  390 

of  silver,  vii.  216 

triandra,  vi.  964 

Labord's  method  of  artificial  respi- 

of strontium,  vii.  .541 

Krameria-tannic  acid,  vi.  9C4 

ration,  i.  5(il 

Lactation,  see    Breast,  female. 

and 

Krameroform,  iv.  346 

Labyrinth,  anaemia  of.  iii.  601 

GaliirUir/offiies 

Krause,  end  bulbs  of,  viii.  .563 

treatment,  iii.  605 

changes  in  breast  during,  ii. 

464, 

membrane  of,  iii.  369;  vi.  17 

anatomy  and   jihysiology  of,   i. 

468 

Krause's  method  of  inducing  pre- 

619 

defective,  iv.  287 

mature  labor,  vi.  310 

bony,  i.  030 

relationof  menstruation  to,  v 

745 

Kraurosis  of  vulva,  viii.  162 

hemorrhage  into,  iii.  601 

Lacteal  secretion,   effect  of  sym- 

Kreatin in  urine,  viii.  37 

treatment,  iii.  605 

pathetic  nervous  system  on,  vii 

583 

Kreatinin  in  urine,  viii.  37 

hypericmia  of,  iii.  599  601 

Lacteals,  v.  625,  638;  and  see  Li/iii- 

Kreoform,  iv.  240 

treatment,  iii.  605 

ji/iiific  .ii/.'item 

Kresamin,  iv.  15 

inflammation  of,  iii.  598,  002 

Lactic  acid,  v.  402 

Kresol  in  urine,  viii.  44 

membranous,  i.  620 

determination  of,  in  milk,  v. 

840 

Kresolid,  v.  673 

necrosis  of,  iii.  002 

germicidal  action  of,  iv.  334 

Kreotoxismus,  iv.  185 

treatment,  iii.  605 

in  urine,  viii.  48 

Kronig's  cumol  method  of  prepar- 

syphilitic affection  of  the,  iii.  6.83 

Lactoglobulin,  v.  821 

ing  sutures  ami  ligatures,  i.  568 

ti-ansmission     of    v  i  b  r  a  t  i  o  n  s 

Lactol,  V.  402 

Kronlein's  method  of  brain  locali- 

thrcmgh, i.  633 

Lactophenin,  v.  402 

zation,  ii.  405 

Labyrinthitis   exudativa,   iii.  598, 

Lactoscope,  Pe.ser's,  v.  837 

Kryoflne,  v.  377 

002 

Lactose,  v.   830,  829;  antl  .sec  . 

Uilk 

Kuhnt's  method  of  treating  sinu- 

followed by  deaf-mutism,  iii.  608 

,^tt(/ttr 

sitis,  iv.  274 

hyperplastica,  iii.  .598.  003 

in  urine,  viii.  43 

Kultzschitzky's  fluid,  iv.  708 

Labzymogen,  vi.  893 

Lactosuria,  viii.  43 

Kiimmell's  method  of  tarsectomv, 

Lacerations,  amputation  in,  i.  235 

Lactuca  altissinia,  v.  403 

vi.  927 

of  eervi.x  uteri,  viii.  69 

canadensis,  v.  403 

Kumyss,  i.  109 

of  perineum,  vi,  311 

sativa,  v.  403 

Kuskow's  pepsin  fluid,  iv.  713 

of  veins,  viii.  214 

scariola,  v,  403 

Kyanopsia,  viii   579 

Lachryma  papaveris,  vi.  383 

virosa,  v.  403 

Kyle's  tongue  depressor,  vi.  108 

Lachrymal  apparatus,  v.  393 

Lactucarium,  v.  403 

Kyphosis,  ii.  808;  v.  377 

alfeclions  of  the,  \  .  393 

Enelish,  v.  403 

adolescent,  vii.  389 

Lachrymal  bag,  iv,  64 

French,  v.  403 

cw 
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Koolier's  method  of  resec- 
Laryux.  [Hon. 


Lactucarium,  Germau,  v.  403 

bccitcli.  V.  403 
Lactucerin,  v.  403 
Lactucic  acid,  v.  403 
Lactucin,  v.  403 
Lactucon,  v.  4U3 
Lactucopicrin,  v.  403 
Lactyl  paraphenetidin,  v.  403 
Lacunae  nf  Uowship,  ii.  119 
Ladanum,  v,  403 
Ladies'  slipper,  iii.  340 
Laennec's  cirrhosis,  v.  544.  548 
Lagoa     crispata   opercularis,    v. 

Lag-ophthalmus,  iv.  116 

La  grippe,  v.  11 ;  and  see  Infltienzit 

Lahore  sore,  vii.  944 

Laiose  iu  urine,  viii.  42 

Lake       Park      White     Sulphur 

Springs,  v.  403 
Lake  Tahoe  Hot  Springs,  v.  403 
Lake  View  Hot  Springs,  v.  404 
Lakewood,  v.  404 
Laking  of  blood,  viii.  467 
Lambda,  vii.  2i!l.  238 
Lambdoidal   fissure    of  brain,    ii. 

ISli 

Lamblie  duodenalis,  viii.  586 

intestinalis,  viii.  536 
Lamella,  bone,  ii.  115 
Lameness  in  liip  disease,  v.  269 
Lamina  basalis,  iv.  73 

clioriocapillaris,  iv.  73 

cinerea,  ii.  167 

spiralis,  i.  620 

suprachoroidea.  iv.  73 

terminalis,  ii.  167 

vasciilosa,  iv.  73 
Laminaria,  v.  405 

(liililata,  v.  405 
Lamium,  v.  379 
Lance  knife,  ii.  727 
Land,  influence  on  olimate,  iii.  139 
Landolphi's  caustic,  ii.  758 
Landolt-Lippich's     polarimeter, 

vi.  729 
Landouzy-Dejerine's      muscular 

atrophy,  vi.  63 
Landry's  paralysis,  vii.  327 
Lane  Mineral  Springs,  v.  405 
Lanenstein's  method  of  resection 

of  ankle,  vi.  931 
Langenbeck's   method   of  resec- 
tion of  wrist,  vi.  914 

of  elliow.  vi.  917 
Langenbeck's    operation    (eheilo- 

plasty),  vi.  902 
Langenbeck's    periosteal  eleva- 
tor, v.  704 
Lang's  fluid,  iv.  709 
Language,  area  of,  iu  l)rain,  i.  411 

disturbances  of,  in  eerebral  tu- 
mors, ii.  445 

7one  of,  i.  411 
Lanoform,  iv.  246 
Lanolin,  v.  405 
Laparotomy,  exploratory,  vii.   487 

ill  intestinal  obstruction,  v.  174, 
175 
Lapp,  ii.  517 
Lapi^in,  ii    517 
Larch  bark,  v.  405 
Lard,  v.  405 

.■idulteration  of,  iv.  181 

leaf.  V.  405 

ri'tininij.  reu:ulatioii  of,  vi.  331 
Lardaceous   degeneration,  i.  268; 
iii.  396 


Largin,  vii.  216 
Larix,  vii.  914 

europiea,  v.  405;  vii.  914 
Larixinic  acid,  v.  405 
Larkspur,  poisonous  plant,  vi.  708 

si-eds.  vii.  454 
Larrey's  method  of  amputation  at 

sliiiuiiler,  i.  2,53 
Laryngectomy,  v.  423 
after-care,  v.  424 
artificial  larj-ux,  v.  424 
history  of,  v.  423 
indications  for,  v.-  423 
operation  of,  v.  424 
partial,  v.  425 
results,  V.  425 
unilateral,  v.  425 
Laryngismus   stridulus,   iii.   331, 
7(J3;  v.  438;  and  see  Vroiip 
diagnosed  from  croup,  iii.  332 
Laryngitis,  acute,  v.  410 
detinition,  v.  410 
diagnosis,  v.  411 
etiology,  v.  410 
pathology,  v.  411 
symptoms,  v.  411 
synonyms,  v.  410 
treatment,  v.  411 
catarrhal,  acute,  v.  410 
chronic,  v.  414 

diagnosis,  v.  415 
etiology,  v.  414 
pathoTogy,  v.  414 
symptoms,  v.  415 
treatment,  v.  414 
diagnosed  from  croup,  iii.  323 
from  syphilis  of  larynx,  v. 
444 
hemorrhagic,  v.  411 
mucous,  V.  410 
oedematous,  v.  413 
diagnosis,  v.  413 
etiology,  v.  412 
patholog3',  V.  413 
symptoms,  v.  418 
treatment,  v.  413 
phlegmonous,  v.  412 
purulent,  v.  412 
submucosa  acuta,  v.  410 
subglottic,  V.  411 
suppurative,  v,  412 
supraglottic,  v.  411 
Laryngology,  cocaine  in,  iii.  159 
Laryngo-pharyngeal  muscle,   v. 

409 
Laryngorrhoea,  v.  410 
Laryngoscope,  v.  420 

liglit  for.  V.  421 
Laryngotomy,    vii.    833 ;    and   see 

'Jracluotoiriy 
Larynx,  v.  406 

abscess  of,  v.  410 
absence  of,  v.  419 
adenoma  of,  v.  433 
anjesthesia  of,  v.  428 
anatomy  of  the,  v.  406 
angeioma  of,  v.  433 
arthritis    and    ankylosis   of   the 
crico-arytenoid  articulation,  v. 
418 
artificial,  v.  424 
asymmetry  of,  v.  419 
atresia  of,  i.  603 
benign  tumors  of  the,  v.  431 
blood  supply  of,  v.  409 
burns,  scalds,  and  injuries  of,  v. 

414 
carcinoma  of  the,  v.  434 


Larynx,  carcinoma  of  the.  diag- 
nosed from  syphilis,  v. 
444 

differential  diagnosis  of,  v. 
449 
cartilages  of,  v.  407.  451 

supei'numerary.  v.  419 
chorea  of,  v.  429 
cicatricial  stenosis  of,  v.  440 
cleft  formations  of,  v.  419 
compression   of,  as  a    cause    of 

dysiJHwa,  iii.  579 
congenital  diaphrasm  formation, 
v.  441 

malformations  of  the,  v.  419 
cysts  iu,  V.  433 
deviations  of  form  and  situation, 

V.  419 
diphtlieria  of,  iii.  485 
dislocations  of,  v.  420 
epithelioma  of,  v.  434 

diagnosed  from  lupus,  v.  427 
erysipelas  of,  v.  419 
examination  of,  v.  420 
extirijation  of,  v.  423 
fibroid  degeneration  of,  in  syphi- 
lis, iv.  442 
13broma  of,  v.  433 
fibromyxoma  of,  v.  438 
foreign  bodies  in,  i.  160:  vi.  198 
fractures  and  dislocations  of  the, 

V.  420 
functions  of,  v.  451 
general  diagnosis  of  diseases  of, 

V.  420 
hypenvsthesia  of,  v.  427 
hypertrophy  of,  v.  419 
inflammation  of,  v.  410,  414;  see 

also  Laryngitis 
injuries  of,  v.  414 
interior  of  the,  v.  406 
intubation  of  the,  v.  195 

after-treatment,  v.  199 

dangers  of,  v.  198 

instruments  for,  v.  195 

O'Dwyer's  tubes,  v.  195 

operation,  v.  196 

removal  of  the  tube,  v.  197 
lepros}'  of  the,  v.  426 
ligaments  of,  v.  408 
lipoma  of,  v.  433 
lupus  of  the,  V.  426 

differential  diagnosis  of,  v. 
449 
lymphatics  of,  v.  410,  629 
malformations  of,  v.  419;  vii.  705 
malignant  tumors  of,  v.  433 
measurements  of.  viii.  240 
medication  of,  v.  733 
muscles  of,  v.  409 
myxoma  of,  v.  433 
nerve  supply  of,  v.  410 
neuralgia  of,  v.  428 
neuroses  of,  v.  427 
new-growths  of,  v.  431 
oedema  of,  v.  439,  412 
pachydermia  of,  v.  417 
l<apilloma  of,  v.  432 
para^sthesia  of,  v.  428 
paralysis  of,  v.  427 
perichondritis   of,    v.    434;    and 
see  PerichonOritiii 

as  a  cause  of  stenosis,  v.  489 
phlegmon  of,  vi.  617 
phthisis  of  the,  v.  447 
physiology  of  the,  v.  451 
relations  of  the,  v.  406 
resection  of,  v.  423 
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Larynx,  respiiatorv  function  of.  v. 
451 
sarcoma  of  the,  v.  434 
scalds  of,  V.  414 
spasm  of,  V.  429 
stenosis  of  the,  v.  437 
acquired,  v.  438 
congenital,  v.  437 
diapliragmatic,  v.  437 
from  external  causes,  v.  441 
pseudoraembianous,  v.  439 
syphilitic,  v.  487 
treat nicut,  v.  441 
vestibular,  v.  437 
well.  V.  437 
syphilis  of  the,  v.  443:  vii.  621 
and    cancer,    diagnosis    be- 
tween. V.  444 
and   phthisis,  diagnosis  be- 
tween, V.  444 
congenital,  v.  446 
diagnosis,  v.  444 
differential   diagnosis  of,  v. 

449 
prognosis,  v.  44.5 
symptoms,  v.  443 
treatment,  v.  445 
tuberculosis  of,  v.  447 
definition,  v.  447 
diagnosis,  v.  449 
differential  diagnosis,  v.  449 
etiology,  v.  447 
history,  v.  447 
pathology,  v.  448 
symptoms,  v.  449 
treatment,  v.  4.50 
tumors  of  the,  v.  431 

as  a  cause    of    stenosis,    v. 

440 
classification  and  history,  v. 

431 
clinical  aspects,  v.  433 
etiology,  v.  431 
frequency,  v.  433 
pathology,  v.  433 
prognosis,  v.  434 
prolajise  of,  v.  436 
S3'mptouis,  V.  434 
treatment,  v.  434 
ventricle  of,  v.  406 
L.as  Cruces,  vi.  284 
Las  Vegas,  vi.  282 
Las  Vegas  Hot  Spring-s,  v.  4.56 
Latapie's  iuiimul  holilcr.  viii.  393 

hlooil  ]iipctti'.  viii.  374 
Lateral  chain  theory  of  Ehrlich, 

vii.  211) 
Lateral  curvature  of  the  spine, 
V.  456 
age  of  occurrence,  v.  461 
apparatus  for,  v.  466 
classification,  v.  460 
etiology  of,  v.  4.59 
forcible  correction  in,  v.  463 
gymnastic  exercises  in,  v.  463 
lateral  deviation  in,  v.  457 
measuring  machines,  v.  462 
methods  of  self-correction,  t.  465 
rotation  in,  v.  457 
secondary  or  contour  changes  in, 

V.  458 
structural  changes  in,  v.  459 
symptoms,  v.  461 
treatment  of,  v.  4G3 
Lateral   sinus,  anomalies  of,   viii. 

204 
Lateral  ventricles,  tapping,  a  sur- 
gical procedure,  ii.  426 


Lateralis  abdominis  muscle,  vi. 

(1! 
Latin,  essentials  of,  for  prescrip- 
tion-writing, viii.  5>'5 
Latissimus   dorsi    muscle,  anom- 
alies of,  vi.  48 
Latitude,  influence   of,  on   climate, 

iii.  138 
Latrines  for  soldiers,  v.  812 
Latrodectus  mactaus,  i.  428 

malmignatus,  v.  1.59 
Laudanum,  vi.  383;  and  see  Opium 
Laughing,  v.  406 
Laughing-gas,  vi.  293 
Laughter,  death  from,  v.  467 

physiology  of.  v.  466 
Laurel,  v.  467 

cherry,  i.  737 
Laurus  camphora.  ii.  623 

nobilis.  i.  737;  v.  467 
Lavage  as  a  digestant.  iii.  470 

in  intestinal  obstruction,  v.  173 

of  intestines,  iii.  832 
Lavandula,  v.  467 

angustifolia,  v.  467 

spiea.  V.  468 
Lavatories  for  school-buildings, 

vii.  71 
Lavender,  v.  467 

Law  of  contraction  for  human  nerves, 
iii.  771 

of  excitation,  iii.  770 
Law,   relation    of   physician  to 

the,  viii.  .510 
Lawsonia  inermis,  iv,  6H8 
Laxatives,  v.  468;  vi.  8()9 

>ise  of.  in  dyseiitery,  iii.  574 
Laxator  tympani  muscle,  i.  619 
Lead,  v.  470 

acetate,  v.  471 

arthralgia,  v.  474 

as  a  cause  of  blindness,  ii.  13 

as  a  food  poison,  iv.  184 

as  a  pathological  pigment,  vi.  635 

basic  acetate,  v.  471 

button,  viii.  171 

cachexia,  v.  473 

carbonate,  v.  471 

cerate  of  subacetate,  v.  471 

colic,  V.  474 

compounds  of,  used  in  medicine, 
V.  471 

distribution  of.  in  the  body,  after 
absorption,  vi.  727 

effects  of,  on  fa'tus.  vi.  279 
on  workers  in,  vi.  325 

encephalopathy,  v.  474 

general   medicinal  properties  of 
compounds,  v.  470 

headache  from  use  of,  iv.  .548 

in  water,  viii.  289 

iodide,  v.  471 

monoxide,  v.  471 

nitrate,  v.  471 

palsy,  V.  472 

plaster,  v.  473 

poisoning  by,  v.  473 

stains  on  the  cornea,  iii.   289 

sugar  of,  v.  471 

white,  v.  471 
Lead  poisoning,  v.  473 

acute,  V.  473 

chronic,  v.  473 

from  IniUets,  iv.  444 

method  of  introdtiction,  v.  473 

pathological  anatomy,  v.  474 

post-mortem  appearances,  v.  473 

prognosis,  v.  474 


Lead  poisoning,  sulphate  of  mag- 
nesium as  an  antidote,  i.  731 

symptoms,  v.  473 

treatment,  v.  473,  474 
Leather,  bkiod  stains  on,  to  detect, 

ii.  80 
Leaven,  viii.  321 
Lebanon  Springs,  v.  475 
Lecithin,  i.  755;  v.  475 
Lectures,  no  copyright  in,  but  pro- 
tected, iii.  282 
Ledoyen's   disinfecting  fluid,    v. 

472 
Ledraw     and     Roux's    operation 

(cliciloplasty).  vi.  904 
Ledum,  poisonous  plant,  i.  707 
Leech,  iv.   700 

application  of,  ii.  73 

European,  iv.  700 

gray,  iv.  701 

green,  iv,  701 

Mexican,  iv.  702 

nioimtain,  iv.  703 
Leech  tube,  ii.  73 
Leeching,  ii.  72 
Left-handedness,  iv.  489 
Left   ventricle,   hypertrophy  of, 

physical  signs  of,  ii.  823 
Leg,  amputation  of,  i.  260 

Anglesey  (artificial),  iv.  513 

anomalies  of  arteries  of,  i.  .535 

applied  anatomy  of,  v.  476 

aitificial,  iv.  513 

Barbados,  iii.   781 

bi}nes  of,  v.  477 

dislocations  of  the,  iii.  038 

eczema  of  the,  iii.  725 

elephantiasis  of,  iii.  783 

fascia  of,  v.  479 

lymphatic  glands  of,  v.  634 

lymiihatics  of,  v.  633 

muscles  of,  v.  480 

anomalies  of.  vi,  57 

sUin  of,  v,  478 

idcers   of,   differential  diagnosis 
of,  vii.  947 

veins  of.  v.  478 
Legal's  test  for  acetone  in  urine, 

i.  117;  viii.  -19 
Leggings  for  soldiers,  v.  796 
Legumes  as  a  food  for  invalids,  iii. 

455 
Leguminosse,  v.  482 

poisonous  plants  of,  vi.  694 
Leiomyoma,  vi.  40,  74;  vii.  35,  907 

etiolngy,  vi.  75 

gross  apjiearance,  vi,  75 

histology,  vi.  74    . 

malignant,  vii.  35 

nature,  vi.  75 

origin,  vi.  75 

seats,  vi.  75,  77 
Leiter  cooling  apparatus  for  ear, 

ill.  5!1(i 
Lembert's  continuous  suture,  v.  177 

interrupted  suture,  v,  178 

sutures,  iii.  206 
Lemon,  iii.  137;  v.  482 

grass,  iii.  126;  and  see  Citronella 
grnss 

ground,  see  Podop/iyllum 

.salt  of,  vi.  452 

sour.  iii.  127 

sweet,  iii.  127 

wild,  sec  I'nd/ipJii/Uum 
Lemon  Springs,  v.  483 
Leuigallol,  v.  483 
Lenirobin,  v.  483 
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Lenitives,  see  Ln-ratiren.  v.  468 
Le  Noble's  test  for  acetone,  i.  76 
Lens,  crystalline,  iv.  yi 

cliaiigt-s  ill  the  sliaiie  of,  iv.  93 

development  of,  iv.  68 

dislocatiou  of,  iv.  103 

foreign  bodies  in,  iv.  105 

injuries  to,  iv.  103 

wounds  of,  iv.  103 
Lenses,  iv.  88 

strength  of,  iv.  .89 

trial, "vi.  39.") 
Lenticular  arteries,  ii.  2.53 
Lenticulo-striate  arteries,  ii.  253 
Lenticulo-thalamic     arteries,    ii. 

253 
Lentigo,  v,  483 

;estivale,  v.  483 
Leontiasis  ossea,  vi.  274 

diagnosed  from  acromegaly,  i.  95 
Leonurus,  v.  379 

caidiaca,  v.  379 
Leo's  sugar,  see  Laiose 
Lepidoptera,  poisonous,  v.  166 
Lepidotic  acid,  an  animal  pigment, 

iii.  225 
Lepierre's  base,  ptomain,  vi.  790 
Lepiota,  iv.  283 

Moigagni.  iv.  '284 

uancinoides,  iv.  284 

proeera,  iv.  284 
Lepra,  v.  484 ;  and  see  Lejirmy 

arabuin,  v.  484;  and  see  J.epirisi/ 

maeulo-aniesthetica,  v.  485 

mutilans,  ditferentiated  from  aiii- 
lium,  i.  146 

tubcrosa,  v.  484 
Leprosy,  v.  484 

aniestlietic,  v.  485 

bacillus  of,  i.  697 

bacteriological  diagnosis  of,  viii. 
400 

bacteriology  of,  i.  693 

definition,  v.  484 

diagnosis,  v.  488 

etiology,  v.  487 

geography,  v.  487 

history,  v.  487 

ichthyol  in  treatment  of,  iv.  836 

in  children,  v.  485 

in  the  new-born,  vi.  379 

Lombardiau,  see  Pellagra,  vi.  520 

nodular,  v.  484 

of  the  hands  and  lingers,  iv.  507 

of  the  laryn.x,  v.  426 

cause  of  stenosis,  v.  440 

of  the  nasal  cavities,  vi.  128 

of  veins,  viii.  318 

pathology,  v.  487 

period  of  incubation,  v.  484 

prognosis,  v.  489 

prophylaxis,  v.  490 

quarantine   regulations  against, 
vi.  826 

symptoms,  v.  484 

synonj'uis,  v.  484 

the  veins  in,  ii.  108 

transmitted    by   mosquitoes,    v. 

871 
treatment,  v.  490 
Leptandra,  v.  490 
virginica,  v.  490 
Leptandiin,  v   490 
Leprous  myositis-,  vi   32 
Leptilon  canadense,  iv.  I.i8 
Leptodera,  vi.  207 
intestinalis,  vi.  208 
Niellyi,  vi.  307 


Leptodera  pellio,  vi.  287,  503,  504 

setigera,  vi.  208 

sterfcoralis,  vi.  208 

teres,  vi.  208 

terricola,  vi.  208 
Leptomeningitis,  ii.  390,  398 

a  cau.se  of  headache,  iv.  553 

acute  purulent,  vii.  329 

complicating  otitis  media,  iii.  655 

secondary,  vii.  332 

vascular  changes  in,  ii.  108 
Leptomeninx  =  pia,  ii.  209 
Leptus  americanus,  i.  435 

autumnalis,  i.  435 

irritans.  i.  435 
Lerievant's       operation      (saddle 

nosi'i,  vi.  124 
LesUe  Well,  v.  491 
Lethargic  state  of  hypnosis,  iv. 

S12 
Lethargy,  ii.  .534;  iii.  261 
Lettuce,  v.  403 
Leucasmus,  i.  165 
Leucin,  i.  68 

animal,  ptomain.  vi.  788 

in  urine,  viii.  60 
Leucism,  i.  165 
Leu  ooblasts,  ii.  22 
Leucocytes,   ii.    30,   and    see  Blood 
fijrpusflis,  ir/iile 

life  history  of,  ii.  33 

normal  percentages  of,  v.  491 

number  of,  v.  491 

role  of,  in  inflammation,  v.  3 
Leucocythsemia,   v.  496;  and   see 
J^t  nkii'inia 

laryngeal  stenosis  in,  v.  440 
Leucocytosis,  v.  491 

absence  of,  diseases  showing,  v. 
493 ;  and  see  Leiicopeiiia 

blood  changes  in,  ii.  69 

diagnosed  from  leuksemia,  v.  503 

diseases  in  which  it  is  present,  v. 
493 

during  digestion,  v.  491 

experimental,  v.  492 

ha;mol)'mph  glands  in,  iv.  472 

infectious,  v.  493 

inflammatory,  v.  492 

in  pregnancy,  v.  491 

in  the  moribund,  v.  491 

in  the  new-born,  v.  491 

pathological,  v.  491 

physiological,  v.  491 

post-heinorrhagic,  v.  493 

therapeutic,  v.  493 
Leucoderma,   i.    165;  vi.   635;  viii. 

364:  and  see   yitili(jo 
Leucoline,  ii.  834 
Leucolysis,  vi.  205 
Leucomains,   meaning   of  term,   i. 
642 

in  insanity,  v.  40 
Leuconychia,  vi.  93 
Leucopathia,  i.  165 
Leucopenia,  v.   493;  and  see  Hypo- 

I,  iimriitfisix 

Leucopenic  phase,  v.  493 
Leucorrhoea,  v.  493 

acute,  v.  494 

causes,  v.  494 

chronic,  v.  495 

prognosis,  v.  496 

treatment,  v.  496 
Leucosis,  i.  165 
Leucotrichia,  vi.  635 

acipiisila.  vi.  635 
Leucynosis,  i.  165 


Leukaemia,  v.  496 

acute,  V.  500 

blood  changes  in,  ii.  69 

chronic,  v.  501 

definition,  v.  496 

dermal,  v.  500.  501 

diagnosed  from  purpura,  v.  863 

diagnosis,  v.  .503 

hsemolymph  glands  in,  iv.  472 

historical  account,  v.  496 

in  enlargements  of  the  spleen,  i. 

32 
leucocytic,  v.  497 
lymphatic,  v.  .500 
acute,  V.  500 
blood  in.  ii.  69;  v.  ,501 
bone  marnnv  in,  v.  501 
.general  description,  v.  501 
lymphatic  glands  in,  v.  503 
pathological    anatomy    and 

physiology,  v.  501 
spleen  in,  v.  502 
myelocytic,  v.  497 
myelogenous,  v.  497 

blood  changes  in,  ii.  69;  v. 

498 
body  temperature  in,  v.  500 
bone-marrow  in.  v.  499 
circulatory    system    in,    v. 

499 
clinical  description,  v.  497 
digestive  system  in,  v.  .500 
general    metabolism    in,    v. 

500 
genito-urinaiy  system  in,  v. 

500 
hemorrhage  in,  v.  499 
liver  in,  v.  499 
lymphatic  glands  in,  v.  499 
nervous  system  in.  v.  500 
pathological    anatomy    and 

physiology  of,  v.  498 
predisposing  causes,  v.  497 
respiratory  system  in,  v.  500 
retinal  changes  in,  v.  499 
skin  in.  v.  .500 
spleen  in,  v.  499 
terminations,  v.  497 
prognosis,  v.  503 
retinitis  in,  vi.  958 
splenic,  v.  497 

myelogenous,  v.  497 
treatment,  v.  503 
varieties,  v.  497 
Leukaemic  infiltration,  iv.  873 
Leukopathia  unguium,  vi.  93 
Leukoplakia   of  oesophagus,   vi. 

340 
Levant  fever,  v.  685;  and  .'ee  Malt<i 

fever 
Levator  anguli  scapulae  muscle, 

anomalies  of,  vi.  48 
Levator  claviculae  muscle,  iv.  44. 

49 
Levator      glandulae      thyroideae 

muscle,  vi.  46:  vii.  770 
Levator  labii  superioris  proprius 

muscle,  anoinalies  of.  vi.  43 
Levator  palati  muscle,  viii    107 
Levator      palpebrae      superioris 

muscle,  aiinmalics  of,  iv.  43 
Levelling  apparatus,  Koch's,  viii. 

386 
Levico,  V.  .504 
Levisticum,  v.  574 

levisticuni,  v.  574 
Levulose  in  urine,  viii.  43 
Levulosuria,  viii.  42 
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Leydenia  g-emmipaia,  viii.  'I'S'i 

Ligaments,  crucial,    of    the    knee- 

"Light  baths,"  vi.  993 

Leyden's  crystals  in  asthma,  i. 

joint,  V,  370 

Lighting  of  habitations,  iv,  761 

."isT;  vii.  -l::.' 

liistology  of,  iii,  2.54       * 

inspection  of,  iv,  769 

lieysin,  Switzerland,  v.  ^iM 

iliofemoral,  iv.  691 

of  school  buildings,  vii,  69 

Liability    of    third    parties   for 

ischio-capsular,  iv.  692 

of  workshops,  effect  on  health. 

jihysician's  fees,  iv.  141 

lateral,  of  the  knee-joint,  v,  870 

vi,  32S 

Liiberia,  Pliiii-iiiiK-opii'i.'i  in,  vi.  585 

of  the  ankle,  i.  3.59 

Lignoin,  iii,  93 

Liberty,  Sullivan  Co.,  N.  Y.,  v. 

of  the  auricle,  i.  637 

Lignosulfit,  V,  513 

."iiiri 

of  the  cornea,  iv,  71 

Lignum  cpiassi.'e,  vi,  836 

Liborius'    method     of    cultivating 

of  the  elbow-joint,  iii,  739 

vil;e,  iv,  433 

imai?robic  bacteria,  viii   389 

of  the  foot  and  ankle,  iv,  192 

Liliacese,  jioisonous  plant  of,  vi.  695 

tube  for  anaerobic  bacteria,  viii. 

of  the  hip-joint,  iv.  689 

Lily  faunlv.  see  Lilincem 

389 

of  the  laryn.x,  v,  408 

of  the  valley,  v,  513 

License  to  practise  medicine,  iv. 

of  the  liver,  v.  527 

poisonous  plant,  vi,  705 

411 

of  the  male  bladder,  i.  764 

water,    vi,    308;   and   see   Hym- 

earlj-  le.ijislatinii,  iv,  47 

of  the  ossicles  of  the  ear,  i.  616 

p/i<;ift'(T 

uecessarv  preliminary  education 

of  the  iielvis,  vi,  537 

Limb,  shortening  of,  complicating 

for,  iv,  46 

of  the  shoulder-joint,  vii.  205 

hip  disease,  v.  285 

synopsis  of  requirement  in  differ- 

of the  uterus,  vii,  160 

Limbic  lobe,  ii.  308 

ent  Stales,  iv.  48 

of  the  wrist-joints,  viii.  317 

Limbs,  artificial,  v.  513 

Lichen,  v,  506 

pubo-femoral,  iv.  692 

cost  of,  v,  515 

febrile,   diagnosed    from    small- 

rouud, of  the  hip-joint,  iv.  691 

durability  of,  v,  515 

pox,  vii.  250 

of  the  uterus,  vii.  161 

makers  of,  v.  515 

pilaris,  v,  30T ;  and  see  KcraUms 

sacro.sciatic,  vi,  538 

weight  of,  V.  515 

pilaris 

straight,  of  the  wrist,  viii,  317 

Limbs,  massage  of,  v.  095 

planus,  i.  455;  v.  506 

thvni-epiglottic,  v,  408 

Limbs,  iDrimitive  origin  of,  iv.  480 

diai^nosed  from  eczema,  iii. 

thyro-hyoid,  v.  408 

Lime,  ii,  551 

714 

torn,  treatment  of,  v,  291 

caustic,  iii,  413 

diagnosed  from  lichen  ruber 

triangular,  vi,  .565 

chloride  of,  iii,  6 

acumiuatus,  v,  508 

Y,  of  Bigelow,  iv.  691 

as  a  deodorant,  iii,  411 

diagnosed      from      verruca 

Ligamentum  denticulatum,  ii,  211 

as  a  disinfectant,  i.  688 ;  iii. 

plana,  viii,  322 

mallei,  iii.  .585 

503 

diagnosis,  v,  .506 

nuchs,  replaced  by  muscle,  vi,  60 

as  a  germicide,  iv.  3.33 

etiology,  v,  506 

obluratoriuni  stapedis,  iii,  586 

chlorinated,  iii.  6 

of  arm  and  forearm,  i,  455, 

patelhie,  rupture  of,  vi.  518 

flowers,  V,  515 

457 

teres,  iv.  690 

hypochlorite  of,  as  a  germicide. 

of  the  tongue,  vii,  796 

Ligature  and  exsection  of  internal 

"iv,  333 

pathological  anatomy,  v.  506 

jugvdar  vein,  v.  713 

liniment,  ii,  553;  v,  516 

treatment,  v.  506 

aseptic,  iii,  553 

quick,  as  a  disinfectant,  iii,  ,503 

ruber  acuminatus,  v,  .507 

healing  of  arteries  after,  i,  538 

salts,  in  body  tissues,  iii.  396 

diagnosis,  v,  .508 

history  of,  i,  538 

necessary  for  coagulation  of 

etiology,  v,  508 

in  arresting  hemorrhage,  iv.  635 

the  blood,  iii.  150 

of  arm  and  forearm,  i.  457 

of  arteries,  for  inoperable  cancer, 

slaked,  ii,  551 

pathological  anatomy,  v.  508 

ii,  644 

solution  of,  ii.  551 

treatment,  v.  508 

brachial,  i.  453;  iii.  735 

sulphurated,  vii,  557 

simplex,  iii.  709:  v,  .506 

coiuuiou  carotid,  vi.  193 

water,  ii,  551 

scrofulosorum.  v.  508 

external  carotid,  vi.  194 

Limes,  iii.  137 

diagnosis,  v.  .509 

femoral,  vii.  739 

Limnotis,  iv.  701;  vi.  503 

etiology,  v.  .508 

lingual,  vi.  194 

nildtica,  iv,  701;  vi,  .502 

histopathology,  v.  509 

posterior  tibial,  v.  481 

Limonene,  ii.  760 

prognosis,  vr509 

radial,  iv,  242 

Limonin,  iii    137 

sj'mptoms,  V,  508 

subclavian,  vi.  194 

Limping,  diagnostic  significance  of, 

synonym.s,  v,  508 

ulnar,  iv.  243 

v.  515 

treatment,  v.  509 

vertebral,  vi.  196 

in  hip  joint  disease,  v.  267 

tropicus,  V.  506,  791 

of  blood-vessels  in  amputation,  i. 

Linaloyl  acetate,  v.  468 

urticatus,  v.  .506 

243 

Linden  flowers,  v.  515 

Lichenification,  v.  506 

Ligatures,  iii,   5.52;  and  see  Drcss- 

Linea  alba   i.  4 

Lichenin,  vi.  1 

iiu/s,  tturrjii'id 

fusca.  vi.  634 

Lick  Springs,  vii.  914 

animal,  i,  .542 

semilunaris,  i.  4 

Lieben's  test  for  acetone  in  urine,  i. 

MeGraw's,  v,  181 

Lineville  Mineral  Springs,  v.  516 

6(i:   viii.  49 

metallic,  i.  543 

Lingual  artery,  vi.  194 

Lieberkiihn,  crypts  of,  v.  182 

preparation  of,  i,  568 

anomalies  of,  i,  527 

Liebig's  theory  of  fermentation. 

sterilization  of,  i,  568 

ligature  of.  vi.  194 

iv,  146 

Ligatures  vivantes,  iv.  339 

surface  maikings  of.  vi.  191 

Life,  iii,  379 

Light  as  an  aid  in  the  judgment  of 

Lingual  paralysis,  iv.  834 

duration  of.  v,  567 

direction,  iii.  494 

Lingual  spasm,  iv.  823 

periods  of,  i,  139 

at  health  resorts,  iv.  564 

Linguatula,  i   439 

theories  of,  iii,  379 

balhs.  vi.  993 

dentieulata,  i,  439 

Life  insurance  examinations,  v. 

effect  of.  on  bacteria,  i.  685 

rinnaria,  i.  428,  439 

509 

on  differentiation,  iii.  408 

Linguatulida,  i.  42s 

Life-tables,  viii.  258 

on  the  organism,  vi.  991 

Lingula  of  cerebellum,  ii.  160 

conditions  affecting  the  accuracy 

local  applications  of,  vi.  993 

Linhart's  mixture,  as  an  auivsthe- 

of.  viii,  259 

peicei)tiou,      meastiremeut       of 

lir,  i,  393 

construction  of,  viii.  258 

acuteness  of,  vi.  393 

Liniments,  v.  737 

Ligaments,  arcuate,   of  the  wrist, 

polarized,  vi,  728 

annnonia,  i.  215 

viii,  317 

therapeutic  action  of,  vi,  991 

belladonna,  i,  743 

broad,  of  the  uterus,  vii,  190 

therajieutic  uses  of,  see  Roentgen 

camphorated  soap.  vii.  255 

cotyloid,  iv.  690 

7'ai/.i 

cautharidal,  ii.  653 
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Iiiniments,  cliloiofnnn,  iii.  8 

Liquor,  v.  738;  see  aiso  Solii Ho?) 

Lithotomy,  median  iierineal,  v.  525 

lime,  ii.  552;  v.  516 

acidi  arsenosi,  i.  524 

suprapubic,  v.  523 

soap,  vii.  355 

adhsesivus,  iv.  1.56 

after-treatment,  v.  524 

turpentiiK'.  vii.  914 

ammonii  acetatis,  i.  216 

complications,  v,  535 

voUitilf.  i.  215 

amnii,  i.  225 

operation,  v.  533 

Lininientum  calcis,  ii.  552 

arscnii  et  hydrargyri  ioditli,  i.  524 

proffnosis.  v.  .535 

Linin,  ii.  702 

calcis,  ii.  551 

Lithotrites,  v.  519 

Iiinseed,  v.  516 

ferri  acetatis,  v.  225 

Lithotrity,  rapid,  with  evacuation. 

uiouud,  V.  516 

chloridi,  v.  227 

v.  519 

meal.  v.  516 

citratis,  v.  226 

Litigation    and    nervous    diseases, 

nil  of.  V.  516 

et  ammonii  acetatis,  v.  226 

vi.  239 

Lint,  V.  516 

nitratis,  v.  228 

Litre,  viii.  299 

Linum,  v.  516 

sub.sulphatis,  v.  228 

Litten's    diaphragm    phenomenon, 

usitali.ssiminii.  v.  516 

tersulphatis,  v.  328 

iii.  434 

Lion's  incubator,  vi.  749 

ghisidi,  vii.  1 

sign,  ii.  814 

Lip,  Biielz's  di.sease  of.  i.  722 

guttai  perchse,  iv.  456 

Litters,  vii.  848 

cancer  of,  ii.  634,  683 

hydrargyri  nitratis,  v.  754 

liand,  i.  489 

carbuncle  of.  ii.  669 

iodi  com'positiis,  v.  205 

Litton  Seltzer  Springs,  v.  526 

eczema  of,  iii.  724 

magnesii  citratis,  v.  673 

Littre's  glands,  viii.  15 

hipus  of,  V.  613 

Morgagni,  iv.  82 

Liver,  v.  520 

!_vmphangioma  of,  i.  352 

picis  afkaliims,  iii.  720 

abscess  of  the,  i.  27,  44;  v.  530 

plastic  operations  ou  tlie,  vi.  901 

plumbi  subacetatis,  v.  471 

definition,  v.  530 

sarcoma  of,  ii.  634 

subacetatis  dilutus,  v.  471 

diagnosis,  v.  534 

Lipanin,  v.  517;  vii.  809 

potassa;,  vi.  743 

differential  diagnosis,  v.  535 

Lipochrome,  iii.  223;  vi.  634 

potassii  arsenitis.  i.  524 

distribution,  v.  530 

Lipogenesis,  v.  517 

citratis,  vi.  744 

due  to  amudja  coli,  i.  229 

Lipoma,  vii.  907;  viii.  478 

sanguinis,  ii.  16,  34 

etiology,  v.  530 

arborcscens.  viii.  479 

sodre,  vii.  256 

from   arterial    infection,    v. 

capsiilare.  viii.  479 

chloratte,  iii.  6 

531 

cavernosum,  viii.  480 

sodii  arscnatis,  i.  524 

idiopatliic,  v.  531 

circumscribed,  viii.  480 

ethylatis  (B.  P). ,  ii.  758 

in  anitt'bic  dysentery,  iii.  570 

diagnosis,  viii.  483 

zinci  chloridi,  viii.  393 

pathogenesis,  v.  531 

dilfuse,  viii.  480 

Liquorice,  black,  v.  518 

prognosis,  v.  534 

durum,  viii.  480 

Italian,  v.  518 

surgical  treatment  of,  v.  557 

etiology,  viii.  479 

Russian,  v.  518 

treatment,  v.  535 

gross  aiipcarances,  viii.  4'.i 

Spanish,  v.  518 

tropical,  v.  55^2 

liistogenesis,  viii.  4711 

stick,  V.  518 

acute  yellow  atrophy  of  the,  i. 

internuisciilar,  viii.  481 

Liquorice  root,  v.  517 

646;  V.  536 

microscopical  appearances,   viii. 

Liquoi's,    intoxicating,    adultera- 

definition, v.  536 

480 

tion  of.  iv,  171 

diagnosis,  v.  539 

multiple,  viii.  480 

Liriodendrin,  v.  074 

etiology,  V.  536 

of  the  auricle,  iii.  666 

Liriodendron,  v.  674 

frequency,  v.  536 

of  the  conjunctiva,  iv.  108 

Lisfranc's  method  of  amputation. 

morbid  anatomy,  v.  537 

of  the  eyelid,  iv.  1(17 

at  shoulili'r.  i.  254 

prognosis,  v.  539 

of  the  Fallopian  tubes,  iv.  138 

of  foot.  i.  256 

symptoms,  v.  .538 

of  the  hands  and  fingers,  iv.  501 

Lisping,  vii.  435 

treatment,  v.  539 

of  the  intestine,  v.  189 

Lissner's  Mineral  Spring,  v.  518 

adenoma  of,  i.  113:  v.  554 

of  the  joints,  viii.  481 

Listoma,  iv.  702 

amyloitl  disease  of  the,  i.  36,  369 

of  the  kidney,  v.  323;  viii.  481 

coccineum,  iv.  703 

amvlolvtic  enzyme  in  the.  iii.  843 

of  the  laryn.x,  v.  433 

Gliilianii,  iv.  702 

anatomy  of  the,  i.  11 ;  v.  536,  557 

of  the  mamma,  ii.  476 

Lithaemia,  see  Gout 

angioma  of,  i.  350 

of  the  lesophagus,  vi.  344 

diet  in.  iii.  403 

as  a  source  of  auto-into.\ication. 

of  the  omentum,  vi.  360 

Litharge,  v.  471 

i.  645 

of  the  orbit,  iv.  115 

Lithia  Springs,  Geneva,  N.  Y., 

atrophy  of.  i.  609 

of  the  parotid  gland,  vi.  511 

iv.  316 

biliary  obstruction  of,  i.  35 

of  the  periosteum,  vi.  509 

Lithio-piperazine,  v.  518 

blood"  supply  of,  v.  527,  562 

of  the  peritoneum,  vi.  571 

Lithium,  v.  518 

carcinoma  of,  i.  37 :  v.  555 

of  the  pharynx,  vi.  004 

benzoate,  i.  745 

differential  diagnosis  of,  v. 

of  the  tonsil,  vii.  822 

bromide,  ii.  485 

535 

pendulum,  viii.  480 

carbonate,  v.  518 

cavernous    hiemangioma  of.   v. 

prognosis,  viii.  482 

citrate,  v.  518 

555 

pseudo-.  viii.  479 

diuretiu,  viii.  60 

chemical  composition  of,  v.  563 

retrograde  changes  in,  viii.  482 

quinate,  viii.  60 

cirrhosis  of  the,  v.  543,  548 

subcutaneous,  viii.  480 

salicylate,  vii.  9 

atrophic,  v.  .544,  548 

submucous,  viii.  481 

salts,  diuretic  action  of,  iii.  545 

diagnosis,  vi.  8 

subserous,  viii.  481 

Lithokelyphopaedion,  i.  227;   iv. 

classification,  v.  543 

symmetrical,  viii.  480 

57 

clinical,  v.  548 

tcleangiectatic,  viii.  480 

Lithokelyphos,  i.  227;  iv.  57 

detinition  of.  v.  543 

treatment,  viii.  482 

Litholapaxy,  v.  519 

diet  in,  iii.  459 

Lipomatosis,  symmetrical,  vi.  274 

exceptions  to,  i.  799 

etiology,  v.  543 

Liposarcoma,  viii.  480 

operation,  v.  531 

Ilanot's,  V.  547 

Lipothymia,  ii.  224 

size  of  instruments,  v.  523 

hypertrophic,  i.  25;  v.  545. 

Lipuria,  iii.  M2 

Lithopsedion,  iv.  .57 

549 

Liquefaction  necrosis,  vi.  203 

Lithotomy,  v.  523 

mixed,  v.  543 

Liquid  cultures,  viii.  389 

infrapubic,  v.  525 

Morrison's  operation  for,  vi. 

Liquid,  Dutch,  iv.  15 

lateral,  v.  .525 

358 

Liquidambar  orientalis,  vii.  529 

parts  divided  in,  vi.  566 

obstructive  biliary,  v. 546 

styrarillua,  vii.  529 

parts  to  be  avoided  in,  vi.  567 

pigmentary,  v.  547 
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Ijiver,   cirrliosis  of   the,    portal,   v. 
r,4S 

sufjiical  treatment  of.  v.  51)0 
eoiifeineil  in  coagulation  of  the 

blood,  iii.  lol 
condition  of,   in  diphtheria,   iii. 

48-t 
congestion  of  the.  i.  24,  2.5 ;  v.  ool 
corset-,  i.  28 
cysts  of.  iii.  3o0 
ecliinococcus  of  the,  i.  37;  v.  .53!) 

diagnosis,  v.  .541 

difl'erentiiil  diagnosis,  v.  541 

etiolog\',  V.  .539 

history,  v.  539 

niultilocular,  v.  540 

pathology,  V.  539 

prognosis,  v.  542 

propliyla.xis.  v.  542 

surgical   ti-eatment,   v.   542. 
558 

symptoms,  v.  540 

treatment,  v.  542 
effect  of  removal  of,  v.  .565 
enlarged,  diagnosed  from   renal 

tumor,  V.  328 
erythrocj'tes  formed  in  the.  ii.  17 
excretory  system  of.  v.  .527 
extract  of.  vi.  416 
fatty,  i.  26;  v.  550 

degeneration,  v.  550 

infiltration,  v.  550 
fibroma,  v.  555 
lissures,  v.  526 
floating,  i.  28 
functions  of,  v.  563 
gin-drinker's,  v.  .544,  548 
granular,  v.  544 
histoh)gy  of.  v,  528,  564 
hob-nailed,  v.  544,  548 
hydatids  of,  v.  539 
hyperemia  of.  v.  551 

course.  V.  5.52 

diagnosis,  v.  552 

duration,  v.  552 

etiology,  v.  551 

morbid  anatomy  and  path- 
ology, V.  553 

prognosis,  v.  552 

symptoms,  v.  552 

treatment,  v.  553 

varieties,  v.  551 
hypertrophic  cirrhosis  of  the,  i. 

25;  V.  .545.  .549 
indications   for  operative   treat- 
ment of  diseases  of,  v.  560 
iutlammation  of  the  capsule  of. 

]ierihepatitis,  v.  556 
injuries  of,  i.  17 

leukiemic  enlargement  of,  v.  499 
ligaments  of  the.  v.  527 
lymphatics  of  the,  v.  527,  529,  639 
malformations  of.  vii.  705 
minute  anatomy  of  the,  v.  538, 

564 
movable,  i.  28 
nei'ves  of  the,  v.  527 
neuralgia  of,  vi.  248 
new  growths  of  the.  v.  554 
operations  on.  v.  557 

indications  for.  v.  560 

preparation  for,  v.  557 
parasites  of,  v.  .539;  vi.  501 
physiology  of,  v.  561 
puise,  vi.  808 
sarcoma  of.  v.  555 
secretion  of  the.  effect  of  disturb- 
ances on  metabolism,  v.  773 


liiver  stirfaces,  v.  526 

surgery  of.  v.  557 

.sj'philitic  disease  of  the.  i.  25;  v. 
"560;  vii.  624 

topograiihical    anatomy    of,    ii. 
813;  iv.  567 

tropical  abscess  of.  v.  532 

ttiberculosis  of.  viii.  483 

tumors  of  the,  i.  24;  v.  554 
surgical  treatment  of.  v.  558 
■ '  Liver   and   Kidney  "   Spring-s, 

Cal.,  ii.  .530 
Liver  flukes    among   animals,    de 

tection  of,  v.  726 
Liver  spot,  ii.  835 
Lividity,  cadaveric,  iii.  121 
Living  substance,  i.  756 

(  liaracleristics  of,  i.  757 

sinicture  of.  iii.  269 
Livingston  Artesian  Well,  v.  565 
Lobelacrin,  v.  .560 
Lobelia,  ii.  622;  v.  ,566 

as  an  expectorant,  iv.  50 

intiata.  v.  .566 
Lobeliacese,    poisonous    plants  of, 

vi.  694 
Lobelic  acid,  v.  .566 
Lobeline,  v,  566 
Lobelioidge,  ii.  622 
Lobes  of  brain,  ii.  187 

of  ear.  i.  637 
Lockjaw,  vii.  725 
Loco  weeds,  poisonous,  vi.  708 
Locomotion,  liuman,  rhytlmi  of,  v. 

515 
Locomotor  ataxia,  vii.  878 

iind  brain  tumor,  diagnosis  of,  ii. 
449 

as  subject  of  litigation,  vi.  239 

course,  vii.  381 

diagnosis,  vii.  380 

duration,  vii.  381 

etiology,  vii.  378 

hand  in,  iv.  ,531 

prognosis,  vii.  381 

symptoms,  vii.  378 

treatment,  vii.  381 
Lodi  Artesian  Well,  v.  566 
Loeb's   work   on    parthenogenesis, 

vi.  516 
Loeffler's  blood  serum,  viii.  377 

method  of  staining  fiagella.  viii. 
397 

methylene  blue,  preparation  of, 
viii.  396 
Logagraphia,  i.  410 
Loganiaceae,   poisonous  plants  of, 

vi.  695 
Loganin,  iv.  307 
Logaphasia,  i.  410 
Log-hut,  V.  811 
Logwood,  V.  .566 
Lolium,  vi.  701 

graminere,  vi.  701 

temulentum.  vi.  701 
London  hearing  dome,  the.  iii.  633 
Londonderry  Lithia  Springs,  v. 

.567 
Longevity,  v.  567 

cases  of,  iii.  379 

occupation  as  a  factor  in.  vi.  316 
Longissimus  dorsi  muscle,  anom- 
alies (if.  vi.  (!(» 
Longitudinal  sinus,  ii   260 
Longus  colli  muscle,  anomalies  of, 

vi.  48 
Loomis  sanitarium,  v.  .505 
Loose  bodies  in  the  joints,  v.  295 


Lophophorine,  v.  761 
Lophophorus,  v.  761 
anhaliaiium.  v.  761 
Leuuiii.  v.  761 
AVilliamsii.  v.  761 
Loranthacese,  v.  571 
Lordosis,  v.  571 
Lorenz  liandage,  iv.  696 

metliud   of   treatment   for  club- 
foot, iv.  324 
for  Unoekknee.  v.  375 
operation  for  congenital  disloca- 
tion of  the  hip,  iv.  695 
Loretin,  v.  571 
Loretin-bismuth,  v.  572 
Loring's  ophthalmoscope,  vi.  381, 

382 
Los   Angeles   and  Pasadena,    v. 

572 
L^sophan,  v.  207.  574 
Lotion,  acids  used  as,  i.  72 

(iianville's,  ii.  15 
Louisiana,  history  of  yellow  fever 
in.  viii.  588,  589 
requirements  for  medical    prac- 
tice ill.  iv.  4S 
Louisville  Artesian  Well,  v.  574 
Louisville    Mineral   Springs,    v. 

574 
Lovage  root,  v.  574 
Lovdowsky's  fluid,  iv.  710 
Love  pea,  v.  260 

Lower  Blue  Lick  Springs,  v.  574 
Lowmoor  jacket,  vi.  188 
Loxodes  dentatus,  viii.  546 
Lozenges,  v.   739 
Lubricants,  iii.  557 
Lucas   Championniere's   method 
of  treatment  of  inguinal  hernia,  iv. 
675 
Lucilia  Ca'sar,  v.  154 
homiuivorus,  v.  154 
macellaria  in  the  nasal  cavities, 
vi.  143 
Liicke    and    Bier's     osteoplastic 

necrotomy,  vi.  423 
Luc-Ogston    method    of  treating 

sinu.sitis.  iv.  274 
Ludwig  and  Dogiel's  rheometer, 

iii.  11(0 
Ludwig-Salkowski     method    of 
estimating  ([uanlity  of  uric  acid  in 
urine,  viii.  35 
Ludwig's  angina,  vi.  .593:  viii.  489; 
and   see   PlKii-yngitis,  acute  p/ileg- 

Ludwig's   mercury  pressure  ap- 
paratus, iv.  725 

Lugol's  solution  of  iodine,  v.  205 
lirc|iaiatiiin  of.  viii.  396 

Lumbar  hernia,  iv.  681 

Lumbar   lymphatic   glands   and 
plexus,  V.  640 

Lumbar  puncture,  vii.  293 
in  meningitis,  ii.  394,  776 

Lumbo-sacral    articulation,    vi. 
.538 

Lumbricales  manus,  .anomalies  of, 
vi.  54 

Lumbricales  pedis,  anomalies  of, 
vi.  59 

Lumbricus  canis,  vi.  223 

Lunacy,  v.  35;  and  see  liimiiit)/ 

Lunar  caustic,  vii.  315 

Lunge-Zeckendorf  carbon  dioxide 
apjiaratus,  vi.  160 

Lungs,  V.  .575;  vii.  749 

abscess  of,  v.  586:  vii.  755 
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Lungs,    action    of    ansesthetics    on 
till',  i.  298 

affected   iu   tropical   abscess,  v. 
533 

affections      of      the      broucliial 
glands.  V.  .5S7 

amount  of  carbon  dioxide  elimi- 
nated by,  V.  768 

anatomy  of  tlie.  v.  57.5 

nomenclature  in.  v.  583 

atrium  of,  v.  581 

auscultation  of  tbe,  ii.  816 

broncliicctatic  cavities  in.  vii.  7.55 

capacity  of,  vi.  947 

carcinoma  of  the,  v.  606 

collapse  of,  i.  597 

complications  of,  following  au- 
jvstliesia,  iii.  24 

condition  of  tbe,  iu  diphtheria, 
iii.  483 

congestion  of  the,  v.  591 
active,  v.  591 
hypostatic,  v.  .591 
mechanical,  v.  .591 
passive,  v.  591 

corpora  amylacea  in  the.  iii.  296 

emphysema  of  the,  iii.  813 

enchondroma  of  tbe,  v.  606 

endothelioma  of  tbe,  v.  607 

examination    of.    during    preg- 
nancy, v.  381 

extract,  vi.  417 

Fell-O'Dwyer  method  of  insuf- 
flating, iv.  142 

fever,  vi.  676;  and  see  Pneunm- 
niti,  lobiir 

gangrene  of,  v.  590:  vii.  755 
sputum  in,  vii.  433 

hyperemia  of,  v.  .591 
sputum  in,  v.  433 

infarction  of.  v.  591 

in  infancy,  anatomical  consider- 
ation of.  vi,  685 

interstitial  cirrhosis  of.  vi.  675; 
see  Piieiniioiiia.  elirouic 

lymphatics  of,  v.  .584,  644 

malformations  of,  vii.  706 

masons',  v.  594 

medication  by  way  of,  v.  735 

millers',  v.  594 

minute  anatomy  of,  terminology, 
v.  582 

nerves  of,  v.  585 

oedema  of,  v,  593 

outline  of,  on  chest  wall,  iv.  .567 

parasites  of,  vi.  501 

percus;ion  of  the,  ii.  815 

physical  examination  of  the,  ii. 
812 

physiology  of,  vi.  945 

pneumonokoniosis,  v.  594 

pneumothorax,  v.  597 

relations  of.   to   surface   of  the 
chest,  ii.  812;  vi.  946 

root  of,  structures  in,  v,  .578 

sarcoma  of  tbe,  v.  007 

surgical  diseases  of,  vii.  755 

syphilis  of,  vii.  621 

tuberculosis  of.  v.  .599;  and  see 
Phthisis  and  Tnherculoxis 

tumors  of.  v.  605 

wounds  of.  vii.  753 
Lunula  of  the  nail.  viii.  563 
Lunulate  foramen,  ii.  217 
Lupamaric  acid,  iv.  736 
Iiupetazine,  v.  609 
Lupines,  poi.sonous  plants,  vi.  702 
Xupoma,  V.  612 


Lupulin,  iv.  735;  v.  609 
Lupulinum,  v.  609 
Lupus,  a  cause  of  stenosis  of  tbe 
larynx,  v.  440 
crustosus,  v.  613 
diagnosed  from  syphilis  of  tbe 
nose,  vi.  148 
from    tubercidosis     of     the 
nose,  vi.  149 
elevatiis,  v.  612 
erythematosus,  v.  609 

diagnosed  from  eczema,  iii. 

713 
diagnosed  from   lupus   vul- 
garis, V.  615 
diagnosed   from  seborrbcea, 

vii.  89 
diagnosis,  v.  611 
discoid,  V.  610 
disseminate,  v.  610 
etiology,  v.  610 
pathological  anatomy,  v.  610 
prognosis,  v.  611 
relation   to   tuberculosis,   v. 

611     . 
symptomatology,  v.  609 
treatment,  v.  612 
cxcdens,  of  the  ano-vulvar  re- 
gion, i.  396 
exulcerans,  v.  613 
hypertropliicus.  v.  613 
maculosus.  v.  612 
noEvus,  i.  353 
nodosus.  v,  612 
nou-exedens.v.  612 
non-ulccratus,  v.  612 
of  tbe  auricle,  v.  613 
of  the  extremities,  v.  614 
of  the  face,  v.  613 
of  tbe  genitals,  v.  614 
of  tbe  hand  and  lingers,  iv.  504 
of  the  larynx,  v.  426 
of  tbe  lips.  V.  613 
of  the    mucous    membranes,   v. 

614 
planus.  V.  612 
rodens.  v.  613 
serpiginosus,  v.  613 
tuberculatus.  v.  612 
tumidus,  V.  613 
verrucosus,  vii.  223 
vulgaris,  v.  612 

diagnosis,  v.  615 
Finsen's    method   of    treat- 
ment, vi.  993 
of  band  and  fingers,  iv.  504 
pathology,  v.  614 
treatment,  v.  615 
varieties,  v.  612 
Luschka's  tonsil,  vii.  823 
hypertnipby  of,  iii.  613 
Lustgarten's  bacillus  of  syphilis. 

i.  693 
Luxations,  iii.  506;  see  also  Didoca 

tiiJ/lS 

congenital,  vii.  715 

of  testicle,  vii.  180 
Lycetol,  v.  616 
Lychnis  Githago,  vi.  701 
Lycoperdales,  iv   286 
Lycoperdon,  iv.  286 
Lycopodium,  v.  616 

clavatum,  v.  616 
Lycopus,  V.  379 
Lydite,  vii.  910 
Lygosin,  vi   827 
Lymph,  v.  (il7 

and  chyle  compared,  iii.  76 


Lymph,  composition  of,  iii.  76;  v. 
617.  618 
flow  of,  effect  of  massage  upon, 

V.  696 
formation  of.  v.  618 
mctasta.sis  bv  means  of  the.  v. 

778 
movement  of,  v.  620 
production  of,  disturbance  of,  vi. 

334 
rate  of  flow  of,  v.  620 
relation   of,    to    metabolism,    v. 
62(1 
Lymph  nodes,  v.  656 
affections  of.  v.  666 
amyloid  degeneration  of,  v.  660 
anatomical  considerations,  v.  659 
animal  parasites,  v.  660 
atrophy  of,  v.  660 
calcification,  v.  660 
carcinoma  of,  v.  663 
diseases  of.  v.  659 
fatt)'  degeneration  of.  v.  660 

infiltration  of,  v.  660 
hyaline  degeneration,  v.  660 
hyperplasia  of,  v.  662 
inflammation  of,  v.  660 ;  and  see 

Lyiiijihiideiiitii 
iu  scarlatina,  vii.  55 
pathological  changes  in,  v.  660 
pigmentation  of,  v.  660 
sarcoma,  v.  662 
scrofula,  v.  661,  666 
tuberculosis  of,  v.  667 
tumor  formation  in,  v.  661 
Lymph  scrotum,  iii.  783 
Lymph  vessels  and  nodes,  surgi- 
cal affeetiiins  of.  v.  664 
Lymphadenitis,  v.  660 
acute.  V.  660 
chronic,  v.  660 
syphilitic,  v.  661 
tuberculous,  v.  661 
Lymphadenoma,  iv.   728;   v,  661. 
664;  and  see  UoiJgkin's  dinense 
of  tbe  kidney,  v.  326 
of  the  mediastinal  glands,  v.  730 
of  the  orbit,  iv.  115 
Lymphaemia,  v.  500,  501 ;  and  see 

Lenkitiiiiii.  Iyiii]}liiitic 
Lymphangiectasis,  i.  352;  v.  621. 
666 
of  conjunctiva,  iv.  108 
Lymphangio-endothelioma,    vii. 

39.  908 
Lymphangioma,    i.    352;    v.    666; 
vii.  908 
cavernosum,  i.  352 
cysticum,  i.  353 
etiology,  i.  353 
occurrence,  i.  352 
of  eyelids,  iv.  107 
relation  to  Ivmphangiectasis.  v. 

621 
simplex,  i,  3.52 
treatment,  v.  666 
varieties,  i.  353 
Lymphangioma         circumscrip- 
tum, V.  632 
Lymphangitis,  v.  623.  666 
acvite.  V.  623 
chronic,  v.  624 
of  walls  of  veins,  viii.  210 
reticular,  v.  623 
syphilitic,  v.  623,    24 
tuberculous,  v.  623,  624 
Lymphatic  capillaries,  formation 
of,  v.  651 
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ITIainnia. 

Lymphatic    circulation,   distuib- 

Lymphatic  plexus,  intercostal,  v. 

Lymphatic  vessels  of  the  tonsils, 

iiiHTs  of.  iii.  124 

(i44 

v.  629 

Lymphatic  constitution,  vii.  440 

hunbar,  v.  640 

of  the  trachea,  v.  044 

Lymphatic  diathesis,  vii.  44G 

mediastinal,  v,  644 

of  the  thoracic  limb.  v.  631 

Lymphatic  duct,  v.   645;  and  see 

mesenteric,  v.  641 

of  the  thorax,  v.  041 

Tliortwii'  diii't 

sacral,  V.  640 

of  the  umbilical  cord.  viii.  5 

ri.ylit,  V.  (i4() 

slcrnal.  v.  644 

of  the   urinary  organs,   v.   635. 

Lymphatic  dyscrasia,  vii.  446 

Lymphatic  system,  v.  024 

637 

Lymphatic  glands,  v.  C24,  056 

detinition.  v.  634 

origin  of,  v.  651 

uniylniil  cirgcncnitiou,  i.  270 

developmeni  of.  v.  057 

structure,  v.  6.55 

auti'iicir  auricular,  v.  6^0 

diseases  and  injuiies  of,  v.  659 

tumors  of,  i.  352 ;  and  see  Lyiiiiih- 

antebiacliial,  v.  032 

general  structure  of,  in  man  and 

tiHijioma 

axillary,  v.  0;i2 

animals,  v.  626 

valves,  v.  655 

brachial,  v.  633 

liistorical,  v.  625 

Lymphatic  vessels,  diseases  of. 

bronchial,  v.  644 

in  childhood,  ii.  831 

V.  664.  666 

cccliac,  V.  640 

in  the  brain,  ii.  263 

injuries  to,  v.  666 

deep  cervical,  v.  631;  vi.  199 

methods  of  injecting,  v.  658 

parasites  in,  vi.  501 

diseases  of.  v.  O.'iO 

tiipograiiliical  anatomy  of.  v.  636 

varices  of,  iii.  78 

dorsal  mediastinal,  v.  644 

truiicus  jugidaris.  v.  631 

Lymphatism,  vii.  446 

ectal  brachial,  v.  632 

Lymphatic  trunks,  v.  645 

Lymphatolytic  serum,  viii.  477 

cervical,  v.  630 

Lymphatic  vessels,  v.  634 

Lymphocytosis,  v.  493 

inguinal,  v.  634 

aiiercnt.  v.  656 

iliagniisiic  value  of.  v.  493 

eutal  brachial,  v.  632 

ectal,  of  the  head,  face,  and  neck. 

Lymphcedema,  v.  666 

cervical,  v.  631 

v.  637 

Lymphoid  cells   in    inflammation. 

inguinal,  v.  684 

efferent,  v.  656 

V.  4 

extract,  of,  vi.  414 

ental.   of    the    head,    face,    and 

tisstie.  iii.  2.54;  v.  657 

ha'matopoietic  functions  of.  vi. 

neck,  V.  637 

Lymphoma,  v.  663;  vii.  36,  907 

413 

in  cardiac  muscle,  vi.  20 

classiticatioii.  v.  663 

hyaline  deposits  in,  iv.  773 

in  striated  muscles,  vi.  18 

malignant,  iv.  738;  vii.  36;  and 

livpogastric,  v.  640 

in  unstriated  muscular  tissue,  vi. 

see  Ihxhjkin '.«  disease 

iliac,  V.  640 

22 

of  the  eyelids,  iv.  107 

inferior  jugular,  v.  631 

methods  of  injecting,  v.  658 

of  the  mediastinal  glands,  v.  730 

inguinal,  v.  634 

of  the  abdomen,  v.  635 

of  the  orbit,  iv.  11,5 

in  Hodgkin's  disease,  iv.  729 

of  the  adrenals,  v.  637 

of  the  tonsil,  vii.  833 

intercostal,  v.  644 

of  the  arm  and  shoulder,  v.  631 

Lymphomatosis,  iv.  738;  and  sec 

lumbar,  v.  640 

of  the  axilla,  vii.  209 

Ihiflfihi n '.s'  iUsiitsc 

mastoid,  v.  630 

of  the  brain,  ii.  363 

Lymphorrhagia,  v.  666 

mediastinal,  v.  644 

of  the  bronchi,  v.  584,  644 

Lymphosarcoma,  ii.  643;  iv.  738; 

mesenteric,  v.  641 

of  the  central  nervous  system,  v. 

V.  663;  vii.  36.  907 

metliods  of  injecting,  v.  6o.S 

639 

difl'erentiated    from     Hodgkin's 

occipital,  v.  630 

of  the  diaphragm,  v.  643 

disease,  iv.  731 

of    the    abdominal    and    pelvic 

of  the  ear,  v.  628 

of  the  lachrymal  glands,  iv.  116 

cavities,  v.  640 

of  the  external  car,  v.  627 

of  the  niediastinat  glands,  v.  730 

of  the  arm  and  shoulder,  v.  632 

of  the  external  genitals,  v.  635 

Lyra,  ii.  180 

of  the  head  and  neck,  v.  630 

of  the  eye  and  orbit,  v.  638 

Lysatin,  i.  68 

of  the  leg.  V.  634 

of  the  e'yelids,  v.  637 

Lysatiuin,  i.  68 

of  the  neck,  v.  630;  vi.  198 

of  the  face,  v.  627 

Lysidin,  v.  6(i9 

of  the  obturator  foramen,  v.  633 

of  the  foot,  V.  638 

bitartrate.  v.  669 

of  the  thorax,  v.  644 

of  the  liand,  v.  631 

Lysin,  i.  68 

parotid,  v.  6:30 

of  the  heart,  v.  643 

Lysins,  iv.  844 

pectoral,  v.  644 

of  the  internal  genitals  (female). 

Lysoform,  iv.  346;  v.  669 

popliteal.  V.  634 

V.  637 

Lysol,  V.  669 

posterior  auricular,  v.  630 

of  the  internal  genitals  (male),  v. 

poisoning  by,  v.  670 

prescapular.  v.  633 

636 

Lysulfol,  V.  670 

sacral,  v.  640 

of  the  intestine,  v.  637 

Lytta  vesicatoria,  ii.  651 

sarcoma  of,  ii.  643 

of  the  kidney,  v.  315 

sternal,  v.  644 

of  the  larynx,  v.  410,  639 

Mace,  V.  670;  vi   307 

structure  of,  v.  656 

of  the  leg  and  thigh,  v.  633 

Banda.  v.  670 

svdiauricular,  v.  630 

of  the  liver,  v.  639 

Macewen's  method  of  treatment  of 

submaxillary,  v.  630;  vi.  199 

of  the  lungs,  v.  584,  ()44 

ing\iinal  beniia.  iv.  675 

suboccipital,  v.  630 

of  the  mammary  gland,  ii.  470; 

Machinery,  accidents  by,  to  pre- 

superficial brachial,  v.  632 

v.  640 

vent,  vi,  ::i30 

cervical,  v.  630;  vi.  190 

of  the  meninges,  v.  629 

Macis,  V,  670 

cubital,  v.  633 

of    the    mouth,    pharvnx,    and 

Maclaya  cordata,  ii    112 

facial.  V.  630 

larvn.x.  v.  638 

Macrobasis  unicolor,  v.  165 

jugular,  V.  630 

of  the  neck,  v.  630 

Macrobdella,  iv.  701 

supraclavicular,  v.  631 

of  the  nose,  v.  637;  vi.  106 

decora,  iv.  703 

suprahyoid,  vi.  199 

of  the  te.sophagus,  v.  643 

Macrocardius,  vii.  679 

supratrochlear,  v.  632 

of  the  iiancreas,  v.  638 

Macrocheilia,  i.  353 

thoracic,  v.  644 

of  the  pelvic  limb,  v.  633 

Macrodactylism,  iv.  498 

tuberculosis  of,  vii.  902 

of  the  pelvic  and  abdominal  vis- 

Macrogenesy, viii.  458 

ventral  mediastinal,  v.  644 

cera.  V.  636 

Macroglossia,  i.  352;  vii.  798 

zygomatic,  v.  630 

of  the  perineum,  v.  635 

Macromyelon,  ii.  154 

Lymphatic  plexus,   bronchial,  v. 

of  the  jileura,  v.  .585 

Macrophages,  vi.  578 

644 

of  the  skin,  viii.  561 

Macropodia,  see  Pes  f/iyas,  vi.  574 

coeliac,  v.  641 

of  the  spleen,  v.  638 

Macrosomia,  vii.  673 

hypogastric,  v.  640 

of  the  stomach,  v.  637 

Macrostomia,  viii.  490 

iliac,  V.  640 

of  the  tongue,  v.  629 

Macrostomus,  vii.  701 
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Macula  acustica,  i.  621 

liitfa,  iv.  77 
Madder,  v.  G70 
Maddox's  "  gls-ss-rod  "  test,  hi. 

492.  vi.  397 
Madeira,  v.  ()70 
Madruga  Springs,  v.  671 
Madura  foot,  i.  KH 
Magendie,  foramen  of,  ii.  1.54 
Magendie's  solution,  v.  S(J4 
Magistery  of  bisniuth,  i.  761 
Magma  reticulare,  iii.  798 
Magnesia,  v   672 

alba.  V.  672 

as  a  la.xative,  v.  468 

as  an  autidotc,  i.  37? 

calcined,  v.  672 

creosote,  v.  673 

Ellis',  V.  672 

lieavy,  v.  672 

Henry's,  v.  672 

Husband's,  v.  673 

hydrate  of.  v.  672 

light,  V.  672 

milk  of.  V.  672 

pondcrosa,  v.  672 
Magnesium,  v.  672 

carbonate,  v.  672 

antidotal  value  of.  i.  372 
as  a  la.xative,  v.  468 

citrate,  v.  673 

creosotate,  v.  673 

hydrate,   antidotal   value  of,   i. 
"372 

hydro.\ide.  v,  672 

ichtliyolate.  v.  673 

in  mine,  viii.  56 

loreti nates,  v.  673 

o.xide.  V.  672 

phenol  sulphonate,  v,  673 

sulphate,  v.  673 

antidotal  value  of.  i.  373 

sulphn]ilienatp,  v.  673 
Magnetic  method  of  hypnosis,  iv, 

S12 
Magnetic  Mineral  Spring,  v.  673 
Magnetism,  animal,  see  llypnoxix, 

iv,  sn 
Magnets  for  the  removal  of  foreign 

l)odies  in  the  eye,  iv.  104 
Magnification,  table  of,  ii,  70 
Magnolia,  v,  674 

aeuniiuata,  v,  674 

tripetala,  v,  674 

virginiana.  v,  674 
Magnolia  Spring,  v.  674 
Magnoliacese,  v,  674 
Magnolin,  v,  674 
Mahan's  stretcher,  vi,  188 
Maidismus,  vi,  .")20 
Maine,    miiiirenients    for    medical 

practice  in,  iv,  48 
Maisonneuve's  urethrotome,  viii. 

23 
Maize,  to.xic  effect  of,  see  Pellugni 
Maizenic  acid,  iii.  291 
Mai,  grand,  iii,  845 

jietit,  iii,  S45 
Malabathrum  leaves,  iii.  94 
Malacosteon,  vi,  426 
Malakin,  v,  674 

Malaria,  v,  674;  vi.  655;  and  see 
Malarial  fevers,  Plasmodium 
malarim 

among  troops,  ii.  581 ;  v.  813 

arsenic  for,  i.  .523 

conditions  favoring    occurrence 
of,  vi.  655 


Malaria,    diagnosed     from    yellow 
fever,  viii,  595 

differential  diagnosis  of,  v.  535 

drowsiness  in,  iii.  ,560 

in  the  new-born.  vi.  278 

parasite    of,    vi.   657;    and    see 
PlasiiioiHinn  liiidarim 

Plasmodium  of.  vi.  655 

relation  of  mosauitoes  to,  v.  869; 
vi.  656 

treatment,  i.  377 

troiiieal.  v,  680 
Malarial  cachexia,  v,  680 
Malarial  diseases,  v.  674 
Malarial   fevers,    v,    674;  and   see 
Interinittenl    fii'er,    Reiiditent 
fever 

ajstivo-autumnal,  v.  677 

classitication.  v.  674 

continued,  v.  677 

double  tertian,  v.  675 

intermittent,  v.  675 

masked  intemiittent,  v.  677 

methylene  blue  for,  v.  782 

pernicious,  v,  679 

quartan,  v.  675 

quotidian,  V,  675 

relation  of  dengue  to,  iii.  402 

remittent,  v,  677 

tertian,  v.  675 

triple  (juartan,  v.  675 
Malarial  pigment,  vi.  635 
Malarin,  v.  (iso 
Malassez's    artificial    capillary, 

ii.  41 
Malaxation,  v.  694 

in  treatment  of  aneurism,  i.  332 
Mai  de  los  pintos,  \  i.  637 
Malformations,    vii,   668;    and  see 
Ti  raldliiiiij 

by  defect.'  vii.  695 

classification,  vii.  673 

due  to  agenesia,  i.  140 

frequenc}'.  vii.  672 

liermapliroditic,  vii.  711 

in  insanity,  v.  51 

in  the  new-born,  v.  276 

of  the  abdomen,  vii.  702 

of  the  adrenals,  vii.  566 

of  the  brain,  vii.  69S 

of  the  circnlatory  organs,  vii.  706 

of  the  cornea,  iii.  289 

of  the  diaphragm,  vii,  703 

of  the  digestive  tract,  vii.  703 

of  the  external  auditorv  canal, 
iii.  613 

of  the  extremities,  vii,  713 

of  the  eye,  vii,  699 

of  the  face  ami  neck,  vii.  699 

of  the  heart,  vii,  706 

of  the  integument,  vii,  717 

of  the  larynx,  v.  419 

of  the  cesophagus,  vi,  338 

of  the  omentum,  vi.  358 

of  the  pharynx,  vi.  600 

of  the  respiratory  tract,  vii.  705 

of  the  seminal  vesicles,  vii.  190 

of  the  sexual  organs,  vii.  710 

of  the  spleen,  vii.  705 

of  the  suprarenals,  vii.  705 

of  the  thorax  and  abdomen,  vii. 
703 

of  the  umbilicus,  viii.  6 

of  the  ureters,  viii.  11 

of  the  urogenital  organs,  vii.  707 

of  the  uterus,  viii.  72 

of  the  uvula,  viii.  109 

of  the  vagina,  viii.  188 


Malformations  of  tlie  vulva,  viii. 
160 
of  the  Wollhan  body,  viii.  .580 
Malgaigne's     operation,     cheilo- 
pl:isty.  vi.  902 
for  harelip,  iv.  .536 
Malic  acid,  v.  (jso 
Malignant    growths,    Dawbaru's 
operation  for,  v.  681 
extirpation  of  both  carotids  in, 

V.  681 
starvation  of,  v.  680 
Malignant  hemorrhagic  measles,  v. 
717 
jaundice,  see  Liver,  acute  yelloio 

atrophy  of 
leioinyoma,  vii.  35 
lymphoma,  vii.  36 
measles,  v.  717 
u;dema,  iv.  308;  vi.  610;  and  see 

Gil  III/ re  lie  {Siiri/ical) 
ophthalmia,  vii.  591 
pustule,  i.  363;  and  see  Anthrax 
spinal  disease,  vii.  387 
tumors,  see   Tumors  and   Carci- 
noma 
kcaryokinesis.  evidence  of.  v. 
301 
uveitis,  vii.  591 
Malingering  among  soldiers,  ii.  632 

in  insanity,  v,  68 
Mallein,  iv.  352 

lest  for  glanders,  iv,    352;  viii. 
233 
Malleo-incudal  joint,  iii   586 
Malleoli,  fracture  of,  iv,  368 
Malleotomy  for  club-foot,  iv,  326 
Mallet   for    use   in   mastoid   opera- 
tions, V.  71)2 
Mallet  finger,  iv,  517 
Malleus,  i,  616;  iii.  584;  vi.  126 

HMUoval  of,  iii.  672 
Mallez's    vesical    dynamometer, 

iii.  .564 
Mallotus  philippinesis,  v.  300 
Malmagnatte,  v    159 
Malpighian  bodies,  in  the  kidney, 
V.  310 
in  the  spleen,  vii,  417 
Malpractice,  v.  682;  viii,  510 
civil,  V.  682 
criminal,  v.  682 

suits  for.  following  dislocations, 
iii.  .509 
Malt,  i.  169;  V.  683 

administration  of,  v,  685 
adulteration  of,  v,  684 
composition  of,  v,  683 
contraindications  to   use   of,   v. 

684 
extract  of,  v.  684,  685 
incompatibles.  v.  684 
liquors  as  beverages  for  soldiers, 

v.  806 
manufacture  of.  v.  683 
physiological  action  of,  v.  684 
preparations,  v.  683 
tests  for  diastatic  activity,  v.  683 
therapeutics  of.  v.  685 
Malta  fever,  v.  685 

serum  diagnosis  in,  vii,  133 
Maltase,  an  enzyme,  iii.  843 
Malum  coxa;,  v.  273 

senile,  v.  273 
Malva,  V.  686 
Malvaceae,  v,  686 
Mamma,  ii.  461 

abnormalities  of,  vii.  717 
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ICamma,  abscess  of,  ii.  474 

Mania,  v.  128 

Marsh  gas,  i.  1.55 

absence  of.  ii.  404,  471 

acute  delirious,    v.    79;  see 

111- 

Marshmallow,  v.  094 

ndeuo-carciiKiina  of,  i.  114 

.111 II it  1/,  n/iifiisioiiid 

Martha's  vineyard,  vi.  97 

adenoma  of.  i.  IIH 

chronic,  v.  128 

Martin's  bouillon,  viii.  371 

ania/ia,  ii.  471 

homicidal,  v.  133 

filter,  viii.  3S2 

ai'lei'ics  of,  ii.  40!) 

mills,  v.  123 

oiirralion  for  saddle-nose.  vi.  124 

at  puberty,  ii.  4G3 

of  dementia  pra'cox,  v.  104 

Maryland,  re<|uirements  for  medi- 

carcinoma of,  ii.  476,  630 

reasoning,  v.  137;  and  see  P< 

rii- 

cal  praetiee  in.  iv.  48 

contusions  of,  ii.  473 

noia 

Masks  for  administering  anaes- 

cystailenoma of,  iii.  344 
cysts  of,  ii.  475:  iii.  351 

subacute,  v.  123 

thetics,  iii.  13 

suicidal,  v.  133 

Masons'  lungs,  v.  594 

development  of.  ii.  461 

Mania  a  potu,  v.  83 

Mass,  V    737 

diseases  of.  ii.  471 

Manic-depressive    insanity, 

see 

blue,  V.  7.50 

of  tlie  iii])]>lc.  ii.  473 

I iiKii nitij,  iiiiiin'r-iU'jiri'yi^ii't 

of  copaiba,  iii.  278 

during  i)rennancy.  ii.  404.  468; 

Manihot,  vii.  688 

of  ferrous  carbonate,  v.  223 

iv.  340.  344;  v.  381 

aipa,  vii.  638 

of  iiii'rcury.  v.  750 

elepliantiasis  of,  iii.  783 

Glaziovii,  vii.  638 

Massachusetts,   coroner  abolished 

embryology,  ii.  461 

utilissima,  vii.  638 

iu,  iv.  43 

euchondronia  of,  ii.  476 

Manilla  and  the  Philippines 

v. 

history  of  yellow  fever  in,  viii. 

fibroma  of.  ii.  475;  iv.  155 

68S 

580 

hyperesthesia  of.  ii.  473 

Manioca,  vii.  638 

inspection  and  analysis  of  foods 

hypertrophy  of.  ii.  472 

Manitoba,  Winnipeg,  viii.  313 

and  drugs  in,  iv.  169 

inflammation  of.  ii.  474 

Manitou  Springs,  v.  691 

laws  relating  to  adiUteration  of 

irritable,  ii.  473 

Manna,  v.  092 

foods  and  drugs  in,  iv.  168 

lipoma  of,  ii.  476 

Alhagi,  v.  692 

medical  examiner  in,  iv.  43 

lymjjhaties  of,  ii.  470;  v.  641 

Brian^'on,  v.  693 

requirements  for  medical   prac- 

nielanosareoma of,  ii.  630 

cake-,  V.  692 

tice  iu,  iv.  48 

myxoma  of.  vi.  89 

flake-,  V.  692 

Massage,  v.  694 

nerves  of,  ii.  470 

oak,  V.  693 

a  friction,  v.  694 

neuralgia  of,  ii.  473 

tamarisk,  v.  693 

diseases  benefited  by,  v.  097 

polymastia,  ii.  471 

Manna-ash,  v.  692 

douche,  i.  101 

rudimentary,  ii.  465 

Mannit,  v.  692 

in  ear  diseases,  iii.  653 

sarcoma  of,  ii.  476,  643 

Manometer,  iii.  98 

in  fractures,  iv.  256 

secretion  in  the,  ii.  471;  vii,  101 

Maple  sugar,  vii.  .548 

iu  intestinal  obstruction,  v.  173 

superuumerar}',  ii.  465,  471 

^(lult.-ration  of,  iv.  182 

modes  of  applying,  v.  694 

tuberculosis  of,  ii.  474 

Maple  syrup,  adulteration   of. 

iv. 

])liysiologieal  effects  of,  v.  696 

tumors  of,  ii.  475 

182 

Massaneta  Springs,  v.  699 

veins  of,  ii.  470 

Maracaibo  bark,  iii.  92 

Massasoit  Spring,  v.  699 

wounds  of,  ii.  473 

Maranta,  i.  523 

Massena  or  St.  Regis  Spring,  v. 

Mammary  artery,  internal,  anom- 

arundinaeea, i.  522 

099 

alies  of,  i.  529 

starch,  i.  522 

Masseter  muscle,  anomalies  of,  vi. 

internal  lateral,  i.  539 

Marasmus,  iv.  284 

43 

Mammary  glands,  ii.  461 ;  and  see 

Marching,  v.  814 

Mast-cell,  iii.  253 

,Mfl  liniiil 

hygiene  of.  v.  814.  815 

Mastic,  V   099 

extract  of.  vi.  416 

Mardela  Springs,  v.  693 

Mastication,  v.  700 

speeitie  action  of,  v.  818 

Marey's  sphygmograph,  vii.  283 

anomalies  of  the   muscles  of,  vi. 

Mammary  liilloek,  ii.  462 

Marienbad,  v.  693 

43 

line,  ii.  461 

Marie's    disease,    i.    86;    and 

see 

effect  on  digestion,  v.  700 

streak,  ii.  401 

Anvimi/iili/ 

function  of  the  teeth  in,  vii.  650 

Mammary  vein,  internal,  anoma- 

Marietta, Ga.,  v.  693 

mechanism  of,  v.  700 

lies  of,  viii.  202 

Marigold,  ii.  553 

muscles  of,  v.  700 

Man,  ancestry-  of,  iv.  38 

Marine,  articles  of  Geneva  Conven- 

Masticatory,   see    Ctibebs,    ilatko, 

evolution  of,  iv.  38 

tion  concerning,  iv.  739 

Kuril,  and  I'i'iyper 

growth  of,  iv.  417 

Marjoram,  sweet,  v.  379 

Mastiche,  v   699 

ha-molymph  glands  in.  iv.  409 

Mark  West  Springs,  v.  694 

Mastigodes  hominis,  vi.  216 

influence  of  elimate  on,  iii.  140 

Markasol,  v.  093 

Mastitis,  ii.  474 

pigments  foiuid  in,  iii.  224 

Marlborough   system   of    sewage 

Mastoid,  surirical  anatomy  of  the, 

Manaca,  v.  086 

disposal,  vii.  138 

iii.  694 

Manchineel,    poisonous   plant,    vi. 

Marmorek's  media,  viii.  377 

structure  of,  iii.  695 

Oiili 

Marriage,  eapaeitv  to  contract. 

iii. 

Mastoid  antrum,  i.  616;  vii.  236 

Manclaire  -  Gersuny     operation, 

129 

Mastoid  cells,  i.  610 

viii.  26 

consanguineous,  iii.  250 

indications  for  opening,  v.  701 

Mancona  bark,  vii.  42 

relation  to  deaf-mutism. 

iii. 

measurements  of,  viii.  240 

Mandarin,  iii    127 

259 

Mastoid  chisels,  v.  702 

Mandioca,  vii.  638 

fecundity  of,  viii.  247 

Mastoid  disease  as  cause  of  licad- 

Mandragora   officinale,    poisonous, 

notification  of,  viii.  247 

ache,  iv.  552 

i.  010 

of  deaf-mutes,  iii.  367.  604 

diffeientiated  from    intracranial 

(iflieinarura,  vi.   690 

of  insane  people,  v.  77 

abscess,  ii.  413 

Mandrake,  vi.  688 

Marrow,  ii.  117 

Mastoid  gouges,  v.  702 

poisonous,  i.  610 

cells,  ii.  20 

Mastoid  lymphatic  glands,  v.  030 

Manganese,  v.  686 

red,    formation   of  erythrocytes 

Mastoid  operations,  v.  701 

black  oxide  of.  v.  686 

in.  ii.  20 

indications  for.  v.  701 

dioxide  of.  v.  686 

Marrow-lymph   glands,    iv.   4 

70; 

preparation    of    ])atient    for,   v. 

))ermanganate.  v.  686 

and  sec  J/ir iiioli/iiijih  (jlaiids 

702 

poisoning  by  salts  of,  v.  687 

Marrubin,  iv.  736 

Schwartze-Stacke's,  v.  706 

siilphate,  v."686 

Marrubium,  iv.  736 

Stacke's,  v.  709 

Manhattan    Artesian   Wells,    v. 

vuli;an-.  iv.  730 

the  radical,  v.  706 

087 

Marsdenia  condurango,  iii.  236 

the  simple,  v.  703 

704 


i 


GENERAL   INDEX. 

mamma, 
medit'liips. 

Mastoid  process,  hyperostosis  of. 

Measles,  cold    in   tn-atment  of. 

iii. 

Mediastinum,    diseases  of   the,   v. 

iii.  GS3 

194 

727;  vii.  756 

osttiisclerosis  of,  iii.  682 

coexistence  with  other  erup 

ive 

inflammation  of.  v.  732;  vii.  756 

syphilitic  atl'tctious  of.  iii.  682 

fevers,  v.  719 

Ijiiiphatics  of.  V.  644 

tenderness  over,  v.  701 

complications  of.  v.  718 

posterior,  v.  727 

Mastoiditis,   eomplicatiou  of  sup- 

death  rate  in.  viii.  255 

sypliilis  of,  V.  732 

jiuiativc  <itiris  media,  iii.  594 

decline,  v.  717 

tlimorsof.  V.  730;  vii.  7.56 

Masturbation  and  iusauit)-.  v.  29 

definition,  v.  714 

Medical  corps,  naval,  vi.  185 

cause  of  li-uciirrhu'a,  v.  49o 

diagnosis,  v.  718 

Medical  degrees,    length   of    pro- 

si:;iis of,  \i.  S4!t 

difterential  diagnosis,  v.  718 

fessional  courses  necessary  for, 

Mata's  modification  of  O'Dwyer's 

eruption,  v.  716 

iv.  46 

tube,  iv.  144 

etiology  of,  v.  720 

necessary  preliminary  education 

Matches,      pliosphoi-us      poisoning 

history,  v.  714 

for,  iv.  46 

frum.  vi.  622 

in  armies,  ii.  586 

power  to  confer,  iv.  46 

Matchless  Mineral  Wells,  v.  713 

incubation,  v.  714 

Medical  evidence,  e.vpert,  iv.  52 

Mate,  v,  7i:i 

in  the  new-born,  vi.  278 

examiner,  iv.  43 

Maternal  impressions  a  cause  of 

invasion,  v.  715 

inspection  of  schools,  vii.  72 

defniiuity.  i\,  491:   \  ii.  672 

Koplik's  sign,  v.  715 

Medical  Lake,  v.  732 

Mathews'  work  on  artificial  par- 

malignant, v.  717            * 

Medical  officer,  army,  duties  of,  v. 

thenogenesis,  vi.  5Ui 

hemorrhagic,  v.  717 

792 

Mathieu's    apparatus    for   writer's 

morbid  anatomy  of,  v.  721 

for  exaiuining  of  recruits,  vi.  846 

cianip.  iv.  .529 

pharyngitis  in.  "vi.  592 

Medical  sects,  iv.  47 

dynamometer,  iii.  564 

prognosis,  v.  722 

Medical  service,  armv,  i.  492 

rongeur  force]3S.  v.  704 

prophyla.xis,  ii.  587;  v   723. 

814 

naval,  ri.  185 

tongue-holding  forceps,  iii.  12 

reinfections,  V.  720 

Medical  societies,  influence  of.  in 

Matico,  v.  713 

relapses,  v.' 720 

raising  medical  education,  iv.  46 

camplior,  v.  714 

relation  to  scarlatina,  vi.  997 

Medical  Springs,  Medical  Lake, 

Mating,  iv.  34 

sequela,  v.  720 

Washington,  v.  732 

apolegamic,  iv.  34 

synonyms,  v.  714 

Medicating  bv  direct    application, 

autogamic,  iv.  34 

treatment,  v.  722 

V.  733 

eudogamic,  iv.  34 

without  catarrh,  v.  717 

by  fumigation,  v.  735 

hetcrogamic,  iv.  34 

eruption,  v.  717 

by  inunction,  v.  735 

homogamic,  iv.  34 

Measles,  German,  .see  lioethdn 

by  the  skin.  v.  733.  735 

pangamic,  iv.  34 

Measurements   of  hollow   viscera. 

endermatic.  v.  755 

random,  iv.  34 

viii.  238 

hypodermatic,  v.  735 

Matricaria,  ii.  795 

Measures,  viii.  294 

in  childhood,  iii.  551 

Clianiomilla.  ii.  795 

metric  sy.stem  of,  viii.  299 

intravenous,  v.  735 

Matthews'  Hot  Springs,  sec  Fer- 

Measuring,  viii.  300 

modes  of,  v.  732 

!■/■'<  J  If  ft  >Sj'ri/tff.-i 

machines  for  recording  scoliosis, 

of  mucous  membranes,  v.  733 

Matzoon,  v.  830 

V.  462 

of  the  bladder  and  urethra,  v. 

Maxilla,  diseases  and  injinics  of,  v. 

Meat  as  food  for  invalids,  iii.  453 

733 

247;  see  also  Jairx 

diirestibility  of  various  kinds 

of. 

of  the  con.iunctiva,  v.  733 

dislocation  of.  iii.  512 

iii.  4.53 

of  the  Eu.stachian  tube  and  mid- 

fracture of.  v.  247,  252 

f(U- soldiers,  v.  799 

dle  ear,  v.  733 

Maxillary  angle,  vii   231 

poisonous,  iv.  185 

of  the  larynx,  v.  733 

Maxillary  artery,  internal,  anom 

Meat-fly,  v.  154 

of   the  mouth  and  pharvu.x,  v. 

alius  of,  i.  52? 

Meat  inspection,  v.  723 

733 

Maxillary  sinus,  vi.  104;  vii.  233; 

Meatotomy,  viii.  23 

of  the  nasal  cavity,  v.  733 

and  sec  AiitvHiii  of  Highinore 

Meatus,  external  auditory,  i. 

615 

of  the  respiratory  mucous  mem- 

diseases of,  vi.  146 

absence  of.  iii.  621 

brane,  v.  733 

measurements  of,  viii.  240 

double,  iii.  613 

of  the  stomach  and  intestines,  v. 

syidiilitic'  lesions  of.  vii.  ()23 

fungous  growths  in.  iii.  639 

734 

Maximum  occipital  point,  vii.  229 

Mechanical  causes  of  chloasma 

,  ii. 

of  the  vagina  and  uterus,  v.  734 

May-apple,  vi.  688 

836 

rectal,  v.  735 

Maydl's    method   of  extirpating 

stage,  ii.  66 

subcutaneous,  v.  735 

the  urinary  bladder,  viii.  26 

Meconic  acid,  vi.  385.  386 

through  the  aveuue  of  the  blood. 

Mayor's  scarf,  iv.  259 

tests  for,  vi.  391 

V.  734 

May-pop,  vi.  517 

Meconin,  vi.  385 

Medicerebral  artery,  ii.  252 

Mazoum,  v.  830;  and  see  Mutzooit 

Meconium  (opium),  vi.  383 

Medichoroid  artery,  ii    254 

McBurney's  point,  i.  424,  426 

Meconoisin,  vi.  385 

Medicinal  incompatibility,  iv.  853 

McCallister's    Soda    Springs,    v. 

Media,  method  of  measuring   with 

Medicinal    Springs,    see    Mineral 

714 

tubes,  viii.  380 

spn'iif/s 

McCormac's  method  of  resection 

nutrient,  preparation  of.  viii. 

370 

Medicinerea,  ii.  182 

of  shoulder,  vi.  923 

Median  artery,  i.  530 

Medicines,  dosage  of,  iii.  550 

McGraw's  ligature,  v.  181 

Median  nerve,  i.  453 

Medicines,  forms  of,  v.  735 

McKenzie  condenser,  iii.  662 

injuries  of.  i.  472 

absti-act,  v.  735 

McKinnell's  circular  ventilator. 

]iaralysis  of.  i.  471 

acetum,  v.  740 

iv.  757 

Mediastinal  glands,  v.  644 

aqua.  v.  740 

Meadow  saffron,  iii.  191 

diseases  of.  \-.  729 

bolus,  V.  735 

Meal,  ll;i.\secd,  v.  516 

lymphadenoma  of,  v.  730 

bougie,  V.  735 

Measles,  v.  714 

lymphonui  of,  v.  730 

capsules,  v.  738 

and  roetheln,  diagnosis,  vi.  998 

lymphosarcoma  of,  v.  730 

cataplasma,  v.  738 

and  scarlatina,  diagnosis,  vi.  998 

tumors  of.  v.  730 

cerate,  v.  735 

and  smallpo.x.  diagnosis,  vii.  250 

Mediastinitis,  v.  732;  vii.  756 

charta.  v.  737 

atypical  course,  v.  717 

Mediastinum,  vii.  749 

confection,  v.  735 

black,  V.  717 

abs(;ess  of.  v.  732 

decoction,  v.  735 

blindness  in.  ii.  12 

anterior,  v.  727 

disc,  V.  736 

clinical  history,  v.  714 

dermoid  cysts  of,  v.  730 

elixir,  v.  786 
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Medicines,  emplastrum,  v.  738 

Meissner's  plexus,  v.  187 

Membranous  necrosis,  vi.  203 

emulsion,  v.  736 

Mel,  iv.  733 

Memory,    affected    in    insanity,    v. 

extract,  v.  736 

despumatuni,  iv.  733 

47 

fluid  extriirt.  v.  736 

rosa',  iv.  733 

loss  of,  iii.  261 

•rlyeeritc,  v.  736 

Melsena  neonatorum,  vi.  280;  and 

Meniere's  disease,  viii.  234 

hiimy,  V.  736 

see  /Idiiiiiji/iilia 

Meningeal  arteries,  laceration  of, 

iiifusidii.  V.  736 

Melalontha,  vi.  225 

post -mortem  appearances,  i.  669 

juice,  V.  736 

Melancholia,  v.  117 

Meningeal  hemorrhage,  vii.  352 

liiiinieiit,  v.  737 

delusions  in,  v.  118 

Meninges,  ii.  2(l9 

liquor,  V.  738 

etiology,  v.  118 

liernia  of.  ii.  233 

mass,  V.  737 

involution,  v.  118 

lym|ihaties  of,  v.  629 

mel,  V.  736 

of  dementia  pra>cox,  v.  104 

Meningitis,    acute    cerebro-spinal, 

mixture,  v.  737 

pathological  anatomy,  v.  118 

vii.  329 

mueilaj;c,  v.  737 

prognosis,  v.  120 

acute  external,  vii.  333 

oiiitiueiit,  V.  737 

treatment,  v.  120 

acute  spinal,  vii.  329 

oleiite,  V.  737 

Melanin,  iii.   223;  vi.  634;  and  see 

bacteriology,  vii.  329 

oleoresin.  v.  737 

(oloriiifj  HKiltei's,  coiiiiial 

diagnosis,  vii.  331 

pajier,  v.  737 

demisit,  iii.  397 

prognosis,  vii.  331 

pills,  V.  737 

infarct,  iv.  868 

sequelie,  vii.  331 

plaster,  v.  738 

in  the  urine,  viii.  51 

symptoms,  vii.  330 

poultice.  V.  738 

Melanius,     animal    pigments,     iii. 

treatment,  vii.  331 

powder,  V.  738 

223 

and  intracranial   abscess,  differ- 

resin, v.  738 

Melanocancroid  of  the  conjunc- 

ential diagnosis,  ii.  413 

solution,  V.  738 

tiva,  iv.   109 

basilar,  ii.  431 

spirit,  V.  738 

Melanolestes  abchmiinalis.  v.  161 

causing  paraplegia,  vi.  498 

succiis,  V.  736 

picipes,  V.  161 

cerebrospinal,  cold  in,  iii.  195 

suppository,  v.  739 

Melanoma,  vii.  37,  907 

chronic    basal,    diagnosed    from 

svrup,  V.  739 

of  Ihe  iris.  iv.  110 

brain  tumor,  ii.  449 

talilet,  V.  739 

Melanoplus  differentialis,  v.  165 

chronic  spinal,  vii.  335 

tiueture,  v.  739 

Melanosarconia,  \  ii.  37 

epidemic     cerebro  -  spinal,     vii. 

tinctures  of  fresh  herbs,  v.  739 

of  the  cornea,  iii.  291 

329 

trituration,  v.  739 

of  the  parotid  gland,  vi.  511 

granular,  ii.  431 

troche,  v.  739 

Melanosis,    see    Addison's    disease. 

in  the  new-born,  vi.  278 

unguentum.  v.  737 

and  Sarcoma 

ojieration  for,  v.  709,  710 

vinegar,  v.  745 

oculi,  V.  218 

purulent,  iv.  562 

vinuui,  V.  740 

Melanotic   sarcoma,    ii.    644;    vii. 

simple,  ii.  390 

wafers,  v.  738 

37 

Keruig's  sign,  i.  394 

water,  v.  740 

Melasma  suprarenale,  i.  106 

leptomeningitis,  ii.  393 

wine,  V.  740 

Melia  iVze<larach.  i.  675 

lumbar  puncture  in,  ii.  394 

Mediocommissure,  ii.  166 

indiea,  i.  676 

pachymeningitis     cervicalis 

Medicornu,  ii.  173 

Melilot,  iii.  149 

hypertrophica,  ii.  393 

Medicornual  vein,  ii.  257 

Melilotus,  iii.  149 

pachymeningitis  externa,  ii. 

Medidural  aiteiy,  ii.  249 

altissimus,  iii.  149 

391 

veins,  ii.  255 

officinalis,  iii.  149 

pachymeningitis  interna,  ii. 

Medifrontal  fissure,  ii.  193 

Melinite,  vii.  910 

391 

Mvic,  ii.  lii:! 

Melissa,  i.  724 

syphilitic,  vii.  335 

Medioptic  artery,  ii.  254 

iillicinalis,  i.  724 

traumatic,  post-mortem  appear- 

Medio-tarsal amputation,  i.  257 

Melituria,  see  Glycosuria 

ances,  i.  669 

Mediparietal  artery,  ii.  2.53 

Melizitase,  an  enzyme,  iii.  843 

tuberculous,    ii.    431;     vii.  333, 

Mediterranean  fever,  v.  685 

Meloe,  ii.  652 

901 

Medulla  oblongata,  ii.  1.54 

Meloidse,  v.  165 

blood  in,  ii.  435 

development  of,  ii.  280 

Melon-seed  bodies,  vi.  974 

detinition,  ii.  431 

diseases  of,  see  Puns  andmediiUa, 

Melrose  Spring,  v.  740 

diagnosis,  ii.  434 

(liseases  of 

Membrana  iicllucida,  vi.  451 

etiology,  ii.  432 

lesions  of,  a  cause  of  hemiplegia, 

propria,  iii.  8.54 

general  observations,  ii.  432 

iv.  633 

pupillaris  perseverans,  v.  216 

in  the  adult,  ii.  434 

diagnosis  of,  ii.  287 

tympani,  i.  616;  iii.  .582 

morbid  anatomy,  ii.  432 

nerve  centres  in,  ii.  291 

Membranes,    anterior    limiting,    of 

prognosis,  ii.  435 

tumors  of,  ii.  443 

the  eye,  iv.  71 

symptoms,  ii.  433 

diagnosis  of,  ii.  448 

ba.sal,  iii.  8.54 

treatment,  ii.  435 

Medulla  ofbone,  ii.  117 

basilar,  i.  623 

Meningocele,  ii.  233,  411;  vii.  3*9 

of  hair.  viii.  .566 

Bowman's,  iv.  71 

diagnosis,  ii.  411 

Medullary  cords,  vi.  449 

Bruch's,  iv.  73 

of  the  orbit,  vi.  405 

Medullary  narcosis   in   obstetrics. 

cricothyroid,  v.  408 

pseudo-,  ii.  237 

V.  3SS 

cuticular,  iii.  8.54 

spinal,  vii.  287 

Medullary  plate,  ii.  268 

Demour's,  iv.  71 

treatment,  ii.  236,  411 

Megalophthalmos,   cornea  of,   iii. 

Deseemet's,  iv.  71 

Meningococcus,  bacteriology  of,  i. 

2S9 

Duddell's,  iv.  71 

709 

Megalosporon,  vii.  783 

hyaloid,  viii.  265 

pathogenesis  of.  i.  709 

ectothrix  of  scalp,  vii.  782 

posterior  limiting,  of  the  eye,  iv. 

Meningo-encephalitis,      tubercu- 

endothrix of  scalp,  vii.  782 

71 

lous,  diagnosed  from  brain  tumor. 

Megastoma  entericum,  viii.  536 

Keissner's,  i.  621 

ii.  449 

inti'slinale,  viii.  .536 

reticulate,  i.  623 

Meningo-encephalocele,  kyphosis 

Meibomian   glands,   iv.   117;  viii. 

Ruvsch's,  iv.  73 

in.  v.  377 

5.59 

Shrapnell's,  i.  616 

Menispermaceee,  v.  859 

Meissel's    test   for    boric    acid   in 

tectorial,  i.  623 

Menispermum,  v.  859 

milk.  V.  840 

t_vnipanic,  i.  616 

eanadense,  v.  859 

Meissner's  corpuscles,  viii.  560 

vitelline,  vi.  448 

cocculus,  iii.  162;  vi.  633 

706 
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Modlciiip!^. 


Menopause,  ii.   79S;  see  ClintKje  of 
lift,  and  Insanity,  clinineteric. 
V.  116 
as  a  factor  in  insanity,  v.  31 
cyst  formation  at,  iii.  351 
nienorrliasia  prior  to  or  during. 

V.  740 
symptoms  of,  v.  74-1 
Menorrhag-ia,  v.  740 
Menses,  cessation  of,  at  the  meno- 
pause, ii.  799 
excessive,  at   tlie  menopause,  ii. 
799 
Menses,  retention  of  the,  v.  741 
causes,  v,  lA'i 
clinical  liistury,  v.  742 
treatment,  v.  742 
Menstrual  blood,  ii.  37,  83 
Menstrual  flow,  v.  744 
cessation  of,  v.  744 
cliaractcr  of.  v.  744 
ihiration  of,  \.  744 
c|uaiility  of.  V.  744 
Menstruation,  v.  743 
cessation  of.  v.  744 
character  of,  v.  744 
disorders    of,    see    Amencrrhu'ii, 

Di/smcnofr/iaii 
duration  of  period,  v.  744 
effect  of  cold  dnring.  iii.  28 
excessive,  v.  740 
first  appearance  of,  v.  744 
influence    of    castration    on.  ii. 

713 
in  metritis,  v.  785 
ph}^siology  of,  v.  744 
quantity  of  discharge,  v.  744 
relation  to  lactation,  v.  745 

to  ovulation,  v,  743 
stages  of,  V.  743 
symptoms  of.  v.  744 
theory  of,  v.  743 
utnrus  during,  v.  743 
vicarious,  v.  740 
Mental  activity,  effect  on  metahol- 

ism,  v.  771 
Mental  condition  in  hysteria,   iv. 

833 
Mental  degeneration  in  dementia 
iiaralvtica   and  dementia  prrecox, 
V.  10.5 
Mental     development,    in    child- 
hood, ii.  832 
in  infancT.  iv.  858 
Mental   diseases,    classification, 
v.  25 
Kraepelin's.  v.  27 
Mental  disturbances,  during  preg- 
nancy, iv.  347 
surgical  relief  of,  ii.  435 
Mental  factors  in  paresis,  v.  87 
Mental  phenomena  at  the  meno- 
pause, ii.  SOO 
Mental  tubercle,  vii.  229 
Mentality,  subconscious,  iv.  811 

subliminal,  iv.  811 
Mentha  arvensis,  v.  743 
glabrata,  v.  745 
piperascens,  v.  745 
piperita,  vi.  553 
pulegioides,  vi.  530 
pulegium.  vi.  5.50 
spicata,  vii.  262 
viridis,  vii.  262 
Menthiodol,  v.  745 
Menthol,  v.  745 
Japanese,  v.  745 
valerianate,  viii.  181 


Menthol-iodol,  v.  745 
Menthophenol,  v.  745 
Mento-hyoid  muscle,  vi.  46 
Mentone,  France,  v.  745 
Menyanthes,  ii,  514 

trifoliata,  ii.  514 
Menyanthin,  ii.  514 
Menyanthol,  ii.  ,")14 
Meralgia  parassthetica,  vi.  247 
Meran,  \.   74s 
Merchandise  a  means  of  spreading 

ciiolera.  viii.  358 
Mercier's  coude  catheter,  ii.  743 

invaginated  eatheter.  ii.  746 
Mercur-ammonium    chloride,    v. 
755 

jioisoning-  bj',  v.  758 
Mercurial  eczema,  iii.  424 
Mercurial  ointment,  v.  750 

ertiptions  following,  iii.  424 

plaster,  v.  751 
Mercurial  poisoning,   incipient, 

symptoms  of,  v.  749 
Mercurialis,  see  Eup/iorbiacece 
Mercurialization,  v.  749 

constitutional,  v.  756 
Mercuric  benzOate,  v.  755 

bromide,  v.  755 

chloride,  v.    753:  see  also  .!/«■- 
enry,  hicliloride  of 

cyanide,  iii.  340;  v.  754 

formidate,  v.  755 

iodide,  v.  754 

nitrate,  v.  754 

oleatc,  V.  753 

oxide.  V.  753 

salicylate,  v.  755 

sidjsulphate,  v.  754 

sidphate,  basic,  v.  754 

sulphide,  v.  756 
Mercurio  vegetal,  v.  686 
Mercurous  linmnde,  v.  755 

chloi  ide,   V.   751 ;   see  also  Mer- 
eiin/,  mil'l  chloride  of 

iodide,  v.  752 

oxide,  V.  755 
•  sulphide,  v.  756 

tannate,  v.  755 
Mercury,  v.  749 

absorption  and  elimination  of,  v. 
7.5S 

acid  nitrate  of,  v.  754 

caustic  action  of,  ii.  757 

aciit('  poisoning  by,  v.  758 

alauate  of,  v.  755 

albuminate  of,  iv.  334 

amidopropionate  of,  v,  755 

anmioniated,  v.  755 

antidotes  to,  v.  760 

asparaginate,  v.  755 

bichloride  of,  v.  75H 

as  an  antiseptic,  i.  384 
as  a  disinfectant,  i.  687 
germicidal  action  of,  iii.  .503; 
iv.  3:^4 

biniodide  of,  v,  754 

black  oxide  of,  v.  7.53 
sulphide,  v,  7.36 

chronic  poisoning  h\.  v.  759 

clinical  tests  for,  v.  760 

compounds  of,  v.  750 

corrosive  chloride  of,  v.  7.53 

cyanide  of,  iii.  340;  v.  7.55 

effect  on  fa'tus,  vi.  279 
on  workers  in,  vi.  325 

eruption  caused  by.  iii.  434 

fatal  quantity,  v.  757 

fulminate  of,  vii.  911 


Mercury,   general    therapeutics  of 
compoimds  of,  v.  756 
green  iodide  of,  v.  7.53 
hypodermatic  use  of,  iv.  821 
imidosuccinate,  v.  755 
in  the  treatment  of  digestive  dis- 
orders, V.  756 
of  skin  diseases,  v.  756 
of  syphilis,  v.  756 
intravenous  injection  of.  v.  194 
inunctions  witii,  v.  735,  756 
mass  of,  V.  750 

medicinal     pro])erties    of    com- 
pounds of,  V.  749 
metallic,  v.  7.50:  vi.  812 

in  intestinal  obstruction,  v. 
173 
mild  chloride  of,  v.  751;  see  also 

CdloiiiH 
oleate  of,  v.  755 
perchloride  of,  v,  753 
periodide  of,  v.  7.54 
poisoning  by,  v.  756 
protochloricie  of,  v.  751 
protoioilidc  of,  v.  7.32 
pyrolioratc.  v.  755 
red  iodide  of,  v.  7.54 
I'ed  oxide  of,  v.  7.33 
red  stilphide  of,  v.  756 
sozoiodol,  V.  755 
stcarate  of,  v.  753 
subcldoride  of.  v.  751 
subiodide  of,  v.  7.52 
succinimide.  v.  755 
tannate  of.  v.  755 
uncombiiied.  iv.  750 
with  chalk,  v.  750 
yellow  iodides,  v.  7.53 
oxide  of,  V.  753 
stdjsniphate  of.  v.  754 
Mercury  (—  Poison  ivy),  v.  339 
Mercury-zinc  cyanide,  v,  7.55 
Merorachischisis,  \  ii.  695 
Merriam  pack,  v    798 
Merycism,  \'i\.  5(i3 
Merz  reduction  apparatus,  vi  880 
TIesamasboids,  iv.  3;-lT 
!   Mesarteritis,  syphilitic,  ii.  107 
'   Mescal  (or  muscale)  buttons,  v. 
761 
Mescaline,  v.  761 
Mesencephal,  ii.  162;  see  7))-(»« 
Mesencephalon,  ii.  162;  see  Brain 

development  of.  ii.  279 
Mesenchyma,  iii.   251;  iv,  337;  v. 

761 
Mesenteric      lymphatic     glands 

and  plexus,  v    641 
Mesenteric  plexus,  \"ii.  578 
Mesentery,  i.  16 

absence  of.  in  embryos,  iii.  181 
injuries  to,  i.  19 

tumors  of,  diagnosed  from  renal 
tiunors.  V.  S29 
Mesmerism,  i.  648;  iv.  811 
Mesoblast,  v.  761 

iiigans  derived  from,  iv.  337 
Mesocele,  ii    137 
Mesoderm,  i.  443;  v.  761 

oigaiis  derived  from,  iv.  337 
Mesodermal  cysts,  vii.  721 
Mesogonimus  beterophyes,  vii.  870 

\Ve-^ternianni,  vii.  867 
Mesometritis,  v.  783 
Mesophoerum  (hyptis).  v.  379 
Mesothelium,  iii.  856:  iv.  387;  v. 

762 
Mesquit  gum,  iv.  427 
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mineral  springs  and  n'aters. 

Metabolism,  i.  757;  ii.  763:  v.  763 

Metatarso-phalangeal    articula- 

Metritis, treatment,  v.  785 

tlisliirbauces  of,  v.  773 

tions,  diseases  of.  v.  275 

varieties,  v.  783 

ell'ect  of  disease  on,  v.  771 

Metatarsus,    amputation    through 

Metrology,  princijiles  of.  viii.  295 

of  exorcise  on,  v.  770 

the.  i.  255 

rehitiiju  of.  to  arithmetical  nota- 

of mental  activity  on,  v.  771 

Metatela,  ii.  139 

tion,  viii.  295 

of  non-uilrogenous  diet  on, 

Meteucephal,  ii.  154;  and  seeBmin 

Metropium  linnea.  vi.  698 

V.  770 

Metencephalon,   ii.    154;   and   see 

M'lHisum,  vi.  698 

of  proteid  diet  on,  v.  7G9 

Ih:tti  h 

Metrorrhagia,  v.  786 

in  nenrastlienics,  vi.  251 

Methacetin,  v.  780 

Mexican  tea,  viii.  315 

in  psyclioses,  v.  39 

relatiiin  to  iihenacetin,  vi.  606 

Mexico,  V.  787 

of  nerves,  vi.  231 

Methsemoglobin,  ii.  39 

history  of   vellovv  fever  in,  viii. 

relaiiiin  of  lymph  to.  v.  630 

formation   of,    in   the   blood,   in 

,585" 

Metacarpal  bones,  dislocation  of. 

poisoning  by  chlorates,  iii.  3 

Pharmacopn-ia  in,  vi.  585 

iii.  533;  iv.  512 

in  the  urine,  \"iii.  32 

Meyer's  mixture,  anasthetic,  i.  293 

fractxire  of.  iv.  263 

Methenyl-anisidine,  v   780 

Mezereon,  v.  790 

Metacarpo-phalangeal  joint,  dis- 

Methenyl -  d  i  -  para  -  phenetidin. 

Mezereum,  v.  790 

eases  of.  ticaliiicnt.  V.  38'j 

V.  780 

resin.  V.  790 

resection  of.  vi.  'J13 

Methol,  V.  780 

Michigan  method  of  artificial  res- 

Metacele,  ii.  154 

Methonal,  v.  780 

liiration,  i.  501 

Metacetone,  iii.  467 

Methoxy-acet-para  -  phenetidin. 

Michigan,  re(|uirements  for  medical 

Metachloral,  v.  776 

V.  377 

practice  in.  iv.  48 

Metachromatic  bodies,  i.  681 

Methoxy-caffeine,  v.  780 

Micrencephalus,  vii.  698 

Metacopaivic  acid,  iii.  378 

Methyl-acetanilid,  iv.  41 

Microbrachius,  vii.  714 

Metacresol-anytol,  i.  406;  v.  776 

Methyl  alcohol,  v.  780 

Microbrenner,  iv.  809 

Metacresol  cinndmic  ester,  v.  776 

]i(ii.S(>iiing  by.  v.  781 

Microcardius,  vii.  679 

Metallic  mercury,  v.  750 

Methylamin,  ptomaTu.  vi.  784 

Microcephalus,    ii.    238;  vii.    698; 

piiisdiiinij  by,  v.  757 

Methyl-chloride,  v.  781 

a)i(l  see  litinry.  micrucephidic 

Metallic   salts    as  deodorants,   iii 

Methyl-chloroform,  v.  781 

Microcheiria,  iv.  498 

411 

Methyl-iodide,  v.  781 

Microcidin,  v.  790 

Metallic    splints,    perforated,    iii. 

Methyl-loretin,  v.  781 

Micrococcus,  i.  680 

557 

Methyl-oxide,  v.  781 

gcinorrlnea.'.  i.  709 

Metallic  tinkle,  ii.  819 

Methyl-i^heuacetin,  v.  781 

Microdactylism,  iv.  498 

Metals  as  eaiise  of  food  poi.son.  iv. 

Methyl-phosphin,  \    781 

Micrognathus,  vii.  701 

1S4 

Methyl  salicylate,  vii.  9 

Micromazia,  ii.  464 

Metamerism,  vii.  105 

Methyl  violet,  vi,  S17 

Micromelus,  vii.  714 

Metaphases,  ii.  764 

Methyl-glyoxalidin,  see  Lysidin, 

Micrometer,  eye-iiiece,  ii.  70 

Metaplasia,  v.  776 

v.  009 

Micro-organisms,  i.   679;  and  see 

adipose,  V.  777 

Methyl-guanidin,  ptomai'n,  vi.  786 

Bdrilli  and  Bacteria 

cartilaginous,  v.  777 

Methyl-pelletierine,  vi   732 

in  building  materials,  iv.  751 

epithelial,  v.  776,  777 

M  e  t  h  y  1-protocatechuic      alde- 

pathogenic, iv.  751 

fatty,  V.  777 

hyde,  viii.  182 

Microphages,  vi   578 

fibrous,  V.  777 

Methyl-pyridin  sulfooyanate,  v. 

Microphotography,  vi.  626 

lymphoid,  v.  777 

7.S1 

Microphthalmos,  cornea  of,  iii.  289 

liuiscular,  v.  777 

Methyl-pyrocatechin,  iv.  -.2) 

Microphthalmus,  vii.  699 

myxomatous,  v.  777 

Methyl-salicylate,  vii.  9 

Microphyle,  vi.  448 

osseous,  V.  777 

Methyl-salol,  v.  781 

Micropus,  vii.  714 

pathological,  v.  776 

Methyl-uramin,  ptomai'n,  vi.  786 

Micropyle,  iv.  848:  vi.  448 

physiological,  v.  776 

Methyl-urethane,  v.  782 

Microscope   in    i)hotomicrograi)liv. 

Metapore  =  foramen  of  Magen- 

Methylene  bichloride,  v.  783 

vi.  028 

die,  ii.  154 

iis  an  an;estlietie,  i.  293 

Microsomes,  ii.  'iGl 

Metasol,  v.  776 

Methylene  blue,  v.  782 

Microsomia,  viii.  419 

Metastasis,  v.  777 

Methylene  chloride,  v.  783 

Microsporon,  vii.  783 

classification,  v.  778 

Methylene-dicotoin,  iv.  347 

furfur,  i.  721;  vii.  783 

crossed,  v.  778 

Methylene  di-tannin,  vii.  637 

minutissimnm,  cause  of  erythras- 

direct,  v.  778 

Methylene  ether,  vi.  638 

ma.  iv.  10 

hematogenous,  v.  778 

Methylenic  chloride,  v.  783 

Microstomia,  viii.  490 

iniplantutiou,  v.  778 

Methylic  ether,  v.  781 

Microstomus,  vii.  701 

in  carcinoma,  ii.  675 

Methysticin,  v.  301 

Microtomes,  iv.  713.  714 

incorrect  uses  of  term.  v.  778 

Methysticum,  v.  301 

Micturition,  abnormal,  i.  776 

lymphogenou.s.  v.  778 

e.xcelsum,  v.  301 

cljanges  in  stream,  durine,  viii. 

of  animal   and   vegetable  para- 

methvsticum. v.  301 

486 

sites,  V.  779 

Metre,  v'iii.  398 

difficult,  i.  777 

of  tumors,  v.  779 ;  vii.  904 

Metre  angle,  i.  583 

delayed,  i.  777 

paradoxical,  v.  778 

Metric  system  of  weights    and 

diminished  streain.  viii.  484 

retrograde,  v.  778 

measures,  viii,  298 

disorders  of,  viii.  484 

transplantation,  v.  778 

Metritis,  v.  783 

dribbling,  viii.  484 

Metastrongylus    paradoxus,   vi. 

acute  puerperal,  v.  783 

frequencj-.  viii.  484 

219 

septic     (non-puerperal),    v. 

hesitating,  viii.  486 

Metatarsal  arch,  weakness  of  ante- 

783 

infrequent,  i.  777 

rior.  iv.211;  and  see  Metatarsaly ill, 

desiccans,  v.  783 

interrupted,  i.  777 

inittiior 

diagnosis,  v.  785 

mechanism  of.  iii.  839 

Metatarsal  bones,  dislocation  of, 

etiology,  v.  783 

painful,  i.  777;  viii.  484 

iii.  530 

hysterica,  v.  783 

retarded,  i.  777 

fracture  of,  iv.  269 

iiiterstitial,  v.  783 

retention,  viii.  486 

Metatarsalgia,  anterior,  iv.  211 

parenchymatous,  v.  783 

uncontrollable,  i.  777 

etiology,  iv.  211 

pathology,  v.  784 

urgency,  viii.  484 

patliofogy,  iv.  212 

prophylaxis,  v.  785 

Middle  ear,   medication  of  the.   v. 

treatment,  iv.  213 

symptomatology,  v.  784 

733 

708 


GENERAL   INDEX. 

Iflelabolisin. 

ITIiiicral  «i>rlii<rs  aud  waters. 

Middle-ear  pipette,  iii   653 

Milk,  diseases  conveyed  by.  v.  833 

Mineral  alkalies,  toxicology  of,  v. 

Middletown  Mineral  Springs,  v. 

drugs  eliminated  in,  v."  818 

844 

7U(1 

examination  of,  in  the  selection 

Mineral  Hill  Springs,  v   845 

Midg-e,  Cdlninbacz,  v.  164 

of  a  wet-nurse,  viii.  305 

Mineral     industries,    dangers    of 

Mid-parent,  iv.  643 

fermentation  in,  v.  823 

working  in.  vi.  334 

Midshipman's  butter,  i.  191 

foods  excreted  by,  v.  818 

Mineral  springs  and  waters,   v. 

Midway  Warm  Springs,  v .  T9l 

modifying,  v.  818 

845 

Midwives,  ivt;istratiou  uf,  iv.  47 

foreign  bodies  in,  iii.  542 

Aachen,  i.  1 

Migor,  ii.  838" 

fortified,  iii.  4.53 

A1)euake's   Springs.    Quebec,    i. 

Migraine,  iv.  550 

formula,  Aleigs',  v.  830 

39 

bliuiluess  in,  ii.  13 

goat's,  v.  825 

Adams  County  Mineral  Siirings. 

course  and  duration,  iv.  550 

green,  v.  833 

Ohio,  i   105 

diagnosis,  iv.  550 

human,  v.  834 

Adams  Springs,  Cal.,  i.  105 

etiology,  iv.  550 

analysis  of,  ii.  471 ;  iv.  862 

Addison   Mineral  Springs,   Me., 

ophthalmic,  iv.  550 

compared    with    cows', 

iii. 

i.  106 

pathology,  iv.  .551 

1.52;  iv.  862 

Addison   Sulphur    Springs,   W. 

symptoms,  iv.  550 

quantity,  ii.  471 

Va.,  i.  106 

treatment,  iv.  .551 

quantit}',  to  decrease,  v 

825 

Adirondack  Jlineral  Spiings,  N. 

Migrainine,  v.  791 

quantity,  to  increase,  v 

825 

Y.,  i.  136 

Mikauia,  iv.  422 

.secretion  of,  ii.  471 

^Etna  Springs,  Cal.,  i.  137 

Milfoil,  viii.  318 

injurious,  from  diseased  animals. 

Agna  azufrosa  del  topo  chico,  i. 

Milia  (if  eyelids,  iv.  118 

v.  835 

143 

Miliaria,  v.  791 

in  relation  to  puljlic  health,  v. 

Agua  de  Vida  Springs,  Cal.,  i. 

albii,  V.  791 

833 

143 

papulosa,  V.  791 

inspection  of;  v.  839 

Agua  fria,  i.  143 

rul)ra,  v.  791 

laboratories,  iv.  864;  v.  832 

Agua  hedionda.  i.  143 

vesiculos.'i,  V.  791 

mare's,  v.  825 

Agua  tilia.  i.  144 

Military  biscuit,  v.  801 

objectionable,  v.  833 

A.guaz  calientes,  Cal.,  i.  144 

Military  hygiene,  v.  792 

of  magnesia,  v.  673 

Aix-les-bains,  i.  161 

avoiilalilc  ramp  diseases,  v.  813 

of  sulphur,  vii.  561 

Alburgh  Springs,  Vt..  i.  166 

bathing,  v.  816 

pasteurization  of,  iii.  452;  v 

839 

Alhambra  Sjirings,  Jlont.,  i.  173 

beverages,  ".  804 

peptonized,  iii.  453;  v.  839 

Alhuelican  Springs,  i.  173 

elotliing,  V.  7113 

poisonous,  iv.  188;  v.  833 

Alleghany  Springs,  Va..  i.  191 

food,  V.  798 

powder,  v.  839 

Allen  Spi-ings,  C^al.,  i.  191 

general  consideiations,  v.  817 

)iri'.servation  of.  v.  838 

Allouez  Mineral   Springs,  Wis.. 

guard  duty,  v.  815 

pieservalives  in,  detection  o 

f,  v. 

i.  193 

gymnastics,  v,  817 

840 

Alpena     Magnetic      S  >i  1  p  h  u  r 

habitations,  v.  807 

products  of,  V.  838 

Springs,  Mich.,  i.  301 

kitchens,  v.  813 

red.  V.  833,  833 

Alum  Kock  Springs,  Cal..  i.  306 

latrines,  v.  813 

secretion  of,  v.  818 

Ambler  Springs,  S.  C;.,  i.  308 

niarcliing,  v.  814 

effect   of    sympathetic 

iier- 

American  Carlsbad  Springs.  111., 

setting  n]i,  V.  S15 

vous  system  on,  vi.  583 

i.  314;  V.  848 

wi-i^lits  to  lie  earned,  v.  797 

separated,  iv.  822 

Americanus Mineral  Well,  :Mich., 

Military  rations,  v.  799 

slimy,  v.  823 

i.  214 

Military  science,  diseases  depend- 

standards, v.  838 

Anderson  Mineral  Springs.  Cal., 

ent  on,  ii.  ()31 

sterilization  of,  iii.  452;  iv. 

866; 

i.,  320 

Milium,  V.  818 

V.  839 

Antidvspeptic        and      Tonic 

colloid,  iii.  300 

sugar  of,  V.  829,  843 

Springs.  Va.,  i.  374 

Milk,  V.  818 

origin  of,  v.  819 

Aragou,  baths  of,  i.  437 

action  of  reunin  upon,  vi.  893 

witches,  V.  826 

Arctic  Springs.  Wis.,  i.  439 

adulteration  of,  iv.  182;  v.  838 

vellow.  V.  823,  833 

Arringtou       Jlineral       Springs, 

analysis  of,  v.  826 

Milk  crust,  iii.  710;  vii.  87 

Kans.,  i.  .532 

anomalies  of,  v.  823 

Milk-curdling     ferment     of 

the 

Arrow-head  Hot   Springs,  Cal.. 

as  a  cause  of  ilisease,  v.  833 

liancreas,  vi.  463.  480 

i.  .533 

as  a  food  for  invalids,  iii.  451 

Milking,  v.  843 

Arumbaro  Springs,  Mex..  i.  561 

as  a  medium  for  bacteria,  viii. 

Milk-jelly,  how  to  make,  iii.  453 

Atotonilco,  i.  603 

377 

Milk-sickness,  v.  843 

Atotonilco  de  San  Andres,  i.  603 

as  an  antidote,  i.  371 

Milk-sugar,  v.  839,  843 

Aurora  Springs,  i.  640 

asses',  V.  825 

Milk-teeth,  vii.  645 

Avon  Sulplnir  Springs,  i.  675 

blue,  V.  823,  833 

Milkweed,  i.  565 

Ayer's  Amherst  Jlineral  Springs, 

brown,  v.  833 

Millboro  Springs,  v.  843 

i.  675 

butter,  V.  833 

Millers,  healtli  of.  vi.  335 

Azule  Springs,  i.  676 

care  of,  v.  843 

lunn'.  V.  .594 

Axocopan,  i.  675 

certified,  v.  843 

Millipedes,  v.  160 

Bad-Nauheim,  vi.  151 

chemical  composition  of.  iii.  451 

Millon's  reagent,  viii.  44 

Bailev  Springs,  i.  723 

preservatives  of,  v.  839 

Milzbrandcedem,  i.  366 

Ballardville  Lithia  Springs,  i.  733 

coagulation  of,  iii.  l.Tl 

Mimusops,  i.  733 

Ballston  Spa,  i.  733 

coloring  matter  in,  detection  of. 

balata,  i.  733 

Banff  Hot  Springs,  i.  730 

v.  840 

Scliomburgkii,  i.  723 

Baiio  de  San  Pablo,  i.  733 

colostral,  as  cause  of  disease,  v. 

Sclioniburgkii.  i.  723 

Banos  de  las  Arenas,  i.  733 

833 

Minced-meat  cakes,  how  to  a 

ake. 

Banos  en  el  Pefion,  i.  7.32 

condensed,  iv.  866;  v.  829 

iii.  454 

Barger's  Springs,  i.  734 

adulteration  of,  iv.  180 

Mindererus,  spirit  of,  i.  216 

Barium  Springs,  i.  734 

cow's.  V.  819 

(liaplioretie  action,  iii.  433 

Bartlett  Springs,  i.  735 

comjiareil   with   human,  iv. 

Mineral,  crystal,  vi.  745 

Bath  Alum  Sjirings,  i.  737 

862 

Mineral  acids  as  disinfectant,  i 

.687 

Bath.  England,  i."736 

curdling  of.  iii.  125 

burns  from.  ii.  530 

Baths  of  Aragon,  i.  437 

detection  of  substances  in,  v.  840 

toxicology  of,  i.  69 

B.  B.  Mineral  Springs,  i.  737 
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Slineral  springs  and  waters,  Beall 

Mineral     springs     and    waters, 

Mineral  springs  and  waters.  Get- 

Sjirinij,  i.  73S 

Clark's     Bed     Cross    Mineral 

tysliurg    Springs,    Penn.,    iv. 

Beck's  Hot  Sulphur  Spnnffs.  i. 

Well,  Mich.,  iii.  139 

349 

738 

Clark's        Riverside         Mineral 

Geuda,  Kan.,  iv.  349 

Bedford  Alum,  Iron  ami  Lilliia 

Springs,  IViich..  iii.  130 

Gilroy  Hot  Springs,  Cal.,  iv.  351 

Springs,  i.  738 

Clear  Creek  Springs.  Ky..iii.  131 

Glen   Alpine    Mineral    Springs. 

Bedford  Chalybeate  Sjirin!!:,  Pa., 

Clifton  Springs,  K.  Y."  iii.  136 

Cal.,  iv.  368 

i.  739 

Climax  Springs,  Mo.,  iii.  148 

Glen  Alpine  Springs,  Tenn.,  iv. 

Bedford  Magnesia  Sprin:;',  Pa.,  i. 

Cloverdale        Lithia       Springs. 

368 

739 

Penn.,  iii.  149 

Glen  Springs,  N.  Y.,  iv.  868 

Bedford  Springs,  Ky.,  i.  739 

Cold   Sulphur  Spring.   Va.,   iii. 

Glen  Summit  Springs,  Penn..  iv.. 

Bedford  Springs.  Pa.,  i.  739 

193 

369 

Belknap  Hot  Medical  Springs,  i. 

Colemanville    Mineral    Springs, 

Glenn  Spring,  Tenn.,  iv.  370 

741 

Va..  iii.  196 

Glenn  Springs,  S.  C,  iv.  370 

Bentley  Springs,  i.  743 

Colonial  Springs.  N.  Y.,  iii.  307 

Glenola  Springs.  Va.,  iv.  370 

Berkeley  Springs,  i.  747 

Columbia  Springs,  N.  Y..  iii.  325 

Glenwood  Springs.  Col.,  iv.  370 

Big  Boiie  Springs,  i.  7.53 

Comanjilla,  Mex..  iii.  236 

Godbold  Mineral  Well.  iv.  374 

Biiohdale  Springs,  i.  760 

Commonwealth  Mineral  Springs, 

Grand   Haven    Mineral    Spring. 

Black  Barren  Jlineral  Springs,  i. 

Mass.,  iii.  238 

Mich.,  iv.  410 

7G3 

Cooper's  AVell,  Miss.,  iii.  377 

Great  Bear  Spring,   N.   Y.,   iv. 

Black  Sulphur  Springs,  ii.  530 

Cornelian  Hot  Springs,  Cal.,  v. 

414 

Bladon  Springs,  i.  799 

403 

Great  Paraiso  Hot  Soda  Spring, 

Blodgett's  Springs,  Cal,  ii.  16 

Coronado  S)irings,  iii.  293 

Cal..  vi.  484 

Blount  Spriugis,  ii.  Ill 

Crab  Orchard  Springs,  Kj'.,  iii. 

Greenbrier        White       Sulphur 

Blue  Hill  Mineral  Springs,  ii.  Ill 

311 

Spring.  West  Va..  iv.  414 

Blue  Lick  Springs,  ii.  113 

Cresson  Springs,  Pa.,  iii.  329 

Green  Lawn  Spring.  111.,  iv.  414 

Blue  Ridge  Springs,  ii.  113 

Crocker  Springs,  Tenn.,  iii.  330 

Gudon  Springs.  Cal..  iv.  405 

Boerne,  ii   113 

Crockett  Arsenic-Lithia  Springs, 

Harbin    Hot    Sulphur    Springs, 

Boriand  Jiineral  Well,  ii.  130 

Va..  iii.  330 

Cal.,  iv.  533 

Bosthwick  Mineral   Springs,  ii. 

Crum  Mineral  Spring.  Ohio,  iii. 

Harris   Lithia  Springs,  S.  Car.. 

131 

333 

iv.  .538 

Boswell  Springs,  ii.  133 

Cuincho,  Mex..  iii.  338 

Harrison  Hot  Springs,  Brit.  Col.. 

Boidder  Hot  Springs,  ii.  183 

Dearborn  Spring.  Vt.,  iii.  374 

iv.  .538 

Bowden  Lithia  Si)rings,  ii.  134 

Deep   Rock   Spring,  N.   Y.,  iii. 

Haywood         AVhite        Sulphur 

Bowling  Ally  Spring,  Bedford, 

393 

Spring.  N.  Car.,  iv.  546 

Pa.,  i.  739 

Des  Chutes  Hot  Springs,  Ore.. 

Healing'Springs.  Ala.,  iv.  563 

Bradford  Mineral  Springs,  ii.  136 

iii.  437 

Healing   Springs,   Va. ;  see   Hot 

Brides  les  bain.s,  ii.  483 

Dixie  Springs.  Tenn..  iii.  .549 

Springs,   Va..  iv.  746 

Bromine-arsenic,  ii.  487 

Dolores.  JIcx..  iii.  550 

Ileilbronu  Mineral  Springs,  Fla., 

Brown's  Wells,  ii.  498 

Doxlatter's  Mineral  Well,  iii.  .5.53 

iv.  634 

Buena  Vista  Springs,  ii.  515 

Duncan  Springs,  Cal..  iii.  562 

Highland  Springs,  Cal.,  iv.  688 

Buffalo  Lithia  Springs,  ii.  516 

Eaton  Rapids  Wells,  Mich.,  iii. 

Highland  Springs,  Me.,  iv.  689 

Burdett  Mineral  Springs,  ii.  516 

698 

Horn's  Spring.  Tenn.,  iv.  736 

Butterworth's,  Mich.,  ii.  539 

El  Chino.  Mex.,  ii.  834 

Hot  Borate  Spring,  Cal.,  iv.  746 

Byron  Springs,  Cal.,  ii.  530 

Elgin  Springs.  Vt..  iii.  786 

Hot  Springs,  Bath  County,  Va. , 

Caledonia  Springs,   Canada,   ii. 

El'Paso'de  liobles  Hot  and  Cold 

iv.  746 

.553 

Sulphur  Springs.  Cal.,  iii.  787 

Hot  Springs,  Fall  River  County, 

Californian  Geysers,  the,  ii.  555 

Eqiunox  Spring,  Vt.,'  iii.  860 

South  Dak.,  iv.  748 

California  Seltzer  Springs,  ii.  557 

Esperanza,  K.  Y..  iv.  11 

Hot   Springs,    Garland   County. 

Calistoga  Springs,  ii.  557 

Estill.  Ky..  iv.  11 

Ark.,  iv.  748 

Cajion  Spring,  ii.  653 

Eureka  Springs,  Ark.,  iv.  18 

Hot   Springs,  Madison   County, 

Carabana  Mineral  Spring,  ii.  654 

Eureka  Springs,  Cal.,  iv.  18 

N.  C.  iv.  749 

Caramecuaro,  ii.  65.5 

Excelsior  Spring.  N.  Y.,  iv.  48 

Hot  Sulphur  Springs.   Col.,  iv. 

Carlsbad,  ii.  703 

Fp.uquier       White      Sulphur 

7.50 

Castalian  Jliueral  Springs,  Cal., 

Springs.  Va..  iv.  138 

Howard  Springs,  Lake  County 

ii.  708 

Fannviile  Lithia   Springs,  Va., 

Cal.,  iv.  770 

Castalian  Springs,  INIiss.,  ii.  708 

iv.  138 

Howard      Springs,     Lauderdale 

Castle  Creek  Hot  Springs,  i.  450 

Fernvale  Springs,  Tenn..  iv.  148 

Co..  Ala.,  iv.  770 

Catoosa  Springs,  ii.  755 

Ferris  Hot  Springs,  Mont.,  iv. 

Hubbard  Springs,  Va.,  iv.  770 

Cedar  Springs  (Ohio),  ii.  760 

149 

Hudson     Hot      Springs.      New 

Chalybeate  Springs,  Ga..  ii.  794 

Fort    Crawford    Mineral    Well. 

Mex..  iv.  770 

Chaniiquel.  Mex.,  ii.  794 

Wis.,  iv.  347 

Hunter's  Hot  Springs,  Montana, 

Charleston    Artesian    Wells,    ii. 

Fountain     Park     Magnetic 

iv.  771 

801 

Springs,  Ohio,  iv.  347 

Hunter's  Pulaski  Alum  Sprines, 

Chattolanee  Springs,  Md..  ii.  801 

Franklin  Spring.  Ga..  iv.  269 

Va.,  iv.  771 

Chicliancaual),  Jlex.,  ii.  836 

Fraozensbad.  iv.  369 

Hunyadi  .Janos  Spring,  Austria. 

Chichimequillas,  Mex.,  ii.  836 

French   Lick  Springs,  Ind.,  iv. 

viii.  478 

Chichipico,  Mex.,  ii.  836 

270 

Idaho  Hot  Springs,  Col.,  iv.  840 

Chick's  Springs.  S.  C,  ii.  837 

Fry's  Mineral  Spring,  Iowa,  iv. 

Idan-Ha  Spring.  Idaho,  iv.  841 

Chittenango    Sulphur    Springs, 

375 

Indian  Mineral  Springs,  Tex.,  iv. 

N.  Y.,  ii.  835 

Fulton  Wells,  Cal.,  iv.  275 

854 

Chucaudiro,  Mex.,  iii.  76 

Gainesville.  Ga..  iv.  286 

Indian  Springs,  Butts  Co.,  Ga.. 

Cienega,  Mex.,  iii.  87 

Galbraith  Springs,  Tenn.,  iv.  388 

iv.  8.54 

Cieuega  de  Mata,  Mex.,  iii.  87 

Gastein,  Austria,  iv.  309 

Indian  Springs,  Martin  Co..  Ind., 

Cincinnati  Artesian  Well,  iii.  93 

Gaylord     and    Guliek     Mineral 

iv.  855 

Claredon  Springs,  Vt.,  iii.  139 

Springs.  Penn.,  iv.  314 

Indiana    Jlineral     Springs    and 

Claremonde  Chalybeate  Spring, 

Geneva  Lithia  Springs.  N.   Y.. 

Mud  Baths,  iv.  8.55 

Ga.,  iii.  139 

iv.  316 

Iron  Lithia  Springs,  Va.,  v.  230 
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ifliiiL'i-uI  sprlnss  and  nraters. 
Dlinoral  sprius;s  and  waters. 


Mineral  springs  and  waters,  Irou- 

(lalc  Spring.  W.  Va.,  v.  229 
Ischl,  V.  23B 

I.xtlau  Springs,  Mex.,  v.  239 
Jeinez  Hot  Springs,  N.  Mex.,  v. 

260 
Jordan's  White  Sulphur  Springs. 

Va.,  V.  298 
Kataljsine,  iv.  349 
Keystone  Mineral  Spring,  Me., 

V.  308 
Kickapoo  Magnetic  Spring,  Ind., 

V.  308 
Kissiugen.  v.  3G3 
Klamatli  Hot  Springs,  v.  363 
Lalie      Park      White      Sulphur 

Springs,  Miss.,  v.  403 
Lake  Tahoe  Hot  Springs,  Cal., 

V.  408 
Lake  View  Hot  Springs,  Ore.,  v. 

404 
Lime  Mineral  Springs,   Cal.,   v. 

40.^) 
Las     Vegas     Hot    Springs,    N. 

Me.\.,  V.  456 
Lebanon  Springs,  N.  Y.,  v.  475 
Lemon  Springs,  N.  C,  v.  483 
Leslie  Well.  Mich.,  v.  491 
Leviro,  Austria,  v.  504 
Lick  Springs,  Cal.,  vii.  914 
Lineville  Mineral  Springs,  Iowa, 

V.  .516 
Lissner's  Mineral  Spring,  Mont., 

V.  518 
Little  Red  Spring,  Tenn..  vi.  862 
Litton  Seltzer  Springs,   Cal.,  v. 

526 
Livingston  Artesian  Well,  Ala., 

V.  .565,  848 
Lodi  Artesian  Well,  Ind.,  v.  .566 
Londonderry  Lithia  Springs.  N. 

H.,  V.  567 
Louisville   Artesian   Well.   Kv., 

V.  574 
Louisville    Mineral    Springs. 

Kan.,  V.  574 
Lower  Blue  Lick  Springs.  Kv.. 

V.  574 
Madruga  Springs,  Cuba,  v.  671 
Magnetic  Mineral  Springs,  Ind., 

V.  673 
Magnolia  Spring,  v.  674 
Manhattan  Artesian  Wells,  Kan., 

V.  687 
Manitou  Springs,   Col.,   v.  691, 

846 
Mardela  Springs,  Md.,  v.  698 
Marieubad,  Bohemia,  v.  693 
Mark  West  Springs,  Cal.,  v.  694 
Ma.ssasancta  Springs,  Va. ,  v.  699 
Massasoit  Spring.  Mass.,  v.  699 
Mas.sena  Spring,  N.  Y. .  v.  699 
Matchless  Mineral  Wells,   Ala., 

V.  713 
McCallister's  Soda  Springs,  Ore., 

V.  714 
Melrose  Spring,  Tenn.,  v.  740 
Mexican  Hot  Springs,  i.  142 
Michigan  Congress  Well,  Mich., 

i.  214 
Middletown     Mineral     Springs, 

Vt.,  V.  790 
Midway   Warm   Springs,   Utah, 

V.  791 
Millboro  Springs,  Va.,  v.  843 
Mineral  Hill  Springs.  Tenn.,  v. 

845 
Mini-Ni-Yan  Springs,  111.,  v.  850 


Mineral  springs  and  waters,  Min- 

neiiua  Springs,  Pa.,  v.  H'M 
Mono  Lake,  Cal.,  v.  853 
MoDtebello  Springs,  Vt.,  v.  8.54 
Moutesano  Springs,  Miss.,  v.  855 
Montgomery     White      Sulphur 

Springs,  v.  856 
Montvale  Springs,  Tenn.,  v.  8.59 
Moodyville      Mineral     Springs, 

Kan.,  V.  859 
Moorman  Mineral  Well,  Mich., 

V.  8.59 
Morrison  Springs.  .Col.,  v.  865 
Mount  Clemens  Mineral  Springs, 

Mich.,  vi.  2 
Mountain  Springs,  Pa.,  vi.  2 
Napa  Soda  Springs,  Cal.,  vi.  99 
Newsom's      Arroyo-Grande 

Springs,  Cal.,  vi.  286 
Nob.scot     Moimtain     Spring, 

Mass.,  vi.  294 
North   Haven   Pool.    Conn.,   vi. 

295 
Nve Chalybeate  Siiring,  Va.,  vi., 

308 
Nye  Lithia  Springs,  Va..  vi.  308 
Oak  Orchard  Acid  Springs,  N. 

Y.,  vi.  309 
Ocean  Springs,  Miss.,  vi,  333 
Ochee  Springs,  R.  I.,  vi.  833 
Oconee  Chalybeate  Spring,  Ga., 

vi.  333 
Oconee  White  Sulphur  Springs, 

Ga..  vi.  333 
of  Ems,  ill.  817 

of  llomburg,  Germany,  iv.  732 
of  Ki.ssingen,  v.  362 
of  Nuevo  Leon,  i.  143 
of  Michoacau.  i.  142 
of  Penjaniillo.  i.  142 
of  Yurecuaro.  i.  142 
Ojai  Hot  Sulphur  Springs,  Cal., 

vi.  347 
Ojo  Caliente.  N.  ]\Iex..  vi.  847 
Old  Sweet  Springs,  W.  Va.,  vi. 

349 
Oliver  Springs,  Tenn.,  vi.  357 
Olympian  Springs,  Ky.,  vi.  357 
Ouray  Springs,  Col.,  vi.  431 
Owens  Lake,  Cal.,  vi.  452 
Owosso  Spring,  Mich.,  vi.  4.52 
Oxford  Mineral  Spring,   Conn.. 

vi.  454 
Pacific  Congress  Springs,   Cal., 

vi.  455 
Pagosa  Springs,  Col.,  vi.  456 
PaUnvra  Mineral  Springs,  Wis.. 

vi.  459 
Panacea  Springs,  vi.  459 
Paradise  Spring,  Me.,  vi.  483 
Paraiso  Hot  Springs,  Cal.,  vi.  483 
Paraiso  Sulphur  Spring,  Cal.,  vi. 

483 
Paris  Chalybeate  Springs,  Miss., 

vi.  ,509 
Parker  Mineral  Spring,  Pa.,  iv. 

509 
Park's  Springs.   N.   C.  vi.   509 
Pavilion  Spring,  Pa.,  vi.  520 
Perry  Springs.  111.,  vi.  574 
Piedmont       White      Sulphur 

Springs,  Cal..  vi.  633 
Pine  Lawn  Spring,   N.   J.,  vi., 

636 
Plonibifires,  vi.  669 
Plymouth   Rock   Mineral   Well, 

Mich.,  vi.  669 
Poland  Springs,  Me.,  vi.  728 


Mineral     springs     and     waters, 

Ponce  de  heou   Springs    Pa., 

vi.  734 
Porter  Springs,  Ga.,  vi.  73G 
Powder  Springs,  Ga.,  vi.  747 
Powhatan     Lithia     and     Alurri 

Springs,  Ga.,  vi.  747 
Pownal  Spring.  ^le.,  vi.  747 
Puller  Springs,  Mont.,  vi.  796 
Ravenden  Springs.  Ark.,  vi.  842 
Rawley  Springs,  Va.,  vi.  843 
Rawlins'    Sulphur     Springs, 

Wyo..  vi.  842 
Red  Boiling  Springs,  Tenn.,  vi. 

862 
Red  Spring.  No.  2,  Tenn.,  vi.  862 
Red  Sulphur  Springs,  W.   Va., 

vi.  863 
Reedy  Creek  Springs,  S.  C.  vi. 

871 
Richfield  Springs.  N.  Y.,  vi.  975 
Roanoake  Red  Sulphur  Springs, 

Va.,  vi.  980 
Rockbridge  Alum  Springs,  Va., 

vi.  981 
Rock  Castle  Springs,  Ky.,  vi.  981 
Rock  Bnon  Springs,  Va.,  vi.  982 
Rosscommon     Spring,    Pa.,    vi. 

1001 
Royal  Gorge  Hot  Springs,  Col., 

vi.  1001 
Royal-les-bains.  France,  vi.  1001 
Rii'binat  Coudal,  Spain,  vi.  1003 
Rubinai  Mineral  Springs,  Spain, 

vi.  1003 
Rubinat  Serre,  Spain,  vi.  1003 
Saegerstown    Mineral     Sjjrings, 

Pa.,  vii.  2 
Saint  Catherine's  Well,  Ontario, 

vii.  4 
Saint  Clair  Springs,  Mich.,  vii.  4 
Saint     Helena    White     Sulphur 

Springs,  Cal.,  vii.  5 
Saint  Louis  Spring,  Mich.,  vii.  6 
Saint  Regis   Spring,   K.    Y..  v. 

699 
Salsoniaggiore,  Italy,  vii.  15 
Salt   Lake   Hot   Springs,   Utah, 

vii.  17 
Salt  Sulphur  Springs,  W.  Va., 

vii.  17 
Salvator  Mineral  Springs,  Wis., 

vii.  17 
San   Bernabe   Springs,   Mexico, 

vii.  19 
San    Bernardino    Hot    Springs, 

Cal..  vii.  19 
San  Diego  de  los  Baiios,  Cuba, 

vii.  23 
Santa  Barbara  Hot  Springs,  Cal., 

V.  849;  vii.  28 
Santa      Rosa     White     Sulphur 

Springs,  Cal.,  vii.  29 
Santa  Ysabel  Sulphur  Springs, 

Cal.,  vii.  29 
Saratoga  Springs,  N.  Y.,  v.  847: 

vii.  31 
Schwalbach,  vii.  73 
Seigler's  Springs,  Cal.,  vii.  109 
Seven  Springs,  Va.,  vii.  134 
Shannondale   Springs,    W.    Va., 

vii.  198 
Sharon  Springs,  N.  Y..  vii.  198 
Sheboygan  Mineral  Well.  AVis., 

vii.  199 
Sheldon  Springs,  Vt.,  vii.  199 
Sitka  Hot  Springs,  Alaska,  vii. 
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mineral  spriugs  and  waters, 
miioila^e. 

Mineral     spring-s     and     waters, 

Skusitl -s  Hcit  Sjirim^s,  CiU.,  vii. 

an"" 

Soutli   Dakota  Hot   Springs,  S. 

D.,  vii.  3(51 
Spai'klini;  Calawlja  Springs,  N. 

C,  vii^aGa 
Spuria  Mineral  Wells,  Wis.,  vii. 

'202 
Sprins;   Lake  Well,    j\Iicl]..   vii. 

431 
StalVciril  iMiiieral  Spring,   Miss., 

vii.  434 
Stall'ord  Springs.  Conn.,  vii.  43.'5 
Stalk  Mineral  Spring.  Conn.,  vii. 

441 
Steamboat  .Springs.  Col.,  vii.  4.54 
Storm    Lake     Jlineral     Spring, 

Iowa.  vii.  530 
Stronlia    Jliueral    Spring,    Mfi., 

vii.  ,540 
Stryker  Mineral  Springs,   Ohio. 

vii.  .546 
Sulplio-Saliue  Sjiring,  Ohio,  vii. 

.501 
Summit  Soda  Springs,  Cal.,  vii. 

.50.5 
Sutherland    Springs,    Tex.,    vii. 

50.S 
Suwanec  Sulphur  Springs,  Fla., 

vii.  570 
Sweet  Chalybeate  Springs,  Va., 

vii.  571 
Sweet  Springs,  Mo.,  vii.  571 
Talley's  Springs,  Va.,  vii.  635 
Tarasp-Schuls.  vii.  039 
Tate  Spring,  Tenn.,  vii.  642 
Texas  Sour  Springs,   Tex.,   vii. 

730 
Thermal  Acid  Springs,  Oal.,  vii. 

731 
Three  Springs.  Pa.,  vii.  757 
Tolenas  Springs,  Caj.,  vii.  791 
Topeka    Mineral    Wells,    Ivans.. 

vii.  827 
Treuthara  Spring,  Ga.,  vii.  874 
Tuscan  Springs,  Cal.,  vii.  914 
Tuscarora    Litbia    Spring,    Pa., 

vii.  914 
U^viah  Vichy  Springs,  Cal..  vii. 

936 
Unaka  Springs,  Tenn.,  viii.  6 
Underwood  Spring,  Me.,  viii.  6 
Upper    Red     Boiling     Springs. 

Tenn.,  viii.  6 
Upper  Soda  Springs,  Cal.,  viii.  7 
Utah  Hot  Springs,  viii.  64 
Utah  Warm  .Springs,  viii.  64 
Vermont  Mineral  Springs,   viii. 

221 
Vicliy,  France,  viii.  235 
Victoria  Jlineral  Springs,  Neb., 

viii.  237 
Victorv  Strontia  Spa,  Ohio,  viii. 

237  " 
Villacabras  Springs,  Spain,  viii. 

237 
Virgin   Hot  Springs,  Utah,  viii. 

238 
Virginia  Hot  Springs,  iv.  746 
Waconda  Spring,  Kans.,  viii  273 
Walley's  Hot  Springs,  Nev.,  viii. 

274 
Wasatka   Mineral  Spring,    viii. 

274 
Washington  Springs,  Va.,   viii. 

275 
Watson's  Springs,  Ga.,  viii.  292 
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Mineral     springs     and     waters, 

Waukesha     .Mineral    Spriui,'s, 

Wis.,  viii.  293 
West  Baden  Springs,  Ind.,  viii. 

303 
Wost  Springs,  S.  C,  viii.  303 
WeteniislVIineral  Springs,  Wash. . 

viii.  303 
Whann  Alkaline  Litbia  Springs, 

Pa.,  viii.  306 
Wliite  Sulphur  Springs,   Iowa, 

viii.  306 
White    Sulphur    Springs.    La., 

viii.  306 
White  Sulphur  Springs,  Mont.. 

viii.  306 
Wilbur  Springs,  Cal.,  viii.  313 
Wilden  Spring,  Vt.,  viii.  312 
Wilhoit's    Soda    Springs,    Ore., 

viii.  312 
Witter's    Mineral  Spring, 

viii.  314 
Wolfer's   Mineral  Spring, 

viii.  314 
Wootau  Wells,  Tex.,  viii. 
Yadkin   Mineral    Springs, 

318 
Yellow  Springs,  Ohio,  viii. 
Y'ellow   Sulphur    Springs, 

viii.  333 
Y'ellowstone    National 

Springs,  viii.  333 
Y'ouug's  Natural  Gas  AVell 

Slineral  Springs,  viii.  330 
Yxtlan  Springs,  Mex.,  v.  339 
Zem  Zem  Springs.  Cal.,  viii.  338 
Zonian  Springs,  111.,  viii.  341 
Mineral  waters,  v.  845 
alkaline,  v.  846 

saline,  v.  847 
as  laxatives,  v.  469 
chalybeate,  v.  848 
classification  of,  v.  846 
saline  mineral,  v.  847 
sulpbated  saline,  v.  848 
thermal  and  sulphurated,  \ 
Miners'  consumption,  vii.  214 
health  of,  vi.  334 
phthisis,  V.  .594 
Mines,  amount  of  air  required 

ii.  (iOl 
Mining,  harmful  conditions  in. 


Cal., 
,   Ore., 

314 

viii. 

333 

Va., 

Park 


and 


849 


m. 


Minnesota,  food  adulteration  in,  iv. 
173 
requirements  for  medical  prac- 
tice in,  iv.  48 
Minot's  automatic  precision  micro- 
tome, iv.  715 
improved  rotary  microtome,  iv. 
715 
Mint,  brown,  vii.  263 
family,  v.  379 
garden,  vii.  262 
lamb,  vii.  262 
mackerel,  vii.  303 
spear,  vii.  303 
Miquel's  classilication  of  antiseptics, 
i.  383 
flask,  viii.  291 
Mirault's  operation  for  harelip,  iv. 

530 
Mirror,  for  posterior  rhinoscopy,  vi. 
107 
in  throat  examination,  v.  431 
Missiles,  from  pistol,  iv.  428 
from  shotgun,  iv.  428 
from  smoothbores,  iv.  439 


Mississippi,  hi.story  of  yellow  fever 
in.  viii.  .587 

requirements  for  medical   prac- 
tice in.  iv.  48 
Missouri,  history   of  yellow   fever 

in.  viii,  588 
''  Missouri,"  United  States  hospital 
ship,  iv.  738 

des(ri])tion,  iv.  738 
Mistletoe,  v.  571 

.Vmerican,  v.  571 
Mistral,  iii.  140 
Mistura,  see  .\fi.vtiire 

(■icta\  ii.  553 
Mites,  i.  439 
Mithridatism,  iv.  843 
Mitosis,    ii.  703;  and  see  Cell 

byperchromatic,  v.  301 

liypochroniatic,  v.  301 

irregular,  v.  301 

multipolar,  v.  300 

pathological  forms  of.  v.  301 
Mitral  pulse,  vi.  805 
Mitral  regurgitation,  ii.  .S23;  iv. 

005  ;  \\.  805 
Mitral  stenosis,   ii.   834;    iv.   006; 

vi.  805 
Mitral  valve,  iv.  570 
Mitrula  phalloides,  iv.  381 
Mixed    anaesthesia,    clinical    evi- 
dence regarding,  iii.  25 
Mixer  used  in   the  enumeration  of 

blood  corpuscles,  ii.  43 
Mixture,  a  form  of  medicine,  v.  737 

aua'sthetic,  iii.  14 

Basbam's,  v.  336 

brown,  v.  518 

chalk,  ii.  .5.53 

compound  iron,  v.  333 

compound  liquorice,  v.  518 

compound,    of   chloroform    and 
cannabis  iudica,  iii.  7 

flask,  viii.  391 

Grittilb's,  v,  223 

neutral,  v.  483 

of  citrate  of  potassium,  v.  483 

of  rhubarb  and  soda.  vi.  974 
Moccasin  flower,  iii.  340 
Moderator  band,  iv.  570 
Modification  =  acquired  character- 
istic, in  evolution,  iv.  35 

distinguished    from      variation, 
viii.  183 

of  cow's  milk,  v.  830 
Modiolus,  i.  020 
Moist  chamber,  iv.  704 
Moisture   of    soil,    relation   of,    to 

cnnsuni]itioM.  iii.  265 
Moitessier's   gas-pressure   regu- 
lator, viii.  385 
Molar  teeth,  vii.  046 
Molasses,  vii.  549 

adulteration  of,  iv.  182 
Mole,  vi.  051 

flbrin.  iii.  388 

fleshy,  iii.  388;  vi.  051 

grape,  vi.  651 

hairy,  vi.  91 

hydatid,  iii.  00;  vi. 

of  chorion,  iii.  60 

pigmented,  vi.  91 

stone,  vi.  651 

uterine,  iii.  803 
Mollin,  V.  8,50 
MoUities  ossiutn,  vi. 

kyjihosis  due  to,  v. 
Molluscs,  poisonous,  iv.  189 
MoUuscum  albuminosum,  v.  853 


651 


426 
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Molluscum  areolo-fibrosum,  v.  853 

coutagiosum,  v.  850 

diagnosed  from  verruca  vul- 
garis, viii.  223 

epitliciiale,  v.  850 

fibrosum,  v.  852 

of  eyelids,  Iv.  118 

pendulum,  v.  8.53 

sebaceum,  v.  850 

simplex,  v.  852 

vcrr\icosum,  v.  8.50 
Monaco,  v.  8.54 
Monamins,  ptomains,  vi.  T84 
"  Monarch.,"  ventilation  of  the,  vi. 

1(55 
Monarda,  v.  379 
Monas  pyophila,  viii.  533 
Monaster,  ii.  764 
Mouaxone,  vi.  235 
Monilethrix,  i.  605 
Monilla,  vii.  1 
Moniodomethane,  v.  781 
Monkshood,  i.  S2 
Mono-acetyl-resorcin,  v.  853 
Monobrachius,  vii    714 
Monobromacetanilid,  v.  853 
Monobromated  camphor,  ii.  634 
Monochlormethaue,  v.  781 
Mono  Lake,  v.  853 
Monomania,  v.  137:  and  see  Para- 

imiil 

Monomyositis,  vi.  31 
Mononeuritis,  vi.  255 
Monophenetidin    citric    acid,    v. 

854 
Monophobia,  v.  132 
Monoplegia,  brachial,  i.  468 
Monopus,  vii.  714 
Monosaccharids     in     urine,     viii. 

3S 
Monostomum  lentis,  vii.  866 
Mens  puijis,  anatomy  of,  vii.  170 
ureteris,  i.  784 
veneris,  vii.  168 
Monsel's  solution,  v.  328 
Monsoons,  inlluence  on  climate,  iii. 

140 
Monsters,  vi.  276;  vii.  668;  and  see 
Ti:  ratology 
acardiac,  vii.  679 
double,  vii.  675,  683 
due  to  agenesia,  i.  140 
Montana,  requirements  for  medical 

practice  in.  iv.  48 
Montebello  Springs,  v.  854 
Monte  Carlo,  v.  s.")4 
Monterey,  California,  v.  8.55 
Montesano  Springs,  v.  855 
Montgomery      White       Sulphur 

Springs,  v.  850 
Montreal,  Canada,  v.  8.56 
Montreux,  v.  857 
Montvale  Springs,  v.  859 
Moodyville  Mineral  Springs,  v. 

.859 
Moon-blindness,  see  Hemeralopin 
Moonseed,  Canadian,  v.  859 
Moore's  bandage,  iv.  259 
Moorman  Mineral  Well,  v.  8.59 
Moral  imbecility,  v.  136 
Moral  sense,  jierturbatiousand  per- 

veiNidiis  of,  in  insanit}',  v.  49 
Morbid  states,  iv.  659 
Morbilli,  v.  714;  and  see  Mendex 
sine  catarrho,  v.  717 

exanthemate,  v.  717 
Morbus  coxae,  v.  366;  and  see  Hip 

disease 


Morbus  conarius,  v.  366;  and  see 

lliji  (lixcioie 
Morbus  maculosis   Werlhofii,  v. 

860:   vi.  815 
Morbus  regius,  v.  244 
Morchella  esculenta,  iv.  281 
Morel's  tourniquet,  i.  239 
Moribund  state,  Icnicocvtosis  in,  v. 

491 
Morin's  base,  ptomaiu,  vi.  791 
Mormon  tea,  lii.  844 
Morner  and  Sjoquist's  method  of 

estimating  urea,  viii.  35 
Mdrner's  test  for  diacetic   acid, 

viii.  49 
Morning-glory,  iii.  275 
Morning-sickness,    iv.    341;    viii. 

269 
Morphine,  v.  862;  vi.  385 
acetate,  v.  864 
action,  v.  863 
as  a  liypnotic,  iv.  814 
as  a  local  anesthetic,  i.  288 
as  an  anodyne,  i.  361 
as  an  expectorant,  iv.  52 
detection,  vi.  390 
effects'of,  on  foetus,  vi,  279 
hydrochlorate,  v.  864 
hypodermatic  use  of,  iv.  820 
idios\'ncrasv,  v.  863 
methyl,  iii."  164 

poisoning  by,   vi.   387;  and  see 
Opium,  poisviiing  by 
post-mortem  appearances,  i. 
664 
sulphate,  v.  864 
tests,  V.  862;  vi.  391 
therajieutics,  v.  863 
Morphinism,  see  Oiniimism,  v.  84 

citrciplieii  in,  iii.  127 
"  Morphin-like  "ptomain,  vi.  793 
Morphoea,  v.  864 

diagnosed  from  keloid,  v.  304 
Morphology,  i.  7.58;  and  see  Bio/offy 
Morrhuic  acid,  ptomain,  vi.  789 
Morrhuin,  ]itomain,  vi.  789 
Morrhuol.  iii.  166 
Morrison  Springs,  v.  865 
Morrison's  operation  for  cirrhosis 

of  the  liver,  vi.  3.58 
Mortality,  see  Death-rate 
in  cliililhood,  ii.  834 
influence  of  occupation  on,  viii. 
2.52 
of  density  of  population  on, 
viii.  2.52 
in  inf:nicy,  iv.  8.59 
Mortification,  amputation  in,  i.  337 
Morton's  neuralgia,  iv.  211 
Morvan's  disease,  v,  865;  and  see 

SyriiKjvmyeliii 
Moschus,  vi.  67 

moschifenis,  vi.  67 
Mosquitoes,  v.  162.  866 

agency  of,  in  transmission  of  dis- 
ease, V.  866 
bite  of,  protection  against,  v.  872 
diseases  transmitted  hy,  v.  870 
eggs,  v.  870 
in  relation  to  filaria,  vi.  214 

to  human  ]iatbo!og}-,  v.  866 
to  malaria,  v.   869";  vi.  6.56, 

660 
to  yellow  fever,  viii.  324 
prophylaxis  against,  v.  871 
scale     arrangement    of    leading 

genera  of,  v.  866 
yellow  fever,  viii.  834 


Moss,  vi.  3 

black,  ii.  483 
Corsican,  vi.  1 
Florida,  ii.  483 
Iceland,  vi.  1 
Irish,  vi.  1 
starch,  vi.  1 
worm,  vi.  1 
Mosso's  sphygmomanometer,  iii. 

98 
Mossy  cells,  vi.  338 
Moth,  v.  160 
l)uck,  V.  167 
lo,  V.  166 
patcli,  ii.  835 
Mother's  marks,  see  Xcpnis.  vi.  89, 

90 
Motherwort,  v   :^79 
Motility,  disturbances  of,  v.  54 
Motion,  disturbances  of,  in  hys- 
teria, iv.  832 
Motor  and  trophic  nerves,  distin- 

guislied  by  calorimetry,  ii.  568 
Motor  areas,  distribution  of,  ii.  304 
Motor  ner-res,  lesions  of,  ii.  392 
Motor  paralysis  of  the  larynx,  v. 

42!l 
Motor  tracts,  vi   494 
Moulded  silver  nitrate,  vii   215 
Mount  Clemens  Mineral  Springs, 

vi   2 
Mount  Desert,  Maine,  vi.  2 
Mountain  balm,  viii.  333 
Mountain  range,  influence  of,  upon 

climate,  iii.  139 
Mountain  rush,  iii.  844 
Mountain-sickness,  i.  150,  205 
Mountain  Springs,  vi.  2 
Mountainous     regions,    residence 
in,  as  predisposing  to  deaf-mutism, 
iii.  364 
Mounting  specimens,  methods  of, 

iv.  727 
Moure's     operation    for    deviated 

nasal  septum,  vi.  126 
Mouth,  absence  of,  i.  603;  viii.  490 
atresia  of.  viii.  490 
burns  and  scalds  of,  viii.  490 
dermoid  cyst  of,  vi.  839 
diseases  and  injuries  of,  viii.  487 
dryness  of,  vi.  512 
examination  of.  in  medico-legal 

autopsy,  i.  659 
inflammation   of   the,    viii.  487; 

and  see  Sttmuititis 
lymphatics  of,  v.  628 
medication  of  the,  v.  733 
mucous  patches  of  the,  vii.  622 
plastic   operations    on,   vi.   904; 

and  see  Stomatoplntity 
ptitrid  sore,  viii.  488 
svphilitic  affections  of  the,  vii. 
"623 

wounds  of,  viii.  490 
Mouth-gags,  iii.  12;  v.  195 
Mouth  prop,  iii.  13 
Movements,  amaboid,  ii.   763;   iii. 
268 
Brownian,  i.  682 
ciliary,  ii.  762;  iii.  271 
forced,  in  cerebellar  disease,  ii. 

239 
irradiated,  v.  331 
molecular,  i.  682 
]u-otoplasraic,  ii.  762 
Moxa,  ii.  7.58 

Mucilage,   a  form  of  medicine,  v. 
737 
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Slucilage  as  an  antidote,  i.  373 
(if  fliii.  iii.  787 
of  sassafras  pith,  vii.  43 
iif  traiiacantii,  vii.  845 
Mucin,  i.  7.").5 

ill  lissiK'S.  vi.  88 
ill  luiiioi-s,  vi.  88 
ill  urine,  viii.  31 
Mucocele  of  tlic  frontal  sinuses,  iv. 

•J  71 
Mucor  iiuicedo,  iv.  278 

slciliiiiifer.  iv.  278 
Mucorales,  iv.  37S 
Mucosa,    leriiiiiiation    of    muscular 

liliirs  ill  the,  vi.  l.i 
Mucous  cells,  iii.  H5.") 
Mucous  degeneration,  iii.  395 
Mucous  epithelium,  iii.  8.55 
Mucous  membranes,  absorption  b}' 
various,  vi.  719 
amyloid  degeneration  in.  i.  270 
libroiua  of,  iv.  155 
inflammations  of,  vi.  3 
classification,  vi.  4 
etiology,  vi.  3 
varieties,  vi.  5 
lesions  of,  in  diabetes  mellitus, 

iii.  429 
lupus  of  the,  v.  614 
medication  of  the,  v.  733 
of  the  no.se,  vi.  105 
Mucous  patches,  vii.  622 
Mucous  polypi,  nasal,  vi.  129 
Mucous  tissue,  tumors  of,  see  Myx- 

•  nini.    vi,    .'^7 

Mud  Baths,  Indiana,  iv.  8.55 

Muguet,  viii,  4ss 

Muiv's  ventilator,  iv.  757 

Mullein,  vii    77 

Mule's  operation,  viii.  447 

accidents  and  complications,  viii. 

448 
contraindications,  viii.  448 
indications,  viii.  448 
special    advantages   with   refer- 
ence to  wearing  of  an  artificial 
eye.  viii.  448 
Miiller's  duct,  vii.  148 
Muller's  fluid,  ii.  48    323:  iii.   70; 

\\.  71l.-i 
Multifidus  spinas  muscle,  anoni- 

alie,*^  of,  vi.  tiO 
Multiple  (cerebro-spinal)  sclero- 
sis, viii.  491 
diagnosed  from  brain  tumor,  ii. 

449 
diagnosis,  viii.  493 
etiology,  viii.  491 
morbid  anatomy,  viii.  493 
physiolog}',  viii.  493 
prognosis,  viii,  493 
symptoms,  viii.  491 
treatment,  viii.  403 
Multiple  fcetation,  iv.  341 
Multiple  neui-itis,  vi.  356 

a  cause  of  jiaraph'gia,  vi.  499 
diagnosis,  vi.  2.57 
etiology,  vi.  356 
prognosis,  vi.  357 
symptoms,  vi.  356 
treatment,  vi.  2.58 
Multiple  progressive  hyalosero- 
sitis, vi.  G 
diagnosis,  vi.  8 
etiology,  vi.  7 
pathogenesis?,  vi.  7 
treatment,  vi.  9 
Multiplicities,  vii.  688 


Mummification  (of  dead),  iii.  356 
Mummification  necrosis,  vi.  204 
Mumps,  vi.  9 

among  troojis,  ii.  587 
complications  and  sequeUi",  vi.  10 
definition,  vi.  9 
diagnosis,  vi.  10 
how  to  avoid  in  camp,  v.  814 
morbid  anatomy,  vi.  9 
nature  and  etiology,  vi.  9 
prognosis,  vi.  10 
symptoms,  vi.  9 
synonyms,  vi.  9 
Iicatiiu'iit.  vi.  10 
Munson's  hospital  tent,  v.  810 
Muriate  of  aimnonia,  iii.  4 
Muriatic  acid,  iv.  780 
Murmurs,  anamic,  ii.  835 
aortic  diastolic,  ii.  833 

systolic,  ii.  823 
endocardial,  ii.  821 
e.xocardial,  ii.  821 
functional,  ii.  822,  825 
ha-mic,  ii.  822,  825 
inorganic,  ii,  823,  835 
organic,  ii.  833 
mitral,  presystfilic.  ii.  833 

systolic,  ii.  833 
pericardial,  ii.  821 
pleui-opericardial.  ii.  821 
pulmoiiarv,  ii.  817 
svstolic.  ii.  823 
Murphy  button,  iii.  306;  v.  179.  181 
Murrain,  iv.  734 
Murrill's  gas-pressure  regulator, 

viii.  3S.5 
Muscse  volitantes,  iv.  93;  viii.  367 
Muscarin,  action  on  heart,  v.  33 
post-mortem  apjicarances  in  poi- 
soning by,  i.  664 
ptomai'n,  vi.  787 
synthetic,  vi.  787 
Musci,  vi.  3 
Muscidse,  v.  153 

Muscle  or  muscles,  abducteur  hu- 
im'-ral  du  iiouee,  vi.  .54 
abductor  hallucis,  anomalies  of, 
vi,  .59 
indicis,    palmar    accessory, 

vi.  55 
minimi  digiti,  iv.  485 

anomalies  of,  vi.  55 
minimi   digiti    pedis,  anom- 
alies of,  vi.  59 
ossis  metatarsi  quinti,  vi.  59 
poUicis,  iv.  485 

anomalies  of,  vi,  55 
pollicis  longus,  iv.  343 
accelerator  urinse,  anomalies  of, 

vi.  62 
accessoriusadaccessorium.  vi.  58 
ad  tlexorem  profuudum,  vi. 

53 
tricipitis.  vi.  ,53 
accessorv  abdominal  obli(|ue,  vi. 
6i 
gluteus  minimus,  vi.  56 
head  to   quadriceps  cruris, 

vi.  57 
inferior  oblique,  vi.  43 
palmar  abductor  indicis,  vi. 

55 
popliteus,  vi.  .58 
action  of,  in  coughing,  iii.  299 
acute  inflammation  of.  vi.  31 
adductor   brevis,    anomalies  of, 
vi.  57 
hallucis,  vi.  59 


Muscle  or  muscles,  adductor  bre- 
vis indicis,  vi.  60 

longus,  anomalies  of,  vi.  57 

magnus,  anomalies  of,  vi.  57 

minimus  vel  quadratus,  vi. 
57 

pollicis,  iv.  485 

anomalies  of,  vi.  55 
adductors  of  the  thigh,  vii.  738 
adjutor  splenii,  vi.  60 
agitator  cauda?,  vi.  55 
amyloid  degeneration,  i.  370;  vi. 

39 
anainia  of,  vi.  26 
anconeus,  iii.  736;  iv.  343 

anomalies  of,  vi.  53 
anomalies  of,  vi.  43 
anomalus,  vi.  43 
autitragicus,  i,  638 
arylenoid,  v.  409 
associated    with     the    shonlder- 

joint.  vii.  305 
atrophy  of,  vi.  27,  39 

in  liiii  disease,  v.  267 
attollens  auiiculam,  i,  638 
attiahcns  auiiculam,  i.  638 
auricular,  anomalies  of,  vi.  43 
auricularis  anterior,  i.  638 

anticus,  vi.  43 

posterior,  i.  638 

superior,  i    638 
a.xillary  band,  anomalies  of,  vi 

48 
azygopliaryngeus,  vi,  47 
azygos  uvuhe,  viii.  107 
biceps  brachii,  i.  452 ;  iii.  734 

anomalies  of,  vi.  53 
biceps  fcmoris,  or  fle.xor  cruris. 

anomalies  of,  vi.  56 
biventer  cervicis,  anomalies  of, 

vi.  60 
brachialis  anticus,  i.  4.53;  iii.  735 

anomalies  of,  vi.  52 
brachio-capsularis,  vi.  51 
biachio-radialis,  iv.  341;  vi.  53, 

54 
bulbo-cavcrnosus,  anomalies  of, 

vi.  62 
calcification  of,  vi.  39 
cardiac,  vi.  19 
cephalo-humeral,  vi.  44 
cervicalis  ascendens,   anomalies 

of,  vi.  60 
chondro-coracoid,  vi,  51 
chondioepitrochlearis,  vi.  49 
chondi'O-glossus,  vi.  47 
chronic  inflammation  of,  vi.  31 
ciliary,  iv.  74 
cleido-ccrvicalis,  vi.  49 
cieido-epitiochlearis,  vi.  51 
cleido-hyoid,  vi.  45 
cleido-mastoid,  vi.  44 
cleido-occipital.  vi.  44 
cloudy  swelling,  vi.  28 
coccygeus.  anomalies  of,  vi.  62 
coinple.xus,  anomalies  of,  vi.  00 
corapres.sor  hemisphericum   liul- 
bi.  vi.  63 

narium,  anomalies  of,  vi.  43 

vena;  dorsalis  penis,  vi.  62 
con.strictor  isthmi  fauciuin,  viii. 

107 
coraco-brachialis.  i.  453 

anomalies  of,  vi.  51 

longus,  vi.  51 

proprius,  vi.  51 

superior  vel  brevis,  vi.  51 
coracocapsularis,  vi.  51 
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Muscle  or  muscles,  coslo-fascialis. 
vi.  45 
crico-aryteuoid.  v.  409 
crico-liyoid,  vi.  45 
crico-tliyioid,  v.  409 
cucullai'is,  vi.  48 
curvator  coccygeus,  vi.  63 
cyst  in,  iii.  349 

cysticercus  celiulosa?  in,  vi,  33 
degeneration  of,  vi.  28     • 
deltoid,  anomalies  of,  vi.  51 
depressor  anguli  oris,  anomalies 
of,  vi.  43 
thyroidese,  vi.  45 
diaphragm,  anomalies  of,  vi,  (il 
digastric,  anomalies  of,  vi.  46 
difator  naris,  anomalies  of,  vi.  43 
dorso-epitroclilearis.  vi.  48,  53 
effects  of  massage  upon,  v.  696 
epigastric  slips,  vi.  55 
epitroclileo-anconeiis,  vi.  53 
erector  penis,  iv.  323 

anomalies  of,  vi.  62 
extensor    brevis    digitorum, 
anomalies  of,  vi.  55 
brevis  digitorum  pedis,  iv. 
194 
anomalies  of,  vi.  58 
brevis  balUicis,  vi.  58 
carpi    radialis     accessorius, 

vi.  54 
carpi  radialis  brevior.  anom 

alies  ol,  vi.  54 
carpi  radialis  Ijrovis,  iv.  341 
carpi  radialis  longior,  anom- 
alies of,  vi.  54 
carpi  radialis  longus,  iv.  341 
carpi  ulnaris,  iv.  241 

anomalies  of,  vi.  54 
coccygis,  vi.  60 
communis  digitorum,  iv.  241 

anomalies  of,  vi.  54 
hallucis  longus  tricaudatus, 

vi.  57 
indicis.  iv.  243 

anomalies  of,  vi.  55 
indicis  brevis,  vi.  55 
longus      digitorum      pedis, 

anomalies  of,  vi.  57 
minimi  digiti,  iv.  341 

anomalies  of,  vi.  54 

ossis  metacarpi  poUicis,  iv. 

243 

anomalies  of,  vi.  54 

ossis  metatarsi  hallucis,  vi. 

57 
pollicis  brevis,  iv.  242 
pollicis  longus,  iv.  242 
primi     internodii     hallucis, 

anomalies  of,  vi.  57 
primi  internodii  pollicis,  iv. 
243 
anomalies  of,  vi.  55 
primi   internodii    pollicis  et 

indicis,  vi.  55 
proprius  digiti  medii,  vi.  55 
proprius  hallucis,  anomalies 

of,  vi.  57 
quadriceps  femoris,  vii.  788 
secundi    internodii    pollicis, 
iv.  243 
anomalies  of,  vi.  55 
external   intercostals,  anomalies 
of,  vi.  60 
oblique,  i.  3 

anomalies  of,  vi.  61 
facial,  lack  of  control  of,  in  in- 
sanity, V.  55 


Muscle  or  muscles,  fatty  degener- 
ation of,  vi.  38 
fibrillation,  vi.  29 
flexor  accessorius,  anomalies  of, 
vi.  59 
accessori\is    longus    digito- 
rum ])edis,  vi.  58,  59 
brevis     digitorum    pedis, 

auonialics  of,  vi.  59 
brevis    hallucis,    anomalies 

of,  vi.  .59 
brevis  miuinii  digiti,  iv.  485 

anomalies  of,  vi.  .55 
brevis  minimi  digiti   pedis. 

anomalies  of,  vi.  60 
brevis  pollicis,  iv.  485 

anomalies  of,  vi.  55 
carpi  radialis,  iv.  240 

anomalies  of,  vi.  53 
carjji  radialis  brevis,  vi.  54 
carpi  ulnaris,  iv.  241 

anomalies  of,  vi,  53 
hallucis    longus,    anomalies 

of,  vi.  59 
indicis,.  vi.  53 

longus    digitorum    accesso- 
rius. vi.  59 
longus    digitorum    pedis, 

anomalies  of,  vi.  58 
longus  pollicis,  iv.  241 

anomalies  of,  vi.  54 

profundus     digitorum,    iv. 

241 

anomalies  of,  vi.  53 

prn]nius  digiti  secundi,  vi. 

59 
.sublimis  digitorum,  iv.  241 
anomalies  of,  vi.  53 
fourth  ghUeal,  vi.  .56 
fragmenlation,  vi.  39 
frontalis,  anomalies  of,  vi.  42 
gastrocnemius,  v.  480 

anomalies  of,  vi.  58 
gemellus  inferior,  anomalies  of, 
vi.  56 
superior,  anomalies  of,  vi.  56 
genio-hyo-glossus,  anomalies  of, 

vi.  47 
genio  hy-oid,  anomalies  of,  vi.  47 
gluteus    maximus,    accessorius, 
vi.  56 
maximus,  anomalies  of.vi.  55 
medius,  anomalies  of,  vi.  .55 
minimus,  ancmialies  of,  vi. 
56 
gonorrha>al  inflammation  of,  vi. 

32 
gracilis,  vii.  738 

anomalies  of.  vi.  57 
granular  degeneration  of,  vi.  28 
helicis  ma.ior,  i.  638 

minor,  i.  638 
hemorrliage  into,  vi.  26 
heiiatico-diaphragmaticus.  vi.  61 
hj'aliue  degeneration  of,  v.  58 
hydropic  degeneration  of,  vi.  38 
hyofacialis,  vi.  45 
hyoglossus,  anomalies  of,  vi.  47 
hypenemia  of,  vi.  26 
hypertrophy  of,  vi.  27,  39 
hypotlienar,  iv.  485 
iliacus,  anomalies  of,  vi.  56 
minor,  vi.  56 
superficial,  vi.  56 
ilio-capsularis,  vi.  .56 
inferior  constrictor  of  pharynx, 

anomalies  of,  vi.  47 
inflammation  of,  vi.  30,  39 


Muscle  or  muscles,  infraspinatus, 
anomalies  of,  vi.  51 
injuries  of,  vi.  38 
intercostal,  vii.  753 
interference  vi-itli  action  of,  cause 

of  dyspnoM,  iii.  579 
internal    intercostals,   anomalies 
of,  vi.  60 
oblique,  i.  3 

anon\alies  of,  vi.  61 
interosseous,  of  the  foot,  vi.  60 
of  the  hand,  iv.  485 

anomalies  of.  vi.  55 
palmar,  of  thumb,  vi.  55 
interspinales,   anomalies  of,  vi. 

60 
involved  in  knee-jerk.  v.  366 
ischio-calcaneus,  vi.  56 
ischio-cavernosus,  anomalies  of, 

vi.  63 
ischio-condyloid,  vi.  57 
ischio-femoral,  vi.  .55 
lateralis  abdominis,  vi.  61 
latissimusdorsi,  anomalies  of,  vi. 

48 
laxator  tympani.  i.  619 
levator  anguli   scapulae,    anom- 
alies of,  vi.  48 
clavicula\  vi.  44,  49 
glandvda'  tliyroidea',  vi.  46 
labii      superioris    proprius. 

anomalies  of.  vi.  43 
palati,  viii.  107 
palpebra',  anomalies  of.  vi. 
43 
ligamentum  nuch;e  replaced  by, 

vi.  60 
longissimus  dorsi   anomalies  of, 

vi.  60 
longus  colli,  anomalies  of.  vi.  48 
lumbricalcs.  iv.  485 

anomalies  of.  vi.  54 
pedis,  anomalies  of,  vi.  59 
masseter,  anomalies  of,  vi.  43 
mento-hvoid,   anomalies   of,    vi. 

46 
middle  constrictor  of   pharynx, 

anomalies  of,  vi.  47 
muUitidus  spin«,  anomalies  of, 

vi.  60 
mylo-glossus,  vi.  47 
mylo-hyoid,  anomalies  of,  vi.  47 
necrosis,  vi.  38 
obliquus  auricidii?,  i.  638 

externus  abdominis,   anom- 
alies of.  vi.  61 
inferior  accessorius.  vi.  43 
internus   abdominis,    anom- 
alies of,  vi.  61 
obturator    externus,    anomalies 
of,  vi.  m 
internus.  anomalies  of,  vi.  56 
occipitalis,  anomalies  of,  vi.  43 

minor,  vi.  43 
occipitofroutalis,  anomalies  of, 

vi.  43 
occipito-hyoid,  vi.  46 
occipitopiiaryngeus.  vi.  47 
occipito-sca])ular,  vi.  48 
of  mastication,  v.  700 

anomalies  of,  vi.  43 
of  the  abdomen,  i.  3 
of  the  auricle,  i.  638 
of  the  foot.  iv.  194 
of  the  hand,  iv.  485 
of  the  larynx,  v.  409 
of  the  nose,  anomalies  of,  vi.  43 
of  the  orbit,  anomalies  of,  vi.  43 
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Muscle  or  muscles    of    tlie    peri- 

Muscle or  muscles,  quadriceps  ex- 

Muscle or  muscles,  sterno-thyroid, 

neum,  vi.  .565 

tensor,  anomalies  of,  vi.  57 

V.  409 

of  tlie  skin,  viii.  .555 

accessory  head  to.  vi.  57 

anomalies  of,  vi.  45 

of   tlu'   tliii^li,  lukhictor  gnnip. 

qnadrigemin'us  capitis,  vi.  44 

striated,  vi.  11 

vii.  738 

radio-eari)US,  vi.  54 

stylo-auricularis,  vi.  47 

anterior  group,  vii.  T;i7 

rectus  abdominis,  i.  4 

stylo-choudro  hyoid,  vi.  46 

jioslorior  group,  vii.  740 

anomalies  of,  vi.  61 

stylo-glossus,  anomalies  of,  vi.  47 

of  llic  lliora.v.vii.  751 

diastasis  of,  iv.  681 

stylo-hyoid.  anomalies  of,  vi.  46 

onio-liyoiil.  anomalies  of.  vi.  45 

rectus    capitis    autieus    major. 

stylo-hyoideus  alter,  vi.  46 

opponens  liallucis,  vi.  59 

anomalies  of,  vi.  48 

stylo  hyo-tliyroideus,  vi.  46 

minimi  digiti,  iv.  485 

capitis  anticus  minor,  anom- 

stvlo-pharyngeus, anomalies  of. 

anomalies  of.  vi.  55 

alies  of.  vi.  48 

Vi.  47 

minimi  digiti  pedis,  vi.  60 

capitis    posticus     minor. 

subanconeus,  vi.  .53 

]Hillicis,  iv.  4.^5 

anomalies  of,  vi.  fiO 

.subclavius.  anomalies  of,  vi.  50 

orbienluris  pali)ebrannu.  spasm 

exteruus,   anomalies  of,    vi. 

posticus,  vi.  50 

of,  ii.  5 

43 

subcrureus,  anomalies  of,  vi.  57 

pain  in,  vi.  38 

femoris,  vii.  738 

subscapularis,  anomalies  of,  vi. 

palato-glossus,  viii.  107 

sternalis,  vi.  49 

51 

palato-pliaryugeus.  viii.  107 

thoracis,  vi.  60 

minor,  vi.  51 

palmaris  brevis,  iv.  485 

regeneration,  vi.  29.  39 

subscaptdo-caiisularis.  vi.  51 

anomalies  of,  vi.  .55 

red  and  pale,  vi.  18 

subvertebral  rectus,  vi.  61 

longus,  iv.  241 

retrahens  aurem,  i.  638 

superficial  iliacus,  anomalies  of. 

anomalies  of.  vi,  .53 

anomalies  of,  vi.  42 

vi.  .56 

parasites  of,  vi.  33,  .501 

rhombo-atloid,  vi.  48,  60 

transversus  pedis,  vi.  60 

pathology  of,  vi.  26 

rhomboideus  major  and  minor. 

superior  constrictor  of  the  phar- 

pectinens,  vii.  738 

anomalies  of,  vi.  48 

yn.\.  anomalies  of,  vi.  47 

anomalies  of,  vi.  57 

rhombo-occipital,  vi.  48 

supernumerary  of  pharynx,  vi. 

pcctoralis   major,  anomalies  of. 

risorius,  anomalies  of,  vi.  43 

47 

vi.  49 

rotatory,  short,   of  neck,   anom- 

supinator brevis,  iv.  242 

minimus,  vi.  .50 

alies  of,  vi.  60 

anomalies  of,  vi.  54 

minor,  anomalies  of,  vi.  .50 

saero-coccygeus  anticus,  vi.  62 

longus,  iv.  241 

pectorals,  absence  of.  ii.  806 

posticus,  vi.  60 

anomalies  of,  vi.  54 

peroneo-calcaneus   iutcrnus,    vi. 

sacro-lumbalis,  anomalies  of,  vi. 

supraclavicular,  vi,  44 

58 

60 

supracostalis,  vi.  60 

pcroneo-tibialis,  vi.  .58 

sartorius,  vii.  737 

supraspinatus,  anomalies  of,  vi. 

peroneus  acccssorius.  vi.  .57 

anomalies  of,  vi.  57 

51 

brevis,  v.  480 

scalenus  anticus,   anomalies  of, 

syndesmopharyngeus,  vi.  47 

anomalies  of.  vi.  57 

vi.  47 

syphilitic  diseases  of  the,  vi.  32 

longus,  V.  480 

medius,  anomalies  of,  vi.  47 

temporal,  anomalies  of,  vi.  43 

anomalies  of,  vi.  57 

minimus,  vi.  47 

temporalis  minor,  vi.  43 

quartus,  vi.  57 

posticus,  anomalies  of,  vi.  47 

tensor  fascia>  plantaris,  vi.  58 

quinti  digiti,  vi.  57 

scansorius,  vi.  56 

palati,  viii.  107 

tcrtins,  anomalies  of,  vi.  57 

scapulo-costalis  minor,  vi.  50 

trochlea',  vi.  43 

petro-pliaryngeus,  vi.  47 

semimembranosus,  vii.  740 

tympani.  i.  619 

phrenic,  vii.  752 

anomalies  of,  vi.  50 

vagins  femoris,  vii.  737 

pisi-uncinatus.  vi.  55 

semitendino.sus,  vii.  740 

anomalies   of,  vi.  56 

plantaris.  v.  480 

anomalies  of,  vi.  56 

teres  major,  anomalies  of,  vi.  51 

anomalies  of.  vi.  .58 

sense,  vii.  220 

minor,  anomalies  of,  vi.  51 

platysma  myoides,  anomalies  of, 

serratus  magnus,  anomalies  of. 

thenar,  iv.  485 

vi.  43 

vi.  .51 

thyro-arytenoid,  v.  409 

pneumogastric.  vii.  7.32 

posticus   inferior,  anomalies 

tliyro-hyoid,  v.  409 

popliteus,  V.  482 

of,  vi.  60 

anomalies  of.  vi.  45 

anomalies  of,  vi.  58 

posticus  superior,  anomalies 

tibialis  anticus,  anomalies  of,  vi. 

minor,  vi.  58 

of,  vi.  60 

57 

prevertebral,   anomalies  of,    vi. 

skeletal,  vi.  11 

posticus,  anomalies  of,  vi.  .59 

47 

smooth,  vi.  20;  see  also  Muscular 

secundus,  vi.  .59 

lirimitive  .sheath  of.  vi.  15 

linx'u,  unstriated 

tibio-acccssorius,  vi.  .58 

pronator  pedis,  vi.  58 

soleus,  V.  480 

tibio-astragalus  anticus.  vi.  57 

quadratus.  iv.  241 

anomalies  of,  vi.  58 

tibio-fascialis  anticus.  vi.  57 

anomalies  of.  vi.  54 

spheno-pliaryngeus,  vi.  47 

Iragicus.  i.  638 

radii  teres,  iii.  736;  iv.  240 

spinalis  cervicis,    anomalies  of, 

transversalis  abdominis,  i.  4 

anomalies  of,  vi.  53 

vi.  60 

anomalies  of,  vi.  61 

proteid  degeneration,  vi.  28 

dorsi,  anomalies  of,  vi.  60 

cervicis  anticus,  vi.  48 

psoas  magnus,  anomalies  of.  vi. 

splenius  accessorius,  vi.  60 

cervicis  medius.  vi.  47 

56 

anoiualies  of,  vi.  60 

transversus  auriculoe,  i.  638 

parvus,  anomalies  of.  vi.  56 

stapedius,  i.  619 

luenti,  vi.  43 

pterygoidens     e.xternus,    anom- 

sternalis. vi.  49 

nucha;,  vi.  44 

alies  of,  vi.  43 

brutorum,  vi.  49 

orbitoe,  vi.  43 

proprius,  anomalies  of,  vi.  43 

sterno-chondro-scapular,  vi.  50 

pedis,  anomalies  of,  vi.  60 

pterygo-pharyngeus.  vi.  47 

sterno-clavicularis   anterior,    vi. 

pedis  superficialis.  vi.  60 

pterygo-s  ^inosus,  vi.  43 

50 

periuad,  anomalies  of.  vi.  62 

pyramida  is.  anomalies  of.  vi.  61 

sterno-cleido-mastoid,  anomalies 

trapezius,  anomalies  of,  vi.  48 

nasi,  anomalies  of,  vi.  43 

of,  vi.  44 

triangidaris  menti.  anomalies  of. 

pyriformis,  anomalies  of,  vi.  56 

sterno  -  cleido-mastoidco  -  occipi- 

vi. 43 

quadratus  femoris,  vii.  738 

talis,  vi.  44 

sterni,  anomalies  of,  vi.  60 

anomalies  of.  vi.  .56 

sterno-fascialis,  vi.  45 

triceps,  i.  453;  iii.  736 

lumborum.  anomalies  of.  vi. 

.sternohyoid,  anomalies  of,  vi.  4-1 

extensor    cubiti,    anomalies 

61 

sterno-occipital,  vi.  44 

of,  vi.  52 
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GENERAL  INDEX. 


ITIuscle  or  muscleso 
myopia. 


Muscle  or  muscles,  triticoglossus, 
vi.  47 
tuberculous  inflammation  of.  vi. 

33 
tumors  of,   vi.  39.   74;  and  see 

Myoma 
ulnaris  quiuti.  vi.  .54 
ulno-carpus,  vi.  .54 
vasti,  anomalies  of.  vi.  .57 
vastus  exteruus.  vii.  73S 
iuternus.  vii.  738 
medius.  ii.  738 
voluntary,  vi.  11 
wounds  of,  vi.  38 
zygomaticus    major,    anomalies 
of,  vi.  43 
minor,  anomalies  of,  vi.  43 
Muscle-cases,  vi.  17 
Muscle-columns,  vi.  IS 
Muscle-compartment,  vi.  17 
Muscle-extract,  vi,  417 
Muscle-plates,  vi.  23 
Muscle-spindles,  vi,  19 
Muscular  atrophies,  electrotlicra- 

peiitics  in.  iii.  7(5(1 
Muscular      atrophies,     progres- 
sive, vi.  03 
clas.sitication,  vi.  63 
distal,  vi.  63 
Erb's  juvenile,  vi.  63 
facio-scapulo-humeral,  vi.  63 
Landouzj-Dcjerine's,  vi.  63 
pseudohypertrophic,  vi.  63 
scapulohumeral,  vi.  63 
spinal  progressive,  vi.  64 
hereditarj',  vi.  66 
leg  type,  vi.  66 
neuritic  type.  vi.  66 
Muscular    dystrophies,    kvphosis 

in,  V.  378 
Muscular  fibres,  cellular  origin  of, 
vi.  23 
contraction  of.  iii.  372 
Muscular  paralysis  from  lead.  v. 

472 
Muscular  power  of  hand,  iii.  56.5 

talde  nf.  iii.  .565 
Muscular  relaxation  as  a  sign  of 

death,  ii.  535 
Muscular  sense,  i.  382;  vii.  119 
function     of,      in     maintaining 
e(Hiilibrium.  iii.  858 
Muscular   tension   in   appendicitis, 
i.  433 
tissue,  vi.  10 

action  of  polarized  light  on 
.sarcous  elements  of.  vi.  17 
cardiac,  vi.  19 
chanses  in  the  nerve  endings 

of.'^vi.  30 
circulatory  disturbances  in. 

vi.  36 
coagulation  of,  iii.  152 
degenerations  of,  vi.  38 
histogenesis  of,  vi.  23 
histology  of,  vi.  10 
methods   of  examining,   vi. 

35 
pathology  of,  vi.  26 
post-mortem  rigiditv  of.  iii. 

153 
regeneration    of   voluntarv. 

vi.  39 
retrogressive  changes  in,  vi. 

27 
rigor  mortis  in,  iii.  153 
skeletal,  vi.  11 
smooth,  vi.  20 


Muscular  tissue,  striated,  vi.  11 

tumors,  of,   vi.   39,   74;  and 

see  Myoma 
iinstriated,  vi.  20 
varieties  nf.  vi.  10 
Musculi  papillares,  iv.  .569,  570 
Musculi  pectinati,  iv.  ,568 
Musculo-spiral  nerve,  injury  of. 
i.  472 
paralysis  of,  i.  471 
Musculus  anomalus,  vi.  43 
Mushrooms,  iv.  283,  285 
Music,  (lillerentiated  from  noise,  i. 
614 
value    of,    in    military    life,    v. 
.S17 
Musk,  vi.  67 

as  a  cardiac  stimulant,  ii.  696 
as  an  antispasmodic,  i.  387 
China,  vi.  67 
pods,  vi.  67 
Siberian,  vi.  67 
Tiiiiquin.  vi.  67 
Musk-deer,  vi.  67 
Muskroot,  vii.  563 
Mussels,  poismning  b}',  iv.  189 
Mustard,  vi.  67 

action  and  use,  vi.  68 
administration,  vi.  68 
as  an  emetic,  iii.  813 
black,  vi.  67,  68 
composition,  vi.  68 
oil  of,  vi.  68 
white,  vi.  67,  68 
Mustard  paper,  vi.  68 
Mutes,  iii.  3(i3 

Mutilation  and  heredity,  iv.  663 
Mutillidae,  v.  167 
Mutterkorn,  iv.  1 
Myalgia,  vi.  38,  968 
among  troops,  ii.  616 
in  neurasthenia,  vi.  250 
of  tipper  extremities,  i.  465 
Myasthenia  gravis  pseudopara- 
lytica,  viii.  520 
line  to  auto-intoxieatiou,  i.  644 
Mycosis  fungoides,  vi.  69 
Mycosis  intestinalis,  i.  365 
Mycosis,  pharyngeal,  vi.  599 
Mydalein,  laomain.  vi.  786 
Mydatoxin,  ptomain,  vi.  787 
Mydin,  iitomain,  vi.  785 
Mydriasis,  i.  59 
Mydriatic  alkaloids,  i.  610 
Mydriatics,  vi.  70 
action,  vi.  70 
dangers,  vi.  71 
effect  of  overdose,  i.  59 
hvoscine  as,  iv.  795 
list,  vi.  70 
uses.  vi.  71 
Mydrin,  vi.  71 
Myel  =  spinal  cord.  ii.  137 
Myelsemia,  v.  497;  and  see  Leukce- 

M/'if.    llljlll(l(IC>lOUS 

Myelencephalon,  ii.  154 
Myelitis,  vii.  3.53 

acute  transverse,  vii.  354 

pathological    anatomy,    vii. 
357 
causing  paralysis,  vi.  497 
chronic,  vii.  356 

pathological    anatomv,    vii. 
358 
clinical  history,  vii.  354 
compression,  vii.  356 
diagnosis,  vii.  358 
disseminated,  vii.  356 


Myelitis,    disseminated,  pathologi- 
cal anatomy,  vii.  358 
etiology,  vii.  353 
pathological  anatomy,  vii.  357 
prognosis,  vii.  3.59 
purulent,  vii.  356 

pathological    anatomv.    vii. 
358 
treatment,  vii.  360 
varieties,  vii.  3.54 
Myelocystocele,  vii.  288 
Myelocystomeningocele,  vii.  288. 

289 
Myelocytes,  v.  491 
Myeloma,  vi.  71 ;  vii.  37,  907 
Myelomeningocele,  vii.  287 
Myelopathies,  vi.  (i4 
Myeloplaques,  ii.  20 
Mygale  hentzii,  v.  1.59 

rileyi,  v.  159 
Myiasis  narium,  vi.  142 
Mylabris,  ii.  (j.52 

ehieei>rii.  ii.  052 
Mylo-hyoid  muscle,  anoiualies  of, 

vi.  47 
Myocarditis,  iv.  593 

acute  interstitial,  iv.  593 
gummatous,  iv.  601 
syphilitic,  vii.  624 
Myocardium,    fragmentation,     iv. 
593 
inflammation  of,  iv.  593 
pareuchvmatous       degeneration 

of,  iv."  593 
segineutati<jn,  iv.  593 
Myoclonia,  vi.  492 
Myoclonus  multiplex,  vi.  493 
Myodesopsia,  viii    267 
Myodynamometer,  Donhofl's,   iii. 

504 
Myo-fibro-sarcoma  of  the  orbit,  iv. 

115 
Myolemma,  vi.  15 
Myolipoma,  viii.  480 
Myoma,  vi.  39,  74 
cavernous,  vi.  76 
etiologj',  vi.  75 
gross  appearances,  vi.  75 
histology,  vi.  74 
Itievicellulare.  vi.  74 
nature,  vi.  75 

of  the  bladder,  i.  769.  792  ;  vi,  76 
of  the  broad  ligaments,  vi.  76 
of  the  ciliary  body,  iv.  110 
of  the  digestive  tract,  vi.  76 
of  the  Fallopian  tubes,  iv.  138 
of  the  kidney,  vi.  77 
of  the  orbit,  iv.  115 
of  the  ovary,  vi.  436 
of  the  prostate,  vi.  76.  770 
of  the  round  ligaments,  viii.  98 
of  the  skin,  vi.  76 
of  the  urethra,  vi.  76 
of  the  uterus,  vi.  75;  viii.  96 
of  the  veins,  vi.  77 ;  viii.  218 
origin,  vi.  75 
seats,  vi.  75 
telangiectatic,  vi.  76 
Myomalacia  cordis,  iv.  579 
Myopathies,  vi.  62 
diagnosis,  vi.  64 
pathologv  and  morbid  anatomv, 

vi.  64~" 
prognosis,  vi.  64 
treatment,  vi.  64 
types,  vi.  62 
Myopia,  i.  57;  vi.  77 

a  cause  of  blindness,  ii.  10 
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nropia. 

GEKERAL  INDEX. 

Nephritis,  chronic. 

Kyopia,  as  related  to  age,  vi 

80 

Myrrha,  \  i.  85 

Nsevus  sanguineus,  vi.  90 

causes,  vi.  83 

Myrrhis  odorata,  iv.  148 

sarcomatodes,  vi.  90 

classification,  vi.  81 

Myrrhol,  vi.  85 

spider,  vi.  90 

concave  jrlasses  in,  vi.  83 

Myrrholin.,  vi.  85 

treatment,  vi.  91 

(iistribution.  vi.  80 

Myrtle,  wax,  i.  737 

unius  lateris,  vi.  90 

fiiiuliis  of  the  eye  in,  vi.  i 

72 

Myrtol,  vi.  ,S6 

vascularis,  vi.  90 

iiicieasc  (if,  ii.  10 

Myrtus  communis,  vi.  86 

vasculosus,  i.  3.50 

ill  scliiiol  cliililren,  vi.  84 

Mysophobia,  v.  183 

veuosus,  vi.  90 

operations  for,  vi.  8ii 

Mytilitoxin,  ptomain.  vi.  787 

verrucosus,  vi.  90 

oplithalnioscopic      appearances. 

Mytilotoxismvis,  iv    ISO 

Naftalan,  vi.  92 

vi.  81 

Myxadenitis  labialis,  ii.  803 

Nails,  vi.  92;  viii.  563 

origin  ami  ilevclopnient  of 

vi.80 

Myxoangiosarcoma    of    peritone- 

anatomy of,  vi.  93;  viii.  .563 

liatliological  aiialoiiiy,  vi. 

82 

um,  vi.  570 

diseases  of  the,  iv.   510;  vi. 

92; 

prevention  and  control  of. 

vi.  84 

Myxo-chondroma,  vi.  88 

and  see  Onychin  and  I'livniii/- 

progressive,  vi.  81 

Myxococcidium,  viii.  .543 

chia 

removal  of  crvstalline   lens  for. 

stcgiimyia'.  viii.  .543 

eczema  of  the.  iii.  727 

vi.  83 

Myxcedema,  vi.  86,   273,   409;  and 

favus  of,  vi.  94;  vii.  781 

stationary,  vi.  81 

st'i;  Jiinitniti/.  myxmlviiiiUous,  v. 

felon  of,  vi.  94 

trralineiil,  vi.  83 

143 

inflammatory  conditions  of. 

iv. 

Myosin  ferment,  iii.  843 

diagnosed   from  acromegaly,   i. 

510 

Myositis,  actinniiiycotic,  vi. 

33 

95 

ingrown,  v.  18;  vi.  93 

acute  interstitial,  or  productive, 

in  childhood,  vi.  87 

in  psoriasis,  vi.  95 

vi.  31 

operative,  vi.  86,  409 

localized  atteetions  of,  vi.  93 

acute  parencliyniatoiis,  vi 

31 

progress  of  disease,  vi.  87 

parasitic  disea.ses  of,  iv.  511 

vi. 

clironic.  vi.  81 

relation  of  cretinism  to,  iv.  891 

94;  vii.  783 

gonorrlueal,  vi.  33 

symptoms,  vi.  87 

symptomatic     pathological 

in- 

gummatous,  i.  466 

the  hand  in,  iv.  .500 

volvement  of,  vi.  93  ' 

i.scli!Bmic  of  liaud,  iv.  527 

treatment,  vi.  86 

syphilitic  affection  of ,  vi.  95; 

vii. 

leprous,  vi.  32 

Myxog-lioma,  iv.  371 

617 

of  the  hand,  iv.  .528 

Myxolipoma,  vi.  88;  viii.  480 

trauma  of,  vi.  94 

ossificans,  vi.  33 

Myxoma,  vi.  87;  vii.  907 

tumms  under  the,  vi.  93 

ossificans  iimitata,  vi.  35 

caitilagineum.  vi.  88 

Nanocephalus,  vii.  698 

ossificans    progressiva,    ii 

.5.50; 

cystoides,  vi.  88 

Nanosomia,  viii.  419 

vi.  33 

fibrosum,  vi.  88 

Nantucket,  vi.  97 

course,  vi.  34 

h_valinum,  vi.  88 

Napa  Soda  Springs,  vi.  99 

etiology,  vi.  34 

lipomatodes,  vi.  88 

Nape  of  neck,  vi.  192,  199 

prognosis,  vi.  35 

meduUare,  vi.  88 

Napellus,  i.  83 

treatment,  vi.  35 

of  the  bladder,  i.  769 

Naphtha  wood,  v.  780 

rheumatic,  vi.  968 

of  the  bones,  vi.  89 

Naphthalene,  vi.  100 

syphilitic,  i.  466;  vi.  33 

of  the  breast,  vi.  89 

Naphthalin,  vi.  100 

tiilierculiius.  vi.  32 

of  the  chorion,  vi.  88 

Naphthopyrin,  i.  379 

Myotatic   contraction,   see 

Knee- 

of  the  glands,  vi.  89 

Naphtoformin,  iv.  246;  vi.  100 

i<  r/r.  v.  363 

of  the  heart,  iv.  594 

Naphto-cresol,  vi.  100 

Myotics,  vi.  70 

of  the  kidney,  v.  323 

Naphtol,  \i.  1011 

action,  vi.  71 

of  the  laclnynial  gland,  iv.  115 

Naphtol-aristol,  Iii.  479;  v.  209 

uses,  vi.  71 

of  the  larynx,  v.  433 

Naphtol  benzoate,  see  Denzo-ia 

iph- 

Myotonia  congenita,  vi.  28 

of  the  (esophagus,  vi.  344 

1„l 

due  to  auto-intii.xicatiim.  i 

644 

of  the  optic  nerve,  iv.  113 

Naphtol  bismuth,  vi.  101 

tlic  hand  in,  iv.  ,532 

of  the  parotid  gland,  vi.  511 

Naphtol  carbonate,  vi.  101 

Myotonia  neonatorum,  vi.  '. 

280 

of  the  periosteum,  vi,  569 

Naple's  universal  clamp,  iv.  714 

Myrcia  aeris,  i.  737 

of  the  valves  of  the  heart,  iv.  ,594 

Narceine,  \  i.  385.  386 

ccrifcra,  i.  737 

telangiectoides,  vi.  88 

Narcosis,  In  mastoid  operations 

,  V. 

Myriametre,  viii.  299 

Myxomatous     degeneration,    iii. 

703 

Myricin,  viii.  294 

395 

mcdiillaiy,  in  obstetrics,  v.  388 

Myrifica,  i.  737 

Myxosarcoma,  vii.  33.  907 

Narcotics,  poisons,  vi.  691 

ccrifcra,  i.  737 

(if  the  lachrymal  glands,  iv.  116 

Narcotine,  vi.  101 

Myringomycosis    aspergill 

us   in 

(if  the  onieu'tum,  vi.  360 

tests  fnr,  vi.  391 

cMi-nial  audilnry  canal,  iii. 

)15 

of  the  orbit,  iv.  115 

Nard  grass,  iii.  126 

Myriopoda,  v.  Kill 

Nares,  occlusion  of,  conijenital 

vi. 

Myriostoma  coliforme,  iv. 

ZSo 

Nabidse,  v.  163 

132 

Myristica,  vi.  807 

Nbbvus,  vi.  89 

plugging  of.  vi.  138 

fatua,  vi.  307 

araneiis,  vi.  9C 

Naringin,  ill.  127 

fragrans,  v.  670;  vi.  307 

capillary,  vi.  90 

Nasal  bones,  fracture  and  disl 

lea- 

!Malabarica, v,  670 

carcinoma  from.  ii.  683 

liipu  of.  vl.  123 

Myristicol,  vi.  3(l7 

caveruosus.  vi.  90 

Nasal  catarrh,  acute,  vi.  109 

Myristicin,  vi.  307 

congenital,  vi.  90 

Nasal    cavities,   vi.    101 ;   and 

see 

Myristiu,  vi.  31)7 

flbromatosus.  vi.  90 

y<m 

Myronate  of  potassium,  vi. 

68 

foliaceus,  vi.  90 

abscess  of  septum,  vi.  109 

Myronin,  vi.  85 

linearis,  vi.  90 

accessory,  vi.  104 

Myrosin,  vi.  68 

lipomatodes,  vi.  90 

actinomycosis,  vi.  109 

an  cnzvme,  iii.  843 

lupus,  i.  353 

acute    inflammations,    vi. 

109. 

Myrrh,  vi".  85 

moUusciformis,  vi.  90 

and  see  Rhinitis 

Kissabul,  vi.  85 

nenroiicus.  vi.  90 

anatomical  relations,  vi.  101 

drossy,  vi  85 

of  the  auricle,  iii.  666 

anatomy  of,  vi.  103 

gum,"vi.  85 

of  the  eyelids,  iv.  123 

chronic  eatarrli  of  vi.  114; 

and 

Herabol,  vi.  85 

pigmentosus.  vi.  90 

see  Uln')iitt!< 

Somali,  vi.  85 

pilaris,  vi.  90 

deformities  of,  vi.  122 

Turkish,  vi,  85 

pilosus,  vi.  90 

dermatoid  cysts  of,  vi.  123 
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miopia. 
Ncpliritis,  clironlc. 


Nasal  cavities,  diseases  of.  vi.  109 

exuiuiiuitidii  of,  vi.  106;  aud  see 
Rid  nvncopii 

fistulae  of,  vi.  124 

glanders  of,  vi.  126 

hemorrliage  from,   vi.    127;  and 
see  Epistii.rin 
,  leprosy  of,  vi.  128 

medication  of  tlie,  v.  733 

mucou.s  polypi  of.  vi.  129 

neuroses  of,  vi.  131 

new  growths  of,  vi.  138 

parasites  of,  vi.  142 

psciidoparasites  of,  vi.  143 

refle.v  neuroses  of,  vi.  131 

rhinosclcroma  of.  vi.  143 

sinus  affections  of,  vi.  144 

synechiie  of,  vi.  124 

syphilis  of,  vi.  148 

tuberculosis  of.  vi.  149 

tumors  of,  vi.  138 
Nasal  diphtheria,  vi.  112 
Nasal  douche,  v.  733 
Nasal  duct,  measurements  of,  viii. 
240 

stricture  of,  v.  397 
Nasal  fossae,  spaces  in  connection 

will],  vii.  233 
Nasal  index,  vii.  230 
Nasal  mucous  polypi,  vi.  129 
Nasal  neuroses,  vi.  131 
Nasal  septum,  abscess  of.  vi,  109 

deviations  of,  vi.  12.5 

operations  for,  vi.  125 

outgrowths  from,  vi.  125 

perforation  of,  vi.  125 

perichondritis  of,  vi.  113 
Nasal  sinuses,    affections    of,    vi. 

144 
Nasion,  vii   229 
Nasmyth's  membrane,  vii.  650 
Nasopharynx,  affections  of,  cause 
tif  headache,  iv.  .')49 

in  ear  diseases,  iii.  663 

spaces  in  connection  with,  vii. 
233 
Nasrol,  vi    149 
Nassau,  vi.  149 

Nasturtium  armoracia,  iv.  737 
Natal  sore,  i.  170 
National  formulary,  vi.  .587 
Nationality  ;in(l  insanity,  v.  30 
"  Natural  selection,"  iv.  22 
Nauheim,  vi.  1.51 
Nauheim  method  of  treatment  in 

heart  disease,  iv.  610 
Naupathia,  vii..s2;  sue  i>ca-sic>Lite«s 
Nausea  following  anjesthesia,  iii.  34 

sensation  of.  vii.  121 
Naval  hygiene,  vi.  1.54 

rations,  vi.  171 

recruiting,  vi.  180 

ventilation,  vi.  155 

water  sn)iply,  vi.  168 
Naval   medical   department,    vi. 

1.85 
Naval  medical  officers,  vi.  185 

appointment,  vi.  185 

compensation,  vi.  185 

duties,  vi.  186 

examinations  for.  vi.  185 
Naval  medical  service,  vi.  185 
Navel,  see  I'mliiUeiix 
Navy,  recruiting  for,  vi,  1.80 

rci|uirenients  for  enlistment  in, 
vi,  184 
Neapolitan  fever,  v.  685 
Near  point,  vi.  78 


Near-sightedness,  see  Myopia,  vi. 

77 
Nebraska,  requirement  tor  medical 

luactici'  in,  iv.  48 
Nebringer-Praun  method  of  treat- 
ing sinusitis,  iv.  274 
Neck,  abscess  in.  vi.  193 

anatomical  delinitiou  of,  vi.  189 
anatomy  of,  in  relation  to  trach- 
eotomy, vii.  836 
aneurism  at  the  root  of,  vi.  194 
anomalies  of  muscles  of,  vi.  43 
anterior  region  of.  vi.  189 
arteries  of  the,  vi.  193 
bony  poiuts  in.  v.  1.89 
branchial  fistuhc  and  cy.sts,   vi. 

20O 
bursa;  of,  ii.  523 
Derbyshire,    iv.    376;   and    see 

Goitre 
emphysema  of  the,  viii.  480 
enlarged  glands  of,  removal  of, 

V.  669 
examination  of,  in  medico-legal 

autop.sy,  i.  659 
fascia  of 'the,  vi.  192 
gangrenous   induration    of,     vi. 

593 
hygroma  of,  iv.  794 
inflammation  of  glands  and  con- 
nective tissue  of  the,  in  scarlet 
fever,  vii.  55 
injuries  to,  a  cause  of  death,  i. 

670 
lateral  region  of,  vi.  190 
lymphangioma  of,  i.  353 
lymphatic  glands  of  the,  v.  630; 
vi.  198 
ves.sels  of.  v.  630 
malformation  of,  vii.  699 
nape  of  the,  vi.  192.  199 
phlegmon  of,  vi.  614 
pus  in,  vi.  192 
regions  of  the,  vi.  189 
rotatory  muscles   of,   anomalies 

of,  vi.  60 
section  of,  in  new-born,  vi.  275 
surface  anatomy  of,  vi.  189 

marking  of  arteries,  vi.  191 
marking  of  nerves,  vi.  191 
marking  of  veins,  vi,  191 
surgical  aiuitomy  of,  vi.  189 
topograpliical    anatomy  of,    vi. 

192 
triangles  of.  vi.  189 
tumors  of  the,  vi.  200 
veins  of  the,  vi.  196 

ancjmalies  of,  viii.  203 
Necrobiosis,  vi.  201 

of  tlie  neurone,  vi.  360 
Necropsy,  i.  649;  and  see  Autopsies 
Necrosis,  vi.  201 
caseation,  vi.  204 
causes  of,  vi.  202 
central,  vi.  205 
coagulation,  vi.  203 
croupous,  vi.  203 
diphtheritic,  vi.  203 
direct,  vi.  201 
fat,  vi.  205 
focal,  vi.  204 
in  carcinoma,  ii.  677 
indirect,  vi.  201 
karyolysis  in,  v.  301 
karyorrhexis  in,  v.  301 
labj'rinthine,  iii.  602 
liquefaction,  vi.  203 
membranous,  vi.  203 


Necrosis,  mummification,  vi.  204 
of  muscles,  vi.  28 
of  the  adrenals,  vii.  567 
of  the  chorionic  villi,  iii.  53,  .56 
of  the  decidua,  iii.  389 
of  the  jaws,  v.  254 

dependent   upon   phosphor- 
us, vi.  423.  625 
of  the  neurone,  vi.  360 
of  the  a'sophagus,  vi.  339 
of  the  omentum,  vi.  359 
of  the  orbit,  vi.  400 
of  the  pancreas,  vi.  473 
of  the  pituitar}'  gland,  vi.  640 
of  the  placenta,  vi.  651 
pathology  of,  vi.  201 
phosphorus,  vi.  423.  625 
senile,  vi.  202 
.sequelae  of,  vi.  205 
simple,  vi.  202 
varieties  of,  vi,  203 
Zenker's,  vi.  28,  303 
Necrotomy,  osteoplastic,  vi.  433 
Nectandra,  i   753 

as  an  an  ti  periodic,  i.  378 
cortex  of,  i.  758 
rodia?i.  i.  753 
Nectandi'ine,  i   753 
Needle  holders,  viii.  172 
Needles,  \  iii.  172 

liy|Mi(lermatic,  iv.  819 
"Needling"  in  aneurism,  i.  333 
Negro  lethargy,  vii.  243 
Nelaton's  line,  iv,  690 

method  of  resection  of  superior 
maxilla,  vi.  943 
Nemanthelminthes,  vi,  205 
Nematoda,  vi,  205 
Nematospermia,  vii.  379 
Nencki  and  Sieber's  test  for  uro- 
bilin, viii,  51 
Nencki's  base,  ptomain,  vi.  785 
Neoplasms,  vii,  903;  and  see  Tumors 
Nepeta  cataria,  ii.  755 
Nephralgia,  v,  361 
Nephrectomy,  v,  3.56 
Nephritis,  v.  330 
acute,  v.  331 

coui'se  and  prognosis,  v.  335 
degeuerative,  v.  331 
diagnosis,  v.  335 
diet  in,  iii.  4.59 
diffuse,  V.  332 
etiology,  v.  331 
glomerular,  v.  332 
hemorrhagic,  v.  333 
interstitial,  nonsuppurative, 

V.  333 
lymphomatous,  v.  338 
parenchymatous,  v.  333 
pathogenesis,  v.  331 
pathology  of,  v.  331 
prophylaxis,  v.  336 
symptoms,  v.  833 
toxic,  V.  831 
treatment,  v.  336 
tubular,  v.  333 
arteriosclerotic,  v.  340 
Nephritis,  chronic,  v.  337 
difl'use  indurative,  v.  339 
course,  v.  843  f 

diagnosis,  v.  843 
etiology,  v.  339 
pathogenesis,  v.  339 
pathology,  v.  340 
prognosis,  v.  343 
symptoms,  v.  341 
treatment,  v.  343 
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Nephritis,  chronic,  dilTuse  uoii-in- 
(lurulivc,  V.  837 
coiiisp,  V.  339 
diagnosis,  v.  339 
etiology,  v,  337 
patliogciK'sis,  V.  337 
patliology,  V.  337 
prognosis,  v.  339 
sj'Miptonis,  V.  338 
tioatniciit.  V.  339 
diet  in,  iii.  400 
glomerular,  v.  338 
iuterstitial,  v.  339 
priniaiy,  v.  340 
secondary,  v.  339,  340 
Nephritis,  classification,  v.  330 
degenerative,  v.  331 
diet  in,  iii.  459 
dyspniea  in,  iii.  580 
history,  v.  330 
scarlatina,  vii.  53 
Nephrolytic  serum,  viii.  477 
Nephropexy,  v.  357 
Nephrorrhaphy,  v.  357 
Nephrotomy,  v.  356 
Nepidse,  v    Kin 

Nerve,  or  Nerves,  abducens,  iii.  324 
acoustic,    i.    621,    627,   631;    see 

also  Auditor!/  nerve 
action  of  auiestbetics  on,  vi.  233 

of  curare  on.  iii.  339 
anterior  crural,  vii.  740 
interosseous,  iv.  243 
tibial,  V.  479 
auditory,  i.  621,  627.  631 
auricular,  vi,  191 
axis-c.ylinder  of.  vi.  226.  233 
cardiac  svmpathetic,    vii.    576, 

585 
cells,  vi.  233 

chemistry  of,  ii.  326;  vi.  226 
chorda  tymiiani,  iii.  322 

folds  of  drum  membrane  en- 
closing, iii.  584 
ciliary,  Iv.  73 
cochlear,  i.  633 
components,  iii.  812 
table  of,  iii.  315 
conductivity  of,  vi.  229 
constrictions  of  Ranvier,  vi.  337 
cranial,  iii.  312 

branchiomeric   tvpe    of,  iii. 

318 
doctrine   of    nerve    compo 

nents.  iii.  312 
eighth,  i.  627 
eleventh,  iii.  318 
fifth,  iii.  333 
first,  vi.  349 
fourth,  iii.  325 
ninth,  iii.  318 

of  Willis,  iv.  823 
oculomotor  type,  iii.  324 
phylogeny  and  erabrvologv, 

i"ii.  :31C 
second,  iv.  79 
seventh,  iii.  321 
sixth,  iii.  324 
spinal  type  of,  iii.  818 
table  of   nerve   components 
»  iii.  315 

tenth,  iii.  318 
third,  iii.  825 
twelfth,  iii.  38;  iv.  833 
wounds  of,  iv.  561 
crosses  of  Ranvier.  vi.  237 
cutaneous,  of  the  thigh,  vii.  736 
degeneration  of,  vi.  262 


Nerve,   or    Nerves,   depressor,  of 
Cyon.  iii.  118 
effect  of  electrical  currents  in,  iii. 

767;  and  see  ElcctruUmus 
eighth,  i.  627 
electrical   plx'nomena  of.  vi.  280 

stinuilation  of,  vi.  228 
electrotonus,  iii.  774;  vi.  280 
eleventh,  iii.  318 
embryology,  iii.  316 
end  bullis  of.  iii.  822 
exeital)ility  of,  vi.  226.  229 
external  cutaneous,  i.  454 
facial,  iii.  321 
fibres,  vi.  336 

of  Kemak,  vi.  237 
fifth,  iii.  323 
first,  vi.  349 
fourth,  iii.  335 
ganglia,  vii.  579 
general  phj'siology  of,  vi.  225 
glosso  jiliaryngeal.  iii.  318 
great  auricular,  surface  marking 
of,  vi.  191 

sciatic,  vii.  740 
histology  of,  vi.  225,  233 
hypoglossal,  iii.  318;  iv.  823 
iiidefatigability  of,  vi.  231 
influence  of  temperature  upon, 

vi.  229 
intereostals,  vii.  752 
internal  cutaneous,  i.  4.53 

respiratory,  of  Bell,  vi.  630 
irritability  of,  iii.  767 
Krause's  end  bulbs,  iii.  823;  viii. 

562 
law  of  contraction,  iii.  771 
lesser  internal  cutaneous,  i.  454 

occipital,    surface    marking 
of,  vi.  191 
median,  at  the  elbow,  iii.  736 

in  the  arm,  i.  453 

in  the  forearm,  iii.  736;  iv. 
343 

paralysis  of,  iv.  530 
medullary  sheath,  vi.  237 
medullated  fibres,  vi.  236 
Meissner's  corpuscles,  viii.  560 
metabolism  of,  vi.  231 
moriihology,  vi.  233 
motor  and  trophic,  differentiated 

by  calorimetry,  ii.  568 
motor  oculi  communis,  iii.  325 
museulo-eutaneous,  i.  453 
rausculo-spiral,   i.   453;  iii.   736; 

iv.  343 
negative  variation  of,  vi.  230 
ninth,  iii.  318 

non-medullated  fibres,  vi.  337 
obturator,  vii.  740 
oculomotor,  iii.  325 
of  accommodation,  iv.  95 
of  cardiac  muscle,  vi.  30 
of  muscular  tissue,  vi.  18,  20,  32 
of  respiration,  vi.  951 
of  striated  muscle,  vi.  18 
of  taste,  vii.  641 
of  the  abdominal  wall,  i.  5 
of  the  arm,  i.  453 
of  the  brachial  ple.vus,  vii.  209 
of  the  bronchi,  ii.  -189 
of  the  foot.  iv.  197 
of  the  forearm,  iv.  243 
of  the  hand.  iv.  485 
of  the  heart,  iv.  595;  v.  30,  38 
of  the  iris,  iv.  95 
of  the  kidney,  v.  315 
of  the  knee  joint,  v.  370 


Ntr  70,  or  Nerves,  of  the  larynx,  v. 

410 
of  the  lungs,  v.  585 
of  the  mamma,  ii.  470 
of  the  neck,  vi.  191 
of  the  nose,  vi.  1U6 
of  the  palm  of  the  hand,  iv.  487 
of  the  skin,  viii.  561 
of  the  spleen,  vii.  424 
of  the  thorax,  vii   751 
of  the  uterus,  vii.  579 
of  the  vagina,  vii.  579 
of    unstriated   muscular   tissue, 

vi.  22 
of  Wrisberg,  in  the  arm,  i.  454 
olfactory,  vi.  349 
optic,  iv.  79;  see  also  Optic  nerve 
Pacinian     corpuscles,    iii.    823; 

viii.  561 
pathetic,  iii.  324 
pharyngeal,  vii.  576 
phrenic,  vi.  63(1;  vii.  753 

surface  marking  of,  vi.  191 
phylogeny,  iii.  316 
physiology  of,  vi.  225 
pilomotor,  vii.  ,587 
pnee.mogastric,  iii.  318;  vii.  751 
posterior    interosseous,     in    the 

forearm,  iv.  348 
Purkinje  cell,  vi.  234 
radial,  iv.  243 

Kauvier's  tactile  di.scs,  viii.  562 
regeneration  of,  vi.  365 
second,  iv.  79 
seventh,  iii.  321 
sciatic,  vii.  740 
sheath  of  Schwann,  vi.  236 
sixth,  iii.  324 
spinal  accessory,  iii.  318 

surface  markings  of,  vi.  191 
splaucbnic,  vii,  577 
stimulation  of,  vi.  227 
stretching  of,  vi.  345,  347 
structure,  vi.  236 
superficial      cervical,       surface 
marking  of,  vi.  191 
of  the  forearm,  iv.  289 
of  the  thigh,  vii.  786 
supra-aeromial,  surface  marking 

of,  vi.  191 
supraclavicular,    surface  mar".;- 

iug  of,  vi.  191 
suprasternal,    surface     marking 

of,  vi.  191 
sympatlietic  system,  vii.  578,  752 
tactile  cells  and  corpuscles,  iii. 

832;  viii.  .563 
tenth,  iii.  318 
terminations  of,  iii.  832 
in  the  skin,  viii.  563 
third,  iii.  325 

tissue,  histology  of,  vi.  233 
trigeminus,  iii.  323 
trochlear,  iii.  325 
trophic,  a  factor  in  causing  bed- 
sores, i.  740 
twelfth  cranial,  iii.  318 
types  of,  iii.  814 
ulnar,  in  the  arm,  i.  453 

in  the  forearm,  iv.  243 
vagus,  iii.  318;  v.  20 
vaso-motor,  iii.  115 
wounds  of,  cranial,  iv.  561 
Wrisberg's,  i.  454 
Nerve  cells,  vi.  233 

number  of,   at  various  ages,  ii. 

318 
structure  of,  vi.  236 
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ITerve-endings,  iii.  823;  viii.  563 
Nerve  fibres,  vi.  236 
nu'iliilUitrd,   vi.  236 
iKiii-iiUHlulliitcd,  vi.  237 
Nerve  impulses,  inailiiitrtl,  v.  231 
Nerve-muscle     physiology,     see 

Ehi't niton  IIS 
Nerve-muscular  activity,   in   in- 

sniiity.  V.  ."i7 
Nerve-stretching,    for    neuralgia, 

vi.  2-1.") 
Nerve  tissue,  vi.  233 

acticm  (if  cocaine  on,  iii.  157 
(lieinistrv  of,  ii.  226;  vi.  226 
Nerve  trunks,  vi.  238 
Nervi,  viii.  493 
Nervine,  iii   3-10 

Nervous  affections,  diet  in,  iii.  466 
due  lo  aiilo  nito.xication,  i.  644 
of  tile  diapliiafTin,  iii.  436 
Nervous    conditions,    inheritance 

of.  iv.  ()6II 
Nervous  cough,  v.  439;  vi.  250 
Nervous  debility,  cold  in,  iii.  194 
Nervous  diseases,  changes  in  nails 
ill,  vi.  !I6 
climate  suitable  for,  iv.  565 
liealtli  resorts  for,  iv.  565 
joints  affected  in,  v.  265 
organic,  as  subject  of  litigation, 
vi.  239 
caused  by  trauma,  vi.  239 
relation  of  trauma  to,  vi.  238 
Nervous    dyspepsia,  diet    in,   iii. 

457 
Nervous  eructations,  vii.  503 
Nervous  indigestion,  treatment  of, 

vi.  253 
Nervous  phenomena  at  the  meno 

pause,  ii.  800 
Nervous  prostration,  see  yeuras- 

thenia 
Nervous  sensibility,  impaired,  in 

insanity,  v.  58 
Nervous     system,     central,     lym- 
phatics of,  V.  629 
changes  in,  in  myelogenous  leu- 
kaemia, V.  500 
condition  of   the,  in  diphtheria, 

iii.  484 
corpora  amylacea  in,  iii.  238,  396 
cysts  of,  iii.  350 
diseases    of,    occupation    as  an 

etiological  factor  in,  vi.  319 
disorders  of,   in  pregnancy,  iv. 

347 
effect  of  castration  on,  in  women, 
ii,  715 
of  massage  on,  v.  697,  698 
in  childhood,  ii.  831 
lesions  of,  in  diabetes  raellitus, 

iii.  429 
sympatlietic,  vii.  573 
traumatic  attections  of,  vi.  238 
lesal   complications  of,   vi. 
'23S 
Nervous  tinnitus,  iii.  603 
Nervous  tissues,  extract  of,  vi.  415 
tlieraiieutics  of,  vi.  416 
histology  of,  ii.  323;  vi.  225 
Nervous    weakness,   see    Neuras- 

tlieiiiii 
Nervousness,  see  Neumst?ienia 

s(  usatioM  of,  vii.  131 
Netherlands,  Pharmacopoeia  in,  vi. 

585 
Neubauer's  method  of  estimating 
o.\alic  acid  in    urine,  viii.  38 
Vol.  viii.— 46 


Neural  plate,  ii.  268 

tube,  Ii.  268 
Neuralgia,  vi.  242 

anterior  crural,  vi.  247 

brachial,  vi.  346 

cervico  brachial,  vi.  246 

diet  in,  iii.  466 

effect  of  massage  in,  v.  698 

electrotherapeutics  in,  iii.  759 

ilio-luinbar,  vi.  247 

in  diabetic  niellitus,  iii.  439 

in  pregnancy,  iv.  347 

intercostal,  vi.  246 

Morton's,  iv.  211;  and  see  Meta- 

tarsalijia,  anterior 
nerve  stretching  in,  vi.  345,  247 
occipital,  vi.  246 
of  the  anus,  i.  405;  vi.  248 
of  the  diaphragm,  iii.  436 
of  the  hand,  iv.  .528 
of  the  lachrymal  gland,  v.  394 
of  the  larynx,  v.  428 
of  the  liver,  vi.  248 
of  the  mamma,  ii.  473 
of  the  phrenic  nerve,  vi.  631 
of  the  rectum,  vi.  248 
plantar,  iv.  210 
reflex,  vi.  245 
superticial,  vi.  243 
supra  orbital,  vi.  245 
trifacial,  vi.  245 
visceral,  vi.  248 
Neurasthenia,  vi.  249 

acoustic,  hearing  in,  iii.  603 

climate  suitalile  fni-,  iv.  565 

congenital,  v.  130 

cordis,  iv.  597 

course,  vi.  252 

diagnosis,  vi.  253 

diet  in,  iii.  466 

effect  of  '■  damages  "  on,  vi.  239 

of  massage  on,  v.  697 
etiology,  vi.  2.53 
gastrica,  vii.  504 
headache  in,  iv. 548 
health  resorts  for,  iv.  .565 
hydrotherapy  for,  iv.  792 
influence  of  age  and  sex  in.vi.  251 
of  the  heart,  iv.  597 
prognosis,  vi.  252 
"rest-cure"  in,  vi.  353 
symptomatology,  vi.  249 
traumatic,  characteristics  of,  vi. 

240 
treatment,  vi.  352 
Neuraxis,  growth  changes  in,  ii.  814 
Neurectomy  for  neuralgia,  vi.  346 
Neurenteric  canals,  viii.  495 
Neuridin,  ]itomain,  vi.  785 
Neurilemma,  vi.  236 
Neurin,  effect  of,  on  body  tempera- 
ture, ii.  571 
ptomai'n,  vi.  786 
Neurine,  iii.  37,  38;  vi.  354 
Neurite,  see  Axis-cylinder  process 
Neuritis,  vi.  355 

ascending,  vi.  255 
causes,  vi.  255 
diabetic,  iii.  429 
effect  of  massage  on,  v.  698 
Isolated,  vi.  255 
localized,  vi.  255 
multiple,  vi.  256;  and  see  Mul- 
tiple neuritis 
causing  paraplegia,  vi,  499 
of  the  optic  nerve  following  hfE- 
niatemesis,  ii.  13 
a  cause  of  blindness,  ii.  12 


Neuritis,  pathology,  vi,  355 
prognosis,  vi.  2.5.5 
S}-m|.itoms,  vi.  255 
treatment,  vi.  255 
Neurocele,  ii.  138 
Neurodin,  vi.  2.58 
Neuroepithelioma,  vi.  2.58 
Neuro-epithelium,  iii.  8.56 
Neurofibroma,   iv.    155;    and    see 
^iiiroiiia 
of  the  eyelids,  iv.  107 
Neuroglia,"  vi.  238 
cells,  ii.  333 

metliiids  of  staining,  ii.  329 
Neuroglioma,  iv.  373 
Neurohistology,  ii.  323 
Neurolytic  serum,  viii.  477 
Neuroma,  iv,  155;  vii.  908;  and  see 
Aeiin>Jiliro7na 
of  the  hand  and  fingers,  iv.  501 
of  the  optic  nerve,  iv.  113 
of  the  orbit,  iv.  115 
painful,  of  the  skin,  vi.  358 
Neuromimesis,  v.  265 
Neurone,  ii.  138 

scheme  of,  ii.  144 
Neurones,  ii.  331 ;  vi.  233 

albuminous  degeneration  of,  vi. 

263 
atrophy  of,  vi.  261 
changes  in,  due  to  functional  ac- 
tivity, vi.  359 
cloudy  swelling  of.  vi.  262 
corpora  amylacea  in,  vi.  263 
degenerations  in,  vi.  262,  363 
diseases  of,  vii.  337 
fatty  degeneration  of,  vi.  363 
general  pathology  of  the,  vi.  259 
histology  of,  vi.  333 
in  old  age,  ii.  320 
intoxications  of,  vi.  368 
morphology  of,  vi.  333 
necrobiosis  of,  vi.  260 
necrosis  of,  vi.  260 
number  of,  ii.  317 
pigmentary  degeneration  of,  vi. 

262 
regeneration  of,  vi.  265 
Russell's  fuchsiu  bodies  in,  vi. 

263 
size  of,  ii.  318 
synapses  of,  ii.  334 
vacuolar  degcneiation  of,  vi.  263 
Neuropathic  diathesis,  see  yen  ras- 

t  he  II  ill 
Neuropathies  and  heredity,  iv.  664 
Neuroplasm,  vi.  236 
Neuropodion,  vi.  235 
Neuroretinitis  as  a  cause  of  blind- 
ness, ii.  10 
Neuroses  benefited  by  arsenic,  i.  523 
changes  in  the  nails  in,  vi.  97 
fatigue,  occupation  as  an  etio- 
logical factor  in,  vi.  330 
functional,     electrotherapeutics 

in,  iii.  763 
insanity  of  the,  v.  97 
of  olfaction,  vi.  131 
of  the  joints,  v.  265 
of  the  larynx,  v.  427 
of  the  nasal  cavity,  vi.  131 
of  the  pharynx,  vi.  604 
of  the  stomach,  motor,  vii.  503 
secretory,  vii.  503 
sensory,  vii.  503 
of  the  uvula,  viii.  1 11 
of  the  velum  palati.  viii.  Ill 
professional,  iv.  528 
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Neuroses,  traunmlic,  vi.  239 

elect rothcrapeutics    iu,    iii. 
763 

trophic,  vi.  371 
Neurotic    diathesis,    se'  J^'ciiras- 

tlii  niti 
Neurotic  spine,  vii.  389 
Neurotics,  iioisons,  vi.  (iOl 
Neutral  mixture,  v.  483 
Neutrophiles,  ii.  30 
Nevada,    icijiiii'i'mcnts  for  medical 

]iractice  in.  iv.  48 
New-born  child,  abnormal  size  of. 
vi.  :.'7(; 

albuiniuuria  iu,  vi.  279 

anasarca  of,  vi.  379 

anomalies  of  development  of,  vi. 
276 

anthrax  in,  vi.  279 

asphy.xia  of,  vi.  279 

autopsy  of,  vi.  375 

bacillus  coli  communis   in,    vi. 
378 

cholera  in,  vi.  378 

congenital  dislocations  in,  vi.  377 
fractures  in,  vi.  437 

diseases  of,  vi.  379 

erysipelas  in,  vi.  378 

fatty  degeneration  of,  vi.  380 

gangrene  of  the,  vi.  380 

gonorrhcea  of  the,  vi.  280 

hemorrhage  of  the,  vi.  280 

h3-droceplialus  of  the,  vi.  380 

icterus  of  the,  iv.  246;  vi.   280 

infections  iu,  vi.  277 

influenza  in,  vi.  278 

internal  injuries  in,  vi.  377 

intoxications  in,  vi.  279 

lepro.sy  iu,  vi.  279 

leucocytosis  iu,  v.  491 

malaria  in.  vi.  278 

malformations  of,  vi.  276 

measles  in,  vi.  378 

meniugitis  in,  vi.  378 

myotonia  of  the,  vi.  280 

new  growths  in,  vi.  381 

(edema  of,  vi.  337,  338 

ophthalmia  of  the,  vi.  380;  and 
see  Op/ithalniia  neonatorum 

parotitis  epidemica  iu,  vi.  278 

pathological   conditions  in,  pro- 
duced during  labor,  vi.  277 

pathology  of,  vi.  27.') 

pemphigus  of  the,  vi.  280 

pneumonia  in.  vi.  278,  380 

recurrent  fever  in,  vi.  378 

rickets  of  the,  vi.  280 

scarlatina  in,  vi.  278 

sclerema   of,    vi.    337,   338;  and 
see  Oideimi  neonatorum 

scleroma  of,  vi.  337,  338 

sepsis  in.  vi.  278,  281 

syphilis  in,  vi.  377 

tetanus  of,  vi.  281 

thrombosis  iu,  vi.  281 

thyroid  enlargement  in,  vi.  281 

tuberculosis  iu,  vi.  278 

tumors  in,  vi.  281 

typhoid  fever  in,  vi.  278 

typhus  fever  in,  vi.  378 

uric-acid  infarction  in,  vi.  381 

variola  in,  vi.  278 

weight  of,  iv.  418 
New-growths,  see  Tumors 
New  Hampshire,  history  of  yellow 
fever  iu,  viii.  .586 

requirements  for  medical  prac- 
tice in,  iv.  48 


New  Jersey,  food  adulleiation  iu. 
iv.  173 
history  of  jellow  fever  iu,  viii. 

587" 
requirements  for  medical  jirac- 

tice  in,  iv.  48 
tea.  ii.  759 
New  Jersey  tea,  ii.  7-59 
Newman's  cautery  electrode,  iii. 

706 
New  Mexico,  vi.  381 

requirements  for  medical  jirac- 
tice  in,  iv.  48 
New  Orleans,  Louisiana,  vi.  284 
Newport  News,  vi.  347 
Newport,  R.  I.,  vi.  385 
New  sidonal,  vii.  214 
N  e  w  s  o  m  '  s        Arroyo  -  Grande 

Springs,  vi.  386 
New  York,  vi.  287 

coroner,  expenses  of,  in,  iv.  44 
drug    adulteration   in,   iv.   174, 

179 
history  of  yellow  fever  iu,  viii. 

587 
requirements  for  medical    prac- 
tice in,  iv.  48 
Nice,  vi.  288 
Nicker  tree,  ii.  115 
Nicol's  prism,  vi.  738 
Nicotiana  persica,  vii.  787 
ruslica,  vii.  787 
tabacum,  vii.  787 
Nicotine,  see  Tobacco 

action  of.  on  the  heart,  v.  33 
salicylate,  iv.  16 
Nictitation,  iv.  122 
Nigella,  ii.  655 

Night-blindness,  see  Ilimeralopid 
Night  cries,  in  liip-joint  disease,  v. 

267 
Nightmare,  iii.  261 
Nightshade,    black,    poisonous 
plant,  vi.  699 
deadlv.  i.  610,  741 
Night-soil,  vi.  883 
barrel,  vi.  881 
disposal  of.  vi.  883 
Night-sweats    in     pulmonary   tii- 

liercujosis.  treatment  of,  v.  605 
Night- vision,  sec  JVyctnlopin 
Night  work,  effect  on  health,   vi. 

327 
Nigrities  linguae,  vii.  796 
Nigua,  ii.   828 

Nikoforov's  method  of  blood  fixa- 
tion, ii.  65 
Ninth  cranial  nerve,  iii.  318 

of  Willis,  iv.  823 
Nipple,  ii.  469 

absence  of,  ii.  465 

care  of,  during  lactatiou,  ii.  473 

during  pregnancy,  iv.  344 
chancre  of.  ii.  473 
development  of  the.  ii.  463 
diseases  of  the,  ii.  473 
eczema  of  the,  ii.  473 
embryology  of,  ii.  463 
erosions  of  the,  ii.  473 
fissures  of  the,  ii.  473 
hypcra'Sthesia  of  the,  ii.  473 
lack  of  developmeut  of  the,  ii. 

473 
Paget's  disease  of,  ii.  473,  631, 

681 ;  iii.  420 
supenuimcrary,  ii.  465;  vii.  717 
Nirvanin,  vi.  2S9 
Nissl  bodies,  vi.  236 


Nissl's  method  of   staining  nerve 

tissues,  ii.  327 
Nitrate,  ferric,  v.  338 

of  ammonium,  j.  216 

of  lead,  v.  471 

of  potassium,  vi.  745 
pa])er,  vi.  745 

of  silver,  vii.  315 

of  zinc,  viii.  339 
Nitrates,  in  milk,  v.  840 

in  water,  viii.  287 
Nitre,  \i.  745 

cubic,  vii.  3.58 

sweet  spirit  of,  vi.  290 
Nitric  acid,  vi.  289 

action  of.  on  tissues,  i.  71 

as  a  caustic,  ii.  756 

as  a  germicide,  iv.  334 

burns  from,  ii.  520 

diluted,  vi.  289 

poisoning  by,  i.  70 

post-mortem  appearances,  i. 
661 

test  for  albumin  in  uriue,  viii.  30 
Nitric  ether,  vi.  290 
Nitrite  of  amyl,  vi.  291 

of  ethyl,  vi.  290 

of  potassium,  vi.  291 

of  sodium,  vi.  291 
Nitrites,  vi.  290 

iu  milk,  v.  840 

iu  the  treatment  of  ur;T>mia.  viii. 
8 

in  water,  viii.  387 
Nitrobenzene,  poisoning  by,  vi 
292 

post-mortem  appearances   in.  i. 
663 
Nitrobenzol,  sec  yitrobcnzenc 
Nitrogen,  assimilation  of,   by  bac- 
teria, i.  685 

iu  uriue.  viii.  33 

output  during  starvation,  v.  768 
Nitrogen  monoxide,  vi.  293 

as  an  aiKCSthetic.  vi.  292 
Nitrogenous  equilibrium,  v.  764; 

viii.  33 
Nitroglycerin,  vi.  293 

as  au  ex]ilosive,  vii.  910 

hypoilermalic  use  of,  iv.  821 
Nitrohydrochloric  acid,  vi.  294 
Nitrous  acid,  as  germicide,  iv.  334 
Nitrous  ether,  vi.  390 

spirit  of,  vi.  290 
Nitrous  oxide  gas,  vi.  292 

administration  of,  iii.  18 
witli  air,  iii.  20 
with  oxygen,  iii.  31 

as  au  amestfietic,  i.  391,  393 

]uececliug  ether  administration, 
iii.  17  ■" 
Nitrous  oxide  water,  vi.  292 
Nobscot  Mountain  Spring,  vi.  294 
Nodes,  lymphatic,  see  LympluUic 

f/lini<l,s 
Nodositas  crinium,  i.  605 
Nodosities,    ejihen.eral    cutaneous, 
vi.  294 

non-erythematous,    of    arthritic 
patients,  vi.  294 

rheumatic  subcutaneous,  vi.  295 
Noduli  laqueati,  i.  606 
Nodulus  Arantii,  iv.  571 
Noise,  a  |iublie  nuisance,  vi.  330 

differentiated  from  music,  i.  614 
Noma,  iv.  307;  viii.  488 

of  the  auricle,  iii.  610 
Non  compos  mentis,  v.  75 
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Nopalea  cochinillifer,  iii.  164 
Normal  solution,  iiieuuiug  of  term, 

ii.  4;! 
Normalization  of  the  brain,  dc- 

liiird,  ii.  143 
North  Carolina,  liistorj-  of  yellow 
fever  in,  viii.  587 
requirements  for  medical  prac- 
tice iu, iv.  48 
North    Dakota,    requirements   for 

mpdic;d  jiractice  in,  iv.  48 
North  Haven  Pool,  vi.  29.5 
Norton's   operation  for   syndac- 
tylism, iv.  495 
Norway,  I'liarmacopo^ia  iu,  vi.  585 
Nose,  vi.  lUl ;  and  sec  Nasal  cavities 
adenoma  of,  vi.  140 
anatomy  of,  vi.  101 
angioma  of,  vi.  138 
anomalies  of  the  muscles  of,  vi. 

43 
blood  supply  of,  vi.  106 
bony  cysts  of,  vi.  138 
broken,  vi.  123 
carcinoma  of,  vi.  141 
cavities  of,  vi.  103 
chondroma  of.  vi.  140 
dislocations  of,  vi.  290 
cmpliysema  of,  vi.  295 
epitliL'lioma  of,  vi.  141 
e.xamination  of,  see  Wiinoitwpy 

in  children,  vi.  109 
fibroma  of,  vi.  139 
foreign  bodies  in,  i.  158 
fractures  of,  vi.  29(j 
hemorrhage  from,   vi.  295;  aud 

see  Epintarix 
in  diseases  of  the  ear,  iii.  663 
injuries  of,  vi.  295 

deformities     following,    vi. 
29(i 
lymphatics  of  the,  v.  627;  vi.  106 
malformations   of   the,   vi.    123; 

vii.  705 
mucous  membrane  of,  vi.  105 
relation  of,  to  genital  organs, 
vi.  133,  134 
nerve  supply  of,  vi.  106 
new  growths  of,  vi.  138 
osteoma  of,  vi.  140 
papilloma  of,  vi.  140 
parasites  in,  i.  159 
physiology  of,  vi.  106 
plastic  operations  on,  see  Rliino- 

plasty,  vi.  904 
polypi  of,  vi.  129 
saddle,  vi.  124 
sarcoma  of,  vi.  141 
sinuses  of,  vi.  104 
syphilitic  affections  of  the,  vii. 

621 
tumors  of,  vi.  138 
vascular  mechanism  of  the,  vi. 
109 
Nose-bleed,  vi.  295;   and  see  Epi- 

stii.iix 
Hosophen,  v.  208:  vi.  296 
Nostrils,  atresia  of,  i.  603 
Notification    of    infectious    dis- 
eases, vi.  296 
Notochord,  vi.  297 

development  of,  in  mammals,  vi, 

297 
disappearance  of,  vi.  300 
histogenesis,  vi.  299 
morphology,  vi.  300 
shape  and  relation  to  other  parts, 
vi.  300 


Notoedres  cati,  i.  433 
Notonecta,  v.  160 
Notonectidse,  v.   100 
Nova  Scotia,  vi.  301 
Novy's  apparatus  for  culture  of  ana- 
erobes, viii.  390 

blood  pipette,  viii.  374 

cover-glass  forceps,  viii.  395 

filtering  apparatus,  viii.  383 

low-temperature  incubator,  viii. 
385 

steam  sterilizer,  viii.  381 

Ihermo-regulator,  viii.  384 
Nucin,  ii.  .529 
Nuclear  membrane,  ii.  761 

sap,  ii.  762 
Nuclein,  ii.  227;  iii.  72 
Nuclein  bases  in  urine,  viii.  36 
Nucleinic  acid,  iii.  72 

in  urine,  \iii.  37 
Nucleins,  vi.  301 

Nucleo-albumin  in  urine,  viii.  31 
Nucleo-histon  in  urine,  viii.  33 
Nucleoli,  ii.  702 
Nucleus,  ii.  761 
Nuisances,  public,  vi.  330 
Nuphar,  vi.  309 
Nupharine,  vi.  ;W9 
Nurses,  army  corps,  i.  513 

ohstetrical,  v.  383 

on  hospital  ships,  iv.  744 

trained,  vi.  302 

training  schools  for,  vi.  302 

wet,  viii.  303 
Nursing,  maternal,  conditions  pre- 
cluding, viii.  304 

inability  for.  viii.  304 
Nut,  areca,  i.  445 

betel,  i.  445 

caju,  ii.  707 

poisonous,  vi.  698 

cashew,  ii.  707 

poisonous,  vi.  698 

pistache,  v.  700 

pistacia,  v.  700 
Nutgall,  vi.  306 

Aleiipo,  vi.  306 

black,  vi.  306 

blue,  vi.  306 

Chinese,  vi.  306 

Smyrna,  vi.  306 

Syrian,  vi.  306 

white,  vi.  306 
Nutmeg,  vl.  307 

brown,  vi.  307 

butter,  vi.  307 

Dutch,  vi.  307 

limed,  vi.  307 

Penang,  vi,  307 
Nutrition,  see  Metabolism  ;  balance 
of,  on  an  adequate  diet,  v.  764 

changes  in.  at  the  menopause,  ii. 
800 

disturbances  of,  a  factor  in  dis- 
eases of  the  nails,  vi.  93 

general,  in  neurasthenia,  vi.  251 

impaired,  a  cause  of  atrophy,  i. 
607 

improved  by  arsenic,  i.  523 

influence  of  climate  upon,  vi.  177 

in  in.sanity,  \'.  70 
Nutritive  equilibrium,  v.  763 
Nuttall's  platinum  spear,  viii.  386 
Nux    vomica,    vi.    307;     and   see 
iStryclininc 

action  and  use,  vi.  308 

constituents  of,  vi.  308 

description  of,  vi.  307 


Nux  vomica,  poisoning  by,  vii.  .543 

l^rejiarations,  vi.  308 
Nux    vomica   family,  see   Logan- 

idi-eir 
Nyctalopia,  ii.  13;  iv.  037.  028  • 
Nyctotherus  faba,  viii.  .546 
Nye  Lithia  Springs,  vi.  308 
Nylander's  bismuth  test  for  glu- 
cose in  urine,  viii.  39 
Nymphse,  anatomy  of,  vii.  170 

hypertropliy  of.  viii.  162 
Nymphsea,  vi.  308 

alba.  vi.  308 

lutea,  vi.  309 

odorata,  vi.  308 
Nymphaeaceee,  vi.  308 
Nystagmus,  vi.  309 

Oak  bark,  vi.  309 

poison,  V.  339;   vi.  696 
white,  vi.  309 
Oak  Orchard  Acid  Springs,  vi.  309 
Oakum,  v.  517 
Obelion,  vii.  229 
Oberlander's  endoscopic  tube,  ii. 

746 
Obermayer's   test    for  indican    in 

urine,  viii.  45 
Obesity,  i.  123 

drowsiness  in,  iii.  .560 
preparation  of  thj-roid  gland  for, 
vi.  410 
Oblique  fracture,  see  Fractures 
Oblique  inguinal  hernia,  iv.  671 
Obliquus    abdominis,  accessory, 

vi.  01 
Obliquus  extennis  abdominis,  i.  3 
anomalies  of,  vi.  61 
internus  abdominis,  i.  3 
anomalies  of,  vi.  61 
Oblongata,  ii.  154;  see  also  Mednlla 
Obsessions,  in  insanity,  v.  48 
Obstetric  operations,  vi.  309 
craniotomy,  vi.  315 
decapitation,  vi.  316 
embryotomy,  vi.  315 
Emmet's  operation,  vi.  312 
evisceration,  vi.  316 
forceps,  vi.  312 
Hegar's  operation,  vi.  312 
induction  of  abortion,  vi.  309 

of  premature  labor,  vi.  310 
perineorrhaphy,  vi.  311 
symphyseotomy,  vi.  315 
trachelorrhaph}',  vi.  311 
version,  vi.  314 
Obstetric  valise,    contents    of,  v. 

384 
Obstetrics,  antisepsis  in,  v.  379,  384 
ase|isis  in,  v.  379,  384 
general  aua'sthesia  in,  iii.  11 
Obstipation,  see  Intestinal  obstruc- 
tion 
in  insanit}-,  v.  71 
Obstruction,    intestinal,    v.    173; 

aud  see  Intestinal  obstruction 
Obstruction  of  ureters,  viii.  11,  13, 
14 
of  veins,  viii.  215 
Obturator  artery,  i.  9;  vii.  740 

anomalies  of,  i.  533,  539 
Obturator  externus,  anomalies  of, 

vi.  50 
Obturator  hernia,  iv.  681 
Obturator  internus,  anomalies  of, 

vi.  .50 
Obturator  nerve,  vii.  740 

veins,  anomalies  of,  viii.  306 
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Occipital  artery,  ii.  334 

uiujiiiiilifs  111.  i.  537 

iiiastyiil  braiuli.  ii.  S.^O 

.^iipriuium!  linincli  of  the,  ii.  250 

.surface  iiiarUiiig  of,  vi.  191 
Occipital  lobe,  ii.  187,  190 
Occipital   lymphatic  glands,    v. 
o;!() 

Occipital    nerve,     lesser,    surface 

inarkiii.u;  nf,  vi.   1!U 
Occipital  neuralgia,  \  i.  2-16 
Occipital  sinus,  ii.  203 

aiKuiialii'S  of,  viii.  204 
Occipitalis  minor  muscle,  ri.  43 
Occipitalis  muscle,  auonialics  of, 

vi.  42 
Occipito-frontalis  muscle,  anom- 
alies of.  vi.  42 
Occipito-hyoid  muscle,  vi.  46 
Occipito-pharyngeus  muscle,  vi. 

47 
Occipito-posterior  presentations, 

maiia.neiueiit  of,  v.  (!!K) 
Occipito-scapularis  muscle,  vi.  48 
Occlusion  of  nares,  cougenital,  vi. 

122 
Occupation,  acute  rhinitis  due  to, 
vi.  114 
and  insanity,  v.  32 
as  a  factor  in  catarrhal  otitis,  iii. 

634 
as  a  factor  in  pneumokoniosis, 

V.  596 
as  a   modifying    factor    in   the 

menopause,  ii.  799 
dangerous  to  health,  vi.  324 
deformities  of  the  liand  fiom,  iv. 

538 
diseases  due  to,  iv.  508;  vi.  333 
effects  of,  upon  the  hand,  iv.  508 
hygiene  of,  vi.  316 

diseases  of,  vi.  318 
factors  of,  vi.  321 
mortality  statistics,  vi.  316 
offensive  trades,  vi.  330 
prophyla.xis.  vi.  326 
influence  of,  upon  blindness,  ii.  8 

upon  death  rate,  vlii.  352 
in  life  insurance,  v.  510 
mortality  influenced  by,  viii.  253 
muscular  atrophy  due  to,  iv.  527 
neuro.sis  in  hand  due  to,  iv.  528 
Ocean  currents,  influence  of,  upon 

climate,  iii.  139 
Ocean  Springs,  vi.  333 
Ochee  Springs,  vi.  333 
Oconee   Chalybeate    Spring,    vi. 

333 
Oconee  White  Sulphur  Springs, 

vi.  333 
Ochronosis,  vi.  635 
Ocimum,  v.  379 

basilicum,  i.  736 
Odontinoids,  vi   334 
Odontoma,  vi.  334 
Odors,  cliaracteristic,  of  poisons,  i. 
600 
objectionable,  in  milk,  v.  833 
(Edema,  iii.  123;  vi.  334 

acute  circumscribed,  viii.  63 
angioneurotic,   i.    354;    vi.  373, 

337;  viii.  62 
cachectic,  vi.  336 
carbunculosumseu  malignum,  i. 

366 
clinical  varieties  of,  vi.  336 
collateral,  vi.  336 
during  pregnancy,  iv.  347 


CEdema,  etiological  varieties,  vi.  335 

etiology,  vi.  335 

e.\  vacuo,  iii.  123;  vi.  335 

fuga.x,  vi.  337 

gloltidis,  v.  412;  and  see  Laryn- 
gitia,  ademnlons 
diagnosed    from   croup,  iii. 
333 

hydrxmic,  vi.  336 

in  acute  nephritis,  v.  334 

inflammatory,  vi.  336 

intermittens,  vi.  337 

malignant,    i.   366;  iv.   308;   vi. 
610 
bacteriology  of,  i.  711 

morbid  anatomy,  vi.  336 

nature  of  transudate  in,  vi.  335 

neonatorum,  vi.  8 

neuropathic,  vi.  7 

occurrence  of,  vi.  37 

of  stagnation,  vi.  335 

of  the  eyelids,  iv.  717 

of  the  glottis,   V.   413;  and  see 
LiirynijHu,  (uJematons 

of  the  involuntary  muscles,  vi. 
39 

of  the  larynx,  v.  412 

causing  stenosis,  v.  439 

of  the  lungs,  v.  593 

of  the  omentum,  vi.  358 

of  the  placenta,  iii.  53;  vi.  650 

prognosis,  vi.  337 

purpuric,  vi.  815 

retinal,  vi.  956 

to.xic,  vi.  336 

treatment,  vi.  338 
(Enanthe  crocata,  poiscmous  plant, 

vi.  703 
(Enothera  biennis,  vi.  755 
Oertel's  method  of  treating  obesity, 

i.  12.-) 
(Esophagectomy,  vii.  476 
(Esophagitis,  vi.  339 

acute  catarrhal,  vi.  339 

acute,  of  young  children,  vi.  341 

chronic  catarrhal,  vi.  339 

corrosiva,  vi.  341 

desiccans  superflcialis,  vi.  341 

diphtheritica,  vi.  340 

exfoliativa,  vi.  341 

fibrinosa,  vi.  340 

follicular,  vi.  340 

gangrenosa,  vi.  339.  841 

membranous,  vi.  340 

phlegmonous,  vi.  340 

pustulosa,  vi.  840 
(Esophagomalacia,  vi.  339 
(Esophagoplasty,  vii.  476 
CEsophagoscope,  vii.  474 
CEsophagostomy,   vi.  197;  vii.  476 
(Esophagotomy,  vi.  197;  vii.  475 
(Esophagus,  vi.  197;  vii.  7.')3 

abscess  of,  vi.  310 

absence  of,  vi.  338 

actinomjcosis  of,  vi.  342 

active  hyperiemia  of,  vi.  338 

animal  parasites  in,  vi.  343 

atresia  of,  i.  603 

atrophy  of,  vi.  339 

carcinoma  of,  vi.  344;  vii.  477 

cicatricial  stricture  of,  vii.  477 

circulatory  disturbances  of,  vi. 
338 

congenital   dislocations    of,    vi. 
338 
malformations  of.  vi.  338 

dermoid  cj'sts  of.  vi   344 

dilatation  of.  vi.  345,  346 


(Esophagus,  diphtheria  of,  vi.  340 
diverticula  of,  vi.  346 

excision  of,  vii.  476 
epithelioma  of,  vi.  344 
libroma  of,  vi.  343 
foreign    bodies   in,  vi.  346;  vii. 

476 
gangrene  of,  vi.  339 
hemorrhages  of,  vi.  339 
hemorrhoids  of,  vi.  338 
hypertropliy  of,  vi.  343 
infectious  diseases  of,  vi.  343 
inflammation  of,  vi.  339 
leukoplakia  of,  vi.  340 
lipoma  of,  vi.  344 
lymphatics  of,  v.  643 
malformations  of,  vii.  703 
measurements  of,  viii.  238 
methods  of  examining  the,  vii. 

474 
myxoma  of,  vi.  344 
necrosis  of,  vi.  339 
operations  on  the,  vii.  475 
papilloma  of,  vi.  348 
passive  congestion  of,  vi.  338 
pathology  of,  vi.  338 
phlegmon  of,  vi.  617 
progressive  changes  in,  vi.  343 
reduplication  of,  vi.  338 
retrograde  changes  in,  vi.  339 
rupture  of,  vi.  346 
sarcoma  of,  vi.  344 
stenosis  of,  i.  603;  vi.  838,  346 

diet  in,  iii.  4.56 
surgical,  vii.  474 

carcinoma  of,  vii.  477 
cicatricial   stricture  of,   vii. 

477 
electrolysis,  vii.  475 
excLsion  of  diverticula,  vii. 

476 
foreign  bodies  in,  vii.  476 
methods  of  examination,  vii. 

474 
a'sophagostomy,  vii.  476 
oesophagotomy,  vii.  475 
syphilis  of,  Vi.  343 
thrush  of,  vi.  342 
tuberculosis  of,  vl.  343 
tumors  of,  vi.  348 
ulcers  of,  vi.  343 
varices  of,  vi.  338 
warts  of,  vi.  343 
(Estridse,  v.  152 
CEstrus  hominis,  v.  153 
Offensive  proteids,  iii.  584 

trades,  vi.  330 
Official,  use  of  term,  vi.  587 
Officinal,  use  of  term,  vi.  587 
Ohio,  food  adulterations  in,  iv.  173 
history  of  yellow  fever  in,  viii. 

588."  589 
requirements  for  medical    prac- 
tice in, iv.  48 
Ohlmacher's  fluid,  iv.  709 
Oidium,  vii.  1 

albicans,  i.  721 
Oil,  angelica,  i.  348 

antidotal  action  of,  i.  372 
apple,  i.  367 
Benne,  i.  743 
canon,  v.  516 
castor,  ii.  708 
cedai',  vii.  334 
clmulmoogra,  ii.  803 
citronella,  iii.  120 
cod-liver,  iii.   165;  vii.    808;  see 
also  Cod-liver  oil 
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Oil,  cotton-seed,  iii.  297 
croton,  iii   331 
cj'press,  iii.  340 
Dippel's  aiiiiniil,  iii.  493 
ethereal  animal,  iii.  493 
lixcd,  in  plants,  i.  103 
fla.xseed,  v.  516 
fusel,  i.  169 
gas,  ii.  664 

germicidal  action  of,  iv.  334 
grain,  i    169 
irrisration  by,   for  constipation, 

iii  834 
linseed,  v.  516 
of  allspice,  i.  192 
of  amber,  i.  308 
of  anise,  i.  358 
jf  balm,  i.  TiA 
of  basil,  i.  736 
of  bay,  i.  737 

of  bergamot,  i.  747;  iii.  127 
of  bitter  almonds,  poisoning  by, 

iv.  785 
of  black  mustard,  vi.  68 
of  cade,  ii.  540 
of  cajeput,  ii.  548 
of  calamus,  ii.  550 
of  camphor,  ii.  623 
of  Canada  snake-root,  vii.  254 
of  caraway,  ii.  655 
of  cardamom,  ii.  687 
of  chcn()po<iium,  viii.  315 
of  cinnamon,  iii.  94 
of  cloves,  iii.  150 
of  cocoanut.  iii.  164 
of  coriander,  iii.  282 
of  cubeb,  iii.  338 
of  cumin,  iii.  338 
of  dittany,  iii.  543 
of  erigeron,  iv,  158 
of  eucalyptus,  iv.  15 
of  fennel,  iv.  145 
of  Hcabane,  iv.  158 
of  gaultheria.  viii.  313 
of  ginger,  iv.  352 
of  juniper,  v.  299 
of  lavender,  v.  468 
of  lemon,  v.  482 

of  lovage,  v.  574 
of  mace,  v.  670 

of  mandarin  rind.  iii.  127 
of  melissa,  i.  724 

of  Neroli,  vi.  398 

of  nutmeg,  vi.  307 

of  orange,  iii.  127 

of  orang('  flowers,  vi.  398 

of  orange  peel,  vi.  398 

of  orris  root,  vi.  417 

of  parslej',  viii.  1 

of  patchouli,  vi.  517 

of  pennyroyal,  vi.  5.50 

of  peppermint,  vi   .5.53 

of  petits  grains,  vi.  398 

of  pimenfa,  i.  192 

of  poppy  seeds,  vi.  735 

of  rose,  vi.  1000 

of  rosemarj-.  vi.  999 

of  rue,  vi.  1003 

of  sandal  wood,  vii.  19 

of  sassafras,  vii.  42 

of  savine,  vii.  43 

of  sesamum,  i.  743 

of  spearmint,  vii.  263 

of  stramonium,  vii.  535 

of  tansj-,  vii.  638 

of  tar,  vii.  639 

of  theobroma,  ii.  531 

of  thvmol,  vii.  705 


Oil  of  turpentine,  vii.  913 
of  valerian,  viii.  181 
of  verbena,  iii.  126 
of  vitriol,  vii.  562 
of  wintergreen,  viii.  313 
of  wormwood,  viii.  316 
olive,  vi.  3.56 
phosphorated,  vi,  621 
potato,  i.  169 
salad,  vi.  356 
spirit,  i.  169 
sweet,  vi.  356 
teel,  i.  743 
verbena,  iii.  126 
volatile,  i.  103 
wood,  iv.  456 
Ointment,  v.  737 
blue,  V.  750 
casein,  ii.  707 
citrine,  v.  755 
iodine,  v.  205 
iodoform,  v.  207 
mercurial,  v.  750 
of  belladonna,  i.  743 
of  carbolic  acid,  ii.  658 
of  carbonate  of  lead,  v.  471 
of  chrysarobin,  Iii.  76 
of  eiemi,  iii.  781 
of  iodide  of  lead,  v.  471 
of  Iodide  of  potassium,  v.  303 
of  nitrate  of  mercury,  v.  755 
of  nutgall,  vi.  307 
of  oxide  of  zinc,  viii.  338 
of  tannic  acid,  vii.  637 
of  the  red  o.xide  of  mercury,  v. 

753 
of  the  yellow  oxide  of  mercurv, 

V.  753 
of  veratrine,  vii.  230 
Pagensteclier's,  iv.  130 
rose-water,  vi.  1000 
Sir  A.  Cooper's,  i.  524:  ii.  757 
tar.  vii.  OSII 
Ojai  Hot  Sulphur  Springs,  vi.  347 
Ojai  Valley,  Southern  California, 

vi.  347 
Ojo  caliente,  vi.  347 
Oklahoma,  reijuirements  for  medi- 
cal practice  in,  iv,  48 
Old  age,   v.    568;    and   see  Death, 
I'hynoUxjkdl   tlieories  of,   and 
Seiiiliti/ 
drowsiness  in,  iii.  560 
insanities  of,  v.  32 
Old  Point  Comfort,  vi.  347 
Old  Sweet  Springs,  vi.  349 
Olea  Europoea,  vi.  356 
Oleates,  v.  737;  vi.  349 
of  mercury,  v.  755 
of  veratrine,  viii.  220 
of  zinc,  viii.  339 
Olecranon,  iii.  732 

fracture  of,  iv.  262 
Oleic  acid,  vi.  349 

germicidal  action  of,  iv.  335 
Oleoresins,  v.  737 
in  plants,  i.  103 
of  capsicum,  ii.  654 
of  copaiba,  iii.  278 
of  cubeb,  iii.  337 
of  ginger,  iv.  3.52 
of  lupulin,  V.  609 
of  male-fern,  iv.  148 
of  pepper,  vi.  552 
Oleum,  see  Oil 

Olfaction,  neuroses  of,  vi.  131 
Olfactory  bulb,  ii.  206 
nerve,  vi.  349 


Olfactory  nerve,  endings  of,  iii.  838 

region,  development  of,  ii.  278 

tract,  ii.  206 
Olibanum,  vi.  3.55 
Oligsemia,  vi.  3.55 
Oligochromsemia,  vi.  355 
Oligocythsemia,  vi.  356 
Oligohydramnion,  i.  227 
Oliguria,  viii.  28 
Olive,  vi.  356 
Olive  oil,  vi.  356 

as  a  cbdlagogue,  iii.  31 
Oliver  Springs,  vi.  357 
Oliver's  arteriometer,  vi.  802 

lia'mocytometer,  ii.  .50,  51 

iKcmosldbinnmetiT,  ii.  57 
"  Olivette,"  U.  S.  Hospital  Ship, 

iv.  739 
Olympian  Springs,  vi.  357 
Omentitis,  vi.  359 
Omentum,  vi.  361 

ab.seess  of,  vi.  360 

active  hyperemia  of,  vi.  358 

amyloid  degeneration  of,  vi.  859 

ascites  of,  vi.  358 

atrophy  of,  vi.  359 

calcitieation  of,  vi.  359 

cancer  of,  vi.  360 

circulatory  disturbances  of,   vi. 
358 

cysts  of,  vi.  360 

dermoid  cysts  of,  vi.  360 

ecliinococcus  of,  vi.  360 

endothelioma  of,  vi.  360 

fibroma  of,  vi,  360 

foreign  bodies  in,  vi.  361 

functions  of,  vi.  361 

gastrocolic,  vi.  357 

gastrohepatic,  vi.  357 

gastrosplcnic,  vi.  3.57 

grafting  of  the,  v.  192 

great,  vi.  357 

hemorrhage  of,  vi.  358 

hyaline  degeneration  of,  vi.  359 

hyperplasia  of,  vi.  360 

infarction  of.  vi.  358 

Inflammation  of,  vi.  359,  361 

lesser,  vi.  357 

lipoma  of,  vi.  360 

malformations  of,  vl.  358 

myxosarcoma  of,  vi.  360 

necrosis  of,  vi.  359 

a?dema  of,  vi.  358 

parasites  of,  vi.  360 

passive  congestion  of,  vi.  358 

pathology  of,  vi.  357 

progressive  changes  in,  vi.  360 

pseudomyxoma  of,  vi.  360 

retrograde  changes  in,  vi.  359 

structure  of,  vi.  357 

surgery  of,  vi.  361 

syphilis  of,  vi.  361 

traumatism  of,  vi.  361 

tuberculosis  of,  vi.  361 

tumors  of,  i.  35;  vi.  360,  361 
Omohyoid   muscle,  anomalies  of, 

vi.  45 
Onagra  biennis,  vi.  755 
Onion  bodies,  ii.  673 
Ontogeny,  i.  7-58 
Onychatrophia,  vi.  93 
Onychauxis,  iv.  510;  vi.  93 
Onychia,  u;alignant,  jv.  510 

syphilitic,  iv.  .506;  vii.  617 

trauMiatie.  iv.  510 
Onychogryphosis,  vi.  93 
Onychomycosis  favosa,  vi.  94;  vii. 
781 
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Onychomycosis    tricopliytina,    vi. 

1)3;  vii.  7S:i 
Onychorrhexis,  vi.  93 
Oocytes,  vi.  I.'jO,  865 
Oogonia,  vi.  S(ir> 
Oophorectoaiy,  .sec  Ovariotomy 
Oophoritis,  vi.  433 

iU'ulL'.  vi.  433 

cluouic,  vi.  434 
Oospore,  i.  758 
Opacity  of  the  cornea,  iii.  389 

(■f  till.'  vitipous.  viii.  iyK 
Open-air  treatment  of  pulmonary 
tuberculosis,   vi.    362;    aud    see 
Fiilliiiiittciii,      GoerbersdoiJ,      auil 
IlaiUh  resorts 
Operation,  consent  of  patient  neces- 
sary' for,  viii.  513 

nature  of,  iu  reference  to  clioico 
of  ffencnil  antcsthetic,  iii.  10 
Ophelic  acid,  ii.  835 
Ophryon,  vii.  320 
Ophthalmablapton,  iv.  17 
Ophthalmia,  nii^nitory,  vii.  591 

sympathetic,  vii.  591 

traumatic  symiiathetic,  cause  of 
bliiulness.  ii.  11 
Ophthalmia  neonatorum,  iii.  241 : 
vi.  280 

a  cause  of  bliuilne,ss.  ii.  9 

Grade's  treatment  of,  iii.  242 

gonorrhccal,  iii.  240 

prevention  of,  ii.  13 
Ophthalmitis,  mieratory,  vii.  591 

sympathetic,  vii.  .591 
Oph thalmophakometer  of 

Tscherning,  vi.  .394 
Ophthalmometer,  vi.  303 

of  Helmholtz.  vi.  304 

of  .Javal-Scliiiitz.  vi.  365 
Ophthalmoscope,  vi.  367 

in  astigmatism,  i.  592 

in  diagnosis  of  headache,  iv.  553 

of  Cocci  us,  vi.  381 

of  Helmholtz,  vi.  381 

of  Loriug.  vi.  381 

of  Keute.  vi.  381 

of  Zehender,  vi.  381 

types  of,  vi.  380 
Ophthalmoscopy,  vi.  367 

cocaine  in.  iii.  l.")9 
Ophthalmostatometry,  vi.  397 
Ophthalmotropometry,  vi.  397 
Opiates  in  infantile  iliairlKea,  iii.  448 
Opisthion,  vii.  229 
Opisthorchis,  vii.  867 

felineus,  vii.  867 

noverca,  vii.  870 

pseudofelineus.  vii.  869 

sinensis,  vii.  869 
Opium,  iv.  383 

action  and  uses,  vi.  385 

adulteration,  vi.  384 

alkaloids  of,  vi.  385 

as  a  hiemostatic,  iv.  478 

as  a  hypnotic,  iv.  814 

as  an  anodyne,  i.  361 

assay  of,  vi.  384 

Boston,  vi.  3.84 

Chinese,  vi.  383 

constituents,  vi.  385 

description,  vi.  384 

Egyptian,  vi.  383 

family,  see  Papawracece 

idiosvncrasy  for,  iv.  842 

Indian,  vi.383 

in  intestinal  obstruction,  v.  173 

origin,  vi.  383 


Opium,  poisoning  by,  vi.  387 

jireparalion,  vi.  384 

jn'oducliou,  vi.  384 

liro]>oi'tion  of,  in  various  prepa- 
I'ations,  vi.  387 

provision,  vi.  384 

pudding,  vi.  384 

special  uses,  and  doses  of  prepa- 
rations, vi,  386 

tests  for.  vi.  390 

tolerance  for,  vi.  389 

Turkish,  vi.  383 

use  of,  in  dysentery,  iii.  574 

Persian.  vi."383 
Opium  habit,  v.  84 

causes,  v.  84 

cocaine  for.  iii.  160 

diagnosis,  v.  85 

disonlers  resulting  from.  vi.  85 

pathology,  vi.  85 

jirognosis,  vi.  85 

symptoms,  v.  85 

Ireatnifiit.  vi.  85 
Opium,  poisoning  by,  vi.  387 

detection  of,  vi.  390 

duration,  vi.  388 

failuie  of  detection,  vi.  391 

insufflation  in.  iv.  144 

lethal  dose,  vi.  388 

post-mortem  appearances,  i.  66*4  : 
vi.  390 

symptoms,  vi.  387 

tests  for,  vi.  390 

treatment,  vi.  389 

by  insufHation.  iv.  144 
Opodeldoc,  vii    2.').'i 
Opponeus  hallucis  muscle,  vi.  59 
Opponens  minimi  dig-iti  muscle, 

anomalies  of,  vi.  .55 
Optic  disc,  iv.  77;  \iii.  241 
Optic  nerve,  atrophy  of,  a  cause  of 
blindness,  ii.  11 

end-organs  in,  iii.  823 

endothelioma  of,  iv.  113 

glioma  of,  iv.  113 

gliosarcoma  of.  iv.  113 

ni.v.xoma  of.  iv.  113 

myxosarcoma  of,  iv.  113 

neuroma  of,  iv.  113 

psammoma  of.  iv.  113 

tumors  of,  iv.  113;  vi.  407 
Optic  papilla,  iv.  77 
Optometers,  vi.  396 
Optometry,  vi.  391 
Opuntia  dccumana.  ii.  .533 

tuna,  iii.  164 
Orange,  iii.  127:  vi.  398 

bitter,  iii.  127;  vi.  398 

Seville,  vi.  398 

sweet,  iii.  127;  vi.  398 
Orange  peel,  bitter,  vi.  398 

sweet,  vi.  3ii.s 
Orbicularis  palpebrarum  muscle, 
s])asmodic  contiaetion  of.  ii.  5;  iv. 
122;  and  see  Bli-ji/iKrospusin 
Orbit,  iv.  63;  and  see  Kye 

aneurism  of,  vi.  403 

angioma  of,  iv.  115;  vi.  405 

anomalies  of  the  muscles  of,  vi. 
43 

benign  tumors  of,  iv.  114 

cancer  of,  iv.  115 

care  of,  after  operations  on  ej-e, 
i.  558 

caries  of,  vi.  400 

cavernous  tumors  of,  vi.  404 

cellulitis  of.  vi.  398 

chloroma  of,  iv.  115 


115 


vi.  405,  407 
115 


Orbit,  cylindroma  of,  iv.  115 

cysts  of,  iv.  114;  vi.  405 

dermoid  cysts  of,  iv.  114 

diseases  and  injuries  of  the,  vi. 
398 
of  the,  a  cause  of  blindness, 

ii.  13 
of  the  neighboring  sinuses 
encroaching  upon  the.  vi. 
409 

dropsy  of  Tenon's  capsule,  vi. 
406" 

emphysema  of,  vi.  400 

encephalocele  of,  vi.  405 

enchondroma  of,  iv.  115 

enlai'gements  of  the  lachrymal 
gland,  vi.  406 

foreign  bodies  in  the,  vi.  408 

fracture  involving  the,  vi.  407 

gunshot  wound  of,  vi.  408 

hemorrhage  in  the,  vi.  400 

injuries  of,  vi.  407 

lipoma  of,  iv.  115 

lymphadenoma  and    lymjihoma 
of,  iv.  115 

lymphatics  of  the.  v.  028 

malignant  tumors  of,  iv.  115 

meningocele,  vi.  405 

myolibro-^arcoma  of,  iv.  115 

myoma  of,  iv.  115 

my.xosarcoma  of,  iv. 

necrosis  of,  vi.  400 

neuroma  of,  iv.  115 

osteoma  of.  iv.  115; 

osteo.sarcoma  of.  iv. 

periostitis  of,  vi.  400 

sarcoma  of,  iv.  115 

teleangiectasis  of,    iv.    115;    vi. 
405 

tenonitis,  vi.  400 

tumors  of  the.  iv.  114:  vi.  405 

vascular  protrusion  of,  without 
pulsation,  vi.  404 

wounds  of,  iv,  560 
Orbital  cavities  in  insanity,  v.  51 
Orbital  index,  vii.  231 
Orbital  sinus,  vii.  236 
Orcanet,  i.  187 
Orchidectomy,  vii.  185 

double,  for  hvpertropby  of  pros- 
tate, vi.  769 
Orchitic  extract,  vi.  415 
Orchitis,  vii.  182 

acute,  cold  for,  iii.  194 

gouty,  vii.   182 

of  infectious  diseases,  vii.  183 

of  mumps,  vii.  183 

neuralgic,  vii.  182 

syphilitic,  vii.  625 

traumatic,  vii.  183 
Oregon,    requirements   for  medical 

practice  in,  iv.  48 
Orellin,  i.  361 
Orexin,  vi.  409 
Organ  of  Corti,  i.  623 
Organic  matter  in  water,  viii.  287 

murmur,  ii.  822 
Organism,  action  of  cocaine  on  the, 
iii.  1.58 

animal,  food  of,  i.  173 

pathogenic,  iv.  870 

specific,  iv.  870 

vegetable,  food  of.  i.  173 
Organonyms,  ii.  137 
Organotherapy,  vi.  409 

blood-forming  organs,  vi.  413 

ductless  glands,  vi.  409 

generative  organs,  vi  415 
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Organotherapy,  iiiiscc-lluueous  tis- 
suc-s,  vi.  417 

nervous  s.vstcui.  vi.  415 

secreting  glands,  vi.  416 
Organs,  growth  of,  iv.  420 

homologous,  as  evidence  of  evo- 
lution, iv.  21 

vestigial,  as  evidence  of  evolu- 
tion, iv.  21 
Oriental  boil,  i.  170 
Origanum  raaijoiana,  v.  379 

wild,  V.  379 

vulgare.  v.  379 
Orleano,  i.  301 

Ormsby's  ether  inhaler,  iii.  16 
Ornithodorus  turicata,  i.  437 
Orphol,  vi.  101 
Orris,  vi.  417 

camphor,  vi.  417 

root,  vi.  417 
Orthin,  vi.  417 
Orthoform,  vi.  417 
Ortho-oxy-benzoic  acid,  vii.  7 
Orthophosphoric  acid,  vi.  620 
Orthosiphon,  v.  37!) 
Orth's  fluid,  iv.  710 
Os  Calais,  dislocation  of.  iii.  .]80 

liaetuie  of,  iv.  209 
Osazons,  differentiafion  of,  viii.  40 
Oscitation,  viii.  31N 
Oser's  base,  iitonjaVn,  vi.  791 
Osmic  acid,  vi.  418 

as  a  cause  of  amblyopia,  ii,  13 

germiciilal  action  of,  iv.  335 
Osmic  tetroxide,  vi.  418 
Osmidrosis,  ii.  486 
Osmosis,  i.  50;  ii.  719 

anil  diffusion,  viii.  417 

electrical,  ii.  719 
Osmotic  pressure  and  diffusion, 

viii.  417 
Os  orbiculare.  iii.  5S4 
Ospedaletti,  Italy,  vi.  418 
Osseous  system,  rltcct  of  castration 

on,  ii.  712 
Ossicles  of  the  ear,  i.  616;  iii.  584 

anatomy  of.  iii.  584 

caries  of.  iii.  030 

dimensions  of.  iii.  587 

forcible  mobilization  of,  iii.  672 

functions  of,  iii.  .587 

movements  of,  i.  617 

necrosis  of.  iii.  072 

operation  on,  iii.  670 

weight,  iii.  587 
Ossification,  intracartllagiuous,   ii. 
117 

intramembraiious.  ii    119 

suliperiosteal.  ii.  110 
Ossification  of  the  vitreous,  \  iii. 

20S 
Os  Sylvii,  iii.  584 
Osteitis,  vi.  418 

alliuminosa.  vi.  419 

causes,  vi.  418 

deformans,  vi.  424 

diagnosed  from  acromegalv, 

i.  96 
kyphosis  in,  v.  378 
of  the  spine,  vii.  389 

in  joint  affections,  v.  261 

of  the  elbow,  v.  276 

of  the  hip,  v.  266 

of  the  slioulder,  v.  276 

rheumatic,  vi.  423 

syphilitic,  vi.  423 

tuberculous,  v.  261 ;  vi.  423 
of  the  hip,  V.  266 


Osteitis,  tuberculous,  of  the  knee,  v. 
273 
of  the  shoulder,  v.  289 
Osteoarthritis,  i.  544;  vi.  969 
ky])hosis  in,  v.  378 
ol  the  spine,  vi.  247 
Osteo-arthropathies,  pulmonary 
hypertrophic,  v.  205 
diagn(i.-<ed  liom  a<ioniegaly,  i.  90 
Osteo-arthropathy,    han<l    in,   iv. 

500 
Osteochondritis,  syphilitic,  ii.  123; 

V.  204  ■      . 

Osteo-choudroma,  iii.  40 

i)f  il]i>  i>eri(isti-um.  vi.  569 
Osteoclasis,  in  knock-knee,  v.  375 
Osteoclasts,  ii.  119 

use  cit,  in  talipes,  iv.  237 
Osteolipoma,  viii.  480 
Osteoma,  vi.  425;  vii.  907 
carlilaginea,  vi.  426 
eburneum,  vi.  436 
medullosum,  vi.  436 
of  the  conjunctiva,  iv.  109 
of  the  external  auditory  caual, 

iii.  667 
of  the  frontal  sinus,  iv.  374 
of  the  hand  and  finger,  iv.  .501 
of  the  kidney,  v.  323 
of  the  lower  jaw,  v.  256 
of  the  nose,  vi.  140 
of  the  orbit,  iv.  115;  vi.  407 
of  the  upper  jaw,  v.  349 
sites,  vi.  425 
spongiosum,  vi.  426 
varieties,  vi.  425 
Osteomalacia,  ii.  120;  vi.  426 
cerea,  vi.  427 
fragilis,  vi.  427 

rubra,  iv.  71 
kyphosis  in.  v.  378 
Osteomyelitis,  ii    122;  vi.  419 
acute,  i.  403 

infectious,  near  hip,  v.  272 
of  the  spine,  vii.  388 
suppurative,  vi.  419 
infectious,  v.  264 
kyjiliosis  in,  v.  378 
Osteopathy,  States  in  which  it    is 

recognized,  iv.  47 
Osteophytes,  vi.  425,  569 

luierperal,  iv.  341 
Osteoplastic  uecrotomy,  vi.  423 
<ipeiations  on  the  extremities,  ii. 

124 
resection  of  the   skull,  ii.  134, 

407 
.section  of  the  upper  jaw,  v.  251 
Osteoplasty  for  cleft  ijalate,  iii.  134 
Osteoporosis,  i.  609 
Osteopsathyrosis,  vi.  430 
Osteosarcoma,  vii.  34,  907 

of  the  orbit,  iv.  115 
Osteosclerosis  of  the  mastoid  proc- 
ess, iii.  082 
Osteotomy  in  knock-knee,  v.  374 
Othsetnatoma,  iii.  608,  687 
Otis'  dilating  urethrotome,  viii.  23 
urethrometer,  iv.  403 
urethroscope,  iv.  403 
Otitis    externa  circumscripta,   iii. 
017 
diffusa,  iii.  616 
diphtlieritica.  iii.  630 
Otitis    media  as  a  cause  of  deaf- 
ness, iii.  374 
catarrhal,  iii.  588.  636 
chronic,  iii.  034 


Otitis  media,  intracranial   compli- 
cations, iii.  054 

purulent,  chronic,  iii.  637 

suppurative,  iii.  589 
Otoconia,  i.  031 
Otoliths,  i.  621 
Otology,  cocaine  in,  iii.  1.59 

tliciapeutics  of,  iii.  649 
Otomycosis,  iii.  015 
Otophone,  iii.  033 
Otorrhoea,  in  chronic  purulent  otitis 

media,  iii.  03i^ 
Ottawa,  Canada,  vi.  430 
Otto  of  rose,  vi.  1000 
Ouabain,  vi.  430 
Ourari,  iii.  338 
Ouray  Springs,  vi.  430 
Ovarian  extract,  vi.  415 

ple.xus,  vii.  579 

pregnancy,  vi.  434 

transplantation,  ii.  716 
Ovariotomy,  vi.  440 

liir  inoperable  cancer,  ii.  644 
Ovary,  vii.  150 

absence  of  the,  vi.  431 ;  vii.  709 

accessory,  vi.  431 

adeno-carcinoma  of,  vi.  437 

adenoma  of,  i.  114 

anatomv  of,  vii.  150 

atroph}'  of.  vi.  433 

blood-vessels  of.  v.  436 

cancer  of,  vi.  437 

cirrliolic,  vi.  433 

congestion  of,  vi.  4.S3 

cystadeuoma,  iii.  343 

C3'Sts  of,  i.  37 ;  iii.  351 ;  vi.  437 
dermoid,  vi.    439;    vii.  693, 
722;  viii.  581 

development  of,  vi.  449 

diseases  and  new-growths  of  the, 
vi.  431 

displacements  of,  iv.  682 ;  vi.  433 

effect  of  removal  of,  vi.  415 

electrotherapeutics  in  disease  of, 
iii.  764 

endothelioma  of  the.  vi.  436 

examination  of.  iv.  461 

extract  of,  vi.  415 

libroma  of,  vi.  436 

haematoma  of,  vi.  434 

hernia  of,  iv.  683;  vi.  433;  viii. 
163 

hyiiertrophy  of,  vi.  433 

intlanunatiou  of.  vi.  433 

lymphatics  of,  v.  637 

malformations  of,  vii,  709 

myoma  of,  vi.  436 

papilloma  of,  iii,  343;  vi.  439 

prolapse  of,  vi.  432 

sarcoma  of.  vi.  436 

syphilitic  disease  of  the.  vii.  636 

teratoma  of,  vii.   093,  733;  viii. 
.581 

third,  vi.  431 

transplantation   of,  ii.    716;    vi. 
431 

tulierculosis  of,  vi.  435 

tumors  of  the,  i.  38;  vi.  435 
Overcoats  for  soldiers,  v.  796 
Overcrowding  as  a  cause  of  dysen- 
tery, iii.  567 

in  liarracks,  v.  809 
Overdevelopment  and  heredity, 

iv.  003 
Overexertion  a  cause  of  insanity, 

V.  83 
Overtones,  i.  013 

inharmonic,  i.  014 
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Overwork,  results  of,  vi.  327 

Ox- warble,  v.  153 

Palmaris  longus,  iv.  484 

Ovi  albumen,  iii.  727 

Oysters  as  food  for  invalids,  iii.  455 

anomalies  of,  vi,  53 

Oviduct,  iiiuitiiiny  of,  vii,  154 

poisoning  by,  iv.  189 

Palmyra  Mineral  Springs,  vi.  459 

Ovulation,  v.  718 

Ozone,  chemistry  of,  i.  151 

Palpation  of  the  lieait,  ii.  830 

relation  to  elilorosis,  iii.  27 

germicidal  action  of,  iv.  335 

of  the  kidney,  v.  357 

to  iiienstnmlion,  v.  743 

of  the  lungs,  ii.  815 

Ovum,  iii.  173;  vi.  446 

Pacchionian  bodies,  ii.  389 

Palpebrse,  iv.  64 

ubnoi'iiml,  iii.  175 

Pachyakria,  see  Ad(}iiiigiily 

Palpitation  of  the  heart,   treat- 

comlitiDii of,  favoriug  c.xtra- 

Pachydermatocele,  iii.  426 

ment,  iv.  610 

uleriiic  pretfiiinicy,  iv.  55 

Pachydermia,  v.  416,  417 

Palsy,  Bell's,  see  Farinl  paralysis 

classiticaticiii,  vi.  44S 

laryngis,  v.  417 

chronic   progressive   bulbar,  vi. 

(leveloiniient  of,  iii.  47;  vi.  450 

Pachymeningitis,  ii.  390 

66 

embryology  of,  vi.  447 

a  cause  of  headache,  iv.  553 

infantile  cerebral,  hand  in,  iv.  533 

entrance  of  spermatozoon  into. 

acute,  vii.  333 

lead,  V.  473 

iv.  847 

cervicalis  hypertrophica,  ii.  393; 

shaking,  vi.  485 

envelopes  of,  vi.  448 

vii.  333 

wasting,  vi.  64 

historical,  vi.  447 

hypertrophica,  hand  in,   iv. 

Palta,  i.  191 

morphology  of,  vi.  447 

531 

Panacea  Springs,  vi.  459 

segmentation  of  the,  vii.  106 

complicating  otitis  media,  iii.  655 

Panaquilon,  iv.  3.53 

segmented,  ii.  3 

externa,  ii.  391 

Panaris,  sypliilitic,  iv.  506 

Owens  Lake,  vi.  452 

hemorrhage  in,  ii.  393 

Panaritium,  i.  49;  iv.  503 

Owosso  Spring,  vi.  452 

interna,  ii.  391 

analgesic,  v.  865 

Oxalate  of  cerium,  ii.  778 

Pachymeninx  =  dura.  ii.  209 

Pauas'  operation  for  ptosis,  iv.  131 

of  iron,  v.  228 

Pacific  Congress  Springs,  vi.  455 

Panax,  iv.  353 

jila.sma,  ii.  35 

Pacinian  bodies,  viii.  563 

ginseng,  iv.  353 

Oxalic  acid,  vi.  452 

pathology  of,  vi.  456 

(luinquefolium,  iv.  353 

germicidal  action  of,  iv.  335 

Pacini's  solution,  ii.  40;  i^.  709 

Panclastite,  an  explosive,  vii.  911 

ni  the  urine,  viii.  38 

Pack,  ]\Ierriam's,  v.  798 

Pancreas,  abscess  of,  see  Pancrea- 

poisoning by,  vi.  452 

Paedogenesis,  ii.  515 

titis,  suppurative 

analysis  of,  vi.  453 

Pagenstecher's  ointment,  iv.  130 

accessory,  vi.  471 

lethal  dose,  vi.  453 

Paget's  disease  of  bone,  see  Ostei- 

administration of,  vi.  416 

post-mortem  appearances,  i. 

te  defornntus 

amj'loid  infiltration  of.  vi.  464 

663 ;  vi.  453 

of  the  nipple,  ii.   473,  631,  681; 

anatomy,  i.  15;  vi.  459,  471 

symptoms,  vi.  452 

iii.  420 

blood  supply  of,  vi.  460 

treatment,  vi.  453 

Pagosa  Springs,  vi.  456 

calculi  in,  iii.  231 ;  vi.  468,  478 

tests,  vi.  454 

Pail  douche,  iii.  194 

carcinoma  of,  i.  30;  vi.  470,  478 

tests  for.  vi.  454 

Pain,  vi.  457 

cvsts  of,  i.  30;  iii.  350;  vi.  469, 

Oxalidacese,  poisonous  plant  of,  vi. 

apiircciation  of,  vi.  458 

"475 

()'.I5 

checked  by  belladonna,  i.  743 

diseases  of  the,  vi.  464 

Oxalis  acetosella,  vi.  452 

in  acute  bronchitis,  ii.  489 

diarrhcea  in.  iii.  440 

poisonous  plant,  vi.  706 

in  appendicitLs,  i.  434 

duct  of,  vi.  4C0,  473 

Oxalis  family,  see  OxalidacecB 

in  cystitis,  i.  776 

effects  of  extirpation  of  the,  vi. 

Oxaluria,   an   auto-intoxication,   i. 

in  diarrluva.  iii.  438 

416 

<>!.-> 

in  gastric  diseases,  vii.  494 

enzymes  of,  vi.  479 

Oxaluric  acid  in  urine,  viii,  38 

in  gunshot  wound,  iv.  440 

fatty  and  hyaline  changes  in,  vi. 

Oxaphor,  see  O.riirniiiphor,  vi.  454 

inliibition  of,  v.  35 

464 

Oxford  Mineral  Spring,  vi.  454 

in  inflammation,  v.  7 

hemorrhage  in,  vi.  464 

Oxidase,  iii.  843 

in  urethritis,  i.  776 

inflammations   of,   vi.   465;    and 

Oxidation,  site  of,  in  the  body,  vi. 

irradiated,  v.  231 

see  Pancreatitis 

!»00 

localization  of  the  feeling  of,  vi. 

internal  secretion  of,  vii.  104 

Oxide  of  iron,  hvdrated,  v.  235 

458 

lymphatics  of,  v.  638 

of  lead,  v.  471 

on  urination,  viii.  484 

malformations  of,  vii.  705 

of  magnesium,  v.  672 

persistent,    in     fractures,    treat- 

metabolic function  of  the,  vi.  416 

of  manganese,  black,  v.  686 

ment  of,  iv.  257 

minus,  vi.  471 

to.xicology  of,  V.  687 

referred,  vii.  119 

minute  anatomy  of,  vi.  460 

of  mercury,  v.  755 

sensation  of,  vii.  220 

necrosis  of,  vi.  473 

black,  V.  755 

varieties  of.  vi.  457 

new  growths  of,  vi.  470,  478 

of  .silver,  vii.  214 

Painless  whitlows,  v.  865 

physiology,  vi.  461 

of  zinc.  viii.  338 

Palaeontology,  i.  758 

secretion,  vi.  461 ;  vii.  93 

Oxonite,  an  explosive,  vii.  911 

an  evidence  of  evolution,  iv.  21 

influence     of     sympathetic 

Oxyamins,  ptomains.  vi.  786 

Palaquium  gutta,  iv.  456 

nervous systenion,  vii.  .584 

Oxy camphor,  vi.  454 

Palate,  aphtiia-  of  the,  viii.  488 

of.  disturbances  of,  effect  on 

Oxy  -  chiuolin  -  sulphonate,     vii. 

cleft,  iii.  131 

metabolism,  v.  774 

31« 

hard,  in  insanity,  v.  51 

surgical,  vi.  471 

Oxyconiine,  iii.  239 

lymphatics  of,  v.  628,  639 

syphilitic  lesion  of,  vii.  634 

Oxycopaivic  acid,  iii.  276 

soft,  viii.  107 

traumatism  of,  vi.  473 

Oxycymol,  ii.  700 

diseases  of,  viii.  107 

tumors  of,  i.  30;  vi.  470,  478 

Oxygen,  vi.  454 

Palatoglossus  muscle,  viii.  107 

diagnosed    fiom    renal    tu- 

ii:(.'rmieidal action  of,  iv.  335 

Palatomaxillary  index,  vii.  331 

mors,  V.  329 

therapeutics  of,  iv.  455 

Palatopharyngeus    muscle,    viii. 

wounds  of.  vi.  473 

Oxygen-consuming    capacity    of 

107 

Pancreatic  juice,  secretion  of,  vi. 

water,  viii.  •is\) 

Pale  bark,  iii.  '.13 

401 

OxyhaemoglobiL,  ii.  27 

Palm  Beach,  Florida,  vi.  458 

chemistry  of,  vi.  4C3 

Oxyphiles,  ii.  30 

Palmar   fascia,    Dupuytren's  con- 

enzymes  of,  iii.  474;  vi.  463 

Oxyquinaseptol,  vi.  455 

trietion  ot,  iv.  517 

part  taken,  in  digestion,  iii.  474 

Oxyuris  comjiar,  vi.  223 

Palmar  induration,  i  v.  525 

Pancreatin,  vi.  479 

vermicularis,  i.  363;  vi.  233,  504 

Palmaris  brevis  muscle,  anomalies 

Pancreatine,  vi.  4S0 

in  the  nasal  cavities,  vi.  143 

of,  vi.  55 

Pancreatitis,  acute,  vi.  465 

128 
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Tancreatitis,    acute    hemorrhagic, 
vi.  465 
suiipurativf,  vi.  466,  473 

chronic,  vi.  474 

gangrenous,  vi.  466 

interacinar,  vi.  467 

interlobular,  vi.  467 

varieties  of,  vi.  465 
Pancreon,  vi.  481 
Pangenesis,  iv.  646,  649 
Pani-g-hao,  vi.  221 
Panmixia,  iii    3HI  ;  iv.  34 
Pannus,  iii.  285 

crassus.  iii.  285 

tenuis,  iii.  285 
Panophthalmitis,  iii.  67 
Panphlebitis,  viii.  210 
Pantagraph,  for  recording  scoliosis, 

V.  462 
Pao  Pereira  bark,  iv.  314 
Pap,  how  to  make.  iii.  453 
Papain,  iii.  842;  vi.  482 
Papaver  album,  vi.  383 

glabruni,  vi,  383 

otlicinale,  vi.  383 

rlieas,  vi.  735 

soninifcrum,  vi.  383 
Papaveracese,  poisonous  plant  of, 

vi.  6!»5 
Papaveric  acid,  vi.  735 
Papaverine,  vi.  3H5 
Papaw  juice,  vi.  481 
Papaya,  vi.  481 
Papayotin,  vi.  482 
Paper,  a  furni  of  mum  Heine,  v.  737 

astlmia,  vi.  745 

of  iiiliiilc  of  jiiitassiuni.  vi.  745 
Paper- coil  extraction  method  of 
determining  fat  in  milk,  v.  827 
Papilla,  optic,  iv.  77 
Papillary  carcinoma,  ii.  6S2 
PaplUionacese,  poisunous  plant  of, 

vi.  0!)5 
I'apilloma  neuroiiatliicuMi.  vi.  i)() 

ueurotieuiii,  vi    9(1 

of  the  uin'iele,  iii.  667 

of  the  bladder,  i.  768.  769,  701 

of  the  conjunctiva,  iv.  108 

of  the  Falio]iiaM  tubes,  iv.  138 

of  the  laryn.x.  v.  432 

of  the  middle  ear.  iii.  66S 

of  the  nose.  vi.  140 

of  the  oesophagus,  vi.  343 

of  the  pharyii.x.  vi.  602 

of  the  tonsi'l,  vii.  822 

of  the  ureters,  viii.  13 
Pappoose  root,  iii    191 
Paquelin'sthermo-cautery,  ii.  758 
Para  -  acet  -  amido  -  phenol  ethyl 

carbonate,  vi   483 
Para-acet-phenetidin,  vi.  606 
Paracele  =  lateral  ventricles,  ii.  168 
Paracentesis  pericardii,  vi.  563 
Paracephalus,  vii.  678 
Paracholia,  vi.  483 
Para  coto,  iii.  296 
Paracotoin,  iii.  290 
Paracousis,  iii.  603 
Paracusis  loealis,  iii,  660 
loci,  iii.  603 
Willisii.  iii.  660 
Paracystitis,  i.  773 
Paradise  Spring,  vi,  483 
Parsesthesia,  vii,  117,  119 
in  neurasthenia,  vi,  250 
of  the  larynx,  v.  428 
of  the  pharynx,  vi.  605 
Paraffin  cancer,  i.  682 


Paraffin,  injection  of,  in  reparative 
surgery,  vi.  908 
injections  of,  for  saddle  nose,  vi. 
124 
Paraffin-xylol,  vi,  483 
Paraform,  iv,  246;  vi,  483 
Paraformaldehyde,  vi,  483 
Parageusia,  vii.  794 
Paragonimus,  vii.  867 

Westermanii,  vii,  867 
Paragraphia,  i.  410 
Paraguay,  Pharmacopnnia  in,  vi.  55 

tea,  V,  713 
Paraiso  Hot  Springs,  vi,  483 
Parakeratosis,  iii.  291 
Paralactic  acid,  see  Lactic  acid 
Paraldehyde,  vi,  484 

hypnotic  action  of,  iv.  817 
Paralysis,  vi.  484;  and  see  Idiocy, 
pdftilytic 
acute  ascending,  vii,  327 
etiology,  vii,  327 
pathology,  vii,  338 
prognosis,  vii,  328 
symptoms,  vii,  328 
treatinent.  vii,  329 
agitans,  vi,  485 

clinical  history,  vi,  485 
diagnosis,  vi,  487 
etiology,  vi,  485 
prognosis,  vi,  487 
svmptoms,  vi,  486 
tiie  hand  in,  iv,  533 
treatment,  vi,  487 
arsenical,  vi,  488;  viii,  349 
diu.gnosis,  vi,  489 
etiology,  vi.  488 
pathology,  vi,  489 
prognosis,  vi,  489 
symptomatology,  vi.  488 
treatment,  vi,  489 
asthenic  bulbar,  viii,  520 
pathology,  viii.  520 
prognosis,  viii.  521 
symptomatology,  viii.  530 
treatment,  viii.  521 
central,  vi.  484 

a  cause  of  death,  iii,  377 
cerebral,  vi.  485 

complicating  diphtheria,  iii.  486 
diphtheritic,  vi.  489 
diagnosis,  vi.  491 
etiology,  vi.  489 
pathology,  vi,  489 
prognosis,  vi,  491 
symptoms,  vi,  490 
effect  of  massage  in,  v.  698 
facial,   iv.   124;  and   see  Facial 
piiiudysiii 
in   chronic    purulent  otitis, 
iii.  638 
functional,  vi.  484 
general,  of  the  insane,  v.  86;  and 
see  Piiresis 
of  the  insane,  as  subject  of 

litigation,  vi.  239 
of  the  insane,  prognosis,  v. 

69 
of  the  insane,  syphilitic,  vii. 
627 
glosso-labio-laryngcal,  vi.  86 
hypoglos.saI,  iv.  834 
hysterical,  i.  472;  vi.  484 
infantile,  iv.  633 

kyphosis  in,  v.  378 
in  fracture,  treatment  of,  iv.  357 
in  hysteria,  iv.  833 
in  Pott's  disease,  vii.  409 


Paralysis,     labio-glossolaryngeal, 
viii.  518 

Landry's,  vii.  327 

laryngeal,  v,  429 

muscular,  from  lead,  v,  473 

of  half  of  the  diaphragm,  vi,  631 

of  the  iliaphragm,  iii.  436 

of  the  extremities,  due  to  auto- 
intoxication, i.  644 

of  the  hand,  iv.  527 

of  the  laryngeal  muscles,  v.  429 

of  the  median  nerve,  i.  471 

of   the   musculo-spiral  nerve,  i. 
471 

of  the  pharynx,  vi,  605 

of  the  sphincter  of  pupil  and  cil- 
iary muscle,  iv,  99 

of  the  vocal  cords,  v,  429 

organic,  vi,  484 

peripheral,  vi,  484 

progressive  bulbar,  viii,  518 

pscudo  -  hypertrophic,      causing 
paraplegia,  vi.  499 

spastic  sjiinal,  vii,  8.50 

spinal,  vi,  484;  vii.  344 

ulnar,  i   471 

varieties,  vi.  484 
Parametritis,  see  Pelric  peritonitis 
Paramcecium  coli,  viii,  547 
Paramorphine,  vi.  385 
Paramucin,  vi.  493 
Paramyoclonus     multiplex,    vi. 
492 

of  ujiper  extremity,  i.  467 
diagnosis,  vi.  493 
etiology,  vi.  493 
pathology,  vi.  493 
prognosis,  vi.  493 
sj-nonyms,  vi.  493 
treatment,  vi.  493 
Paranephritis,  i.  34;  v.  3-59 
Paranoia,  v.  137 

akoholie.  v.  140 

cause  of,  v.  139 

conduct  in,  v.  139 

delusions  in,  v.  138 

diagnosis,  v.  140 

erotic,  v.  140 

etiology,  v.  137 

forms  of,  V,  139 

hallucinations  in,  v.  138 

history,  v.  137 

pathology,  v.  137 

prognosis,  v.  140 

querulent,  v.  140 

religions,  v.  140 

symptomatology,  v.  138 

synonj-ms,  v.  137 

train  of  thought  in,  v.  138 

treatment,  v,  140 
Para-oxyphenylalanin,  ptoma'i'n, 

vi,  7SW 
Parapedesis  of  bile,  vi.  488 
Paraphasia,  i.  410 
Paraphenetidin,  see  Sedatin 
Paraphimosis,  vii,  174 

coinplic/aliiig  chancroid,  ii,  797 
Paraplegia,  vi.  494 

ana'niic,  vi,  499 

cervical,  hand  in,  iv,  531 

dependent  upon  idea,  vi.  499 

dolorosa,  vi,  498 

from  nndtiple  neuritis,  vi,  499 

from  tabes  dorsalis.  vi,  499 

Gowers'  ataxic,  vii,  337 

hysterical,  vi,  499 

intermittent,  vi.  499 

lesions  producing,  vi.  495 

T29 
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Paraplegia,  nialaiial,  vi.  499 

Parathyroid  glands,  anatomv,  vi. 

Parotitis,  vi.   9,    511;    vii.   13,    14; 

(>r  Poll's  disease',  vi,  498 

506 

ami  see  Mumps 

jiatliolosv,  vi.  496.  498 

IKithnlogy  of.  vi.  507 

chronic,  vi,  511;  vii.  14 

ictie.x.  vi.  499 

Paratyphoid  fever,  vi.  .507 

epidemica,  in  new-born,  vi.  278 

spastic,  vi.  499 

bacilli  of,  vi.  .508 

following  infectious  diseases,  vi. 

1  lea  t  men  I,  vi,  499 

]iatli(}logy.  vi.  508 

513 

Para  rubber,  vi.  1002 

proirnosis.  vi.  508 

secondary,  vi.  513 

Parasinusal  spaces,  ii.  263 

syiniilimis,  vi.  508 

sympton'iatic,  vii,  13 

Parasites,  i.  6f<l);  vi.  ,500 

Para  -  valeryl  -  amido  -  phenetol, 

toxic,  vi,  51 1 

a  cause  of  pcritoniti-s,  viii,  .500 

sec  Saliitiii 

Parovarium,  vii,  1.54 

animal,  vi,  500 

Paraxone,  vi.  235 

cystadeniima  of,  iii,  344 

as  food  poison,  iv,  184 

Paregoric,  see  Vninphonited  tincture 

cysts  of,  iii.  351 ;  vi.  513 

cephalic,  vii.  690 

"f  I'lihiiii.  vi.  387 

diseases  of.  vi.  513 

effect  uiKin  the  host,  vi,  .503 

Pareira,  vi.  ,508 

Pars  jiapillaris  of  skin.  viii.  556 

embolus  I'roni,  iii.  789 

lirava.  vi.  508 

reticularis  of  skin,  viii,  .554 

embryos  of.  in  ficces,  vi.  .501 

Parenchymatous     degeneration, 

Parsley,  viii,  1 

in  sputum,  vi,  .502 

iii.  394 

Parthenogenesis,  vi.  514 

in  uriue,  vi.  501 

Paresis,  v.  86:  vi.  484 

aititicial,  vi.  515 

factors  coutrolliug  number  of, 

diagnosis,  v.  91 

forms  of,  vi,  514 

vi.  505 

duration  of,  v.  91 

Partnership  by  physicians,  viii,  513 

human,  eggs  of,  vi.  503 

etioloffy,  v.  86 

■with  tbe  insane,  v,  76 

life  historj'  of,  vi.  504 

general,  v.  69.  86 

Partridge-berry,  viii.  313 

location  of,  vi,  500 

pathology,  v.  92 

Parturition,  sec  Lnhor 

mode  of  entry,  vi.  505 

prognosis,  v,  69,  93 

leuciuilKca  following,  v,  495 

ova  of,  in  ftf'ces,  vi.  .501 

symptomatology,  v,  .S8 

Parvolin,  ptcuiain,  vi.  788 

in  sputum,  vi.  501 

tiie  hand  in,  iv.  ,533 

Pasque  flowers,  vi.  79(1 

in  urine,  vi.  .501 

treatment,  v.  93 

Passengers,      inspection    of,    at 

mercury  for  killing  of,  v.  756 

vesical,  i.  768 

(piaiautine  station,  vi.  833 

metastasis  of,  v.  779 

Parethylaldehyde,  vi.  484 

Passiflora,  vi.  517 

of  animals,  in  relation  to  iiublic 

Paricine,  iii.  92 

incaniata,  vi.  517 

healtli,  viii.  233 

Parietti's  bouillon,  viii.  371 

lutea.  vi.  517 

in  the  bladder,  vi.  501 

Parilla,  vi'llow,  v.  859 

Passion  flower,  vi.  517 

iu  the  biood-vessels,  vi.  501 

Parillin,  vii.  41 

Pastes,  caustic,  composition  of  va- 

in the  brain  and  membranes,  vi. 

Paris,  vi.  509 

rious,  ii.  757 

500 

Paris    Chalybeate    Springs,    vi. 

]ihiis]iborus.  vi.  622 

in  the  chorion,  iii.  63 

509 

Pasteur-Chamberland  filter,  viii. 

in  the  connective  tissue,  vi.  501 

Paris  green,  poisoning  by,  see  Ar- 

284,  382 

iu  the  eye,  vi.  500 

se/tir 

Pasteur  filter,  viii.  384 

in  the  f»ccs.  iv.  129 

Paris  quadrifolia,  vi.  .509 

inpettes,  viii.  386 

in    the    gall   bladder    and    gall 

Parisette,  vi,  .50'.l 

Pasteurization,  i.  687;  viii.  380 

ducts,  iv.  298 

Parker  Mineral  Spring,  vi.  .509 

(it  milk.  V.  s:!f| 

in  the  heart,  iv.  583:  vi.  501 

Parkinson's  disease,  vi.  485 

Pasteur's    theory    of    fermenta- 

in the  kidney,  v.  .344;  vi.  501 

Park's  Springs,  vi.  5(-'9 

tion,  iv.  146 

in  the  lame  intestines,  vi.  501 

Paroccipital  fissure,  ii.  198.  200 

Patchouli  camphor,  vi.  517 

iu  the  liver,  v.  539:  vi.  501 

Paronychia,  iv.  503;  vi.  94 

nil  of,  vi.  517 

in  the  lungs,  vi.  .501 

diabetic,  iv.  510 

Patella,  see  Knee-joint 

in  the  lymph-vessels,  vi.  .501 

diagno.sed  from  aiuhum.  i.  146 

absence  of,  iv.  699:  vi.  517 

in  the  muscles,  vi.  .32,  .501 

malignant,  iv.  510 

affections  and  injuries  of,  vi.  517 

iu  the  nasal  cavity,  vi.  142 

syphilitic,  iv.  .505;  vii.  617 

ankylosis  of,  vi.  518 

in  the  o'sopliagus,  vi.  343 

to.xie,  i\'.  510 

atrophy  of,  vi.  518 

in  the  omentum,  vi.  360 

traumatic,  iv.  510 

congenital  dislocation  of.  vi.  518 

iu  the  pcricaidium,  vi.  563 

trophic,  iv.  510 

diseases  of,  vi.  519 

in  the  skin,  vi.  .500 

Parorexia,  vii.  494 

dislocation  of,  iii.  .527;  v.  274 

iu  the  small  intestines,  vi.  501 

Parosmia,  vi.  131 

fracture  of,  iv.  266 

iu  the  tonsils,  vii.  830 

Parotid  extract,  vi.  417 

movements  of.  v.  371 

iu  the  urine,  viii.  57 

Parotid  gland,  vi.  199 

painful,  of  riders,  vi,  518 

iu  the  veins,  viii.  218 

adeuDuui  of.  vi.  510 

patholotrical    displacements    of. 

iu  the  vitreous,  viii.  208 

calculi  of,  vi.  511 

vi.  518 

of  a;stivoautumnal  fever,  vi.  6.59 

cancer  of,  ii.  638 

phenomenon,    v,    363;    and    see 

of  malarial  fever,  vi.  657 

carcinoma  of,  vi.  511 

Knee-jerk 

oestivo-autumnal,  vi.  658 

cysts  of,  vi.  511 

reflex,  v.  363;  vi.  874;  and  see 

life  history  of,  iu  mosquito, 

diseases  and  injuries  of,  vi.  509 

Knee-jerk 

vi.  660  " 

echinococcus  of,  vi.  511 

retarded  development  of,  vi.  517 

quartan,  vi,  658 

cuchondroma  of,  vi.  510 

rudimentary,  iv,  699 

tertian,  vi.  657 

endothelioma  of.  vi.  511 

slipping  of,  V.  275;  vi.  518 

of  quartan  fever,  vi.  658 

fibroma  of,  vi.  511 

sjilit,  vi.  517 

of  tertian  fever,  vi.  657 

tistula  of,  vi.  510 

tuberculosis  of,  vi.  519 

Parasitic  affections  of  vulva,  viii. 

iullamuiation  of,  sec  Parotitisand 

Patient  and  phy.sician,  relation  of, 

163 

Mu  inps 

viii.  514 

causes  of  chloasma,  ii.  836 

injuries  of,  vi,  .509 

care  of,  before  labor,  v.  380 

diseases,  eosinophilia  in,  v.  493 

lipoma  of,  vi.  511 

carrying  of,  i.  492 

intiltratiou,  iv.  873 

lymphatic  glands,  v.  630 

condition     of,    iu     reference   to 

insects,  v.  1.52 

melauosarcoma  of,  vi.  511 

choice  of   general   anesthetic, 

theory  of  origin  of  carcinoma,  ii. 

myxoma  of.  vi.  511 

iii.  10 

679 

new  growths  of,  vi.  510 

disinfection  of,  iii.  504 

Paratela,  ii.  139 

rhabdomyoma  of,  vi.  511 

placing  of,  on  litter,  i.  491 

Parathyroid  glands,   iv.   378;  vi. 

sarcoma  of,  vi.  510 

preparation   of,   for  anaiStbetic, 

.506;  vii.  772 

Parotiditis,  vi.  9 

iii.  11 

730 
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Patient,  preparation  of,  for  opera- 
tion, i.  507 
Pau,  vi.  51(1 

Pauilinia  cupana,  iv.  425 
Pavilion  Spring,  vi.  520 
Pavy's  methiodof  e.stimatin.ff  quan- 
tity of  uliK-cisi'  in  urine,  viii.  41 
Pawlick's  triangle,  vii.  1(J6 
Pear,  alliitulor,  i.  191 
"  Pearl  white,"  i.  762 
Pearls  of  amyl  nitrite,  vi.  291 
Peau's  retractor,  iv.  828 
Peckham's  bouillon,  viii.  371 
Pectase,  an  enzyme,  iii.  843 
Pectineus  muscle,  vii.  738 

ancmuilies  of.  vi.  57 
Pectoral    lymphatic    glands,    v. 

644 
Pectorales  muscles,  absence  of,  ii, 

806 
Pectoralis  major  muscle,   anom- 
alies of,  vi,  49 
Pectoralis  minimus   muscle,    vi. 

5(1 
Pectoralis   minor  muscle,   anom- 
alies ol'.  vi.  50 
Pectoriloquy,  ii.  SIS 
Pectus  carinatum,  ii.  SIO 
Pedicle,  torsion  uf,  in  ovarian  cysts, 

vi.  439 
Pediculi,  a  cause  of  eczema,  iii.  710 

capitis,  V.  157 

ciliares,  iv.  119 

tabescentium.  v.  157 

vestimentoruni,  v.  1.56 
Pediculidse,  v.  156 
Pediculoides  ventricosus,  i.  435 
Pediculosis,    diagnosed    from    ec- 
zema, iii.  715 
Pedipalpi,  v.  1.59 
Peliosis,  iii.  273 

Peliosis    rheumatica,   i.    454:    v. 
861:  vi.  815 

of  arm  and  forearm,  i,  454 
Pellagra,  vi,  520 

etiology,  vi.  521 

patboiogy,  vi.  .521 

jirognosis,  vi.  523 

symptoms,  vi.  .521 

treatment,  vi.  .522 
Pellagrozein,  vi.  521 
Pelletierine,  vi.  732 

tannate,  vi.  733 

used  for  tapeworm,  i.  362 
Pellitorin,  vi.  522 
Pellitory,  vi.  523 

German,  vi.  522 

Sjianisli,  vi.  .522 
Pellote.  V.  761 
Pellotine,  v.  761 
Pelopaus  cementarius,  v.  168 
Pelosine,  vi.  508.  509 
Pelveo-peritonitis,  see  Pelvic  peri- 

tollltifl 

Pelvic  cellulitis,  vi.  530 

primar}-,  vi.  531 

secondary,  vi.  .531 
Pelvic  organs,   hygiene  of.  during 

pregnaney.  iv.  344 
Pelvic  peritonitis,  vi.  532 
Pelvic  plexus,  vii.  578 
Pelvic  presentations,  vi.  392 
Pelvimeters,  vi.  523 

Bandeloeiiue's.  vi.  523 

Bi-eiskv's,  vi.  .523 
Pelvimetry,  v,  381 :  vi.  523,  540 
Pelvis,  vi.  534 

anatomy  of,  vi.  534 


Pelvis,  anomalies  of  muscles  of,  vi. 
61 
artieiilations  of,  vi.  538 
a.xes  of,  vi.  .540 
bones  of,  vi.  535 
boundaries  of.  vi.  .534 
cavity  of,  vi,  .539 
congestion     of     circulation    in, 
cause  of  metrorrhagia,  v,  787 
contracted,     an     indication    for 

C;esarean  .section,  ii,  .544 
deformed,  vi.  .522 

a  cause  of  dystocia,  vi,  524 
development  of,  vi.  542 
diameters  of,  vi.  540 
dislocation  of  bones  of,  iii.  523 
doliehopellic,  vi.  .541 
double  obliquely  contracted,  vi. 

539 
e.xamination  of,  in  medico-legal 

autopsv,  i,  6.59 
false.  vi."539 

hernia  of  the  outlet  of.  iv.  6.82 
indices  of.  vi.  .541 
injuries  to,  a  cause  of  deatli,  i. 

670 
inlet  of,  vi".  .539 

joints  of.  modified  during  preg- 
nancy, iv,  340 
relaxed  during   pregnancy, 
iv.  349 
ligamentous,  vi.  539 
li.^aments  of,  vi.  538 
lymphatic  glands  and  plexus  of, 
■  V.  640 
lymphatics  of  the  viscera  of.  v. 

636 
measurements  of,  ii.  540;  v.  381 : 

vi.  540;  and  see  Felrintetri/ 
mcsatipellic,  vi.  541 
normal  position  of,  vi.  539 
obliquely  contracted,  vi.  .528 
osseous,  vi.  .535 
outlet  of,  vi.  .539 
platypellic,  vi,  .541 
se.xual  differences  of,  ii,  .540;  vi. 

542 
straits  of,  vi.  539 
surface-markings  of.  vi.  534 
tumors  of,  effect  on  labor,  vi.  528 
true.  vi.  539 
Pemphigus,  vi.  .543 
acute  febrile,  vi.  .545 
acutus  eontagiosus  neonatorum, 

vi,  280 
chronicus  vulgaris,  vi.  .545 
febrilis,  vi.  .545 

diagnosed  from  eczema,  iii. 

715 
diagnosed    from    smallpox, 
vii.  250 
foliaceus,  vi.  547 

diagnosed  from  eczema,  iii. 
715 
neonatorum,  vi.  380,  543 
of  the  auricle,  iii.  606 
of  the  conjunctiva,  vi.  546 
of  the  pharynx,  vi,  591 
ve.getans,  vi.  .548 
Pendjeh  ulcer,  i.  170;  vii.  944 
Penghawar-Djambi,  iii.  86 
Penis,  iv.  323;  vii.  173 
absence  of,  vii.  173 
abnormalities  of,  vii.  173 
amputation  of,  vii.  178 
anatomy  of.  iv.  322 
calcilieation  of.  vii.  177 
cancer  of,  ii.  638 


Penis,  comparative  anatomy  of,  iv. 
331 

contusions  of,  vii.  176 

dislocation  of,  vii.  176 

double,  vii.  173,  710 

epithelioma  of,  vii.  177 

extirpation  of,  vii.  178 

fibrosis  of.  vii.  177 

fracture  of.  vii.  176 

gangrene  of,  vii.  176 

horns  of,  vii.  177 

In-pcrlrophy  of  glans  of,  i.  723 

intiammation  of,  vii.  176 

injuries  of,  vii.  176 

l}-mphatics  of,  v,  635 

malformation  of,  vii,  710 

ossification  of,  vii.  177 

sarcoma  of,  vii.  177 

supernumerar}'.  vii.  691 

torsion  of,  vii.  173 

tubereidosis  of,  vii.  177 

wounds  of,  vii.  176 
Penitis,  vii.  176 

Pennsylvania,   history  of    yellow 
fever  in,  viii.  587 

requirements  for  medical  prac- 
tice in,  iv,  48 
Pennyroyal,  American,  vi.  550 

genuine,  vi.  550 

European,  vi.  550 

mock,  vi.  550 
Pental,  vi.  550 

as  an  ana'sthetic.  i.  2i)3 
Pentamethylenediamin,  ptomain, 

vi.  785 
Pentane,  vi.  971 

Pentastoma   denticulatum,  i.    429; 
iv.  .583 
in  the  nasal  cavities,  vi.  142 
of  the  kidne)',  v.  344 

serratum,  i.  429 

ticnioides,  in  the  nasal  cavities, 
vi.  143 
Pentoses   in   the   urine,  sec   Fiiito- 

Pentosuria,  vi.  550 

Penzance  and  the  Scilly  Islands, 

vi.  551 
Penzoldt's  test  for  acetone,  i.  67 
Pepo,  vi.  808 

as  an  anthelmintic,  i.  363 
Pepper,  vi.  552 

African,  ii.  653 

black,  ii.  654;  vi.  .5.52 

Cayenne,  ii.  653 

lonn-,  vi.  5.52 

redrii.  653,  6.54 

sweet,  ii.  6.54 

white,  vi.  .552 
Peppermint,  vi.  553 
Pepsin,  vi.  .5.54 

action  of,  iii.  473,  842 

effect  on  body  temperature,  ii. 
571 

incompatibles,  vi.  556 

saceharated,  vi.  555 
Pepsis  formosa,  v.  168 
Peptonate  of  iron,  v.  329 
Peptone,   effect   on   body  tempera- 
ture, ii.  571 

in  the  urine,  viii.  33 
Peptonized  milk,  v.  829 
Peptonum  iodatum,  iii.  730 
Peptonuria,  viii.  32 

pyoLi'cnie,  viii.  32 
Peptotoxin,  ptomain,  vi.  791 
Percussion  of  heart,  ii.  820 

of  lungs,  ii.  815 
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Percussion  of  skull,  ii.  406 

Perineum,  female,  triangular  1 

iga- 

Peritoneum,  surgery  of,  v.  176 

wave  of  pulse,  vi.  798 

ment,  vi.  567 

surgical  affections  of,  vi.  572 

Pereirine,  iv.  314 

lacerations  of,  vi.  311 

tuljercidosis  of,  viii.  507 

Perflation,  ventilation  of  ships  bv. 

Emmet's  operation   for. 

vi. 

tumors  of,  i.  35;  vi.  ,570 

vi.  inn 

312 

Peritonitis,  viii.  496 

Perforating  ulcer,  vii.  943 

Hegar's  operation    for. 

vi. 

acute  circumscribed,  viii.  506 

(if  the  foot.  vi.  J5.57 

312 

general,  viii.  .503 

Perforation  of  diaphragm,  iii.  43.") 

treatment,  vi.  311 

bacteriology  of.  viii.  500 

of  nasal  septum,  vi,  12.^ 

lymphatics  of,  v.  635 

blood  examination  in.  viii.  509 

Periarteritis  in  the  chorion,  iii,  59 

male,  iv.  323;  vi.  563 

carcinomatosa.  viii.  504 

nodosa,  ii.  108 

anatomy  of,  iv.  322;  vi. 

563 

chronic,  viii.  .504 

Pariarthritis  of  the  shoulder,  v. 

ex  ploration     of     bladder 

tuberculous,  differential 

■i"iS 

through,  vi.  ,566 

diagnosis,  vi.  8 

Pericardial   cavitv,    origin   of,    iii. 

fascia  of.  iv.  322;  vi.  564 

circumscribed,  vi.  572;  viii.  508 

181 

muscles  of.  vi.  565 

complications,  viii.  .503 

nuirmur,  ii.  831 

testicle  in.  vi.  567 

diagnosis,  viii.  .508 

Pericarditis,  vi.  .558 

triangular  ligament,  vi. 

565 

diarrheea  in.  iii.  440 

acute,  cold  in,  iii.  195 

preservation  of,  v.  387 

differentiated     from     intestinal 

acute  plastic,  vi,  558 

surgical  anatomy  of.  vi.  563 

colic,  iii.  197 

effusion  in,  vi.  559 

Perineurium,  vi.  238 

diffuse,  vi.  .572 

morbid  anatomj',  vi,  558 

Perioptometry,  vi.  393 

due  to  foreign  bodies,  viii.  499 

adhesive,  pulse  in,  iv.  801 

Periosteum,  ii.  117 

due  to  parasites,  viii.  .500 

bacteriology,  vi.  560 

actinomycosis  of.  vi.  569 

endogenous,  viii.  500 

calcareous,  vi.  5r)9 

augeioma  of,  vi.  569 

etiology,  viii.  497 

differential  diagnosis,  vi.  561 

carcinoma  of,  vi.  570 

exogenous,  viii.  .500 

etiology,  vi.  559 

chondroma  of,  vi.  569 

experimental,  viii.  504 

physical  signs  of,  ii,  823 ;  vi,  560 

fibroma  of,  iv.  155;  vi,  ,569 

fibrinous,  viii.  503 

prognosis,  vi.  562 

inflammation  of,  see  Periostilis 

from  female  genital   tract,  viii. 

purulent,  vi.  561 

lipoma  of,  vi.  .569;  viii.  481 

499 

symptomatology,  vi.  560 

myoma  of,  vi.  569 

gonorrhocal,  viii.  .501 

treatment,  vi.  562 

of  bones   of  arm   and    forearm, 

hemorrhagic,  viii.  503 

Pericardium,  iv.  568;  vii.  74S 

affections  of,  i.  464 

hysterical,  viii.  .509 

abnormal  conditions  of.  vi.  .5.58 

osteochondroma  of.  vi.  569 

idiopathic,  viii.  497 

absence  of,  vi.  5.58 

osteoma  of,  vi.  569 

infantile,  viii.  507 

adherent,  vi,  561 

pseudocysts  of.  vi.  570 

metastatic,  viii.  499 

anatomy  of,  vi.  5.58 

sarcoma  of,  vi.  570 

nephritic,  viii.  497 

aspiration  of,  i.  580 

tuberculosis  of,  vi.  .569 

operative,  viii,  497 

calcareous  deposits  in.  vi.  558 

tumors  of,  vi.  569 

pathology  of,  viii.  501 

calculi  in.  iii.  230 

Periostitis,  vi.  419 

pelvic,  v'i.  533 

carcinoma  of,  vi.  .563 

actinomycotic,  vi.  .569 

perforative,  viii.  498 

cysts  of,  iii.  3.50 

albumiiiosa,  i.  46 

pneumococcic,  viii.  501 

diseases  of.  vi.  557;  vii.  756 

cranial,  causing  headache,  iv. 

5.53 

primary,  viii.  497 

in  children,  vi.  .562 

of  the  lower  jaw,  v.  3.53 

puerperal,  viii.  507 

diverticula  in.  vi.  558 

of  the  orbital  walls,  vi.  400 

purulent,  viii.  503 

dropsy  of,  i\-.  787 

of  the  upper  jaw,  v.  248 

putrid,  viii.  503 

foreign  bodies  in.  vi.  558 

tuberculous,  vi.  569 

rheumatic,  viii.  497 

hydatids  of.  vi.  .563 

Periostosis,  vi.  425 

secondary,  viii.  497 

incision  of,  vii.  7.56 

Peripachymeningitis,  acute, 

vii. 

serous,  viii.  502 

iuHammation  of,  see  Peiicarditia 

332 

spontaneous,  viii.  497 

milk  spots  on.  vi.  558 

Peripheral  plexus,  vii.  574 

subacute,  viii.  503 

new  growths  in,  vi.  563 

Periproctal  phlegmon,  vi.  616 

surgical,  viii.  497 

paracentesis  of,  vi.  .563 

Perisalpingitis,    iv.    134;  and 

see 

symptoms,  viii.  504 

parasites  in,  vi.  563 

J\lvic  pfritoiiiti's 

terminal,  viii.  499 

thinned,  vi.  5.58 

Periscleral  space,  iv.  65 

traumatic,  viii.  497 

tuberculosis  of,  vi.  563;  vii.  902 

Perisporiales,  iv.  280 

treatment,  viii.  ,509 

wounds  of,  vii.  753 

Peristalsis  i>r  intestines,  v.  170 

tuberculous,  i.  35;  vi.  8;  vii.  901 ; 

Perichondritis  laryngea,  v.  434 

Peristaltic  unrest,  vii.  .502 

viii.  .507 

Perichondritis  of  the  nasal  sep- 

Perithelioma, vii.  39 

. 

nrieniic.  viii.  497 

tum,  vi    113 

of  the  kidney,  v.  335 

Perityphlitis,  i.  431 ;  and  see  Ap- 

Perichondrium,  ii.  705 

Peritoneum,  viii.  496 

jH')tiUn'ti}< 

Pericystitis,  i.  773 

udcniicarcinoma  of,  vi.  571 

Perleche,  viii.  489 

Peridental  membrane,  disease  of. 

affected  in  tropical  abscess,  v. 

534 

Permanganate  of  potassium,  v. 

vii.  6.59 

anatomy  of.  i.  15;  viii.  496 

686 

Perihepatitis,  v.  558:  vi.  6 

angiosarcoma  of.  vi.  570 

as  a  deodorant,  iii.  413 

Perimeter,  vi.  393 

carcinoma  of.  vi.  570 

toxicology  of,  V.  687 

of  Scherk,  vi.  393 

differential  diagnosis,  v 

.  8 

Pernicious  anaemia,  i.  271 ;  and  see 

Perimysium,  vi.  11 

cystadenoma  of,  vi.  571 

A II IV mil f,  jienuci'iiiiK 

Perineal  liody,  vi.  568 

cysts  of,  iii.  351 ;  vi.  571 

blood  changes  in,  ii.  69 

cavity,  iv.  322.  323 

effusions  into,  iii.  79 

Pernicious  malarial  fever,  v.  679 

fascia,  vi.  564 

endothelioma  of.  vi.  570 

algid,  V.  679 

section,  viii.    24;  and   see    Vre- 

inflammation  of,  see  PiTitonitin 

apoplectic,  v.  679 

throtomy,  e.rtenial 

injury  to,  vi.  572 

choleraic,  v.  679 

Perineorrhaphy,  vi.  311 

lipoma  cjf,  vi.  571 

comatose,  v.  679 

second.-iry.  vi.  312 

myxoangiosarcoma  of,  vi.  57 

0 

dysenteric,  v.  679 

Perinephritis,  i.  34 

new  growths  of,  vi.  570 

]iatliological  anatomy,  v.  680 

Perineum,  anomalies  of  muscles  of, 

pseuiiouiy.xoma  of.  vi.  .571,  7 

74 

treatment,  v.  680 

vi.  61 

relation  of  the  kidneys  to.  v. 

309 

Pernio,  iii.  417;  iv.  531 

female,  anatomy  of,  vi.  567 

sarcoma  of,  vi.  570 

Perobrachius,  vii.  714 
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Perodactylism,  vii.  715 
(if  tliu  auricle,  iii.  607 
Peroneal   artery,  auomalits  of,  i. 

535 
Peroueo-calcaneus  internus  mus- 
cle, vi.  5K,  5it 
Peroneo-tibialis  muscle,  vi   58 
Peroneus  accessorius  muscle,  vi. 

-57 
Peroneus  brevis,  anomalies  of,  vi.  57 
Peroneus  longus,  anomalies  of,  vi. 

57 
Peroneus  quartus,  vi.  57 
Peroneus  quinti  dig'iti,  vi.  57 
Peroneus  tertius,  anomalies  of,  vi. 

Peronine,  vi.  573 
Peronosporales,  iv.  279 
Peropus,  vii.  714 
Peroxide  of  hydrogen,  iv.  786 

as  a  disinfectant,  i.  688 
Perry  Springs,  vi.  574 
Persea  gratissima,  i.  191 
Persecution,  senile,  v.  114;  and  see 

Iiisaiiitii,  nciiile 
Persimmon,  vi.  574 
Persodine,  vi.  574 
Person,  disinfection  of  the,  iii.  497 
Personal  history  in  life  insurance, 

V.  510 
Personality,   alterations  of,  in   in- 
sanity, V.  50 
Perspiration,    vii.    217;     and    see 
Sin  lit 
action  of  cocaine  ou  the  secretion 

of,  iii.  158 
in  insanity,  v.  53 
Persulphates,  vi.  574 
Pertussis,  viii.  306;  and  see  WJioop- 

iiKJ-l'OUfjlt 

Peru,  balsam  of,  i.  724 

PliarmaeopdMa  in,  vi.  585 
Peruscabin,  vi.  574 
Peruvian  bark,  iii.  88 
Pes  ,tci,!,'as,  vi.  574 

planus,  iv.  204 
Pessaries,  viii.  81 

stem,  viii.  82 
Pestilence,  ii.  504 
Petechias,  iii.  273;  vi.  575 

in  haniophilia,  iv.  473 
Petit  mal,  iii.  845 
Petit's  fracture  box,  iv.  255 

to\irni((uet,  i.  239 
Petri  dish,  viii.  3S7 
Petri's  sand  filter  for  air  analysis, 

viii.  403 
Petrifaction,  vi.  575 
Petrifying  infiltration,  vi.  575 
Petrissage,  v.  694 
Petrolatum,  vi.  576 

liquidum,  vi.  576 

raolle,  vi.  576 

spissum,  vi.  576 
Petroleum  benzin  or  ether,  i.  744 

burns  from.  ii.  .520 
Petrophax-yngeus  muscle,  vi.  47 
Petrosquamous    sinus,    anomalies 

of.  viii.  204 
Petrosulfol,  vi.  576 
Petrous  bone,  fracture  of,  effect  on 

hearing,  iii.  603 
Pettenkofer's  method  of  determin- 
ing COq  in  tlie  air,  vi.  160 

test  for  bile,  i.  754 

for  bile  acids,  viii.  .50 

theory  of  the  spread  of  cholera, 
viii.  359 


Peumus  boldus,  ii    114 

Peyer's   patches,   histology  of,  v. 

186 
Pezizales,  iv.  281 
Pfeiffer's  liacillus,  v.  13 

liliiod  a.srar,  viii.  373 

reaction,  i.  716 
Pfliiger's  law  of  contraction,  iii. 

770 
Phseoretin,  vi.  974 
Phagedasna,  hos|)ital,  iv.  307 
Phagmesis,  i.  606 
Phagocytes,  ii.  31 
Phagocytosis,  ii.  31;  vi.  ,576 
Phalangeal  joint,  arthritis  defor- 
mans of,  V.  276 

diseases  of,  v.  276 

dislocation  of,  iii.  .523,  530 

drainage  of,  v.  294 
Phalanges,  absence  of,  iv.  492 

deflections  of,  iv.  497 

fracture  of,  iv.  264,  269 

supernumerarv,  iv.  494 
Phallales,  iv.  286 
Phantom  tumors,  vi.  778 
Pharaoh's  serpents,  poisoning  by, 

iv.  785 
Pharmacology,  calorinietrv  in,  ii. 

.570 
Pharmacopoeia,  vi.  580 

Argentine,  vi.  581 

Austrian,  vi.  581 

Belgian,  vi.  581 

Bolivian,  vi.  582 

Brazilian,  vi.  582 

Britisli,  vi.  582 

Central  American,  vi.  582 

Chilian,  vi.  582 

Chinese,  vi.  582 

Danish,  vi.  582 

Dutch,  vi.  .585 

French,  vi.  .583 

General   and    International,    vi. 
589 

German,  vi.  583 

Greek,  vi.  584 

Ha.ytian,  vi.  584 

history  of,  vi.  581 

Hungarian,  vi.  584 

Indian,  vi.  582 

in  Ecuador,  vi.  583 

in  Hawaiian  Islands,  vi.  584 

in  Paraguay,  vi.  .585 

in  Peru,  vi.  585 

in  Uruguay,  vi.  586 

in  Venezuela,  vi.  .586 

Italian,  vi.  584 

Japanese,  vi.  584 

Liberian,  vi.  585 

Mexican,  vi.  585 

Norwegian,  vi.  585 

Polish,  vi.  585 

Portuguese,  vi.  585 

precursors  of  the,  vi.  580 

Prussian,  vi.  583 

Russian,  vi.  585 

Spanish,  vi.  585 

Swedish,  vi.  586 

Swiss,  vi.  586 

Turkish,  vi.  586 

United  States,  vi.  586 

Universiil,  vi.  589 
Pharyngeal    artery,   ascending, 

anomalies  of.  i.  527 
Pharyngeal  mycosis,  vi.  599 
Pharyngeal  nerves,  vii.  576 
Pharyngeal  plexus,  vii.  576 
Pharyngeal  tonsil,  vii.  823 


Pharyngitis,  acute   phlegmonous, 
vi.  593 
chronic  atrophic,  vi.  595 

follicular,  vi.  595 
diet  in,  iii.  456 
gangrenous,  vi.  590 
gouty,  vi.  590 
her|ietic,  vi.  591 
infective,  vi.  590,  .592 
in  the  exantliemata,  vi.  593 
lateralis,  vi.  595 
membranous,  vi.  .591 
phlegmonous,  vi.  590 
rheumatic,  vi.  595 
septic,  vi.  593 
simple  acute,  vi.  .590 
clironic,  vi.  594 
suppurative,  vi.  593 
syphilitic,  vi.  596 
tuberculous,  vi.  597 
ulcerative,  vi.  593 
Pharyngocele,  vi.  346 
Pharyugomycosis,  vii.  323 
Pharynx,  actinomycosis  of,  vi.  597 
adenoma  of,  vi.  603 
amesthesia  of,  vi.  604 
angioma  of,  vi.  604 
anomalies  of  muscles  of,  vi.  47 
carcinoma  of,  vi.  603 
cj-stoma  of,  vi.  602 
deformities  of,  vi.  600 
diaphragm  of,  vi.  600 
diphtheria  of,  iii.  484 
disea.ses  of,  vi.  590 
erysipelas  of,  vi,  .593 
tibroma  of,  vi,  603 
foreign  bodies  in,  i.  159;  vi.  591 
glanders  of.  vi.  598 
hypera'Sthesia  of,  vi.  605 
hypersecretion  of,  vi.  605 
inflammation  of,  vi.  590 ;  and  see 

Phiiijiixjitin 
lipoma  of,  vi.  604 
Ij'mphatics  of,  v.  628 
malformations    and    deformities 

of,  vi.  600;  vii.  703 
measurements  of,  viii.  238 
medication  of,  v,  733 
membranous  diajihragm  of,   vi. 

600 
neuroses  of,  vi.  604 
papilloma  of,  vi.  602 
paraesthesia  of,  vi.  605 
paralysis  of,  vi.  605 
pemphigus  of,  vi.  591 
rheumatism  of,  vi.  .591 
sarcoma  of,  vi.  604 
spasm  of  constrictors  of,  vi.  605 
stenosis  of,  vi.  600 
supernumerary  muscles  of,  vi.  47 
syphilitic  lesions  of,  vii.  623 
tumors  of,  vi.  603 
urticaria  of,  vi.  591 
wounds  of,  vi.  591 
Phelps'  machine   for  correction  of 
club-foot,  iv.  328 
operation  for  club-foot,  iv.  328 
for  harelip,  iv.  537 
Phenacetin,  vi.  606 

antipyretic  value  of,  vi.  608 
ethyl,  iv.  14 
methyl,  v.  781 
Phenaceturic  acid  in  urine,  viii. 

47 
Phenalgin,  vi.  607 
Phenazone,  i.  379 

Illation  of.  to  phenacetin,  vi.  606 
Phenegol,  iii.  727 

733 


Plirno<'<>ll, 
Plumila. 
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PhenocoU,  vi.  607 

Phlobaphene,  iv.  736 

•  Phthisis,  pulmonary  chronic,  v 

601 

iiutipyii'tic  value  of.  vi.  608 

Phlogosin,  iitomain,  vi.  791 

climato-therapy  of  Colo 

ado 

hyilnicliloride.  vi.  (107 

Phloridzin,  vi.  619 

Springs,  iii.  222 

irlaticin  to  plienaculin.  vi.  006 

ylyrosuria.  viii.  39 

cold  in,  iii.  195 

salit-ylatc.  vi.  607 

Phloroglucin    test    for    form 

aide- 

subacute,  v.  601 

Phenol,  ii.  655 

liydc  in  milk,  v.  841 

stonecutters',  v.  594 

effect  of,  on  body  temperature, 

Phocomelus,  iv.  492 

treatment  of,  at  Falkenstein 

iv. 

ii.  571 

Phoenix  dactylifera,  iii.  352 

132 

]i(iisoiiiii»-  by,  vi.  608 

Phonation,  v.  452 

Phycomycetes,  iv.  277.  278 

Phenol-bismuth,  vi.  608 

liinctinn  of  the  nose  in,  vi. 

100 

orders  of.  iv.  278 

Phenolphthalein,  vi.  60.S 

of  the  vocal  bauds  in,  v 

.451 

Phydippus  tripunctatus,  v.  1.59 

Phenols  in  urine,  viii.  4;:! 

physiology  of,  v.  4.52 

Phylaxins,  iii.  844 

Phenol-sodium  sulforicinate,  vi. 

respiratory  movements  in,  v 

.  4.52 

Phymatorhusin  in  urine,  viii. 

n 

(ills 

Phoradendron  flavescens,  v. 

571 

Physaloptera  caucasica,  vi.  222 

Phenolsulfonate    of   copper,    iii. 

Phosote,  \i.  02(1 

Physeter  macrocephalus,  vii. 

277 

3:5s 

Phosphates,  creosote,  vi.  030 

Physical   examination,    vi. 

181, 

Phenolsulphonates,  vii.  o-oS 

in  the  uiinc,  viii.  55 

.S45 

Phenolsulphonic  acid,  vii.  558 

s.ilnlijc  ferric,  v.  227 

Physical    measurements. 

see 

Phenopyrin,  i.  ;!7y 

Phosphatol,  vi.  620 

J\((rii/  /ii/r/ii'hf,  and  liicniita,  i:n 

tnii- 

Phenosal,  \  i.  tiOJt 

Phosphide,  zinc,  vi.  622 ;  viii. 

339 

nati'tii  "f 

Phenosalyl,  vi.  609 

Phosphine,  iioisoning  by.  vi.  623 

Physicians'  fees,  collecting  of 

iv. 

Phenosuccin,  vi.  (i09 

Phosphorated  oil,  vi.  621 

140 

Phenylacetamide,  i.  63 

Phosphoric  acid,  vi.  020 

relation  of,  to  the  law,  viii. 

)10 

Phenyl-acetic  acid,  vi.  609 

diluted,  vi.  (i20 

relative  number  of,  as  comp 

iretl 

as  a  ■^{■rmicide.  ix.  331 

in  the  urine,  viii.  55 

with  existing  populations. 

viii. 

Phenylacrylic  acid,  iii.  93 

Phosphoridrosis,  vi.  620 

.514 

Phenylamine,  i.  357 

Phosphorus,  vi.  620 

res]innsibility  of,  v.  082 

Phenyl  benzamide,  i.  744 

clinical  tests  for,  vi.  626 

Physiological  selection  in  ev 

olu- 

Phenylhydrazine,  vi.  609 

effect  of,  on  faHiis,  vi.  279 

tioii,  iv.  33 

Phenylhydrazine  levulinic  acid, 

on  workers  in,  vi.  326 

Physiological   status,    modifj 

ing 

vi.  (ill!) 

necrosis  from,  v.  2.54;  vi.  42' 

,625 

dosage,  iii.  551 

Phenylhydrazine  test  for  glucose 

poisoning  by,  vi.  622 

Physiology,  see  Biolofjy 

in  urine,  viii.  40 

jiroperties.  vi.  620 

Physostigraa,  ii.  548 

Phenyl  proprionic  acid,  iv.  331 

tliera]ieuties,  vi.  621 

veiienosuni,  ii.  548 

as  a  i;crniicide.  iv.  331 

Phosphorus,    poisoning    by 

vi. 

Physostigmine,  ii.  .549 

Phenyl  salicylic  acid,  vi.  ()09 

622 

as  a  myotic,  vi.  71 

Pheuyl-urethane,  iv.  17 

acute,  vi.  623 

salicylate,  ii.  549 

Philadelphia,  Pa.,  vi.  (WO 

antidotes,  vi.  624 

sul]iiiate.  ii.  549 

liistory  of  vellow  fever  in.   viii. 

chronic,  vi.  624 

Physosteriu,  ii.  548 

088 

fatal  dose,  vi.  623 

Phytobdella  Meyeri,  iv.  702 

Philippines,  v.  688 

post-mortem  appearances,  i. 

663; 

Phytolacca,  vi.  727 

Phimosis,  vii.  173 

vi.  624 

decandra,  vi.  727 

complicating  chancroid,  ii.  797 

prophylaxis,  vi.  624 

])ois(>nous,  vi.  700 

gonorrluea,  iv.  401 

symptoms,  vi.  623 

Phytolaccic  acid,  vi.  728 

Phlebectasia,  viii.  215 

tests,  vi.  626 

Phytolacciu,  vi.  728 

ol  thr  retina,  vi.  955 

Phosphorylquinine,  vi.  827 

Phytolaccine,  vi.  728 

Phlebitis,  viii    210 

Photographs,  enpy right  of,  iii 

282 

Phytoparasites,  vi.  .500 

complicating  otitis  media,  iii.  6.58 

Photography  for  "recording  scolio- 

Pia, cerebral,  ii.  213 

in  the  u|iper  extremit}-,  i.  470 

sis.  V.  462 

spinal,  vii.  299 

svi>liilitic.  ii.  107;  vii.  624 

Photomicrography,  vi.  626 

veins  of.  ii.  2.55 

Phleboliths,  viii.  214 

Photoptometers,  vi.  893 

Pialyn,  see  Slt'iip.tiii 

Phlebosclerosis,  ii.  105;  viii.  215 

Photoptometry,  vi.  392 

Picea  succinifera,  i.  208 

Phlebothrombosis,  viii.  210 

Phototherapy,    vi.    991 ;    and 

see 

Pichi,  vi.  (i31 

punilenta.  viii.  211 

Ariiiinthi  nijifi.  and  Uoentfjen  rays 

Pico,  ii.  S28 

Phlebotomy,  ii    71 

Photoxylin,  vi.  630 

Picque,  ii.  828 

Phlegmasia  alba  dolens,  viii.  213 

Phrenic  nerve,  vi.  630;  vii.  75 

2 

Picradonidin,  i.  127 

Phlegmon,  vi.  610 

anatomy,  vi.  630 

Picraena  exeelsa,  vi.  826 

eervif  al,  diffuse,  vi.  593 

pathology  of,  vi.  631 

Vellozii.  ii.  706 

gas,  iv.  303;  vi.  611 

relations,  vi.  631 

Picramnine,  ii.  70(5 

gastric,  vi.  617 

surface  markings,  vi.  191 

Picrasma  exeelsa,  vi.  ,826 

of  the  axilla,  vi.  615 

Phrenic  plexus,  vii.  578 

Picrasmin,  alpha,  vi.  826 

of  tlie  tingens  and  hands,  vi.  615 

Phrenograph,  vi.  950 

beta,  vi.  826 

of  the  foo't,  vi.  616 

Phrynin,  ii.  703 

Picrates,  as  explosives,  vii.  910 

of  the  larynx,  vi.  617 

Phrynus,  v.  159 

Picric  acid,  vi.  632 

of  the  neck,  vi.  593,  614 

lunatus,  V.  1.59 

g<'rmieidal  action  of.  iv.  335 

of  the  a?sophagus,  vi.  617 

Phthiriasis  of  the  eyelids,  iv.  110 

Picrol,  vi.  633 

of  the  scalp,  vi.  614 

Phthirius  inguinalis,  v.  157 

Picropodophyllin,  vi.  689 

of  the  testicle,  vi.  616 

Phthisis,   V.    601;   and   see   Liiiir/s. 

Picrotoxin,  iii.  162;  vi.  633 

of  the  thoracic  wall,  vi.  616 

tiibereiilrisiK  of 

effect  of.  on  body  temperat 

ire, 

of  the  upper  arm,  vi.  615 

climate  suitable  for,  iv.  .565 

ii.  571 

periproctal.  vi.  616 

dysima'a  in.  iii.  580 

poisoning  bv.  iii.  162 

subhyoid,  vi.  593 

tibroid,  vi.  675 

Piedmont     White     Sulph 

ur 

sublingual,  vi.  .593 

health  resorts  for,  iv.  565 

Springs,  vi.  033 

submaxillary,  vi.   614;    and  see 

miners',  v.  594 

Piedra,  vi.  633 

L>i(Jirifj\<i  (nifjiiiif 

occupation  as  an  etiological 

fac- 

Pieris   mariana,   poisonous   plant. 

Phlegmonous    pharyngitis,     vi. 

tor  in,  vi.  317,  319 

vi.  707 

590 

pulmonary,  v.  (iOl 

Pigeon-chest,  ii.  810 

acute,  vi.  593 

acute"  v.  601 

Pigeon-heart,  ii   SIO 

I 
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Plioiiocoll. 
Plaoeiita. 

Pigeon-toe,  iv.  214 

Pin  operation  for  deviated  nasal 

Pityriasis,    caused    by    potassium 

Pigmentary  ik-neiiciation,  iii.  395 

scptvun,  vi.  126 

bichromate,  iii.  423 

of  the  iieuiDues,  vi.  362 

PinacesB,   poisonous   plants   of,   vi. 

pilaris,  v.  307;  and  see  Keratosis 

deposits,  iii.  397 

695 

pihiris 

inliltratioii,  iii.  397 

"  Piuoe  de  homard,"  iv.  493 

rosea,  viii.  516 

Pigmentation  caused  b}'  drugs,  iii. 

Pine     family,    see     Piixicciv,    and 

rubra,  viii.  516 

433 

Coliifirir 

diagnosed  from  eczema,  iii. 

of  tlie  brouobial  glands,  v.  .588 

Pine  Lawn  Spring,  vi.  636 

715 

of  tlie  clioiiou,  iii.  57 

Pineal  body,  ii.  166 

pilaris,    v.     ,507;     and    see 

of  the  lym]ili  nodes,  v.  660 

Pinehurst,  vi.  636 

Lichen  ruber  aeuminatus. 

of  tlie  placenta,  vi.  651 

Pinguecula,  iii.  247 

v.  .507 

Pigni.ented  epithelium,  iii.  856 

Pinkroot,  vi.  636 

pilaris,  diagnosed   from  ec- 

Pigments, iii.  323;  vi.  634 

Pinna,  i.  615 

zema,  iii.  714 

absence  of,  vi.  635 

Pinta,  vi.  637 

tabegcentium.  vii.  88 

autochthonous,  vi.  634 

Pinus,  vii.  638.  913 

versicolor,    vii.     783;    and    see 

containing  arsenic,  poisoning  by, 

abies.  vi.  639 

TiiW'i  rersieulor 

viii.  347 

canadensis,  vi.  639 

Pix  liurgundica,  vi.  639 

deposit  of,  iii.  397 

palustris,  vii.  638,  913 

canadensis,  vi.  039 

extrinsic,  vi.  635 

]iicea,  vi.  639 

liquida.  vi.  638 

ha'matogenous,  vi.  635 

Pin  worm,  i.  363 

as  an  expectorant,  iv.  51 

hepatogenous,  vi.  634 

Piorkowski's  urine  gelatin,  viii. 

navalis.  vi.  639 

iutiltration  of,  iii.  397 

377 

Pixol,  vi.  643 

in  tattooing,  vi.  635 

Pioxanthose,  vi.  790 

Placenta,  vi.  642 

in  the  choroid,  iii.  63 

Piper,  vi.  5.52 

abnormalities  of  site  of.  vi.  650 

in  the  urine,  viii.  .50 

allnun,  vi.  552 

adhesions  of.  vi.  651 

intrinsic,  vi.  634 

angustifolium.  v.  713 

anatomy  of,  vi.  643 

malarial,  vi.  635 

lietle.  vi:  .5.53 

anomalies   of    development,    vi. 

pathological,  vi.  634 

cubeba,  iii.  337 

049 

varieties  of,  vi.  634 

longum,  vi.  .5.53 

in  form.  vi.  648 

produced  by  bacteria,  i.  683 

methj'Sticum.  v.  301 

apoplexy  of,  vi.  650 

respirator}',  iii.  223 

nigrum,  vi.  552 

atrophy  of.  iii.  56;   vi.  651 

Pigne,  ii.  S28 

oliicinarum.  vi.  553 

battledore,  vi.  644,  650 

Pigue,  ii.  828 

Piperazin,  vi.  638 

biloba,  vi.  649 

Piles,  see  Jlemorrhoids 

quinate,  vii.  314 

bi  partita,  vi.  648,  649 

Pills,  V.  737 

Piperin,  vi.  553 

blood  of.  ii.  37 

asafoetida,  i.  563 

Piperonal,  vi.  638 

calcification  of,  vi.  651 

lilaucard's,  v.  225 

Pipette,  blood.  Novy's,  viii.  374. 

changes  in,   after    abortion,   vi. 

Blauds,  V.  233 

of  Latapie,  viii.  374 

651 

blue.  V.  750 

Pasteur's,  viii.  386 

after  death  of  the  fa^tus.  vi. 

chalybeate,  v.  323 

Pipirine,  v.  301 

651 

compound  antimony,  i.  375 

Pipsissewa,  vi.  638 

circulatory  disturbances  in,   vi. 

cathartic,  iii.  201 

Piptocephalis,  iv.  378 

650 

rhubarb,  i.  194 

Pirate  bugs,  v.  161 

circumvallata.  vi.  650 

Ladv  Webster's,  v.  470 

Pirogoff  s  amputation,  i.  359 

cloudy  swelling  of,  iii.  56 

of  aloes,  i.  194 

Piscidia,  iii.  550 

C'rede's    method    of   expressing 

and  asafretida.  i.  194.  .562 

crythrina.  iii.  550 

the,  V.  389 

and  iron,  i.  194 

Piscidin,  iii.  5.50 

cysts  of,  vi.  653 

and  mastich,  i.  194;  v.  700 

Pisiuncinatus  muscle,  vi.  55 

delivery  of.  v.  389 

and  myrrh,  i.  194;  vi.  85 

Pistache  nuts,  v.  700 

detachi'uent  of,  vi.  651 

of  carbonate  of  iron,  v.  223 

Pistacia  leuti.scus,  v.  699 

development  of,  vi.  645 

of  iodide  of  iron,  v.  325 

nuts.  V.  700 

dimidiata.  vi.  648.  649 

f. '  opium,  vi.  386 

vera.  V.  700 

duplex,  vi.  648.  649 

of  pliosphorus,  vi.  621 

Pistols,   iv.  428;   and   see    Gunshot 

fatty  degeneration  of.  vi.  651 

Plummer's,  i.  375 

ICdUllils 

fenestrata.  vi.  649 

rhubarb,  iv.  974 

Pitch,  vii.  639 

gonorrha?al  inflammation  of,  vi. 

Vallct's  ferruginous,  v.  223 

black,  vii.  913;  and  see  Turpen- 

" 651 

Pilobolus,  iv.  278 

tine 

hemorrhage  of.  iii.  53;  vi.  0.50 

Pilocarpidine,  v.  310 

Burgundy,  vi.  639 

hyaline  degeneration  of,  vi.  651 

Pilocarpine,  v.  239,  340 

Canada,  vi.  639 

hydropic  degeneration  of.  iii.  .57 

as  a  diaphoretic,  iii.  433 

hemlock,  vi.  639 

hypenemia  of.  iii.  53 

as  a  myotic,  vi.  71 

naval,  vii.  639 

hypertrophy  of,  vi.  651 

as  an  expectorant,  iv.  50 

Pituitary  gland,  ii.  166;  vi.  639 

in   extra-uterine   pregnancy,  iv. 

hypodermatic  u.se  of.  iv.  820 

anatomy,  vi.  639 

58 

Pilocarpus,    v.   239;  and  see  Jiibo- 

effect  of  removal  of,  vi,  413 

infarction  of,  iii.  ,54 

i-Kiidi 

on  metabolism,  v.  775 

intianunation  of,  iii.  58;  and  see 

jaborandi,  v.  239 

emljryology,  vi.  640 

Placentitis 

microphyllus.  v.  239 

function  of,  vi.  413 

in  twins,  vi.  649 

pennatifolius.  v.  239 

histology,  vi.  639 

marginata,  vi.  650 

selloanus,  v.  239 

patliology,  vi.  640 

mend.iranacea,  vi.  648,  650 

spicatus,  V.  239 

physiolog.y.  vi.  041 

multiloba,  vi.  649 

truchylophus.  v.  239 

secretion  of,  vii.  103 

necrosis  of,  vi.  651 

Pilomotor  nerves,  vii.  587 

therapeutics  of,  vi.  413 

ccdema  of,  iii.  53;  vi.  050 

Pimenta,  i.  192 

Pituri,  iii.  562 

pathology  of,  vi.  049 

officinalis,  i.  193 

Piturine.  iii.  562 

)3anduraformis,  vi.  049 

Pimpinella  anisum,  i.  357 

Pityoxylon  succiniferum,  i.  208 

pigmentation  of.  vi.  051 

magna,  ii.  517 

Pityriasis,  vi.  642 

polyps  of.  vi.  051 

saxifraga.  ii.  517 

allia  of  external  auditory  canal. 

pmevia.  vi.  650.  0.52 

Pimples,  i.  75 

iii.  616 

progressive  cluinges  in.  iii.  57 

735 
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PoIItzcr's. 

Placenta  reHexa,  vi.  650 

Plaster,  mercurial,  v.  751 

Plexus,  cadiac,  vii.  578 

rcnifoniiis,  vi.  649 

moleskin,  iii.  556 

cranial,  vii.  575 

retrograde  eliiinges  in,  vi.  COO 

of  Paris,  ii.  553;  iii.  558 

diaphragmatic,  vii.  578 

sepluple.v,  vi.  648 

jacket    for    Pott's   disease. 

epigastric,  vii.  578 

sile  of,  iu  C'a'sarean  scctior 

,  ii. 

vii.  704 

hemorrhoidal,  vii.  579 

543 

resin,  vii.  914 

hypogastric,  vii.  578 

spuria,  vi.  648,  649 

soap,  vii.  355 

inferior,  vii.  578 

siieeciituriiita.  vi.  648,  649 

Spanish  tly,  ii.  15 

inferior  mesenteric,  vii.  578 

sypliilid  of,  vi.  651 

strengthening,  vii.  335 

lymphatic,  see  Lymt^halic  plexui 

thrombosis  of.  iii.  53 

Plastic  Surgery,     see     Eeparutixie 

Meissner's,  v.  187 

triloba,  vi.  649 

su]-(ti  Iff 

of  the  brain,  ii.  140 

triplex,  vi.  648 

of  boiie.'ii.  133 

ovarian,  vii.  579 

tuberculosis  of.  iii.  60;  vi.  6 

51 

Plate  cultures,  viii.  387 

pelvic,  vii.  578 

tumors  of,  vi.  652 

Platelets,   blood,    function   of,    in 

peripheral,  vii.  574 

weiiibt  of,  iv.  417 

coagulation  of  blood,  ii.  33 

pharyngeal,  vii.  576 

Placenta  praevia,  vi.  650,  653 

in  intlammalioTi,  v.  5 

pbrelnc.  vii.  578 

cliiiieal,  vi.  653 

Platner's  crystals,  viii.  50 

]irevertcbral.  large,  vii.  573 

etiology,  vi.  653 

Platyhelminthes,  ii.  779 

smaller,  vii.  574 

treatment,  vi,  653 

Platysma  myoides  muscle,  anom- 

prostatic, vii.  579 

varieties,  vi.  653 

alies  of,  vi.  43 

renal,  vii.  578 

Placentitis,  iii.  58 

Plenum    method    of  ventilating 

solar,  vii.  578 

goiiorrliieal.  vi.  651 

ships,  vi    157 

spermatic,  vii.  578 

Placentoma,  iii.  60 

Pleomorphism,  i.  683 

superior  mesenteric,  vii.  578 

Placido's   keratoscopic  disc, 

vi. 

Plethora,  iii.  131 

suprarenal,  vii.  578 

:^94 

Plethysmograph,  iii.  103 

uterine,  vii.  579 

Plagiomonas  urinaria,  viii.  5 

35 

Pleura,  vii,  749 

vesical,  vii.  579 

Plague,  among  troops,  ii.  575 

injuries  of,  vii.  753 

Plombieres,  vi.  669 

bacillus,  i.'719 

lymphatics  of,  v.  585 

Plugging  of  posterior  nares,  vi. 

bubonic,  ii.  504;  and  see  Bubonic 

sm'gical  diseases  of,  vii.  754 

138 

plague 

Pleurisy,  vi.  663 

Plumbing,  house,  iv.  763 

oriental,  ii.  504 

acute,  cold  in,  iii.  195 

defects  in,  iv.  769 

serum  diagnosis  in,  vii.  133 

bacteriology,  vi.  663 

general  consideration,  iv.  766 

therapy  in.  vii.    133 

cancerous,  vi.  667 

sanitary  iiis|iection  of.  iv.  769 

Plantago  lanceolata,  vi.  653 

chronic,  with  adhesions,  vi.  666 

tests  of.  iv.  766 

major,  vi.  653 

climate  suitable  for,  iv.  565 

Plumbism,  see  /.eod-poisoning 

media,  vi.  653 

dry,  vi.  663 

from  lead  bullets,  iv.  444 

psyllium,  vi.  653 

etiology,  vi.  663 

Plunge  bath,  iii.  194 

Plantain,  vi.  653 

health  resorts  for,  iv.  565 

Plunkett's  caustic,  i.  534 

Plantar  arch,  varying  lieight  of,  iu 

hemorrhagic,  vi.  667 

Plural  births,  viii.  248 

ililfereut  races,  iv.  191 

serofibrinous,   see  Pleurisy  with 

Pluteus  cervinus,  iv.  284 

arlerj',  external,  anomalies  i 

if,  i. 

effusion 

Plymouth   Kock   Mineral  Well, 

535 

subacute,  see  Pleurisy  with  effu- 

vi. 669 

internal,  anomalies  of,  i 

535 

sion 

Pneumatic  cabinet,  vi.  609 

fascia,  iv.  193 

suppurative,  see  Empyema 

chandler,  i.  131:  vii.  336 

division  of,  in  talipes,  iv 

237 

traumatic,  vi.  667 

Pneumatic  differentiation,  i.  133 

neuralgia,  iv.  310 

tuberculous,  vi.  666;  vii.  901 

Pneumatosis,  viii.  4.i0 

reflex,  vi.  875 

varieties,  vi.  663 

Pneumatotherapeutics,  i.   131 

Plantaris  muscle,  v.  480 

with  effusion,  vi.  663 

Pneumobacillus,  i.  7U4 

anomalies  of,  vi.  58 

diet  in,  iii.  461 

Pneumococcus,  bacteriology  of,  i. 

rujiture  of,  v.  481 

with    excessive     production    of 

707 

Plants,  active  constituents  of,  i 

101 

fibrin,  vi.  665 

lanceolatus.  vi.  679 

])oisonoiis,  iii.  435;  vi.  693; 

and 

with   production    of    fibrin,  vi. 

Pneumograph,  vi.  951 

see  Piiisomtus  pjfiids 

663 

Jlai-ey's,  vi.  951 

Plaques,  blood,  ii.  33 

with  production  of  fibrin  and  se- 

Paeumogastric nerve,  vii.  751 

Plaques  pterygoidiennes,  viii 

488 

rum,  vi.  603 

respiratory  function  of,  vi.  952 

Plasma,  ii.  34 

with  ijroduction  of  fibrin,  serum. 

Pneumonia,  acute,  cold  in,  iii.  195 

cells,  iii.  352;  vi.  654 

and  pus,  .see  Emfiyenia 

croupous,  among  troops,  ii. 

Plasmodium     immaculatum. 

viii. 

Pleurisy  root,  vi.  668 

588 

540,  543 

Pleuritic  adhesion  sounds,  vi.  838 

bacteriological  diagnosis  of,  viiL 

malaria',  vi.  655;  viii.  541 

friction,  vi.  8:58 

400 

pnecox,  viii.  543 

Pleuritic  eifusions,  aspiration  in, 

liacteriology  of,  i.  704,  707 

Plasmolysis,  i.  681;  vi.  661 

i.  580 

bronchial,  vi.  671 

Plasmorrhexis,  vi.  661 

Pleuropericardial  murmur,  ii.  831 

catarrhal,  vi.  671 

Plasmoschisis,  vi.  303,  663 

Pleuroperitoneal  cavity,  early  for- 

chronic, vi.  675 

Plasmosomes,  ii.  763 

mation  of,  iii.  167 

interstitial,  vi.  675 

Plaster,  a  form  of  medicine,  v. 

738 

Pleuropneumonia  in  animals,  a 

com)dicating  influenza,  v.  16 

adhesive,  iii.  556 

cause  of   unwholesome   milk. 

diphtheria,  iii.  486 

ammoniac,  i.  318 

v.  836 

croupous,  vi.  676,  683 

belladonna,  i.  743 

detection  of.  v.  736 

diet  in,  iii.  461 

Burgundy  pitcli.  vi.  639 

Pleurotus,  iv.  384 

dyspna>a  in.  iii.  580 

cantharides,  ii.  652 

sapidus.  iv.  384 

fibrinous,  vi.  676 

capsicum,  ii.  654 

Plexus,  aortic,  vii.  578 

followed  by  parotitis,  vi.  513 

diachylon,  v.  472 

Auerbach's,  v.  187 

hydrotherapy  in.  iv.  791 

German  adhesive,  iii.  852 

brachial,  vii.  309 

in  the  new-lioi-n.  vi.  378,  380 

hemlock  pitch,  vi.  639 

cardiac,  vii.  577 

interstitial,  vi.  675 

iron,  V.  335 

carotid,  vii.  575 

lobar,  vi.  (i76 

isinglass,  v.  334 

cavernous,  vii.  576 

complicating  measles,  v.  719 

lead,  V.  473 

central,  vii.  573 

following  antesthesia,  iii.  34 
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Placenta. 
Politzcr'8. 


Pneumonia,    lobar,     infantile,    vi. 

occupatiou  as  au  etiological 
factor  iu,  vi.  319 

lobular,  vi.  671 

infantile,  vi.  684 

of  infants,  vi.  682 

pliarynsiilis  in.  vi.  .j93 

scoiipers',  v.  .")94 

sputum  in.  vii.  433 

tiilicrciiloiis.  vii.  900 
Pneumonitis,    vi.     676;    ami     see 

i'lii  nitif'inii .  I'lhur 
Pneumokoniosis,  v.  594 

occupation  as  an  etiological  fac- 
tor in.  vi.  319 

sputum  in,  vii.  438 
Pneumopericardium,  vi.  .'568 
Pneumothorax,  v.  .597;  vi.  667 

double,  v.  .598 

(lyspn<pa  in,  iii.  580 
Poaya,  v.  210 

Podagra,  iv.  405;  and  see  Gout 
Podophyllic  acid,  vi.  689 
Podophyllin,  vi.  089 

as  a  cliolagoguc.  iii.  31 

as  a  laxative,  v.  470 
Podophylloquercetin,  vi.  689 
Podophyllotoxin,  vi.  6S9.  690 

:.s  a  laxative,  v.  470 
Podophyllum,  vi.  688 

as  a  jiurgative.  vi.  818 

pi-ltatun'i.  vi.  868 
Pogostemon  Heyneanus,  vi.  517 

patchouli,  vi.  517 

suavis,  vi.  517 
Points,  far,  iv.  94 

near,  iv.  94 

nodal,  iv.  88 

piincipal,  iv.  87 
Poison,  arrow,  vii.  .541 

asli.  iii.  425 

elder,  iii.  435 

hemlock,  iii.  288 

ivy,  iii.  424;  v.  339;  vi.  695 

milk,  V.  833 

nut,  vi.  307 

oak.  iii.  434;  v.  239;  vi.  695 

sum;ich.  iii.  425 
Poisoning-,  and  .see  Ptomains 

by  alum.  i.  206 

b)'  aconite,  i.  84 

by  ammonia,  i.  216 

by  arsenic,  viii.  345,  351 

by  atropine,  i.  610 

by  belladonna,  i.  610 

by  bismuth,  i.  761 

by  bromine,  ii.  487 

by  cadmium,  ii.  .541 

by  camphor,  viii.  410 

l)y  cantharides.  viii.  411 

by  cantharidin.  viii.  411 

by  carbolic  acid.  ii.  6.58 

by  carbon  dioxide,  ii.  660 

by  carbon  monoxide,  ii.  663 

by  cheese,  iv.  189 

by  cherrv-laurel  water,  iv.  785 

by  chloral  hydrate,  ii.  887 

by  chlorates,  iii.  1 

by  cliromium,  iii.  70 

by  cicuta,  vi.  7(J3 

by  coal  gas.  ii.  663 

by  cocaine,  i.  3><9;  iii.  160 

by  cocculus  iiidicus.  iii.  162 

by  colchicum.  iii.  192 

by  conium,  viii.  477 

by  copper,  iii.  279 

by  creosote,  iii.  828 
Vol.  viii.— 47 


Poisoning  b}-  cyanids,  iv.  781 
by  daturin.  i.  610 
by  digitalis,  iii.  478 
by  tish,  iv.  188 
l.iy  food,  iv.  183 
In'  formaldehyde,  iv.  245 
by  gelsemium.  iv.  315 
by  helleliore,  iv.  636 
b}'  hemlock,  viii.  477 
by  honey,  iv.  733 
by  hydrochloric  acid,  i.  71 
by  hydrocyanic  acid.  iv.  781 
by  ice  creams,  iv.-189 
by  illuminating  gas.  ii.  665 
by  iodine,  v.  205 
by  ioiloform,  v.  208 
by  iron,  v.  231 ;  viii.  478 
by  iervine,  iv.  C25 
by  lead,  v.  473 
by  lysol,  v.  670 
by  manganese,  v.  687 
Ijy  meat,  iv.  1S5 
by  mercur-anuiiouium  chloride, 

"v.  7.58 
by  mercur)'.  v.  756 
by  methyl  alcohol,  v.  781 
by  milk.'iv.  188;  v.  835 
by  mineral  acids,  i.  69 
by  molluscs,  iv.  189 
by  nuLssels,  iv.  189 
by  nicotine,  vii.  788 
by  nitric  acid,  i.  70 
by  nutmeg,  vi.  307 
by  nux  vomica,  vii.  543 
by  opium,  vi.  387 
by  oxalic  acid,  vi.  4.52 
by  phenol,  ii.  659;  vi.  608 
by  phosphine.  vi.  633 
by  phosphorus,  vi.  C23 
by  picrotoxin,  iii.  162 
by  potassium  bichromate,  iii.  70 

chlorate,  iii.  1 
by  quinine,  vi.  827 
b}'  santonin,  vii.  30 
b_v  silver;  see  Arffyiia 
by  snails,  viii.  567 
by  snake-bite;    see  Snakes,  poi- 
sonous 
by  strychnine,  vii.  543 
b}-  sulphonal.  vii.  .560 
by  synthetic  products,  vii.  603 
by  thallium,  vii.  731 
by  tin,  vii.  786 
by  tobacco,  vii.  788,  789 
by  vegetables,  iv.  189 
by  veratroidine,  iv.  625 
by  water  gas.  viii-.  292 
by  zinc.  viii.  389 
chemical     examination   of     the 

body  in  cases  of,  vi.  693,  721 
counsels  ami  cautious  relative  to, 

vi.  693 
diagnosis  of,  vi.  720 
in  reference  to  the  distinction  of 

degrees  in  murder,  vi.  691 
legal  aspects  of  the  subject,  vi. 

690 
physician's  legal  duty  iu  ca.ses 

of,  vi.  691,  692 
post-mortem  examinations  for.  i. 

660;  vi.  720 
statistics  of,  vi.  718 
suicidal,  vi.  679 
treatment  of,  vi.  720 
use  of  emetfcs  in.  iii.  813 
Poisonous  barks,  vi.  702 
fruits,  vi.  699 
fungi,  iv.  37;) 


Poisonous  herbage,  vi.  705 
insects,  v.  158 
plants,  iii.  425;  vi.  693 
reptiles,  vi.  708 
roots,  vi.  703 
seeds,  vi.  699 
Poisons,  V.  718 ;  and  see  also  Pot- 
soil  in;/ 
absorption  of.  vi.  719 

and  distribution  of,  in  both 
acute  and   chronic  cases, 
vi.  722 
actions  of,  vi.  719 
advertisement  and  .sale  of,  vi.  690 
atroiihic.  i.  610 
bacterial,  vii.  781 
chemical  examination  for,  vi.  731 
circumstances  modifying  the  ab- 
sorption of,  vi.  722 
classiticution  of,  vi.  719 

for  legal  uses.  vi.  691 
cutaneous,  vi.  695 
definition,  vi.  690.  718 
disjiosition  of,  after  absorption, 

vi.  723 
effect  of.  on  the  foetus,  vi.  279 
on  the  nails,  vi.  97 
on  the  neurones,  vi.  268 
elimination  of,  vi.  720 
food,  iv.  183 
idiosyncras}-.  iv.  843 
industrial,  vi.  325 
iu  the  etiology  of  in.sanity.  v.  84 
irritant,  vi.  719 
legal  detiuition  of,  vi.  690 
neurotic,  vi.  719 
of  the  gastro-intestinal  tract,  i. 

643 
of  the  urine,  i.  645 
post-mortem  imbibition  of.    vi. 

727 
tolerance  for,  iv.  842 
vegetable,  lianiolysisby, viii.  474 
Poke  root  and  berry,  vi.  727 

poisonous,  vi.  700.  702 
Poland,  Pharmacopuia  in.  vi.  .585 
Poland  Springs,  vi.  728 
Polarimeter,  vi.  729 

clinical  applications  of.  vi.  730 
Landolt-Lippich's,  vi.  729 
von  Fleischl's,  vi.  730 
Polarimetry,  vi.  728 

clmic;il  applications  of,  vi.  730 
Polariscope,   determination  of  lac- 
tose by,  V.  828 
of  glucose  in  the  urine  by, 
viii.  40 
Polarized  light,  vi.  728 
Polarizer,  vi.  729 
Polenta,  toxic  effect  of ;  see  Pellagra 
Poliomyelitis,  anterior,  acute  and 
subacute,  vii.  361 
causing  paraplegia,  vi.  498 
diagnosis,  vii.  368 
differential  diagnosis,  vii.  369 
etiology,  vii.  364 
hand  in.  iv.  .531 
pathology,  vii.  362 
symptomatology,  vii.  864 
treatment,  vii.  370 
Poliomyelitis,     anterior,     in 

adults,  vii   371 
Poliomyelitis,  anterior,  subacute 

and  chronic,  vii.  371 
Polistes,  V.  168 

pallipes.  V.  168 
Politzer's  apparatus    for  inflatiDg 
middle  ear,  iii.  665 
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Politzer's  iiK'tallie  lioni,  iii.  683 

nioditicatioii  of  Tdvnbi'e's  ai'titi- 
cial  tvinpaiiic  ineiiihraiR'.  iii. 
n;i\ 
Polonium,  viii.  .')4i) 
Polyarthritis    chronica   villosa, 

i.  54!l 
Polyaxone,  vi.  23.i 
Polycheiria,  iv.  493 
Polychroit,  vii.  3 
Polychromasia.  vi.  730 
Polychromatophilia,  vi.  730 
Polyclonia,  vi.  493 
Polycoria,  v.  217 
Polycythaemia,  vi.  730 
Bolydactylism,  iv.  493 
Polyformin,  insoluble,  iv.  246;  vi. 
730 

soluhle,  iv.  246;  vi.  730 
Polygala  latifolia,  vii.  113 

.sciifira,  vii.  113 
Polygalic  acid,  vii.  114 
Polygonum  bistorta,  i.  762 
Polyg-raph,  llio  clinical,  vii.  285 
Polymastia,  ii.  471;  vii.  717 
Polymnia  uvedalia,  i.  738 
Polymorphism,  i.  683 
Polymorphonuclear    leucocytes, 

pliajiiicytic  action  of,  vi.  .578 
Polymyositis,  primary  acute,  vi. 

31 
Polyneuritis,  vi.  256 ;  and  see  Mid- 

ti'plr  lunrilis 
Polyorchism,  vii.  179 
Polypapilloma  tropicum,  viii.  319 
Polyphagia,  vii.  494 
Polyphalangism,  iv.  494 
Polypi,  aiiial.  iii.  621 

in  t Ijc  auditory  mcjitus  in  chronic 
puiuleut  otitis,  iii.  639 

mucous,  of  the  intestine,  v.  187 

of  the  antrum  of  Hichmore,  v. 
349 

of  the  conjunctiva,  iv.  108 

of  tlie    lachrymal   drainage  ap- 
paratus, iv.  116 

of  the  nose,  vi.  129 

of  the  uterus,  viii.  86 

placental,  vi.  651 ;  and  see  Syii- 
cytionM 

tubal,  a  cause  of  extra-uterine 
preijuancj',  iv.  54 
Polypodium,  iv.  148 
Polyporacese,  iv.  285 
Polyporus  fomentarius,  vii.  431 

frondosus,  iv.  285 

igniarius,  vii.  431 

officinalis,  i.  138:  iv.  385 

sulfurcus,  iv.  385 
Polysaccharides  in  the  urine,  viii. 

37 
Polysarcia,  i.  123 
Polysolvol,  vi.  731 
Polytrichia,  iv.  807 
Polyuria,  vi.  731 ;  viii.  28 
Pomegranate,  vi.  732 

as  an  anthelmintic,  i.  363 

bark,  vi.  733 

rind,  vi.  733 
Pomelo,  iii.  127 
Pompholyx,  vi.  733 
Pomum  Adami,  vi.  189 
Ponce  de  Leon  Springs,  vi.  734 
Poncho  for  soldiers,  v.  796 
Pond-lilies,  vi.  309 
Pons   and   medulla,   ii.    158;    and 
see  various  articles  under  Brain  in 
vol.  ii. 


Ponds  and  medulla,  diseases  of  the, 
viii.  520 

lesions  in,  acauseof  hemiplegia, 
iv.  633 
diagnosis  of,  ii.  287 

nerve  centres  in,  ii.  291 

tumors  of.  ii.  442 
Popliteal  artery,  anomalies  of,  i. 
535 

compression  of,  i.  .537 
Popliteal   lymphatic   glands,    v. 

634 
Popliteal  veins,  anomalies  of,  viii. 

2(17 
Popliteus  minor  muscle,  vi.  58 
Popliteus  muscle,  v.  483 

accessory,  vi.  58 

anomalies  of,  vi.  .58 
Poppy,  vi.  383,  734 

black,  vi.  734 

Jle.xicau,  i.  446 

red,  vi.  735 

white,  vi.  383 
Populus,  vii.  15 

balsaminifera,  vii.  15 

eandicans,  vii.  15 
Porencephalus,  vii.  698 
Porocephalus,  i.  429 

moniliformis,  i.  429 
Porokeratosis,  vi.  735 
Porrigo,  vii    S6 
Porro's  operation,  ii.  .544 
Portal  system,  anomalies  of  veins 

of,  viii.  207 
Porter,  i.  169 
Porter  Springs,  vi.  736 
Porteranthus  stipulatus,  v.  312 

trifoliatus,  v.  213 
Portiplexus,  ii    140 
Portland,  Maine,  vi.  737 
Portland,  Oregon,  vi.  737 
Porto  Rico,  vi.  740 
Portsmouth,   N.  H.,  and  adjacent 

resorts,  vi.  738 
Portugal,  Pliarmacopnia  in,  vi.  585 
Position,  idea  of,  iii.  8.58 

in  artificial  respiration,  i.  .559 

of  ffctus,  diagnosis  of,  v.  381,  386 

of  worker,  effect  on  health,  vi. 
333 
Post-auricular  point,  vii.  229 
Postbrachium,  ii.  163 
Postcalcarine  fissure,  ii.  193 
Postcentral  fissure,  ii.  193 

gyre,  ii.  193 
Postcerebral  artery,  ii.  353 

branches  of,  ii.  2.54 
Postcerebral  veias,  ii.  2.59 
Postchoroid  arteries,  ii.  2.54 
Postcisterna,  ii.  217 
Postcommissure,  ii.  163 
Postcommunicant  artery,  ii.  2.53 
Postcornual  vein,  ii.  257 
Postcribrum,  ii.  143,  164 
Postdural  artery,  ii   350 
Posterior  commissure,  ii.  163 
Posterior  perforated  space,  ii.  164 
Postfontanel,  ii.  313 
Postforceps,  ii.  183 
Postfrontal  lobe,  ii.  187 
Postgeniculum,  ii.  164 
Posthalamic  arteries,  ii.  2.54 
Posthectomy,  iii.  124 
Posthitis,  i.  722 
Posthypophysis,  ii.  165 
Postinsula,  ii.  193 
Post-mortem  examination,  i.  G49; 
and  see  Autopsits 


Post-mortetn  examination,  blood 

riot,  iv.  614 
Postoblongata,  ii.  1.54 
Postoperculum,  ii    11I3 
Postparoccipital  fissure,  ii.  193 
Post-partuiu  hemorrhage,  v.  786 
Postspinal  fissure,  ii.  2U9 
"  Postural  "  treatment  of  consti- 
pation, iii.  263 
Posture,  its  cause  of  scoliosis,  v.  4(il) 
effect  of,  upon  the  blood  press- 
ure in  veins,  iii.  703 
in  insanity,  v.  63 
of  jnitient,  importance  of.  in  ad- 
ministration of  chloroform  as 
an  ana'Sthetic.  iii.  11 
painful,  in  insanity,  v.  63 
Potain's  aspirator,  i.  579 

mi.ver.  ii.  41 
Potash,  caustic,  ii.  757;  vi.  743 
Potassa,  vi.  743 

caustic  action  of,  ii.  757 
cum  calcc,  ii.  757 
sulphurata,  vii.  .557 
Potassio-aluminum  sulphate,   i. 

207 
Potassio-ferric  tartrate,  v.  336 
Potassium,  vi.  742 
acetate,  vi.  744 
and  sodiiim  tartrate,  vi.  744 
arsenite,  i.  534 
bicarbonate,  vi.  743 
bichromate,  iii.  70 

as  cause  of  pityriasis,  iii.  433 
eruptions  followinn  use  of, 
iii.  434 
binoxalate  of,  vi.  453 
bitartrate,  vi.  744 

as  a  purgative,  vi.  811 
bromide,  ii.  485 

toxicology  of,  vi.  746 
cantharidate  of,  ii.  651 
carbonate,  vi   743 

as  an  antidote,  i.  373 
poisoning  by,  v.  844 
chlorate,  vi.  745 

influence  of,  upon  red  blood 
cells,  iii.  3 


fatal  dose  of,  iii.  3 


746 


chloride,  toxicology  of,  vi 
citrate,  vi.  743 

effervescent,  vi.  744 
compounds  used  in  medicine,  vi. 

743 
cyanide,  iii.  340 

disposition  of,  in  body,  after 

absorption,  vi.  733 
poisoning  from,  iii.  340;  iv. 

784 
prolongation  of  life  by,  iv. 
781 
ferrocvanide  as  an  antidote,  i. 
"373 
as  a  test  for  albumin  in  the 
urine,  viii.  31 
fluoride,  iv.  7.'^6 
general  medicinal  properties  of 

compounds  of,  vi.  743 
guaiacol-sulphonate,  iv.  425 
hydrate,  vi.  743 

poisoning  by,  i 
hydroxide,  vi.  743 

poisoning  by,  v. 
hypophosphite.  iv.  834 
in  urine,  viii.  55 
iodide,  v.  202 

idiosyncrasy  for,  iv.  842 
use  of,  in  aneurism,  i.  273 


844 
844 
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Potassium,  iodohydraigyrate  of,  v. 
754 
inynmate,  vi.  68 
nitrate,  vi.  T4.i 
nitrite,  vi.  291 

i).\ycliiu(iliue  sulphonate,  ii.  S3.5 
periiiaiigauate,  v.  686 

as  a  deodorant,  iii.  413 
salts  as  diuretics,  iii.  044 
as  germicides,  iv.  335 
to.\ici)iogy,  vi.  746 
sodium  tartrate,  vi.  744 
sulphate,  vi.  745 
tcUurate,  vii,  663 
ti>\iciilfigy  of,  vi.  746 
Potato  culture,  Roux  tube  for.  viii. 

3T.S 
Potato  family,  see  SoliuiKcnr 
Potato  fruits,  poisonous,  vi.  699 
Potato  oil,  i.  169 

Potatoes   a.s   nutrient   medium   for 
bacteria,  viii.  378 
poisonous  plant,  vi.  705 
Potentilla,  tormentilla,  vi.  1000 
Potentite,  ;im  explosive,  vii.  910 
Potter's  asthma,  v.  .")94 
Pott's  disease,  vii.  394 
abscess  in,  vii.  396,  407 
and  hip  disease,  diagnosis,  vii. 

399 
awkwardness,  vii.  396 
complications,  vii.  407 
deformity  in,  vii.  396 
diagnosis,  vii.  398 
etiology,  vii.  395 
in  infancy,  vii.  399 
kyplio.sis  in,  v.  378 
pain  in,  vii.  895 
paralysis  in,  vii.  396,  409 
paraplegia  of,  vi.  498 
pathology,  vii.  394 
prognosis,  vii.  395,  406 
stiffness  in,  vii.  396 
symptoms,  vii.  395 
treatment,  vii.  401 

by  braces,  vii.  401,  403 

by  forcible   correction,    vii. 

409 
by   horizontal   fixation,  vii. 

■402 
by  pla.ster  jackets,  vii.  404 
of  abscesses,  vii.  408 
of  i>aralvsis  in,  vii.  409 
Pott's  fracture,"  iv.  268 
Pouchet's  bases,  ptomai'ns,  vi.  791 
"  Poudre  de  succession,"  viii.  346 
Poultices,  V.  738 

varieties,  v.  738 
Pound,  tixed  standard  of,  viii.  297 
varying    value   of,    in    different 
countries,  viii.  294 
Poupart's    ligament,    anatomical 

relations  of,  i.  3 
Poverty  as  a  cause  of  insanity,  v.  33 
Powder,  a  form  of  medicine,  v.  738 
antimouial,  i.  375 
compound  chalk,  ii.  .552 
effervescing,  vi.  744 
of  chinosol,  ii.  835 
of  jalap,  v.  241 
morphine,  v.  864 
Dover's,  v.  212 

diaphoretic  action  of,  iii.  433 
fulminate,  iv.  430 
goa,  iii.  75 
gray,  v.  750 
insect,  v.  151 
James',  i.  375 


Powder,  milk,  v.  829 

of  ipecac  and  opium,  v.  212;  vi. 

387 
Seidlitz,  Vi.  744 
smokeless,  iv.  430 
Tullys.  V.  864 

Powder-burn,  iv.  441 

Powder  Springs,  vi.  747 

Powdered  opium,  vi.  3.^6 

Powhatan    Lithia    and    Alum 
Springs,  vi.  747 

Pownal  Spring,  vi.  747 

Pozza's  method  of  extirpating  the 
urinary  l)la(l(ler,  viii.  26 

Practice,   different  schools  of,  viii. 
510 
physician's  license  to,  viii.  510 
State  riMjuiiements  for,  iv.  4."^ 

Prague  method  of  extracting  fittal 
liead,  vi.  314 

"  Prairie,"  U.  S.  training-ship,  ven- 
tilation of,  vi.  166 

Prayer  beads,  v.  260 

Preacher's  hand.  iv.  .531 

Pre-auricular  point,  vii.  229 

Prebasal  veins,  ii.  257 

Prebrachium,  ii.  1()3 

Precentral  lissure,  ii.  193,  277 
gyre,  ii.  193 

Precerebellar  veins,  ii.  2.58 

Precerebral  artery,  ii   251 
vein,  ii.  3.57 

Precipitated  sulphur,  vii.  561 
zuic  carlionate.  viii.  338 

Precommissure,  ii.  208 

Precommunicant  artery,  ii.  251 

Precornual  veins,  ii.  208 

Precribrum,  ii.  143 

Precuneal  fissure,  ii.  193 
gyre.  ii.  193 

Predicrotic  wave  of  pulse,  vi.  798 

Predural  arteries,  ii.  300 

Prefontanel,  ii.  213 

Preforceps,  ii.  182 

Prefrontal  lobe,  ii.  187 

Pregeniculum,  ii.  164 

Pregnancy,  iv.  338;  and  see  Gesta- 
tion 
abdominal,  iv.  57 
albuminuria  in.  iv.  345 
auto-intoxications  of,  i.  646 
care  of  patient  during,  v.  380 
changes  of  heart  in,  ii.  464,  468 
chorea  in,  iii.  43 
circulatory  system,  disturbances 

of,  during,  iv.  340.  346 
constipation  during,  iv.  346 
diagnosis  of,  iv,  341;  v.  381 
differential  diagnosis,  iv.  343 
directions  for  patients  during,  v. 

383 
duration  of,  iv.  343 
examination  in,  iv.  344 

of  urine  during,  iv.  344;  v. 
380 
extra-uterine,   iv.    54;    and   see 

E.rtra-Hterinc  pregnancy 
followed  by  blindness,  ii.  13 
hygiene  of,  iv.  344 
hyperernesis  of.  iv.  345 
kidney  of,  v.  333 
leucocytosis  during,  v.  491 
leucorrhoca  during,  v.  495 
management  of,  iv.  344 
menorrhaiiia  during,  v.  741 
mental  disturbance  of.  iv.  347 
moditications  caused  by,  iv.  338 
multiple,  iv.  341 


Pregnancy,  multiple,  diagnosis  of, 
\-.  343 
ovarian,  iv.  .55;  vi.  -134 
ovariotomy  during,  vi.  441 
pathology  of,  iv.  344 
pernicious  vomiting  of,  iv.  345 
signs  and  symptoms  of,  iv.  341 
spurious,  iv.  343 
surgical   operation    durint;-.    iv. 

3'49 
loxa'mia  of.  iv.  344 
traumatisms  during,  iv.  349 
tubal,  iv.  56 

vomiting  of,  iv.  345;  viii.  269 
witli      liydranmios,     diagnosed 
from  ovarian  tumors,  vi.  439 
Prehypophysis,  ii.  165 
Preinsula,  ii.  I!i:i 
Premature  infants,  vi.  747 

result  of  "incubator  treatment" 
of,  vi.  752 
Premature   labor,    induction   of, 
vi.  310,  .539 
indications  for,  vi.  310 
mi-th(i(l  of,  vi.  310 
Preoperculum,  ii.  193 
Preoptic  artery,  ii.  354 
Preparietal   branch  of   the  medi- 

Cerebnil  arlery.  ii.  203 
Preparoccipital  fissure,  ii.  194 
Preperforant  arteries,  ii.  251 

veins,  ii.  357 
Prepuce,  concretions  of,  iii.  231 
condyloma  of,  iii.  337 
hypertrophy  of,  i.  723 
intianunation  of,  i.  723 
Presbyopia,  i.  56;  vi.  753 
Prescribing  by  weight  or  measure, 

viii.  301 
Prescription,  composing  of  a,  viii. 
.531 
computing  of  amounts  in  a,  viii. 

.523 
declensions  of  Latin  words  used 

in  a,  viii.  536 
expressing  of  a,  viii.  534 
measure  of  individual  doses,  viii. 

522 
weights  and   measures  in,  viii. 

301 
words  and  phrases  used  in  writ- 
ing a.  viii.  .535 
Prescription  writing,  viii.  .531 
Presentation   of  foetus,    diagnosis 

of,  V.  3.SI,  386 
Preservaliu,  iv.  346 
Preservation  of  milk,  v.  838 
Preservatives,  vi.  755 

detection  of,  in  milk,  v.  839 
use  of.  V.  737 
Preserving  of  tissues,  methods  of, 

iv.  706 
Pressure  a  cause  of  atrojiliy,  i.  608 
a  cause  of   malformations,  vii. 

670 
atmosplieric,  an  element  of  cli- 
mate, iii.  141 
effect  of,  on  bacteria,  i.  685 
osmotic,  viii.  417 
to  stop  liemorrhage.  iv.  635 
Presternal  muscle,  vi.  49 
Presystolic    mitral  murmur,   ii. 

833 
Prevertebral    muscles,  anomalies 

of.  vi.  47 
Prickle  cells,  iii.  854 
Prickly  heat,  v.  791 
Pride-weed,  iv.  158 
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Primary  wave  of  pulse,  vi.  798 

Prostate  gland,  concretions  in.  iii. 

Protoplasmic  movement  of  cells. 

Primitive  streak,  i.  -140 

331 

ii.  702 

Primrose,  evening,  vi.  755 

corpora  amylacea  in,  iii.  295 

Protoplasmic  processes  of  nerve 

Prince's  pine,  \  1.  b'SS 

cysts  of,  iii.  351;  vi,  770 

cells,  vi,  233 

Prionidus  cristatus,  v.  1G2 

enlarged,  vi.  762;  and  see  Ilyper- 

Protoveratriue,  action  of,  ujion  Ihe 

Prism,  Niccl  s.  vi.  7','8 

tropliii 

heart,  ii,  691 

Proamnion,  vi,  7.").') 

castration  for,  ii.  711 

Protozoa,  i.  721;  viii.  527 

Probability,  (Icliiiitioii  of,  viii.  185 

enucleation  of,  vi.  769 

classilication.  viii.  528,  .529 

llicdiy  of,-  viii.  185 

hypertropliy  of,  vi.  762 

in  nasal  cavities,  vi.  142 

Probang,  vii.  476 

complications,  vi.  764 

in  relation  to  disease,  viii.  529 

Probe    fcir    ililatinn'     strictures     of 

condition  of  the  urine  in,  vi. 

in  .scarli-t  fever,  viii.  548 

liicliryiiial  ihiit,  v.  399 

763 

Protozoal  diseases,  bacteriological 

Gorgi't,  viii.  24 

cystoscope    in   examination 

di;ii;iiosis  of,  viii.  401 

iilL-rinc,  iv.  405 

"of,  iii.  346 

Protozoic  infection,  iii.  410 

Processes,  a.\is-cylindcr,  vi.  233 

diagnosis,  vi.  765 

Prune,  \  i.  771 

ciliary,  iv.  74 

etiology,  vi.  702 

Prunella,  v.  379 

pnitdplasinio,  vi.  233 

ha;maturia  in,  vi.  764 

Prunus  amygdalus  annua,  i.  193 

Procidentia  uteri,  viii,  83 

natural  history,  vi.  762 

dulcis,  i.  192 

Proctotomy,  i.  398 

operative  treatment  of,   vi. 

domestica,  vi.  771 

Professional  neuroses,  iv.  .528 

768 

Juliana,  vi.  771 

Professors,  brains  of.  sliould  be  ex- 

pathology,  vi.  762 

laurocerasus,  i.  737 

amiiicd.  ii.  2(Hi 

physical     examination,    vi. 

seri>tina,  ii.  803 

Progressive    bulbar     paralysis, 

764 

virginiana,  ii.  803 

viii.  518 

symptomatology,  vi.  763 

Prurigo,  vi.  771 

acute  typo,  viii.  519 

treatment,  vi.  765 

ferox,  vi.  771 

apoplectiform  type,  viii,  519 

vesical     calculus     resulting 

Ilebra's,  vi.  771 

diagnosis,  viii.  519 

from,  vi.  764 

mitis,  vi.  771 

familial  type,  viii.  519 

inflammation   of,    vi.    757;    and 

Pruritus,  vi.  771 

hereditary  type,  viii.  519 

see  Pioxtiititis 

R'stivalis,  vi.  772 

pathology,  viii.  519 

injuries  and  wounds  of,  vi.  757 

ani,  i,  405 

prognosis,  viii.  519 

malformations  of,  vi.  757 

hiemalis,  vi.  773 

symptomatology,  viii.  018 

myoma  of,  vi.  76,  770 

in  jaundice,  v.  246 

treatment,  viii.  519 

physiology  of.  vi.  757 

local,  vi.  772 

Progressive    general    paralysis. 

sarcoma  of,  vi.  770 

ot  the  auricle,  iii.  607 

diagnoseil  from  brain  tunior,  ii.  449 

tuberculosis  of,  vi.  770 

puerperal,  viii.  162 

Progressive    muscular   atrophy. 

tumors  of,  vi.  769 

senile,  vi.  773 

cliaracteristic  appearance  of  hand 

Prostatic  plexus,  vii.  579 

universalis,  vi.  772 

in,  iv.  .531 

Prostatitis,  vi.  757 

vulvie,  viii.  163 

Progressive  muscular  dystrophy. 

acute,  vi.  757 

during  pregnancy,  iv.  347 

vi,  28 

chronic,  vi.  759 

Prussia,  PharmacopttMa  of,  vi.  583 

Projectiles,  iv.  428 

complicating  gonorrhoea,  iv,  401 

Prussian  blue,  iii.  340 

deformation  of,  iv.  438 

Prosthesis,  see  Aiiitickil  limbx.  v. 

Prussic  acid,  iv.  780;  and  see  Hy- 

explosive  elTect  of,  iv.  432 

513 

(hvci/iuiic  acid 

heat  imparted  to,  iv.  439 

Prostitution,  regulation  of,  ii.  611 

Scheele's,  iv.  780 

impact  of,  iv.  433 

Prostration,  nervous,  see  NeHra»- 

Pryor's    hysterectomy-   forceps,  iv. 

lodgment  of.  iv.  441 

llieiiiii 

829 

mechanics  of,  iv,  430 

Protagon,  ii.  227 

operating-table,  iv.  828 

mortality  from,  iv.  443 

Protan,  vi.  771 

operation  for  cancer  of  the  cer- 

poisouov"is influence  of,  iv.  441 

Protargol,  iii.  242;  vii.  216 

vix  uteri,  viii.  93 

shape  and  density  of,  iv.  430 

for  ophthalmia  neonatorum,  iii. 

retracting  director,  iv.  829 

velocity  of,  iv.  430 

242 

trowel  anterior  retiactor,  iv.  829 

wounds  ])roduced  by,  iv.  431 

Proteid  degeneration   of  muscle. 

Psammoma  of  the  optic  nerve,  iv. 

Prolapse  of  the  limbs  in  labor,  v.  393 

vi.  2S 

113 

of  the  ovary,  vi.  432 

Proteid  diet,  i.  176 

Pseudaconitine,  i.  84 

of  the  rcctiim,  i.  393 

ett'ect  on  metabolism,  v.  769 

Pseudarthrosis,  iv.  253 

of  the  uterus,  viii.  83 

Proteids,    action  of    pepsin  on,  iii. 

Pseudo-acardius,  vii,  679 

Prolapsus  cerebri,  ii,  233;  iv.  561 

473 

Pseudo-albuminuria,  viii.  30 

linun.e.  vii.  794 

of  trypsin  on.  iii.  474 

Pseudo-angina,  .see  Aiigiiui,  false. 

Proliferation  cysts,  iii   348 

bacterial,' i.  684 

iv,  (iOO 

Pronation  and  supination  of  tlie 

defensive,  iii.  844 

Pseudo-ankle  clonus,  vi.  875 

forearm,  iii.  740 

in  faeces,  iv.  129 

Pseudocele,  ii.  !H4 

Pronator  pedis  muscle,  vi.  .58 

in  milk,  v.  831 

Pseudocephalocele,  ii.  337 

Pronator   quad  rat  us   muscle. 

origin  of,  v.  819 

Pseudocroup,  v.  410 

anomalies  of,  vi.  54 

katabolism  of  v.  764 

Pseudocyesis,  iv.  343 

Pronator      radii     teres    muscle. 

olTeusive,  iii.  534 

Pseudocysts    of    the    periosteum. 

anomalies  of,  vi.  53 

of  plasma,  ii.  35 

vi.  570 

Propeptonuria  in  iusanity,  v.  40 

Proteinochrome,  vii.  886 

Pseudodiphtheria  bacillus,  i.  697 

Prophases,  ii.  764 

Proteinochromogen,  \  ii.  880 

Pseudoglioma,  viii   266 

Propylarain,  vi.  757;  vii.  881 

Proteolytic  enzymes,  iii.  843 

Pseudohermaphroditism,       femi- 

]itomaTn, vi.  785 

Proteoses,    effect    of,    ujion    body 

nine,  vii.  713 

Prosecretin,  vii.  90 

temperalurc.  ii.  571 

masculine,  vii.  712 

Prosencephal,  ii.  167 

Protocotoin,  iii.  296 

Pseudohypertrophic  muscular 

Prosencephalon,  ii.  167 

Protogen,  iv.  246 

atrophy,  vi.  62 

Prostate  gland,  iv.  327:  vi.  757 

Protogonocyte,  vi.  864 

Pseudojervine,  v.  025 

anatomy  of,  vi.  757 

Protopine,  ii,  7611 

Pseudoleuksemia,  iv,  728;  and  see 

atrophy  of,  vi.  769 

Protoplasm,  i.  7.50;  ii.  761 

l/'u/i/kiii  '.1  t/iaeiine 

calculiof,  vi,  771 

morphology  of,  i.  317 

diagnosed  from  purpura,  v.  863 

carcinoma  of,  vi.  770 

structure  of,  i.  317.  757 

in  enlargement  of  spleen,  i.  33 
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Pulse* 


Pseudoleuksemia    infantum,    vi. 
773 
blood  clinnires  in,  ii.  G9 
Pseudolipoma,  viii.  470 
Pseudomelanosis,  vi.  fi35 
Pseudomeniugocele,  ii.  33o 
Pseudomyxoma  of  ilie  onicutuiii, 
vi.  o(j(l 
of  tlie  peritoucuiii.  vi.  .■■)71,  774 
pciitonei,  vi.  774 
Pseudoparanoia     of     donicntia 

pni-cox,  V.  lOo 
Pseudoparasites  of  tlie  nasal  cavi 

ties.  vi.  143 
Pseudoparesis,    syphilitic,   (lias 

nosed  from  ]iai'i'sis.  v.  91 
Pseudopelletierine,  vi.  783 
Pseudopepsin,  vi.  776 
Pseudophyllidea,  ii.  792 
Pseudophysostig-mine,  ii,  549 
Pseudopodia,  ii.  703 
Pseudoreflexes,  vi.  S73 
Pseudorhabditis    stercoralis,    vi 

31  IS 
Pseudostrophantin,  vii.  541 
Pseudotuberculosis,  vi.  77G 
cladotliricliicu,  v.  347 
of  the  Uidiiey,  v.  347 
Pseudo-tumor,  vi.  778 
Psittacosis,  vi.  779 
Psoas  abscess,  vi.  779 
Psoas  mag-nus  muscle,  anomalies 

of.  vi.  ."■]() 
Psoas  parvus   muscle,    anomalies 

of,  vi.  .-,() 
Psoriasis,  i.  456:  vi.  780 

henetited  by  arsenic,  i.  523 
caused  by  drugs,  iii.  413 
diagnosed  from  eczema,  iii.  714 
from  lichen  jilanus,  v.  506 
from  lichen  ruber  acumiua- 

tus,  v.  50S 
from   lichen  scrofulosorum, 

V.  509 
from  lupus   erythematosus, 

V.  611 
from  seborrlio'a,  vii.  89 
of  the  arm  and  forearm,  i.  456 
of  the  auricle,  iii.  606 
Psorospermose  foUiculaire  vege- 
taute,    V    3ll();  and    see    hcrudisis 
folliriilifl'ifi 

Psorospermosis,    v.    306;   and   sec 

Kiniliixis  full icnlfi lis 
Psychiatry,  see  hiKiinity 
Pterion,  vii.  239,  338 
Pteris,  iv.  14S 
Pterocarpus  marsupium,  v.  363 

^aiitidinus,  vii.  43 
Pterygium,  iii.  347 

cra.ssujn,  iii.  347 

malignum,  iii.  347 

of  tlie  nail,  vi.  93 

pingue.  iii   317 

tenue.  iii.  347 

treatment,  iii.  349 
Pterygoideus   externus    muscle, 

anomalies  of,  vi.  43 
Pterygoideus    proprius    muscle, 

anomalies  of,  vi,  43 
Pterygopharyngeus   muscle,    vi 

47 
Pterygospinosus  muscle,  vi.  43 
Ptomains,  i.  684;  vi.  7o3 

as  food  jioisons,  iv.  184 

chemico-legal  considerations,  vi. 
791 

classification,  vi.  784 


Ptomains,  classitication,  alkaloids, 
vi.  788 
amido-acids,  vi,  787 
betains,  vi.  787 
diamins,  vi,  785 
liydramins,  vi.  786 
monamins,  vi.  784 
of     unknown    constitution. 

vi.  7>-9 
triamins.  vi,  786 
definition,  i.  643;  vi.  783 
effect  of,  upon  fa^tiLs,  vi,  279 
general  characters'  of,  vi.  784 
historical  sketch,  vi,  783 
in  in.sanitv,  v.  40 
in  mine,  viii.  53 

Briegcr's  method   of    isola- 
tion of,  viii.  52 
"morpliin-like,"  vi,  793 
poisoning   by,  post-mortem   ap- 
pearances, i.  664 
"strvchuin-likc."  vi,  793 
Ptomatine,  vi.  784 
Ptosis,  iv.  131 
Ptyalin,  vii.  10 

action  of,  on' starches,  iii.  471 
Ptyalism,  vi.'513;  vii.  13 
in  insanity,  v.  53 
in  pregnancy,  iv.  346 
mercurial,  viii.  489 
tri'ntment  of,  vi,  513;  viii,  489 
Ptychotis  coptica,  i.  163 
Puberty,  v.  743;  vi.  793 

changes  occurring  at,  ii.  463:  v. 

743;  vi.  793 
insanity  of,  v.  30,  101 ;  and  .see 
Ikinentia  prmcox 
Pubis,  vi.  537 

dislocation  of  femur  on  the,  iii. 
537 
Public   health,   veterinary  science 

in  its  relalion  lo,  viii,  334 
Puccoon,  red,  ii.  73 
Puerile  respiration,  ii.  817 
Puerperal  fever,  vi.  793 
Puerperal  infection,  vi.  793 
definition,  vi.  793 
etiology,  vi.  794 
history",  vi.  794 
pathology,  vi,  794 
prophylaxis,  vi.  795 
source  of  infection,  vi.  794 
symptoms,  vi,  795 
synonyms,  vi.  793 
treatment,  vi.  796 
Puerperal  pruritus  of  vulva,  viii, 

163 
Puerperal  sepsis,  vi   793 
Puerperal  septicaemia,  vi.  793 
Puerperium,  in.sanity  of,  .sec  liisiin- 

t'tif.  /ttff  rjn't'ftl 
Puff  balls,  iv.  386 
Pulegium  vulgare,  vi.  550 
Pulegone,  vi   550 
Pulex  ii  litans,  v,  155 
penetrans,  ii.  838 
serraticeps.  v.  155 
Pulicidae,  v    1.55 
Puller  Springs,  vi.  796 
Pulmonary  artery,  v,  583 

congenital  defects  and  anom- 
alies of,  ii,  93 
stenosis  of,  vii.  707 
breathing,  ii,  817 
calcidi,  iii,  333 

circulation,    infiuence   of    respi- 
ratorv    movements    <m,    iii. 
103 


Pulm.onary  circulation,  relalion  to 
systemic  circulation,  iii.  1(13 
consumption,    diurrhcea    in,    iii. 

440 
diseases,  see  Liiiigs,  Pneinnuiiin^ 

Tiibcrrvliinis 
dulncss,  ii.  815 
embolism,  cause  of  dj'spno'a,  iii. 

579 
flatness,  ii.  816 
gangrene    in   diabetes  mcllilus, 

iii.  439 
murmur,  ii.  817 
phtliisis,  cold  in,  iii.  195 
regurgitation,  jilivsical  si^ns  of, 

ii.  8'25 
resonance,  ii,  815 
stenosis,  physical    signs    <if,   ii. 

835 
thrombosis,  cause   of  dvspnu^i, 

iii.  579 
tuberculosis,  Davos  suitable  cli- 
mate for,  iii,  354 
diet  in,  iii,  461 
in  diabetes  mellitiis,  iii,  439 
\'alves,  disease  of,  iv.  608 
veins,  v,  583 

anomalies  of,  viii.  301 
connected   with   vena  cava, 

viii.  303 
develoimient  of,  viii.  201 
Pulmonata,  viii.  566 
Pulque,  i     169 
Pulsatilla,  vi,  796 
Pulse,  iii.  103;  vi,  797 

action  of  alcohol  upon,  ii,  694 

of  camphor  on,  ii.  696 
anacrotic,  vi.  799 
anastomotic,  vi,  799 
arterial,  vi,  798 
arteriovenous,  vi.  807 
ca|iillarj%  vi.  808 
Corrigan's,  iv.  604;  vi.   803,  804 
diagnostic  value  of,  vi.  805 
diastolic,  vi.  801 
dicrotic,  vi,  799,  803 
examination  of,  vi,  799 

instrumental  aid  in,  vi.  803 
factors  contributing  to  character 

of,  vi.  799 
frequency,  vi,  800 
in  affections  of  the  heart  muscle, 

vi,  805 
in  aortic  regurgitation,  iv.  604 

stenosis,  iv.  605 
in  appendicitis,  i.  434 
in  fever,  vi.  805 
in  infancy,  iv.  857 
ill  jaundice,  v.  346 
in  mitral  stenosis,  iv.  607 
in    pathological   conditions,    vi. 

804 
in  pericarditis,  vi.  805 
irregularity,  vi.  801 
katacrotic,  vi.  799 
large,  vi.  803 
liver,  vi,  808 
mitral,  vi,  805 
normal,  vi,  798 
pulmonary,  iii.   ISO 
quick,  vi,  803 
rate  of,  iii,  109;  vi,  799,  800 

in  infancy,  iv,  857 
regularity  of.  vi.  800 
relation  of,  to  body  temperature, 

vi.  800 
size  of,  vi.  801 
slow,  vi.  803 
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Koc'liiiii. 

Pulse,  small,  vi.  802 

Purpura,  etiology,  v.  860:  vi.  815 

Pyrethrum,  vi.  522 

svmiiii'try,  vi.  803 

fulniinans,  vi.  815 

cineraria'folinm,  v.  151 

systolic,  Vi.  801 

haniorrhagica,  v.  861 

(ierman,  vi.  522 

ti'iisioii.  crtect  of  entfioclv.sis  on, 

iiiiiipatliic,"  V.  860 

Pyridine,  vi.  81,s 

iii.  s:)-,> 

]Kitliology,  V.  861;  vi.  815 

Pyriformis  muscle,  anomalies  of, 

tracings  of,  vi.  803 

primary,  v.  860 

vi.  56 

venous,  iii.  103;  vi,  80-5 

prognosis,  v,  861:  vi,  816 

Pyroacetic  ether,  i.  05 

water  liammcr.  vi.  802.  80-t 

rlieuniatica,  v.  861;  vi.  815 

siiirit,  i.  65 

waves  of,  vi.  798 

secondary,  v.  860 

Pyrocatechin  in  tuine,  viii.  44 

nliat  it  shows,  vi.  T99 

simplcx."v.  861;  vi.  814 

Pyrocomenic  acid,  vi.  385 

wirv,  vi.  802 

symptomatic,  v.  800 

Pyrodin,  i\ .  773 

Pulsvis'altcnians,  iv,  r,'M>:  vi.  801 

symptoms,  v.  860 

Pyrodine,  vi.  sis 

hii;cniiiins.  iv.  .WO;  vi.  801 

tijxic,  vi,  815 

Pyrogallic  acid,  vi.  818 

bisfcricns,  vi,  801,  80.5 

treatment,  v.  862;  vi.  815 

Pyrogallol,  vi,  818 

cdcr.  vi,  802 

urticaria,  vi.  815 

monacetate,  iv.  16 

dclicicns,  vi.  8C1 

varieties,  vi.  814 

triacetate,  v.  4.83 

duplex,  iv.  482 

Pus,  sec  Inflaimnntioti,  and  Knidii- 

Pyrogallopyrin,  i.  379 

iuieqiialis,  iv,  598 

tinn 

Pyrola  umbellata,  vi.  638 

intercideus,  vi,  801 

characteristics  of,  i,  45 

Pyroligneous  acid.  i.  65 

intermittens,  vi.  801 

origin  of,  i.  45 

siiiiit.  v.  780 

irregularis,  iv,  .598;  vi.  801 

tuberculous,  i.  46 

Pyromania,  v.  133 

niagniis,  vi.  802 

Pus  cells,  ii.  31 

Pyrosal,  vi.  818 

[taradoxiis,  iv,  599:  vi,  801 

Pus-producing  bacteria,  i.  704;  v. 

Pyrosis,  vii.  494 

])arviis,  vi,  803 

6 

Pyroxylic  spirit,  v.  780 

lardus,  vi.  802 

conditions   favoring    sjiread   of. 

Pyroxylin,  iii.  298 

trigemiuns,  iv,  .599;  vi.  801 

iii.  534 

Pyrozone,  iv.  787   ■ 

Pulvis,  SCI-  Pi'irders 

means  of  eliminating  from  the 

Pyrus  cydonia,  vi.  827 

Pumpkin  seeds,  vi.  80S 

system,  iii.  536 

Pythogenesis,  i.  158 

Puuctum  lachrymale,  iv.  64 

resistance  of  tissues  to,  iii.  534 

Pyuria,  i.  7s6 

nial|iositi(ni  of.  v.  395 

types  of  disease  engendered  by, 

occlusion  of,  V.  395 

"  iii.  532 

Guadratus  femoris  muscle,  anom- 

Punctum jnoximum,  Iv.  94 

virulence  of.   in  operation  and 

alies  of,  vi.  56 

rcmoluin,  iv,  94 

dissection  woimds,  iii.  531 

Cluadratus     lumborum     muscle. 

Puncture,  lumbar,  in    menineitis. 

Pustulants,  iii,  304 

anomalies  of.  vi.  (il 

ii.  :!1U 

Pustule,  malignant,  i.  363;  and  see 

ftuadriceps  extensor  cruris  mus- 

Puncturing tongue-holding  for- 

Aiitlii-ii.i' 

cle,  accessory  head  to.  vi.  57 

ceps,  iii.  12 

Pustules,  drugs  causing,  iii.  422 

anomalies  of.  vi.  57 

Punica  granatum,  vi.  732 

Putrefaction,  i.   683 ;  and  see  Bcic- 

ftuadrigeminus   capitis    muscle. 

Punicin,  vi    732 

tcriii  and  I'liiniiiiits 

vi.  44 

an  animal  ])igmcnt,  iii.  225 

Putrescin,  iitomain,  vi.  785 

Gtuaker  buttons,  vi.  307 

Punicine,  vi.  732 

Putrid  sore  mouth,  viii.  488 

ftuarantine,  vi.  819 

Punque,  ii.  828 

Putties,  for  soldiers,  v.  796 

history  of,  vi.  819 

Pupil,  closure  of,  i.  603 

Pysemia,  vii.  122 

inspectors,  work  of,  vi.  821 

displacement  of,  v.  216 

Pycnosis,  vi.  817 

land,  vi.  826 

iutluenee  of  sympathetic  system 

Pyelitis,  complicating   gonorrhoea, 

present  system  of,  vi.  820 

on,  vii.  587 

iv.  402 

principles  of,  vi.  820 

liaralysis  of  sphincter  of,  iv.  99 

diagnosed  from  cystitis,'!.  786 

station,  vi.  822 

shape  of.  irregular,  v,  317 

suppurative,  v.  358 

anchorages,  vi.  822 

Pupillary   membrane,    persistent. 

Pyelonephritis,  i.  34 

boarding  facilities,  vi.  823 

V.  2ir, 

Pyelotomy,  .see  Sephrotomy,  v.  356 

crematory,  vi.  823 

Pupillary  phenomena,  vi,  873 

Pyknometer,  viii.  29 

detention  barracks,  vi.  823 

Purgatin,  vi.  809 

Pyknosis,  vi,  201,  260,  817 

disinfecting  plant,  vi,  822 

Purgatives  or  cathartics,  vi.  809 

Pyle's  chisel,  ii   407 

inspection  of  vessels  at,  vi. 

contraindications  to,  vi.  814 

Pylorectomy,  vii.  4.86 

823 

drastic,  vi,   812 

Pyloric  incontinence,  vii.  .503 

selection  of,  vi.  822 

indications  fur,  vi.  813 

olistruction,  diet  in,  iii,  458 

treatment  of  vessels  in,  vi.  825 

in  infantile  diarrluva,  iii,  448 

Pyloroplasty,  vii.  486 

ftuassia,  vi.  826 

in  insanity,  v.  72 

Pylorus,  sjiasm  of,  vii.  .502 

action  and  uses,  vi.  82G 

list  of,  vi.'  809  ■ 

steno.sis  of,  i,  603;  vii.  519 

amara,  vi.  827 

mercurial,  vi   811 

Pyooyanin,  jjtomain,  vi,  790 

as  an  anthelmintic,  i.  363 

mild,  vi.  809 

Pyoktanin,  vi.  817 

excelsa.  vi.  826 

mode  of  action  of,  vi.  809 

Pyonephrosis,  v.  3.57,  358 

Jamaica,  vi.  826 

saline,  vi.  810 

Pyopneumothorax,  vi.  667 

Surinam,  vi.  827 

Purgative  waters,  v.  848 

Pyorrhoea  alveolaris,  viii.  490 

ftuassia  family,  see  SiiniDiihiicetP 

Purgatol,  vi.  809 

Pyosalpinx,  iv.  13.5 

ftuassiin,  vi    S2(i 

Purging  salt,  tasteless,  vii,  2.58 

Pyosepticsemia,  vii.  127 

ftuebrachia  Morongii,  i.  .578 

Purin  bases  in  the  urine,  viii.  36 

Pyotoxinsemia,  vii.  124 

ftuebracho,  i.  578 

Purkinje's  fibres,  vi.  25 

Pyramid  of  light,  iii.  .582 

white,  i.  57s 

Purple,  'I'yrian,  iii.  225 

Pyramidalis  muscle,  anomalies  of, 

ftuebrachoform,  iv   246 

visual,  iv.  77 

vi.  (il 

ftueen's  root,  vii.  461 

Purpura,  iii.  273;  v.  860;  vi.  814 

Pyramidalis  nasi   muscle,  anom- 

Querciform, iv.  216 

cau.sed  hy  drugs,  iii,  423 

alies  of.  vi.  43 

ftuercus  alba,  vi.  309 

complications    and    sequeloe.  v. 

Pyramidon,  vi.  818 

coccinea.  vi.  309 

861 

campliorates,  vi.  818 

ilex,  vi.  309 

course  and  prognosis,  v,  861 

salicylate,  vi.  818 

infectoria,  vi.  306 

diagnosis  of,  v.  862;  vi.  815 

Pyrantin,  vi.  609 

lusitanica,  vi.  306 

dilTerential  diagnosis,  v.  862 

Pyrethrin,  vi.  523 

robur,  vi,  309 

essential,  v.  860 

Pyrethrine,  vi.  523 

tinctoria,  vi.  309 
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Rectum. 

ftuevenne's  iron,  v.  223 

Cluinine-carbonio-ether,  iv.  18 

Rales,  coarse,  ii.  819;  vi.  873 

auickening,  iv.  :141 

Quinism,  vi.  827,  829 

crepitant,  ii.  819;  vi.  837 

Q,uicklime,  ii.  "mI 

Quinoform,  iv.  24(1 

dry,  vi.  837 

as  a  disiufootant,  iii.  o03 

ftuinoidine,  iii.  !72 

tine,  vi.  837 

Q,uiUaia,    vii.    2ofi;    ami    see   Sj((p 

Quinolene,  ii.  834 

moist,  vi.  837 

b,irk 

ftuinopyrin,  vi.  830 

mucous,  ii.  819.  837 

saponavia.  vii.  256 

Quinquina,  iii.  88 

subcrcpitant.  ii.  sp,)-   vi.  s37 

auina,  iii.  f<.S 

Quirinusquelle,  at  Aachen,  i.  1 

Ramsgate    and   Margate,    Eng- 

Guinamine, iii.  Ii2 

Quotient,  iespirator\-.  \-'\.  947 

land,  vi.  .Si^ 

ftuinaseptolate,  silver,  vii.  21G 

Ranney's  device  for  induced  cur- 

ftuinate, pipeia/iue.  vii.  214 

Rabies,  vi.  880 

rent,  iii.  757 

Uuince,  vi.  !^2T 

bacteriological  diatjuosisof,  viii. 

Ranula,  vi.  839 

Quince  seed,  vi.  y2T 

400 

Ranunculacese,    poisonous    plants 

ftuinidine,  iii.  S)2 

in  animals,  viii.  229 

nt.  vi.  095 

siil|iliate,  iii.  92 

a    cause    of     unwholesome 

Ranvier,  nodes  of,  iv.  237 

ftuinine,  iii.  89,  92 

milk,  v.  836 

tactde  discs  of,  viii.  502 

abscess  caused  b.v,  iii.  422 

serum-therapy  in,  vii,  133 

Rape,  medico-legal  aspect  of,  vi. 

acetyl-salieylale,  vi.  S27 

Race,  as  a  modifying  factor  of  the 

S40 

aetiou  and  uses  of,  iii.  9lt 

menojjause,  ii.  798 

Rapport,  iv.  811 

antiperiodic  action  of,  i.  377 

intiuenee  of,  upon  blindness,  ii. 

Rarefaction  of  the  choroid,  iii.  69 

antipyretic  action  of,  ii.  r)71  ; 

iii. 

8 

of  sound  waves,  i.  611 

90 

ui>on  dysentery,  iii.  5(>8 

Rasahus  biguttatus.  v.  161 

arsenite,  vi.  827 

upon  longevity,  v,  5(59 

tlioracicus.  \.  101 

Ijicliloride,  vi.  ^27 

upon  militarvmoitalitv  and 

Rashes,  from  diphtheiia  antito.\in, 

bisulpliate,  iii.  90 

morbidity,"  i.  498 

iii,  4S9 

blindness  caused  by,  ii.  13 

upon  sickn"ess  and  death  in 

Raspberry,  vi.  1000 

borate,  vi.  827 

army,  i.  498 

red,  vi.  1000 

caseinate,  vi.  827 

in  heredity,  iv.  0.59 

wild  red.  vi.  1000 

chloro-carbonate.  vi.  827 

Rachischisis",  vii.  286.  095 ;  and  .see 

Rath's  fluid,  iv.  709 

cidoro  pliospliate,  vi.  827 

S/tiiti(  bipdn 

Rations,  army,  v.  799 

dermatitis  caused  by,  iii.  422 

cvstica,  vii.  695 

iia\:Ll.  vi.  171 

desquamation  caused  by,  iii. 

422 

Rachitic  chest,  ii.  810 

Rattlesnakes,  vi.  709 

dibromoguaiacolatc.  vi".  827 

spine,  vii.  388 

liile  nf,  symiitoms  of,  vi.  712 

<liliydrobromate,  vi.  827 

Rachitis,  ii.  121 ;  and  see  also  Rickcttt 

Ravendeu  Springs,  vi.  842 

diliydrocliloride,  vi,  827 

annulans,  vi.  280 

Rawley  Springs,  \  i.  842 

dibvdrochloride-carliamate. 

vi. 

congenital,  vi.  280 

Rawlins  Sulphur  Springs,  vi.  842 

827 

diagnosed  from  acromegalv,  i. 

Ray  fvmgus,  sir  ArtiiKniiiirusis.  i.  97 

dihydroiodatc,  vi.  827 

9o                                    "     " 

Raynaud's  disease,   iv.   302.  530; 

eosolate  of,  iii.  844 

in  the  new-born,  vi.  280 

vi.  842 

eruption  caused  liv.  iii.  422; 

vi. 

niicromelica,  vi.  280 

diagnosed  fiom  ainhum,  i.  146 

828 

Rack-a-rock,  an  explosive,  vii.  911 

ctlcct  nf  massage  in,  v.  698 

ethyl  carbonic  ester,  vi.  827 

Radial  artery,  anomalies  of.  i.  531 

Raynaud's  phenomena,  vi.  813 

ferricliloride,  vi.  827 

conijiression  of,  i.  537 

Rays  of  direction,  iv.  85 

germicidal  action  of,  iv.  335 

in  the  forearm,  iv.  242 

Reaction  of  degeneration,  iii.  760; 

glycero|iliiis|il]ate,  vi.  827 

Radial    recurrent   artery,   anom- 

\ i.  S45 

guaiacnl  sul]>lioriate.  iv.  425 

alies  nf.  i.  .531 

Reagents,  methods  of  applying,  iv. 

liy<l!'olironiide,  iii.  90 

Radial   veins,    anomalies  of,   viii. 

704 

liydrochloride,  iii.  90 

204 

Receptaculum  chyli,  v.  645 

hypodermatic  use  of,  i.  378; 

iv. 

Radiations  of  radium,  viii.  549 

Receptors,  Ehrlich's,  vii.  210;  viii. 

820 

nf  uranium,  viii.  .549 

409 

iclithyol  sulfonate,  vi.  827 

Radiocarpus  muscle,  vi.  .54 

Reclination,    in   the   treatment   of 

idiosyncrasy  fur,  iv.  842 

Radiographs,    vi.     989;     and    .see 

cataract,  ii.  726,  737 

intravenoiis  injeclion  of,  v.  194 

liiitllt'JIlt    VtlifH 

needle,  ii.  737 

in  treatment  of  fever,  ii.  571 ; 

iii. 

Radiography,  see  nnoiUirn  nii/x 

Recruits,  examination  of,  vi.  845 

90 

Radiohumeral    articulation,    su- 

militarv.  y.  817;  vi.  845 

of  malaria,  iii.  91 

jierior,  resection  of.  vi.  921 

naval,  vi,  1,80 

iodo-hydroiodate,  vi.  827 

Radiotherapy,  vi.  990 

Rectified  oil  of  turpentine,    vii. 

lactate,  vi.  827 

metliods  of.  vi.  991 

913 

method  of  administration  in 

in- 

IH'actical  application  of,  vi,  991 

Rectum,  see  Anus 

termittent  fever,  v.  677 

Radium,  viii,  549 

abscess  near,  i.  394 

new  comjiounds  of,  vi.  827 

Radius,  dislocations  of,  iii.  520 

atresia  of.  i.  604 

l_V,gosinate,  vi,  827 

fi'actures  nf.  iv.  262 

cancer  of,  i.  399;  ii.  637 

metlivl-di-bvdrazin  percldor 

ite. 

Radix  liquiritise,  v.  517 

chancroid  of,  i.  396 

vi."827 

Rafiinase,  an  enzyme,  iii,  843 

condyloma  of.  i.  404 

phosplio-liydrochloride,  vi.  8 

27 

Ragweed,  vi.  835 

diarrhoea  in  ulcer  of,  iii.  440 

phosplioric-acid  ester,  vi.  827 

Railway  medicine  and  surgery, 

examination  of,  i.  391 

poisoning  by,  vi.  827 

vi.  S35 

excision  of,  i.  399 

salicvl.  vi,  827 

Railway  spine,  see  Serrous  system, 

fissure  of,  i.  395 

salicylic  aci<l  ester,  vi.  827 

fr<"fii>'t/ir  ifjlh'tions  of 

fistula  in,  i.  394 

salicyl  salicylate,  vi.  827 

Railways,    medical  "examinations 

malformations  of.  i.  604 

silico-fluoriiie,  vi.  827 

for,  iii.  215 

manual  exploiation  of.  vi.  861 

solubility  of,  iii.  89 

Rainfall,  as  factor  of  climate,  iii. 

measurements  of.  viii.  239 

succedanea,  i.  378 

140.  143 

medication  by  the,  v.  735 

sulphate,  iii.  90 

of  licallb  re-sorts,  iv,  564 

of  the,  V.  734 

sulpho-creosolatc,  vi.  827 

Rain  water,  vi.  168 

neuralgia  of,  vi.  248 

sulpho-ichthyolate,  vi.  827 

Raisins,  iv.  413 

plilegmon  around,  vi.  616 

toxicological.  vi   827 

RSles,  ii.  819;  vi.  837 

polypus  of,  i.  403 

valerianate,  iii.  90 

bi-oucliial,  ii.  819 

pro"lai)se  of,  i.  392 
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Ki-lrollrxion  of  uterus. 

Rectum,  stricture  of.  i.  3'J7 

Reflex  or  reflexes,  jiaraplegia.  vi. 

Relapsing  fever,  abortion   in, 

vi. 

diagnosis,  i.  398 

499 

889 

dilatation  of,  i.  398 

patellar,  v,  363:  vi.  874;  and  S-'C 

abortive  form,  vi.  889 

division  of,  i.  398 

Knce-Jer/t 

abscess  of  the  spleen  in,  vi.  889 

treatment ,  i.  398 

plantar,  vi.  875 

albuminuria  in.  vi.  888 

varieties,  i.  397 

pupillary  phenomena,  vi.  873 

anatomical  lesions,  vi.  890 

surgery  of.  i.  391 

reenforeement  of,  vi.  873 

bronchitis  in.  vi.  889 

syidiililie  disease  of.  vii.  024 

spinal,  vi.  872 

clinical  history,  vi.  886 

topograpliieal  anatomy  of-  i-  185 

superficial,  vi.  873 

complications,  vi.  889 

tumors  of.  i.  403 

table  of.  vi.  875 

condition  of  the  bowels  in. 

vi. 

uleer  of,  i.  39.5 

tendon,  vi.  873 

888 

vegetations  of,  i.  404 

time  of,  V.  367 

convalescence,  vi.  888 

warts  of,  i.  404 

visceral,  vi.  873 

convulsions  in.  vi.  888 

Kectus  abdominis  muscle,  i.  4 

Refraction,  i.  .56;  iv.  83;  and  see 

definition,  vi.  884 

aiioiiialii's  of.  \'i.  01 

Aiy'dimitodittiitii  uial  refraction 

delirium,  vi.  888 

diastasis  of.  iv.  OSl 

astigmatic,  i.  591 

diagnosis,  vi.  889 

interlacing  of.  in  umbilicalher- 

liy  a  single  surface,  iv.  84 

diarrha'a  in.  vi.  889 

nia.  iv.'68ll 

by  concave  surfaces,  iv.  86 

digestive  symptoms,  vi.  888 

transplantation  of.  in  cure  of  in- 

by successive  surfaces,  iv.  86 

epistaxis  in,  vi.  888 

guinal  hernia,  iv.  1)74 

circles  of  diffusion,  iv.  85 

eruption  in,  vi.  888 

Rectus    capitis     anticus     major 

curvature  of  the  ocular  surfaces, 

etiology,  vi.  885 

muscle,  anomalies  of.  \'i,  48 

Iv.  90 

hiccough  in.  vi.  889 

Rectus     capitis    anticus    minor 

detinition  of,  iv.  83 

history,  vi.  885 

muscle,  anomalies  of.  vi.  4S 

distance  between  the  refracting 

insomnia  in,  vi.  888 

Rectus    capitis    posticus    minor 

surfaces,  iv.  90 

jaundice  in,  vi.  888 

muscle,  anomalies  of,  \\.  00 

of  focal  union,  iv.  84 

laryngitis  in.  vi.  889 

Rectus   externus   muscle,   anom- 

during the  growth  of  the  eye, 

liver  m,  vi.  888 

alies  of.  vi.  43 

iv.  92 

micro-organism  in.  vi.  885 

Rectus  femoris  muscle,  vii.  738 

focal  length,  iv.  84 

mortality,  vi.  890 

Rectus   sternalis   muscle,   anom- 

formation of  images,  iv.  85 

nausea  in,  vi.  888 

alies  of,  vi.  49 

indices  of  the  media  of  the  eve, 

nervous  symptoms,  vi.  888 

Rectus  thoracis  muscle,  vi,  60 

iv.  89 

pain,  vi.  888 

Recurrent  fever  in   tlie  new-born. 

law  of,  iv.  83 

paralysis  in,  vi.  888 

vi,  ors 

lense.s.  iv.  88 

parotitis  in,  vi.  889 

Red  Boiling'  Spring-s,  vi.  S02 

nodal  points,  iv.  88 

pleurisy  in,  vi.  889 

Redlands  and  Riverside,  South- 

principal points,  iv.  87 

pneumonia  in,  vi.  889 

ern  California,  vi    s(i> 

size  of  images,  iv.  85 

predisposing  causes,  vi.  886 

Red   light   treatment   of  small- 

the foci,  iv.  86 

progno.sis.  vi.  890 

pox,  vi.  993 

unequal,  i.  58 

pulse.  V).  887 

Red  milk,  v,  833 

virtual  image,  iv.  85.  86 

skin  in,  vi.  888 

Red  precipitate,  v,  7i53 

visual,  viii.  241 

special  symptoms,  vi.  887 

Red  puccoon,  ii,  73 

Refractive  indices  of  the  media  of 

spirillum  of,  vi.  885 

Redroot,  ii,  7."i9 

the  eve.  iv.  89 

spleen  in,  vi.  888.  889 

Red  Sulphur  Springs,  vi.  863 

table  of.  iv.  89 

temperature,  vi.  887 

Red  wine,  i.  109 

Refuse  disposal,  vi.  876 

the  bilious  typhoid  of  some 

au- 

Reducible  hernia,  iv.  066 

Regeneration,  vi.  883 

thors.  vi.  889,  890 

Reduction-division,  vi.  803 

of   connective-tissue  structures, 

tongue  in,  vi.  888 

Reduction  of  metal  oxides  for  re- 

iv.  883 

treatment,  vi.  890 

aetiiai  «itli   eailioliydrates  in   tlie 

of  epithelium,  vi,  883 

urine  in,  vi.  888 

urine,  viii.  3s 

of  muscle,  vi,  39.  39 

varieties,  vi.  888 

Reduviidse,  \ .  101 

of  neurones,  vi.  265 

vertigo  in.  vi.  888 

Reduvius  personatus,  \ .  101 

Registration  of   births,  marriages. 

vomiting  in.  vi.  888 

Reedy  Creek  Springs,  vi.  871 

and  deaths,  viii,  246 

Relations,  'marriage   of   blood. 

iii. 

Re-enlistment,  vi.  840 

of  diseases,  viii,  347 

3.55 

Referred  pains,  vii.  ]  19 

Regnier's  dynamometer,  iii.  563 

Relaxed  uvula,  viii.  lO.s 

Reflex  or  reflexes,  absent,  vi.  873 

Regression,  iv.  040;  vi,   963;  viii. 

"Relief,"  U.   S.  Hospital  Ship, 

Acliillis  jerk,  vi.  874 

190 

iv.  7:^8 

action   of  sympathetic   nervous 

coefflcient  of.  iv.  641 ;  viii,  196 

Religion  and  insanity,  v.  30 

system,  vii,  .589 

line  of,  iv.  641 ;  viii.  196 

Remak,  fibres  of,  vi.  237 

arc"  v.  366;  vi,  871 

polygon  of,  viii.  196 

Remija,  iii.  92 

participation    of,    in    knee- 

table  of.  iv.  641 

Remittent  fever,  v.   677;  and 

see 

■  jerk,  V.  367 

Regurgitation,  aortic,  ii.  831 

Mdhirudferer 

centres,  vi.  873 

mitral,  ii,  833 

Renal  activity,  effect  of  enteroclysis 

cerebral,  vi,  873 

of  food,  vii,  503 

on,  iii.  833 

clinical,  vi.  871 

pulmonary,  ii,  835 

artery,  v.  313 

contralateral  adductor,  v,  364 

tricus])id,  ii.  834 

anomalies  of.  i.  533 

deep,  vi,  873 

Reichert's    thermo-regulator.    viii. 

calculi,  diet  in,  iii.  403 

definition  of,  vi,  871 

384                         [^ 

colic,  differentiated   from  intes- 

diminished, vi.  873 

water  calorimeter,  ii.  561 

tinal  colic,  iii.  197 

disturbances  of,  in  insanity,   v. 

Reichmann's  disease,  vii,  501 

disease,  liealth  resort  for,  iv. 

565 

54 

Reid's  base  line,  vii,  3'-9 

dropsy,  diuretics  in.  iii.  544 

idiosyncrasy  in,  iv.  841 

method  of  brain  localization,  ii. 

plexus,  vii.  578 

increased,  vi.  873 

403 

secretion,  effect  of  sympathetic 

inliibitiim  of,  v.  31 

Reil,  Island  of,  ii.  203 

system  on,  vii.  584 

irradiated,  v.  231 

lesions  of.  ii.  384 

veins,  anomalies  of.  viii.  306 

kinds  of,  vi.  871 

Reinforcement  of  knee-jerk,    v. 

Rennin,  iii.  843;  vi.  S92 

knee.  v.  363;  vi.  874 

:10.5,  30,s 

Repair,  processes  of,  v.  10 

neuralgias,  vi.  245 

Relapsing  fever,  vi,  884 

of  muscle,  vi.  38 
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Rectum. 

Retroflexiou  of  uterus* 


Reparative  surg-ery,  vi.  89-i 
aflci-ticiilmiiit.  vi.  900 
lik-pbaroplasty,  vi.  901 
clu-iloplasty,  vi.  901 
Cioft'.s  oiicration,  vi.  900 
formation  of  the  flap,  vi.  898 
yliiliiiy  inctliod,  vi.  896 
iiistory.  vi.  894 
iiidicatious,  vi.  894 
methods,  vi.  89.5 
iioiiieuclature,  vi.  89"> 
of  the  eyelids,  iv.  r2'3 
paraftin  injections  in,  vi.  908 
rhinoplasty,  vi.  904 
stomatoplasty,  vi.  904 
traction  method,  vi.  89.5 
transplantation  method,  vi.  896 
Reproduction,  vi    903 
ase.xual,  vi.  909 
methods,  i.  To8 
se.xiial,  i.  758;  vi.  9(19 
vci;etalile,  i.  681 
Reproductive   glands,  internal   se- 
cretion of,  vii.  104 
selection,  iv.  :i.5 
Reptiles,  poisonous,  vi.  708 
Resaldol,  \  i    '.«)il 
Resection  of  the  joints,  vi.  909 
ankle,  vi.  930 
elbow,  vi.  916 
hip,  vi.  936 

incisions  in,  vi.  910,  917 
in<lications  for,  vi.  911 
instruments  required,  vi.  910 
interphalangeal,   of  fingers,   vi. 

911 
knee,  vi.  932 

metacarpo-iihalangeal,  vi.  912 
metatarso-plialangeal,  vi.  924 
osteoplastic,  vi.  909 

of  the  skull,  ii.  407 
results,  vi,  911 
shoulder,  vi.  921 
sulicapsulo-periosteal,  vi.  909 
subperiosteal,  vi.  909 
superior  ma.xilla,  vi.  941 

radiohumeral,  vi.  931 
tarsal,  see  Tuiwrtonii/ 
tibio-calcanean,  vi.  926 
wrist,  vi.  912 
Resin  cerate,  vii.  914 

plaster,  vii.  914 
Resina  draconis,  iii.  553 
lutca,  viii.  318 
olibani,  vi.  355 
sandaraca,  vii.  19 
Resins,  i.  102;  v.  738 
acaroides,  viii.  318 
Botany  Bay,  viii.  318 
dammar,  iii.  3.53 
in  plants,  i.  102 
of  copaiba,  iii.  277 
of  guaiac,  iv.  423 
of  jalap,  v.  341 
of  podophyllum,  vi,  689.  690 

as  a  la.xalive.  v.  470 
of  pumpkin  seeds,  vi.  808 
of  scanimony,  vii.  44 
xanlhonlMra,  viii.  318 
Resonance,  i.  614 
amiihoric,  ii.  816 
normal  vocal,  ii.  818 
pulmonary,  ii.  815 
tyniiiaintic,  ii    816 
vr'sicido-tynii>anilic.  ii.  816 
Resonator  of  Helmholtz,  i.  614 
Resopyrin,  i.  379 
Resorbin,  vi.  044 


Resorcin,  vi.  944 

nmnaietate,  iv,  19 
Resorcinol,  vi.  944 
Respiration,  i.  153;  vi.  944 
abdominal,  vi.  947 
action  of  anaesthetics  on,  i.  395 
of  cocaine  on,  iii,  158 
of  the  vagus  on,  vi.  953 
am|)horic,  ii.  818 
artficiial,  i.  559 
calorimeter,  ii.  564 
centre  of,  vi.  951 
changes  in   the   air  durintr,    vi. 

947 
Cheyne-Stokes,  iii.  579 
costal,  vi.  947 
diaplira.gmatic',  vi.  947 
diminished,  ii.  817 
disorders  of,  during  preguaucv, 

iv.  347 
effects  of  autipyrin  on,  i.  380 
of  mechanical  obstacles  to, 

i.  574 
of  starvation  on,  vii.  443 
exaggerate<l,  ii.  817 
function  of  nose  in.  vi.  106 
influence    of    posterior    corpora 

quadrigemiua  on,  vi.  953 
in  infancy,  iv.  857 
in  insanity,  v.  53 
interchange    of    gases    between 

blood  and  air  during,  vi.  949 
interference    with,    a    cause    of 

dyspniea.  iii,  579 
internal,  vi.  9.50 
larynx  in,  v.  451 
movements  of  chest  during,  ii. 

814 
muscles  of,  vi.  946 
nervous  mechanism  of,  iii.  579; 

vi.  951 
obstructed,  in  ana'sthesia,  causes 

of,  i.  399 
organs  of,  vi.  945 
pirvsiology  of,  vi.  944 
puerile,  ii.  818 

record  of  movements  of,  vi.  950 
supplementary,  ii.  817 
tissue,  vi,  950 
types  of,  vi.  947 
Respiratory  centre,  vi.  951 
influence  of  blood  on,  vi.  951 
subsidiary,  vi.  951 
Respiratory  coeflBcient,  vi.  947 
Respiratory   diseases,  occupation 
as  an  etiological  factor  in,  vi.  317, 
318 
Respiratory  epithelium,  vi.  945 
Respiratory  failure,  insufflation  in. 

iv.  144 
Respiratory  mucous  membranes, 

uiedication  of  the,  v.  733 
Respiratory  quotient,  vi.  947 
Respiratory  sounds,  cause  of,  ii. 

817 
Respiratory  system,  changes  in,  in 
invelogenous  leukamia,  v.  .500 
lesions  of.  in  diabetes  tiiellitus, 
iii.  439 
Respiratory  tract,  cysts  of  tlie.  iii. 
350 
malformation  of  the,  vii.  705 
syphilitic  affections  of  the,  vii. 
■  621 
Respired  air,  effect  of  breathing,  i. 

1.55 
Responsibility  and  insanity,  v. 
47,  75,  78 


Rest-cure  in  neurasthenia,  vi.  253 
Rete  Malpighii,  viii.  553 
Retention  cysts,  iii.  34>' 

diagnosed   from  branchial  cysts, 
ii.  460 
Retention  of  urine,  viii.  486 
Reticulum,  ii.  761 
Retina,  iv.  76 

anaiiiia  of,  vi.  954 
anou'isms  of,  vi.  955 
atrophy  of,  vi.  959 
blood-ve.s.seIs  of,  iv.  81 
changes  in,  in  myelogenous  leu- 

ka?mia,  v.  499 
ciliary,  iv.  77 
cyanosis  of,  vi.  953 
detachment    of,    as  a   cause   of 

blindness,  ii.  10 
diseases  of.  vi.  953 

henieralopia  in,  iv.  627 
embolism  of    central  artery  of, 

vi.  954 
end  organs  in,  iii.  823 
fibroma  of,  iv.  112 
glioma  of,  iv.  113 
bemonhage  into,  vi.  955 
in  Briglit's  disease,  vi.  956 
inflammation  of;  see  Uetinilis 
irritability  of.  viii.  343 
ischa?mia  of,  vi.  9.54 
layers  of,  iv.  77 
neuro-epitbelioma  of,  vi.  358 
ccdema  of.  vi.  956 
phlebectasia  of.  vi.  955 
sclerosis  of  vessels  of,  vi.  956 
separation  of,  vi.  959 
stimulation  of,  viii.  343 
teleangiectatic  tumors  of,  iv.  113 
thrombosis  of  central  artery  of, 

vi.  9.54 
tumors  of,  iv.  113 
vascular  disturbances  of,  vi.  953 
Retinitis,  vi.  956 

albuminuiic,  vi.  956 

as  a  cause  of  blindness,  ii.  10 

central  punctate,  of  Hirscliberg, 

vi.  957 
eircinate,  vi.  958 
diabetic,  vi.  957 
from   exposure  to   bright  light, 

vi.  9.58 
glycosuiic,  vi.  957 
hemorrhagic,  vi.  955 

diabetic,  of  Hirschberg,   vi. 
957 
leukemic,  vi.  958 
nephritica  as  a  cause  of  blind- 
ness, ii.  12 
pigmentosa,  vi.  959 
proliferans,  vi.  955,  958 ;  viii.  267 
atrophy  of  choroid   accom- 
panying, iii.  69 
punctate  albescens,  vi.  958 
saturnine,  vi.  957 
septic,  vi.  956 
serous,  vi.  956 
simple,  vi.  9.56 
solar,  vi.  958 
striata,  vi.  9.58  ^ 
suppurative,  vi.  956 
.syphilitic,  vi.  9.58;  vii.  620 
Retiiio-choroiditis  as  a   cause   of 

blindness,  ii.  10 
Retinoskiascopy,  vii.  194 
Retractor,  v.  703 
Retrahens  aurem  muscle,  anom- 
alies of.  vi.  42 
Retroflexion  of  uterus,  viii.  80 
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Retrogressive  chang'es  iu  striated 

Rheumatism,  diet  in,  iii.  463 

Rhubarb,  preparations  of,  vi.  974 

iiuisclc.  vi.  -JT 

electrotherapeutics  in.  iii.  766 

Shensi,  vi.  974 

Retroperitoneal  tumors,  vi.  960 

gonorrhoal,    iv.    403;     vii.   599; 

Turkcv,  vi.  974 

Retropharyngeal  abscess,  vi.  599 

and  see  Arl/iriti.s,  yunoi-rluad 

Tze-chuen,  vi.  974 

Retroversion  of  uterus,  viii.  SO 

headache  in,  iv.  547 

Rhus  diversiloba.  iii.  425;  vi.  698 

Retti,  V.  -JC)!! 

health  resorts  for,  iv.  .565 

glabra,  vii.  .563 

Reute,  (ipliihaliiiiiscope  of,  vi.  381 

hydrotherapy  in,  iv.  793 

lobata,  vi.  698 

Revaccination,  viii.  IIC 

nuiscular,  vi.  968 

metopium,  vi.  698 

Reversion,  vi.  9G2 

cause,  li.  968 

Micliauxii,  vi.  698 

Reynolds'  test  for  acetone  iu  the 

clinical  history,  vi.  969 

microcarpa,  vi.  698 

iniiir,  i.  (17;  viii.  49 

course  and  prognosis,  vi.  969 

poisoning  by.  vi.  096 

Rhabditis  Connvalli.  vi.  208 

diagnosis,  vi.  969 

pumila,  iii.  425 ;  vi.  69S 

eciiiiiilis.  vi.  207 

morbid  anatomy,  vi.  968 

radicans.  v.  239;  vi.  696 

Nicllyi.  vi.  207 

treatment,  vi.  969 

IJydbergii,  vi.  698 

pcllio,  vi.  207 

of  the  diaphragm,  iii.  435 

to.vicodendrou,   iii.   424:  v.  239; 

tcn-itiila.  vi.  208 

of  the  hand,  iv.  514 

vi.  696 

Rhabdomyoma,  vi.  39.  77 

of  the  pharyn.x,  vi.  591 :  and  see 

typbina.  vii    563 

congenital,  vi.  281 

Phil  r  II  III/ it  is.  Then  inn  tic 

venenata,  iii.  425;  vi.  697 

of  the  lieart.  iv.  .^9i 

relation  of  chorea  to,  iii.  42 

vermicifera.  iii.  425 

of  the  jiarntifl  jrlaiui,  vi,  511 

tlic  joints  in,  v.  264 

verni.x.  iii.  425;  vi.  697;  vii.  563 

of  the  uti-nis,  viii.  98 

Rheumatoid  arthritis,  i.  464,  544; 

Rhynchobdellidse,  iv.  7(i2 

Rhabdonema  intestiiialc,  vi.  208 

vi.  909 

Rhynchoprion  penetrans,  ii.  82.S 

uigroveuosiim.  vi.  504 

diagnosis,  vi.  971 

Ribemont's  intubating  cannula, 

strongyloides,  vi.  20S 

etiology,  vi.  970 

iv.  142 

Rhachitis,  \i   975;  and  see  Rickets 

juvenile,  vi.  970 

Ribs,  deformities  of  the.  ii.  805 

Rhamnoxanthin,  ii.  515 

kyphosis  iu,  v.  378 

dislocaiions  of  the,  iii.  512 

Rhamnus  ealifoniica,  ii.  706 

monoarticular,  vi.  970 

fractures  of  the,  iv.  269 

catliartica,  ii.  515 

morbid  anatomy,  vi.  970 

fusion  of  the,  ii.  806 

fraiigula.  ii.  515 

pathology,  vi.  970 

osteomyelitis  of  the.  vii.  7.54 

puishianiT,  ii.  706 

prognosis,  vi.  971 

supernumerary,  ii.  805 

AViglitii,  ii.  515 

symptoms,  vi.  970 

Rice,  see  Stiirch.  vii.  439 

Rhatania-tannic  acid,  vi.  904 

treatment,  vi.  971 

Rice  bodies,  iv.  772:  vi.  974 

Rhatany,  vi.  9ii4 

vertebral,  vi.  970 

Richardson's  sphygmograph,  vii. 

Rheadic  acid,  vi.  735 

Rheumic  acid,  vi.  974 

284 

Rheadine,  vi.  735 

Rhexis,  iii.  123 

Richfield  Springs,  vi.  975 

Rheic  acid,  iii.  70 

Rhigolene,  \  i.  971 

Ricin,  ii.  7li9 

Rheiu,  iii.  76;  vi.  974 

Rhinencephalon,  ii.  206;  vi.  3.52 

Ricinoleic  acid,  ii.  709 

E,heometer,     Ludwig     and    Do- 

Rhinitis,  acute  catarrhal,  vi.  109 

Ricinus,   vi.  701 

giel's,  iii-  100 

acute,    due     to     occupation    or 

coiuniunis,  ii.  708 

Rheotannic  acid,  vi.  974 

trauma,  vi.  114 

Rickets,  vi.  975 

Rheum,  vi.  973 

membranous,  vi.  112 

bone  in,  ii.  121 

utlicinale,  vi.  973 

phlegmonous,  vi.  113 

course,  vi.  978 

palniatum,  vi.  973 

purulent,  vi.  112 

definition,  vi.  975 

rliaponticum,  vi.  973 

atrophic,  vi.  120 

diagnosed  from  acromegaly,  i.  96 

Rheum,  salt,  iii.  708 

bleuuorrbagic,  vi.  112 

diagnosis,  vi.  978 

Rheumatic  gout,  vi.  969 

clironic,  vi.  114 

etiology,  vi.  976 

Rheumatin,  vi.  964:  vii.  15 

gonorrha'al,  vi.  112 

ftt'tal,  IV.  395 

Rheumatism,  acute,  i.  464 

hypertrophic,  vi.  119 

history,  vi.  975 

cokl  in,  iii.  195 

intumescent.  vi.  116 

kyphosis  in,  v   377 

acute  articular,  vi.  964 

simple  chronic,  vi.  114 

pathology,  vi.  976 

among  troops,  ii.  617 

Rhinoliths,  iii.  232 

prognosis,  vi.  978 

bacteriology  of,  vi.  965 

Rhinoplasty,  vi.  904 

prophylaxis,  vi.  978 

clinical  liistory,  vi.  965 

Rhinoscleroma,  vi.  143.  971 

symptoms,  vi.  977 

complications,  vi.  965 

Rhinoscopy,  vi.  101,  106 

synonyms,  vi.  975 

course  and  jirognosis,  vi.  965 

anterior,  vi.  108 

treatment,  vi.  978 

diagnosis,  vi.  966 

jiosterior,  vi.  KIS 

Rictus  palpebrarum,  iv.  64 

diagnosed  from  gonorrliceal 

Rhipicephalus  annulatus,  i.  437 

Rifles,  iv.  427 

arthritis,  iv.  404 

Rhodanides,  vii.  55s 

Riga's  disease,  viii.  489 

diagno.sed  from  osteomyeli- 

Rhode  Island,    history   of  yellow 

Right-handedness,  iv.  489 

tis,  vi.  421 

fever  iu.  viii.  .587 

Bigg's  disease,  viii.  490 

etiology,  vi.  965 

requirements  for  medical   prac- 

Rigor mortis,  ii.  536;  iii.  152 

morbid  anatomy,  vi.  965 

tice  in,  iv.  48 

Rima  glottidis,  v.  406 

nature,  vi.  964 

Rhodes'  audiphone,  iii.  634 

Rinderpest,  detection  of,  v.  726 

treatment,  vi.  966 

Rhodinol,  vi.  lOdO 

Ringer's  solution,  viii.  416 

among  troops,  ii.  616 

Rhodopsin,  iv    77 

Ringworm,  vii.  781 

lilennorrhagic,  iv.  403;  and  see 

Rhombo-atloid  muscle,  vi.  4.s.  60 

diagnosed  from  psoriasis,  vi.  7.'^2 

,1  rtli  n't  is.  gonorvlnvnl 

Rhomboideus      major      muscle. 

of    the    beard,    diagnosed   from 

chronic  articular,  vi.  967 

anomalies  of.  vi.  4N 

sycosis,  vii.  572 

diagnosis,  vi.  966 

Rhomboideus     minor    muscle, 

of  the  body,  vii.  782 

etiology,  vi.  967 

anomaliis  of,  vi    48 

of  the  nails,  vi.  93;  vii.  783 

pathology,  vi.  967 

Rhombo-occipital  muscle,  vi.  48 

of  the  scalp,  vii.  782 

prognosis,  vi.  968 

Rhonchus,  vi.  .837;  and  see  Hales 

Tokelan.  vii.  7.S1 

symptoms,  vi.  968 

Rhubarb,  vi.  973 

Rinne's  test  for  hearing,  iii.  661 

ticatmeut,  vi.  968 

as  a  la.vative,  v.  469 

Rio  de  Janeiro,  Brazil,  vi.  9W 

climate  suitable  foi-,  iv.  565 

as  a  purgative,  vi.  810 

history  of  yellow   tever  in.  viii. 

diagnosed  from  acromegaly,  i.  95 

Canton,  vi.  974 

oS")' 

from  dengue,  iii.  402 

Chinese,  vi.  974 

Risorius  muscle,  anomalies  of,  vi. 

from  purpura,  v.  862 

Moscow,  vi.  974 
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Retrogressive  cliaugos. 
Sacro-eoccygeiis  aiiticiis  iniisole. 


Bitter's  disease,  vi   r,4'd 
Bitthausen's  method  of  dett'iniiu- 

iiy  |irutc'iU-i  (■!'  milk,  v,  82.S 
Biverius,  salt  of,  vi.  743 
Biviera,  The,  \i.  ilTSl 
Boanoake  Bed  Sulphur  Springs, 

vi,  i|S() 
Bot)erts'  (iperatioii  mi  Ihe  nasul  sc'i)- 
tuiii.  vi.  I'Jd 
pelvis,  vi.  't'i',1 
Bobson's  bone  bobbin,  v.  180 
Boburite,  an  cxplusivu,  vii.  910 
Bochelle  salt,  vi.  744 
as  a  1  i.xutivc,  v.  469 
as  a  |)ui;;ativc,  vi.  811 
Bochester,  N.  Y.,  vi.  9Sii 
Eockbridge    Alum   Springs,    vi. 

!)S1 
Bock  Castle  Springs,  vi.  981 
Bock  Enon  Springs,  vi.  983 
Bock  fever  of  Gibraltar,  v.  685 
Bodeut  ulcer,  vii.  940,  947 

(liaLniost-d  from  lupus  vulgaris, 
v.  (il5 
Bods  and  cones  o(  the  retina,  iv. 

7.S 
Boentgen  rays,  ami  sec  X-rni/s 
appanitus.  vi.  984 

coiulcn.ser,  vi.  980 
coil,  vi.  984 
iuterruiiter,  vi.  984 
static  niiicliine,  vi.  983 
vacuum  tubes,  vi.  980 
currents  for,  vi.  987 
dermatitis  from.  iii.  418 
ill  examination  of  tlic  cliest,  ii. 

814 
medico-legal  aspects  nf,  vi.  988 
nature  and  action  of.  vi.  982 
therapeutic  uses  of,  vi.  99IJ;  and 

see  Riidiiitlii nip)/ 
use  of.  in  medicine  and  surgery, 
vi.  9K3 
Boe's  operation  for  deviated  nasal 

septum,  vi.  130 
Boetheln,  vi.  994 

age  of  patients,  vi.  994 

and  measles,  diagnosis  of,  v.  718 

noil  identity  of.  vi.  997 
and    scarlet    fever,    non-identil v 

of.  vi.  997 
clinical  history,  vi.  99."i 
complications  of,  vi.  999 
diagnosis,  vi.  998 
eruption  of,  vi.  99.5 
ctiolog}',  vi.  994 
history",  vi.  994 
symptoms,  vi.  090 
lieatimiit.  vi.  999 
Bolando,    fissure   of,    see    Cen/nil 
^fissnrc 
develoiiment  of.  ii.  277 
Boll-tube  cultures,  viii.  387 
Bomanovsky's  chromatin  stain, 

\iii,  398 
Bomite,  an  explosive,  vii.  911 
Bongeur  forceps,  v.  703 
Booms,   arrangement   of,  in   house, 
iv.  709 
disinfection  of,  iii.  504 
jireparation  of,  for  operations,  i. 
507 
Boot  sheaths  of  hair,  viii.  ,500 
Boots,  poisonous,  vi.  703 
Boripa  armoracia,  iv.  737 
Bosa,  vi.  999 

caiiina,  vi.  1000 
centifolia,  vi.  1000 


Bosa  d  imascena.  vi.  1030 

gallica,  vi.  999 
Bosacese,  vi.  1000 

lioisonous  plant,  vi.  707 
Bose,  vi.  999 

confection  of,  iv.  733;  vi.  1000 
Damascus,  vi.  1000 
dng.  vi.  1000 
hiuidred-leaved,  vi.  1000 
Bose  water,  vi.  1000 
pale,  vi.  1000 
red,  vi.  1000 
white,  vi.  1000    • 
Bosemary,  vi.  999 
Bosenquelle,  at  Aachen,  i.  1 
Boseola,  vi.  999 

epidemic,  vi.  994 
infantilis,  vi.  999 
Bosin,  vii.  913 
Bosin-weed,  iv,  415 
Bosmarinus  officinalis,  vi.  999 
Bosscommon  Spring,  vi.  lUOl 
"  Bot "   in  animals,  deteclidii  of, 

V.  730 
Botch's  method  of  infant  feeding, 

iv.  S07 
Bothberger's   neutral   red  agar, 

viii.  373 
Bouge's  method  of  resection    of 

siqx-ricr  maxilla,  vi.  943 
"  Bough  on   rats,"  poisoning  liy, 

viii.  340 
Boumania,  Phannacopceia    in,  vi. 

5S5 
Bound  liack.  ii.  808 
sluuilders,  ii.  808 
Bound  ligament  of  the  lii]i-joiut, 
iv.  091 
of  the  uterus,  vii.  101 

operations    for    slicrtening, 

viii.  84 
tumcirs  of.  viii.  98 
Bound  worm,  i   363 

ill  the  nail  liladderand  gall  duct, 
iv.  398 
Boux  operation,  vi.  900 
Boux  spatula,  viii.  380 
Boux  tube  for  potato  culture,  viii 

378 
Boux  water-bath  for  sterilizing 

serum,  viii.  3so 
Boux's  metallic  thermo-regula- 

tor,  viii.  3S4 
Boyal  bay,  v.  407 
Boyal    Gorge    Hot   Springs,   vi. 

1001 

Boyal-les-bains,  France,  vi.  lOOl 
Bubber,  vi.  1003 

haid,  vi.  1003 

India,  vi.  1003 

Para,  vi.  1002 

vulcanized,  vi.  1002 
Bubber  gloves,  in  obstetrics,  v.  385 

in  sunicrv,  iv.  373 
Bubber  sheet,  for  soldiers,  v.  796 
Bubefacients,  ii.  14;  iii.  304 
Bubella,  see  Uotlheln 
Bubeola,  v.  714;  &i\i\  s,ee  Mutshs 

morbillosa,  vi.  994 

notha,  vi.  994 

scarlatinosa,  vi.  994 

sine  catarrho.  vi.  998 
Bubia,  ii.  670 

tinctdiia.  v.  670 
Bubidium  and  ammonium  bromide, 
vi.  1003 

bromide,  vi.  1003 

iodide,  vi.  1003 


Eubiuat     Mineral     Springs,    vi. 

1003 

Bubijervine,  iv.  035 

Buhner's  test  for  lactose  in  urine, 

viii.  43 
Bubus,  i.  703 

laiiadeusis,  i.  703 

idieus,  vi.  1000 

occidentalis,  vi.  1000 

strigosus.  vi.  1000 

tiivialis,  i.  763 

\  illosiis,  i.  703 
Bue,  vi.  1(103 
Buete's  ophthalmoscope,  vi,  379, 

3S1 
Buga,  ii.  310,  311 
Bum,  bay.  i.  737 
Bumex,  iii.  549 

ai'etosa,  vi.  706 

acetosella,  vi.  706 

crispus,  iii.  549 

iibiiisifolius,  iii.  .549 
Bumination,  vii.  503 
Bupia,  vii.  611 
Bupture,  iv.  605;  and  see  Hernia 

of  the  u'sopliagus,  vi.  346 

of  tlie  spleen,  vii.  436 

of  the  thoracic  duct.  vii.  746 

of  the  urethra,  viii.  15 

of  the  veins,  viii.  314 
Busbyine,  iii.  104 
Bussell's  fuchsin   bodies,   in  the 

IK  rvdus  system,  vi,  303 
Bussia,  Pliarmacopceia  in,  vi.  .585 
Bussula,  iv.  384 

emetica,  iv.  284 

virescens.  iv.  384 
Bust  fungi,  iv.  383 
Buta,  vi,  1003 

i;rave(ileiis,  vi.  1003 
Butin,  vi.  1003 
Butinic  acid,  vi.  1003 
Butland,  Mass.,  vi.  10(J3 

State  saiiatdrium  for  tuliercuhi- 
sis  at.  V.  1003 
Bydygier's  osteoplastic  resection 
(if  rectum,  ii.  400 

(if  sacrum,  i.  400 
Bye,  spurred,  iv.  1 

Sabadilla,  viii.  330 

Sabina,  vii.  43 

Sac,  lachrymal,  see  Litchryinul  sac 

vitelline,  viii.  334 

yolk.  viii.  334 
Saccharated  pepsin,  vi.  555 
Saccharin,  vii,  1.  54s 
Saccharomycetales,  iv.  380 
Saccharomycosis,  \  ii    1 
Saccharose,  vii,  .548 
Saccharum,  vii.  548 

lactis,  V.  843 

otiicinarum.  vii.  548 

]iuiiticatuni.  ■v  ii.  548 
Saccule,  or  sacoulus,  i   031 
Sacculus  laryngis,  \ .  4uO 
Saccus  endolymphaticus,  i.  031 
Sacral  index,  vi.  530 

lymphatic  glands  and  pkxns.  v. 
■  040 
Sacred  bark,  ii.  706 
Sacro-coceygeal  articulation,  vi. 
538 

ankylosis  of,  effect  on  labor,  vi. 
.538 

diseases  of,  v.  377 
Sacro-coccygeus  anticus  muscle, 
vi.  63 
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SarroToceygcuR  posticus  muscle. 
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Scarlet  fever. 

Sacro-coccygeus  posticus    mus- 

Saliformin, vii.  10;  and  s:.e  Vrotro- 

Salt  or  salts,  inorganic,  in  metabo- 

cle, vi   (ill 

I'iii 

lism  of  body,  i.  175 

Sacro-iliac  articulation,  vi.  538 

Saligallol.  vii.  10 

ionization  of."viii.  414 

injiirv  111',  vii.  •,' 

Saligenin,  iv.  246 

metallic,  as  deodorants,  iii.  411 

Sacro-iliac  disease,  vii.  2 

Saline  diuretics,  iii.  544 

of  lemon,  vi.  452 

Sacrolumbalis  muscle,  anomalies 

indication  for,  iii.  544 

of  liiverius,  vi.  743 

■  >l.  vi.  GO 

mineral  waters,  v.  847 

of  sorrel,  vi.  452 

Sacro-sciatic  ligrament,  vi.  ")38 

American,  v.  848 

purging,  tasteless,  vii.  258 

Sacrum,  vi.  ri35 

European,  v.  848 

{ochelle,  vi,  744 

"Saddle-back,"  v.  KiT 

solution,  normal,  see  Iljumleniio- 

iseignetle's.  vi.  744 

Saddle  nose,  vi.  131 

<-/l/.lix 

Salt  Lake  City,  Utah,  vii.  1(1 

Saegerstown    Mineral    Springs, 

Salins  Moutiers,      see     llriil(.i-/(f- 

Salt     Lake    Hot    Springs,    Salt 

vii.  O 

Uiti  hS 

Lake  County,  Utah,  vii.  17 

Safflower,  vii.  3 

Salipyrin,  vii.  10 

Saltpetre,  vi.  745 

Safifron,  vii.  3 

Salitannol,  vii.  10 

Salt  rheum,  iii.  708 

Africiin.  vii.  3 

Salithymol,  vii.  10 

Salt    solutions,   effect   on   tissues. 

American,  vii.  3 

Saliva,  vii.  10 

viii.  41H 

dyer's,  vii.  3 

composition  of,  vii.  91 

on  intestines,  viii.  41N 

false,  vii.  3 

secretion  of,  vii.  10.  90 

on  reil  blood  eell.s,  viii.  418 

meadow,  iii.  191 

action  of  cocaine  on,  iii,  l.'iS 

Salt  Sulphur  Springs,  vii.  17 

Spanisli,  vii.  3 

diminished  secretion  of,  vii. 

Salubrol,  vii.  17 

tliistle.  vii,  3 

13 

Salumin,  \ii.  17 

Safrene,  vii   42 

excessive,  vi.  513;  vii.  13 

Salvator  Mineral  Springs,  vii.  17 

Safrol,  vii.  42 

Salivary  calculus,  viii.  489 

Salvia,  vii.  3 

Sage,  vii.  3 

concretions,  iii.  232 

ollieinalis,  vii.  3 

Sahara  chancre,  i.  170 

cysts,  vi.  511 

Sambucus,  vii.  18 

Sainbois,  v.  7!Mi 

li'stula,  viii.  489 

canadensis,  vii.  18 

Saint  Augustine,  Fla.,  vii.  4 

Salivary  glands,  action   of  drugs 

nigra,  vii.  18 

Saint  Catharine's  Well,  Ontario, 

upon,  vii.  92 

|)oisonous  i^lant.  vi.  704 

vii.  4 

and  ducts,  diseases  of,  vii.  13 

San  Antonio,  Texas,  vii    l.s 

Saint  Clair  Springs,  Mich.,  vii.  4 

diseases  of,  vii.  18 

San  Bernabe,  i    142 

Saint     Helena     White    Sulphur 

intlammation  of,  vii.  18 

San  Bernabe  Springs,  vii.  1!) 

Springs,  Cal.,  vii,  ;") 

secretion  of,  vii.  90 

San  Bernardino  Hot  Springs,  vii. 

Saint  Ignatius"  bean,  iv.  S43 

(iistiirliances  of,  vii,  13 

19 

Saint  Louis,  Mo.,  \  ii.  ."> 

disturbances,  effect  on  nie- 

San  Diego  and  Littoral,  Cal.,  vii. 

Saint  Louis  Springs,  Mich.,  \ii   0 

taliolism,  v.  773 

20 

Saint    Moritz,    Switzerland,    see 

influence     of     sympathetic 

San  Diego  de  los  Bahos,  vii.  23 

Eii'inilh,, 

nervous  sj'stem  upon,  vii. 

San  Francisco,  Cal.,  vii.  24 

Saint  Paul,  Minn.,  vii.  G 

583 

San  Remo,  Italy,  vii.  25 

Salacetol,  vii.  7 

nerves  of.  vii.  91 

Sanatoria,  see  articles  on    Fdlken- 

Salactol,  vii.  7 

tumors  of,  vii.  14,  909 

steiii,    Goei'betsdurf,   Jiiitlaml,    and 

Salad  oil,  vi.  856 

Salivation,  vi.  513;  vii.  13 

Open-air  treatment 

Sal  ammoniac,  iii.  4 

treatment,  viii.  489 

Sand,  brain,  iii,  228 

Salantol,  vii.  7 

Salix,  vii.  14 

Sand  flea,  ii   828 

Sal  de  duobus,  vi.  74.5 

allia.  vii.  14 

Sandal  wood,  oil  of,  vii.  19 

Saliciu,  vii.  7 

Salkowski's  method  of  determin- 

Australian, vii,  19 

Salicylamide,  vii.  7 

ing    ijuanlify   of    purin    bases   in 

diuretic  action  of.  iii.  547 

Salicylanilid,  vii.  10 

urine,  viii.  37 

West  luilian.  vii.  19 

Salicylate,  alinniuuii\,  vii.  17 

Salocoll,  vi.  607 

Sandals  for  soldiers,  v.  790 

of  tlieobroinine  aud  sodium,  iii. 

Salol,  vii.  15 

Sandarac,  vii.  19 

548 

camphor,  vii.  15 

Sandfloh,  ii.  828 

lithium,  vii.  i) 

methyl,  v.  781 

Sanger's  operation,  Casarean  sec- 

metliyl, vii.  9 

Salophen,  vii.  15 

tion,  ii.  .'142 

pyiamidon,  vi.  818 

Saloquinine,  vi,  827;  vii.  15 

Sanguinaria,  ii.  73 

siulium.  vii.  9 

salieylate  of.  vi.  964 

eanadi'usis,  ii.  73 

Salicylates,  vii.  S 

Salpetriere    method  of    inducing 

Sanguinarine,  ii.  73 

Salicyl-bromanilid,    sec  Antiner- 

hypnosis,  iv.  812 

Sanguisorba,  vi.  1000 

cine 

Salpingectomy,  iv.  137 

Sanguisuga  a'gyiitica,  iv.  701 

Salicylic  acid,  vii.  7 

Salpingitis,  iv.  134 

mediciualis,  iv.  701 

us  a  cause  of  blindness,  ii.  13 

a   cause   of  extra-uterine   preg- 

otticinalis, iv.  701 

as  a  cause  of  herpes,  iii.  422 

nancy,  iv.  54 

Sanitary     improvements,    effect 

as  a  germicide,  iv.  SS,") 

Salpingostomy,  iv.  187 

ujiou  the  death  lalc,  viii.  257 

effec    of,    upon   body   tempera- 

Salpingotomy,  iv.  137 

Sanitary    inspection,    see     Iluiise 

tur,',  ii.  571 

Sal  prunelle,  vi.  745 

smiitiiti'tn 

idiosyncrasy  for,  iv.  842 

Sal  soda,  vii.  257 

of  buildings,  iv.  768 

in    niillc,    determination    of.    v. 

Salsomaggiore,  Italy,  vii.  15 

qualitication  of,  iv,  768 

840 

Salt  or  salts,  antidotal  action  of,  i. 

Sanitation,  house,  iv.  750 

Salicylic  aldehyde,  vii.  9 

373 

Sanoform,  vii.  25 

Salicylideu  phenetidin,  see  Mahi- 

bile,  i.   754 

Sansom's  mixture  as  an  anesthe- 

hii, 

bitter,  v.  673 

tic,  i.  292 

Salicylo-acetic  acid,  see  Aspii-in 

purging,  v.  673 

Santa  Barbara,  Cal.,  vii.  27 

Salicylous  acid,  vii.  9 

crab  orchard,  iii.  311 

Santa  Barbara  Hot  Springs,  vii. 

Salicyl-quinine,  see  S,ilm/iii/iiiic 

diffusion  and  action  of.  viii.  414 

2S 

Salicyl-quinine     salicylate,     see 

dissociation  of,  viii.  414 

Santa  Catalina  Island,  Cal.,  vii. 

/.'/»  iniiiiliii 

diuretic,  vi.  744 

28 

Salicyl-resorcin-ketone,  vii.  9 

emetic  action  of,  i.  370 

Santa  Fe,  vi.  282 

Salicyl-sulphonic  acid,  vii.  9 

Epsom,  V.  673 

Santa    Rosa    White    Sulphur 

Salifebrin,  vii.    10 

inorganic,  as  food,  i.  175 

Springs,  vii.  29 

r-is 
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Sacro-coccygeus  posllrus  muscle. 
Scarlet  fever. 


Santa  Ysabel  Sulphur  Springs, 

vii.  29 
Santalum  album,  vii.  19 

nibniiii.  vii.  4'3 
Santonica,  viii.  315 
Santonin,  vii.  29 

|ic)is<iniuir  by,  vii.  30 

iist'd  for  round  wonu,  i.  302 
Santouin-oxim,  vii.  30 
Santorini,  cartiiaires  of,  v.  40s 

iliict  (if.  vi.  460 
Saphenous   vein,   external,  anoiri- 
alifs  of,  viii.  207 

internal,  anomalies  of,  viii.  207 
Sapo,  vii.  25.") 

mollis,  vii.  255 
Sapocarbol,  vii.  30 
Sapodermin,  vii.  30 
Sapolan,  vii   30 
Sapouair  officinale,  vii   25G 
Saponaria  vaccaria,  vi.  701 
Saponification,  i.  102 
Saponin,  vii.  250 
Sapraemia,  vii.  123 
Saprin,  ])tomain,  vi.  785 
Saprol,  vii.  30 
Saprolegniales,  iv.  279 
Saprophytes,  i.  080 
Saranac  Lake,  see  Adimiuluc/>x,  i. 

120 
Saratoga  Springs,  vii.  31 
Sarcina,  i.  (iso 
Sarcocystis  honiinis,  viii.  545 

Lindemanni.  viii.  545 

maris,  viii.  545 
Sarcodina,  viii.  539 
Sarcolactic  acid,  see  Lactic  acid 
Sarcolemma,  vi.  15,  22 
Sarcolymph,  iii.  270 
Sarcoma,  ii.  640;  vii.  32 

alveolar,  vii.  38,  908 

characterized  by  production  of 
intercellular  substance,  vik  32 

cliloroma,  vii.  37 

chondrosarcoma,  vii.  34 

choriocellulare,  viii.  95,  and  see 
Deciduomii  iiiidirin  inn 

chromatophoroma,  vii.  37 

curative  intiuence  of  erysipelas 
in,  iv.  6 

deciduoccllulare,  iii.  393;  vii. 
595;  viii.  95;  and  see  Decidn- 
oma  miilirin  uiii 

diagnosis,  ii.  641 

endothelioma,  vii.  38 

giant-cell.  vii.  34,  907 

groups,  vii.  32 

having  an  alveolar  structure, 
vii.  37 

karyokiuesis,  evidence  of.  v.  301 

kyphosis  in,  v.  378 

malignant  leiomyoma,  vii.  35 
lymphoma,  vii.  30 

melanoma,  vii.  37 

melanosarcoma,  vii.  37 

melanotic,  ii.  630,  644;  vii.  37 

metastasis  of,  v.  779 

myeloma,  vii.  37 

myxosarcoma,  vii.  33 

of  tlie  adrenals,  vii.  .567 

of  the  auricle,  iii.  CIO,  668 

of  the  bladder,  i.  769,  792 

of  tlie  bone,  ii.  140 

of  the  cervix  uteri,  viii.  94 

of  the  choroid,  iv.  Ill 

of  the  ciliaiy  body,  iv.  Ill 

of  the  clavicle,  iii.  130 

■of  the  conjunctiva,  iv.  109 


Sarcoma  of  the  cornea,  iii.  291 

of  the  eyelids,  iv.  107 

(jf  tlie  Fallopian  tubes,  iv.  138 

(}f  Ihe  hand  and  lingers,  iv.  -501 

of  the  heart,  iv.  594" 

of  the  intestine,  v.  180 

of  the  kidney,  v.  324 

of  the  lachrvmal  .glands,  iv.  116; 
vi.  406 

of  the  larynx,  v.  434 

of  the  liver,  v.  555 

of  the  lower  jaw,  ii.  642;  v.  250 

of  the  lung.  v.  607 

of  the  lymph  nodes,  v.  662 

of  the  liiamma,  ii.  476,  630,  043 

of  the  middle  ear,  iii.  670 

of  the  muscle,  vi.  41 

of  the  nose,  vi.  140 

of  the  oesophagus,  vi.  344 

of  the  optic  nerve,  iv.  113 
'  of  the  orbit,  iv.  115 

of  the  ovary,  vi.  436 

of  the  parotid  gland,  vi.  510 

of  the  penis,  vii.  177 

of  Ihe  periosteum,  vi.  570 

of  tlie  peritoneum,  vi.  .570 

of  the  pharynx,  vi.  604 

of  the  prostate,  vi.  770 

of  ll'.e  thoracic  duct,  vii.  746 

of  the  thyroid  gland,  iv.  387 

of  the  umbilicus,  viii.  6 

of  the  upper  jaw.  ii.  642;  v.  250 

of  the  urethra,  i.  770 

of  the  uterus,  viii.  94 

of  the  veins,  viii.  219 

osteosarcoma,  vii.  34 

possessing  a  reticulum,  vii.  35 

spindle-cell,  vii.  33,  907 

starvation  of,  v.  680 

syniptnms,  ii.  641 
Sarcomere,  iii.  270 
Sarcophaga  carnaria,  v.  154 
Sarcoplasni,  vi.  16 
Sarcopsylla  gallinacea,  v.  155 

penetrans,  ii.  828;  v.  1.54 
Sarcopsyllidee,  v.  1.54 
Sarcoptes,  i.  430 

aurlicnia',  i.  433 

canis,  i.  433 

capra?,  i.  433 

dromedarii,  i.  433 

equi.  i.  433 

hominis,  i.  431 

leonis.  i.  433 

minor,  i.  433 

ovis,  i.  433 

scabeii,  i.  431 ;  vii.  43 
crustosa',  i.  432 

suis,  i.  433 

vulpis,  i.  433 

womliati.  i.  433 
Sarcoptidse,  i.  430 
Sarcoptinse,  i.  430 
Sarcosin,  i.  68 
Sarcosome,  iii.  270 
Sarcosporidia,  viii.  545 
Sarcostyles,  vi.  16 
Sarsaparilla,  vii.  40 

Brazilian,  vii.  40 

Central  American,  vii.  40 

Costa  Kica,  vii.  40 

false,  vii.  41 

Honduras,  vii.  40 

Indian,  iv.  631 

Jamaica,  vii.  41 

Lima,  vii.  40 

Mexican,  vii.  41 

Para,  vii.  40 


Sarsaparilla,  Tampico,  vii.  40 

Texas,  v.  859 

Vera  Cruz,  vii.  40 
Sarsasaponin,  vii  41 
Sartorius  muscle,  vii.  737 

anomalies  of.  vi.  57 
Sassafras,  vii.  41 

medulla,  vii.  42 

pith,  vii.  42 

sassafras,  vii.  41 

variilolius,  vii.  41 
Sassafrid,  vii.  42 
Sassy  bark,  ii.  703;  vii.  42 
Satureja  hortensis,  v.  379 
Saturnism,  y.  472 
Saunders,  red,  vii.  42 
Savastana  odorata,  iii.  338 
SaviU's  disease,  iii.  418;   and  see 

lit  t'nniiil is  I'littJemira 
Savine,  vii,  43 
Savory,  summer,  v.  379 
Saw  palmetto,  vii.  43 
Sayre's     dressing     for    fractured 

clavicle,  iv.  259 
Scabies,  vii.  43 

and  eczema,  differential  diagno- 
sis of,  iii,  716 

of  the  hands  and  fingers,  iv.  507 
Scala  tvnipani.  i.  620 

vestibuli,  i,  620 
Scalds,  ii.  517 

as  a  cause  of  death,  i.  672 

of  the  larynx,  v.  414 

of  the  mouth,  viii.  490 

of  the  tongue,  vii.  797 
Scalenus   anticus  muscle,  anom- 
alies of.  vi.  47 
Scalenus  medius   muscle,   anom- 
alies of,  vi.  47 
Scalenus  minimus  muscle,  vi.  47 
Scalenus  posticus  muscle,  anom- 
alies of,  vi.  47 
Scalp,  eczema  of  the,  iii.  722 ;  vi.  782 

niegalosporon  of  the,  vii.  782 

phlegmon  of  tlie,  vi.  614 

ringworm  of  the,  vii.  782 

seborrlicea  of  the,  vi.  782 

sj'philis  of  the,  vi.  782 

wounds  of  the,  ii.  421 
Scammonium,  vii.  44 
Scammony,  vii.  44 

purgative  action  of,  vi.  812 

virgin,  vii.  44 
Scansorius  muscle,  vi.  56 
Scaphoid,  dislocation  of,  iii.  530 
Scapula,  congenital  elevation  of.  ii. 
806 

diseases  of  the,  vii.  45 

fractures  of  the,  iv.  259;  vii.  45 

surgical  atTections  of  the,  vii.  45 

tumors  of  the,  vii.  45 
Scapulo-costalis   minor   muscle, 

vi.  50 
Scapulo-huraeral    muscular    atro- 

]ili)'.  vi.  62 
Scar,  iii.  .86;  and  see  Cicatrix 
Scarification,  ii.  78 
Scarificator,  ii.  73 
Scarlet  fever,  vii.  46 

among  troops,  ii.  589 

and  dengue,  differential  diagno- 
sis of,  iii.  402 

and    measles,    diagnosis    of,    v. 
718;  vi.  998" 
relation  of,  vi.  997 

blindness  in,  ii.  12 

cervical  adenitis  in,  vii.  53 

changes  in  the  blood  in,  vii.  .53 
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Scarlet  faver. 
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ScnKibllily. 

Scarlet  fever,  cliiik-al  liistinv.  vii. 

Schonlein's   disease,  v.   861 ;    vii. 

Sclera,  svphilitic  affections  of 

the, 

■Ill 

O.s     Mid  si;(i  JlorbKsmdCulvmis  Woi- 

vii."  619 

colli  ill,  iii.  195 

/lojil 

tumors  of  the,  iv.  110;  vii.  75 

comiilicatioiis  of,  vii.  5:3 

School  buildings,  selection  of  site. 

Soleratitis,  scrofulous,  vii.  74 

coneun-ciipe  of,  witii  otliur  sjic- 

vii.  69 

Sclerema,  vii.  75 

citic  alTcclions,  vii.  57 

School  children,  myopia  in,  vi.  .84 

neonatorum,    vi.    337.   338; 

vii. 

co:itai;ioii  of,  vii.  46 

School  hygiene,  vii.  68 

75;   and  see   Uidema   iwomito- 

deafness  from,  vii.  55 

arrangement  of  seats,  vii.  69 

ntiit 

death  rale  in,  viii.  255 

baths,  vii.  71 

Sclererythrin,  iv.  3 

detiiiilion.  vii.  46 

building,  vii.  69 

Scleriasis,  vii.  75 

desqiiaiiuaion,  vii.  51 

color  of  walls,  vii.  69 

Scleritis,  vii.  74 

diagiio.sed  from  measles,  vi.  968 

eyesight,  vii.  73 

complicated,  vii.  74 

from  roetlielu,  vi.  998 

furniture,  vii.  71 

simple,  vii.  74 

diaijnosis,  vii.  61 

heating  and  ventilation,  vii,  70 

scrofulous,  vii.  74 

disinfection,  vii.  63 

height  of  windows,  vii.  69 

Scleroanthin,  iv.  2 

due  to  milk,  v.  1^37 

of  window  sills,  vii.  69 

Sclerocrystalline,  iv.  2 

ear  diseases  in,  vii.  55,  66 

lavatories,  waterclosets,  etc.,  vii. 

Scleroderma,  vi.  383;  vii.  75 

eruption  of,  vii.  49 

71 

circumscribed,  v.  864 

erythema  in,  iv.  8 

lighting,  vii.  69 

conscriptum,  see  MurphoM 

etiology,  vii.  46 

medical    inspection   of    schools, 

of  tlie  band,  iv.  513 

frequency  of  epidemics,  vii.  46 

vii.  73 

Sclerodermia,  vii.  75 

graver  forms,  vii.  51 

rooms,  vii.  69 

Sclerojodin,  iv.  3 

heart  failure  in,  vii.  56 

site,  vii.  69 

Sclerokeratitis,  vii.  74 

history,  vii.  46 

spaces    between    windows,    vii. 

Scleroma  a<lult(num,  vii.  75 

liow  to  avoid,  in  camp,  v.  814 

69 

neonatorum,  vi.  337,  338 

hydrotherapy  in,  iv.  789 

testing  the  ej^esight  and  hearing, 

Scleroniucin,  iv.  3 

hygiene,  vii.  63 

vii.'"73 

Sclerosis,  iuiiyotrophic   lateral. 

vii. 

iiicnhation  of,  vii.  48 

water  supply,  vii.  71 

351 

iuflainnialion  of  joints  in,  vii.  56 

window  slmcies,  vii.  69 

combined,  vii.  335 

in  the  new-born,  vi.  378 

School  life,  ii.  833 

disseminated,  viii.  491 

invasion  of,  vii.  49 

School   rooms,  amount   of  air   re- 

insular,  viii.  491 

kidneys  in,  vii.  59,  66 

iiuired  in.  ii.  661 

lateral,  vii.  350 

kyphosis  due  to,  v.  878 

disinfection  of,  iii.  505 

multiple  cerebro-spinal,  viii. 

491 

liver  in,  vii.  60 

Schooley's    Mountain    Springs, 

cerebrospinal,     diagn  o  s  c  d 

lymphatic  glands  in,  vii.  .55,  60 

vii.  (is 

from  lirain  tumor,  ii. 

449 

malignant,  "vii.  51 

Schroeder's  amputation  of  the  cer- 

multiple, diagnosed    from   i 

are- 

microbes  of,  vii.  46 

vix   uteri,  viii.  67 

sis,  V.  92 

milder  forms  of,  vii.  49 

Schrotter's  laryngeal  cautery  in- 

of the  spinal  cord,  vi.  498 

modes  of  infection,  vii.  47 

struments,  iii.  7.58 

of  the  retinal  vessels,  vi.  9.56 

nephritis  in,  vii.  53 

Schulzer's  larva  holder,  iv.  703 

of  the  veins,  see  P hlehusclerwiis 

pathological  anatomy,  vii.  .59 

Schwabach's  test  for  hearing,  iii. 

the  hand  in,  iv.  532 

pharyngitis  in,  vi.  593 

661 

Sclerostoma  duodenale,  vi.  33 

1 

predisposing  conditions,  vii.  47 

Schwalbach,  vii.  73 

Sclerotic  acid,  iv.  3 

preventive  inoculations,  vii.  68 

Schwann,   medullary  substance   of 

Sclerotium,  iv.  1 

prognosis,  vii.  63 

sheath  of,  vi.  336 

elaviis,  iv.  3 

prophyla.vis,  v.  814;  vii.  63 

white  substance  of,  vi.  336 

of  claviceps  purpurea,  iv.  1 

protozoa  in,  viii.  548 

Schwartze-Stacke's      mastoid 

Scolex,  echinococcus,  v.  540 

pnerporal,  vii.  58 

operation,  v.  708 

Scoliosis,  ii.   807;  v.   4.56;   and 

see 

relapses  and  recurrences,  vii.  58 

Schweninger's  method  of  treating 

Lateritl  cnrcature  of  the  apt 

ne 

sequeUr,  vii.  .56 

oliesity,  i.  135 

classification,  v.  460 

serum  therapy  in,  vii.  67,  134 

Sciatica,  vi.  347;  and  see  Jfeumlgia 

congenital,  ii.  807 

spleen  in,  vii.  61 

a  cause  of  spinal  deformity,  vii. 

etiology,  v.  458 

surgical,  vii   57 

390 

primary  changes  in,  v.  457 

symptoms,  vii.  49 

causes,  vi.  247 

secondary  elianges  in,  v.  458 

treatment,  vii.  63 

prognosis,  vi.  247 

symptoms,  v.  461 

Scarpa's  triangle,  vii.  738 

symptoms,  vi.  247 

treatment,  v.  463 

Schatz   method  of  hand   steriliza- 

treatment,  vi.  247 

Scolopendra,  v.  160 

tiiin.  i.   51)6 

Sciatic  artery,  vii.  740 

castanieeps,  v.  160 

Schede's     method      of     thoraco- 

anomalies of,  i.  534 

Scombrin,  ptomaTn,  vi.  790 

plasty,  vii.  755 

Sciatic  nerve,  great,  vii.  740 

Scooper's  pneumonia,  v.  594 

Scheiner's  experiment,  iv.  93 

Sciences,  analogy  of.  as  evidence  of 

Scoparin,  ii.  498 

Scherk's  perimeter,  vi.  393 

evolution,  iv.  30 

Scoparius,  ii.  498 

Schiefiferdecker's    pancreatin 

bioloffieal,  i.  758 

diuretic  action  of,  iii.  547 

fluid,  iv,  713 

Scilla,  vii.  434 

Scopola,  vii.  76 

Schimmelbusch  mask,  iii.  13 

Scillin,  vii.  434 

belladonna,  vii.  76 

Schimmelbusch's  method  of  pre- 

Scillipikrin,  vii.  434 

carniolica   vii.  76 

liaring  sjionges,  i.  567 

Scillitoxin,  vii.  434 

.Japonica.  vii.  76 

Schin-seng,  iv.  3.53 

Scilly  Islands  and  Penzance,  vi. 

Scopolamine,  iv.  795 

Schistosoma,  vii.  871 

551 

iiydrobromate   as   hypnotic. 

iv. 

h;emat(iliiuni.  vii.  873 

Scirrhous  ulcer,  vii.  946 

"818 

Schizomycet'^s,  i.  677 

Scirrhus,  si'e  ('iirciniiiiin 

Scopolia  japonica,  poisonous,  i. 

610 

Schleich's    method   of   local   anivs- 

Scissura  pilorum,  i.  605 

Scorbutic  ulcer,  vii.  944 

thesia,  i.  287 

Sclera,  iv.  68;  and  see  Eye 

Scorbutus,  vii.  78;  and  see  Scuiri/ 

mixture  as  an  anaesthetic,  i.  293 

diseases  of  the,  vii.  74 

Scorpion,  v.  1.59 

Schlosing's  method  of  determining 

ectasia  of  the,  vii.  75 

Scorpionidse,  v.  1.59 

ammonia  in  urine,  viii.  .56 

intlammation  of  the,  see  Scleritis 

Scorpions,  i.  438;  v.  1.59 

Schmidt's  method  of  detecting  so- 

rupture of  the,  iv.  102 

sting  of,  i.  428 

dium  carbonate  in  milk,  v.  840 

staphyloma  of  the,  vii.  75 

water,  v.  160 
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Scarlet  fever. 
Seuslbillty. 


Screen  for  record  of  lateral  curvu- 

ture  of  spine,  v.  46"3 
Screv^-worm,  v.  l.")4 
Scrofula,  vii.  77,  902 

of  the  lyinpli  nodes,  v.  66G 
Scrofuloderma,  vii.  77 
Scrofulous   diseases   of  eye,  as  ;i 

cause  of  liliiidness,  ii.  12 
Scrofulous,  percenlageof.  fronicon- 

sansuineous  marriages,  iii.  257 
Scrophularia,  vii.  7H 
Scrophulariacese,  vii.  77 

distinguished   from   labiated,   v. 
87!t 
Scrophularin,  vii.  7S 
Scrotum,   cancer   of   the  (chinmey- 
sweeps'),  ii.  682 
contusions  of  the,  vii.  178 
cysts  of  the,  vii.  179 
eczema  of  the,  iii.  725 
elephantiasis  of  tlie,  iii.  783 
luematocele  of  the,  vii.  178 
inflammation  of  the,  vii.  178 
injuries  of  the,  vii.  178 
tumors  of  the,  vii.  179 
wounds  of  the,  vii.  178 
Scurvy  or  scorbutus,  vii.  78;  sec 
also  under  Puipiim,  vi.  78 
button,  iii.  707 
clinical  liistory.  vii.  79 
delinition,  vii.  78 
diagnosed  from  purpura,  v.  S(i'2 
diagnosis,  vii.  80 
etiology,  vii.  78 
general  considerations,  vii.  78 
history,  vii.  78 
infantile,  vii.  81 

clinical  symptoms  in,  vii.  .82 
diagno.sis,  vii.  82 
etiology,  vii.  81 
general   considerations,    vii. 

81 
pathology,  vii.  82 
treatment,  vii.  82 
in  the  army,  ii.  619;  v.  808 
pathology,  vii.  80 
prognosis,  vii.  80 
the  .ioints  in,  v.  265 
treatment,  vii.  80 
Scutellaria,  v.  379;  vii.  241 
lateriflora,  vii.  241 
Western,  vii.  241 
Scutellarin,  vii.  241 
Seasickness,  vii.  82 

idiosyncrasy  in,  iv.  841 
Sea  voyages,  vii.  85 

contraindications,  vii.  86 
indications,  vii.  86 
in  treatment  of  tuberculosis,  i. 
641 
Sea  water,  distillation  of,  for  use  on 

ships,  vi.  169,  170 
Sea-wrack,  i.  799 
Seal,  golden,  see  Ilydrnntis 
Seasons,  influence  of,  upon  sickness 
and  death  in  the  army,  i.  498 
in  relation  to  dysentery,  iii.  567 
to  insanity,  v.  30 
ESeat-worm,  i.  363 
Sebaceous  glands,  viii.  558 

secretion  of,  vii.  100 
Seborrhcea,  vii.  86 

diagnosed  from  eczema,  iii.  723 

from  psoriasis,  vi.  782 
diagnosis,,  vii.  88 
etiology,  vii.  88 
of  the  auricle,  iii.  607 
oleosa,  vii.  87 


Seborrhcea  sicca,  vii.  87 
symptoms,  vii.  !S7 
treatment,  vii.  89 
Sebum  ovile,  vii.  .548 
Secale  eereale,  iv.  1 
cninutum,  iv.  1 
Seccec,  ii.  828 
Second  nerve,  iv.  79 

wind,  iv.  612 
Secondary  anaemia,  blood  changes 
in,  ii.  69 
cache.via  in,  ii.  531 
causes  of,  ii.  532 
classification  of,  ii.  .532 
Secondary  waves  of  pulse,  vi.  799 
Secrecy,  professional,  i\.  141 
Secretin,  vii.  90 

Secretion  or   secretions,  adrenal, 
vii.  101 
biliary,  vii.  97 
effect    of    sympathetic   nervous 

system  on,  vii.  582 
external,  vii.  90 
gastric,  v.  773;  vii.  95 
hepatic,  v.  773 
iuhiljition  of,  v.  24 
in  insanity,  v.  -53 
internal,  v.  774;  vii.  101 
mammarv,  ii.  471;    v.  818;  vii. 

101 
metastasis  of,  v.  778 
pancreas,  internal   secretion   of, 

vii.  104 
pancreatic,  v.  774;  vii.  93 
phy.siology  of,  vii.  90 
renal,  vii.  98 
reproductive,  vii.  104 
salivary,  v.  773;  vii.  90 
sebaceous,  vii.  100 
small  intestines,  vii.  97 
sweat,  vii.  100 
tliyroid  tissues,  vii.  101 
Secretory  disorders  of  hysteria, 

iv.  S33 
Section  cutting,  iv.  713 
Sections,    methods  of  making,  iv. 
712 
of  nervous  tissue,  ii.  324 
serial,  iv.  716,  717 
Sects,  medical,  iv.  47 
Securite,  vii.  910 
Sedatin,  vii.  105 
Sedative,  heat  as  a,  iv.  624 
Sedatives,  nervous,  in  insanity,  v.  72 
poisons,  vi.  691 
urinary,  viii.  27 
vascular,  in  insanity,  v.  72 
Sedgwick  and  Tucker's  aerobio- 

scope,  viii.  403 
Sedillot's  operation,  cheiloplasty, 
vi.  902 
harelip,  iv.  .536 
Sediment  in  milk,  v.  833 
Sediment,  urinary,  viii.  56 
Seeds,  adulteration  of,  iv.  163 

poisonous,  vi.  699 
Segmentation  of  the  body,  vii.  105 

of  the  oviMu,  vii.  106 
Segmenting  zone,  ii.  2 
Seguin's  signal  symptom,  in  epi- 
lepsy, ii.  420 
Seidlitz  powder,  vi.  744 

as  a  la.\ative,  v.  469 
Seigler's  Springs,  vii.  109 
Seignette's  salt,  vi.  744 
Selection,  genetic,  iv.  35 
natural,  iv.  28 
physiological,  iv.  33 


Selection,  reproductive,  iv.  35 

se.xual.  iv.  34 
SeliwanofTs   reaction    for    levu- 

lose,  viii.  42 
Semecarpus  anacardium,  ii.  707 
Semen  contra,  viii.  ;^15 
sanctum,  viii.  315 
.  Semicircular  canals,  i.  620 
function  of,  i.  624;  iii.  8.59 
Semilunar   cartilages,    displaced, 

massage  for,  v.  698 
Semilunar  ganglia,  vii.  578 

pathology  of,  vii.  109 
Semimembranosus    muscle,     vii. 
740 
anomalies  of.  vi.  56 
Seminal  incontinence,  vii.  192 
Seminal   stains,   medicolegal  ex- 
amination (if.  vii.  113 
Seminal  vesicles,  iv.  327 
abscess  of,  vii.  I'JO 
concretions  of,  vii.  191 
calculi  of,  vii.  191 
cysts  of,  vii.  191 
diseases  of,  vii.  190 
intiammations  of,  vii.  190 
malformations  of,  vii.  190 
tuberculosis  of,  vii.  191 
wounds  of.  vii.  190 
Semitendinosus  muscle,  vii.  740 

anomalies  of,  vi.  56 
Senega,  vii.  113 

as  an  expectorant,  iv.  .50 
Senegin,  vii.  114 
Senescence,  phenomena  of,  i.  138 
Senile  changes,  health  resorts  for, 

iv.  565 
Senile  necrosis,  vi.  202 
Senility,  vii.  114 

climate  suitable  for,  iv.  565 
external  phenomena  of,  iii.  378 
health  resorts  for,  iv.  565 
Senna,  vii.  116 

action  and  use,  vii.  117 
administration,  vii.  117 
Alexandrian,  vii.  117 
allied  products,  vii.  117 
as  a  laxative,  v.  470 
as  a  purgative,  vi.  810 
British,  vii.  116 
constitvients,  vii.  117 
description  of.  vii.  117 
Indian,  vii.  117 
Tinnevelly,  vii.  117 
varieties  of,  vii.  116 
Senn's  decalcified  bone  plates,  v.  179 
lateral   implantation   suture,   v. 

179 
method  of  amputation,  i.  266 
Sensation,  disorders  of,  vii.  117 
disturbances  of,  in  hysteria,  iv. 

831 
idiosyncrasy  in,  iv.  841 
irradiated,  v.  231 
primary  centres  of  localization, 

ii.  308 
visual  and  auditorv  compared,  i. 
624 
Sense,  muscular,  i,  282 

special,   disturbances   of,   in  in- 
sanity, V.  51 
Senses,  development  in  infancy,  iv. 
858 
in  childhood,  ii.  832 
Sensibility,  cutaneous,  disturb- 
ances of,  in  insanity  v.  51 
functional   derangements   of,   i. 
283 
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Sinuses. 

Sensibility,  loss  of,  i.  28") 

Serum  therapy,  vii.  132 

Sexual  functions,   connection   be- 

nictlHHls of  tfstiug.  i.  282 

in  anthrax,  vii.  133 

tween,  and  the  thyroid  gland, 

tactile,  i.  13") 

in  diphtheria,  iii.  4S9 

iv.  380 

(listui-l)aiioes  of.  ia  insanity. 

in  phlegmon,  vi.  619 

in  neurasthenia,  vi.  251 

V.  51 

Sesamum  indicum,  i.  743 

Sexual   glands   and   ducts,  mal- 

Sensitiveness    to     temperature 

Setons,  iii.  305 

formations  of,  vii.  709 

changes  in  cliililliood.  ii.  82!t 

Setting-up  drill,  v.  815 

Sexual  instincts,  contrary,  v.  134 

Sensory  areas,  ilistiibution  of.   ii. 

Seven  barks,  iv.  774 

Sexual   life  of   male,  ellect  of  cas- 

305 

Seven  Springs,  vii.  134 

tration  on  the,  ii.  711 

Sensory  disorders  in  neurasthenia, 

Seventh  nerve,  iii.  321 

of  women,  elTect  of  castration  on 

vi.  2.50 

Sevum,  vii.  548 

the,  ii.  714 

Separated  milk,  v.  822 

praparalum,  vii.  548 

Sexual  organs,  female,  vii.  147 

Separation  of  retina,  vi.  959 

Sewage,  theory  of  bacterial  purifi- 

ovaries, vii.  150 

Sepia  officinalis,  iii.  339 

cation  of,  vii.  135 

oviducts,  vii.  154 

Sepsis,  in   fractures,   treatment  of. 

Sewage  farms,  vii.  135 

uterus,  vii.  157 

jv.  257 

Sewer  air,  i.  1.58 

vagina,  vii.  164 

iu  the  new-born,  vi.  278,  281 

Sewerage  and  sewage  disposal, 

vulva,  vii.  168 

neonatorum,  vi.  281 

vii.  134,  139 

Sexual  organs,  male,  see  Oenitiil 

|)Ui'rperal.  vi.  793 

care  of  sand  filters,  vii.  136 

orcjiins,  nitile 

Septic  absorption,  a  cause  of  sub- 

chemical precipitation,  vii.  139 

injuries  and  diseases  of,  vii.  173 

involution  of  ulerus,  viii.  101 

contact  filters,  vii.  141 

amputation  of  the  penis,  vii. 

Septicaemia  and  pyaemia,  vii.  122 

disposal  by  dilution,  vii.  134 

178 

classification,  vii.  122 

for  isolated  houses,  iv.  766 

anomalies    of    the    testicle. 

diagnosis,  vii.  129 

for  villages,  iv.  766 

vii.  179 

etiology,  vii.  123 

system  of  Brockton,  vii.  137 

calcification  and  ossification 

historical  memoranda,  vii.  122 

filters  of  coarse  material,  vii.  141 

of  the  penis,  vii.  177 

pathology,  vii.   123 

filtration  at  Marlborough,  Mass.. 

chylocele,  vii.  188 

post-mortem  findings,  vii.  12-1 

vii.  138 

congenital    defects    of    tlie 

prognosis,  vii.  129 

through   gravel   or  other 

penis,  vii.  173 

puerperal,  vi.  793;  vii.  135 

coarse  material,  vii.  141 

cord,  tumors  of  the,  vii.  190 

signs  and  symptoms,  vii.  124 

through   intermittent    sand 

epididymectomy,  vii.  184 

treatment,  vii.  129 

filters,  vii.  136 

epididymitis,  vii.  181 

Septico  -  pyaemia,     cryptogenic. 

intermittent     continuous    filtra- 

episjiadias, vii.  174 

viii.  212 

tion,  vii.   143 

extirpation  of  the  inguinal 

Septum  of  the  nose,  vi.  101 

filtration,  vii.  136 

glands,  vii.  178 

cartilu.ires  (.)f.  vi.  101 

mechanical  straining,  vii.  140 

extirpation  of  the  penis,  vii. 

deviations  of,  vi.  125 

method  of  operation  of  sand  fil- 

178 

outgrowths  from,  vi,  125 

ters,  vii.  136 

fibrosis   of    erectile  bodies. 

perforations  of,  vi.  125 

physical  characteristics  of  sand 

circumscribed,  vii,  177 

polypi  of,  vi.  129 

for  filtration,  vii.  136 

gangrene  of  the  penis,  vii. 

Sequestration,  vi.  205 

rate   of  filtration  through   sand 

176 

Sequestrum,  vi.  205,  420 

filters,  vii.  136 

hematocele,  vii.  188 

Serenoa  serrulata,  vii.  43 

sand  filter  areas,  vii.  137 

herpes     progenitalis,    see 

Serositis,  chronic  multiple,  viii.  504 

septic  tank  treatment,  vii.  142 

Herpe^s 

Serosynovitis,  vii,  596 

sewage  farming,  vii.  135 

horns,  vii.  177 

Serpentaria,     vii.     254;     and     see 

straining,  vii.  140 

hydrocele,     idiopathic,    vii. 

Siiiiktrool 

theorj'  of  bacterial  purification. 

185 

family,  i.  449 

vii.  135 

hydrocele,  symptomatic,  vii. 

Texas,  vii.  255 

Sex,  vii.  144 

"185 

Virginia,  vii.  254 

as  a   factor  in   occupation,   vi. 

hypospadias,  vii.  174 

Serpylium,  \V\.  7(i5 

321 

impotence,  vii.  193 

Serratus   magnus  muscle,  an,^m- 

characteristics  of,  primary,  vii. 

inflammation  of  the  erectile 

alies  of,  vj.  51 

144 

bodies,  vii.  176 

Serratus  posticus  inferior  mus- 

secondary, vii.  145 

injuries  of  the  penis,  vii.  176 

cle,  ancimalies  of,  vi.  00 

tertiary,  vii.  145 

irritable  testicle,  vii.  180 

Serratus  posticus  superior  mus- 

determination of,  in  cadaver,  ii. 

lymphangitis,  see  Chancroul 

cle,  anomalies  of,  vi.  60 

539 

and  GonorrlKKi 

Serres  fines,  iv.  726 

determined  by  pelvic  measure- 

malignant   neoplasms,    vii. 

Serum,  against  snake-bite,  vi.  715 

ments,  ii.  .541 

177 

antivenomous,  vi.  715 

by  skeleton,  ii.  .540 

orchidectomy.  vii.  185 

bactericidal  action  of,  ii.  36 

effect   of,   upon  pulse   rate,   iii. 

orchitis,  vii.  183 

blood,  ii.  34,  36 

110 

paraphimosis,  vii!  174 

compared  with  chyle,  iii.  76 

intluence  of,  upon  dysentery,  iii. 

phimosis,  vii.  173 

composition  of,  iii.  76 

568 

scrotal  injuries,  vii.  178 

eel,  viii.  477 

upon  longevity,  v.  ,569 

seminal     incontinence,    vii. 

endotheliolytic,  viii.  476 

upon  neurasthenia,  vi.  251 

192 

globulicidal  action  of,  ii.  36 

in  insanity,  v.  30,  31 

seminal  vesicles,  vii.  190 

haemolysis  by  means  of,  viii.  46N 

modifying  dosage,  iii.  551 

skin  diseases,  see  Skin  dis- 

leucocytolytic, viii.  476 

Sexton's  ear  forceps,  iii.  663 

eases  of  the  scrotum 

lipolytic  action  of.  ii   36 

Sexual  apparatus,  relation  to  nasal 

spermatic  cord,  hydrocele  of 

lymphatolytic.  viii.  477 

nuicous  membrane,  vi.  133,  134 

the,  vii.  18> 

nephrolytic,  viii.  477 

Sexual  differences  iu  the  skeleton. 

spermatic    cord,    torsion   of 

neurolytic,  viii.  477 

ii.  .-)39 

the,  vii.  180 

tliyrolytic,  viii.  477 

Sexual  disorders,  a  cause  of  head- 

spermatocele, vii.  187 

Yersin's    antipest,    in    bubonic 

ache,  iv,  .549 

spermatorrhoea,  vii.  192 

plague,  ii.  511 

Sexual  excesses,  as  cause  of  epi- 

sterility in  the  male,  vii.  193 

Serum  diagnosis,  vii.  131 

lepsy,  iii.  849 

testicle,  gangrene  of  the,  vii. 

techni(iue  of.  vii.  132 

as  factor  in  paresis,  v.  88 

180 

752 


GEXERAL  INDEX. 


Sensibllit}-. 
Sinuses* 


Sexual  organs,  male,  injuries  and 
diseases  of.testicle,  inflam- 
mation of  llie,  vii.  180 
testicle,  injuries  of  tlie,  vii. 

180 
testicle,  syphilis  of  the,  vii. 
•       184 
testicle,  tuberculosis  of  the. 

vii.  183 
testicle,  tumors  of  the.   vii. 

184 
tuberculosis,  vii.  177 
varicocele,  spontaneous,  vii. 

188 
varicocele,       .symptomatic. 

vii.  188 
venereal     idcerations,      see 
C/nnicniid.  fjiphilis 
Sexual    organs,    malformations 
of,  vii.  710 
female,  vii.  710 
male.  vii.  710 
Sexual  selection,  iv.  34 
Shaddock,  iii.  127 
Shadow  test,  vii.  194 
Shake  cultures,  viii.  388 
Shaking  palsy,  vi.  48-1 
Shannondale  Springs,  vii.  198 
Sharon  Springs,  vii.  198 
Sharpey's  fibres,  ii.  110 
Sheboygan  Mineral  Well,  vii.  190 
Sheep,  apople.X}-  among,   detection 
of,  V.  726 
"  brax_v  ''  among,  detection  of,  v. 
73C" 
Sheeppox,  detection  of,  v.  726 
Sheep,  hainolyniiihiflandsof,  iv.  40.S 
Sheet,  rubber,  for  soldiers,  v.  796 
Sheffield  grinder's  rot,  v.  .594 
Sheldon  Springs,  vii.  199 
Sheringham  valve,  iv.  7,57 
Shield,  viii.  173 
Shingles,   iv.  686;  and  see  Herpes 

zoster 
Ship,  transportation  of  disabled  on, 

vi.  1^7 
Ship's  air,  sources  of  contamination 

nf.  vi.  1.58 
Ships,  disinfection  of,  iii.  498.  .505 
hygiene   of.    vi.    155;    and    see 

Xavnl  hygiene 
inspection  of.  at  quarantine  sta- 
tion, vi.  823 
relation  between  size  of  iiatches 

and  tonnage  of,  vi.  1.58 
ventilation  of,  vi.  155 
water  supplv  of.  vi.  167 
Shir  khist,  v.  693 
Shirts,  military,  v.  795 
Shock,  as  immediate  cause  of  death, 
i.  666 
electrical,  clinical  manifestation 
in,  iii.  7.50 
resuscitation  from,  iii.  7.52 
spontaneous  recovery  from, 
iii.  752 
from  hemorrhage,  effect  of  cn- 

teroclysis  on.  iii.  833 
in  contusions,  iii.  273 
in  gunshot  wounds,  iv.  440 
intravenous  injection  in,  v.  194 
surgical,  vii.  199 
symptoms  of,  i.  20 
treatment  of,  i.  20 
Shoddy  fever,  vi.  321 
Shoe,  army,  v.  795 

tor  metacarpal  disease,  v.  289 
proper,  for  soldiers,  v.  795 
Vol.  viii.— 48 


Shoe,  proper,  for  weak  foot,  iv.  205 
Shoi-tening  of  limb,  complicating 

liip  disease,  v.  285 
Short-sightedness,  see  yiyopin,  vi 

Shot,    in   intestinal   obstruction,   v. 

W.', 
Shot  wounds,  see  (iunshot  wounds 
Shoulder-joint,  vii.  204 
aniimtatiiin  at,  i.  253 
anomalies  of  nuiscles  of,  vi.  51 
arthritis  deforiiiaus  of,  v.  276 
burs*  of,  ii.  523;  vii.  206 
chronic  synovitis  of.  v.  276 

tuberculous  ostitis  of.  v.  276 
congenital  dislocations  of,  iv.  698 
diseases  of.  v.  276 

treatment  of,  v.  289 
dislocations  of,  iii.  517 

with  fracture,  iii.  520 
drainage  of,  v.  294 
ligaments  of,  vii.  205 
lymphatic  glands  of,  v.  632 
lymphatics  of,  v.  631 
periarthritis  of,  v.  376 
resection  of,  vi.  921 
surgical  anatomy  of,  vii.  204 
Shoulder   presentations,    v.    393; 

and  see  TruMrerse  jirescntatioh 
Shoulders,  round,  ii.  808 

stoo]..  ii.  808 
Shrapnell's  membrane,  i.  610;  iii. 
5S0 
perforation  in,  in  chronic  puru- 
lent otitis,  iii.  039 
Shrapnell-shot,  iv.  429 
Sialagogues,  vii.  210 
Sialorrhoea,  vi.  513 
Sick,  (lii'tetics  of  the,  iii.  4.50 
Sickness,  fallin,g,  iii.  845 

morning,  see    VnmHiiiy  of  preg- 
nonry,  viii.  269 
Sick-room,  disinfection  of  the,  iii. 

497 
Sico,  ii.  82S 
Side-chain  theory  of  Paul  Ehr- 

lich,  vii.  210 
Sideroscope,  vii.  213 
Siderosis,  v.  .594;  vi.  635;  vii.  213 
Sidonal,  vii.  214 
iii'W.  vii.  214 
Siegle's  ear  speculum,  iii.  6C3 
Sieveking's  sesthesiometer,  i    135 
Sight,  and  see  I'isii'ii 

centripetal  conduction  path  of. 

ii.  363 
disturbances  of.  in  insanity,  v. 

51 
examination  of,  vi.  854 
Sigmatism,  vii.  435 
Sigmoid   sinus,  septic   thrombosis 

of.  operation  for,  v.  712 
Sign,   Kernig's,   iu  meningitis,  ii. 

394 
Siguatera,  iv.  184,  188 
Sike,  ii.  828 
Sikka,  ii.  828 
Siko,  ii.  828 

Silent  areas  of  brain,  ii   311 
Silicosis,  vii.  214 
Silk,  for  sutures,  iii.  .5.54 
Silk  workers,  health  of.  vi.  324 
Silkworm  gut,  for  sutures,  iii.  554 
Silver,  vii.  214 

as  a  cause  of  blindness,  ii.  13 
as  a   pathological   pigment,  vi. 
635 
1  citrate,  vii.  316 


Silver,  colloidal,  vii.  316 

compounds    used  iu    medicine, 
vii.  214 

cyanide,  iii.  340;  vii.  216 

eosolate  of.  iii.  844 

iodide,  vii.  215 

lactate,  vii.  316 

medicinal  properties  of,  vii.  214 

nitrate,  vii.  215 

caustic  action  of,  ii.  138 

o.xide  of,  vii.  214 

used  for  tapeworm-,  i.  363 

poisoning  by,  i.  446;  see  Anjyria 

quina.septolate.  vii.  216 

salts  of,  for  gonorrha'a,  viii,  167 

soluble,  vii.  216 

sulphocarbolate,  vii.  216 

vitelline,  vii.  216 
Silver  City,  vi.  2s3 
Silver  fork  deformity,  iv.  263 
Silver  wire  as  sutiue,  iii.  554 
Simaba  cedron,  ii.  760 
Simarubaceae,  jioisonous  plants  of, 

vi.  695 
Simblum  rubescens,  iv.  286 
Simirubp  excelsa,  \  i.  826 
Simon's  operation    for  vesico-vagi- 
ual  tistuUe,  viii.  175 

retractor,  viii.  175 
Simoom,  iii.  140 
Simple  necrosis,  vi.  202 
Sims'  female  catheter,  ii.  7.53 

fork.  viii.  173 

operation  for  vesico-vaginal  fis- 
tuhe,  viii.  173 

tampon  extractor,  viii.  173 

va.trinal  dilator,  viii.  180 
Simulidae,  v    164 
Simulium  invenustum,  v.  164.  165 
Sinalbin,  vi.  OS 
Sinapin  sulphate,  vi.  6.'5 
Sinapis  alba,  vi.  67 

nigra,  vi.  07 
Sincipital  cephalocele,  ii.  236 
Singers'  nodes,  v.  410 
Sinigrin,  vi.  68 
Sinks,  iv.  703 
Sinuses,  affections  of.  vi.  144 

anomalies  of,  viii.  203 

caroticus,  ii.  263 

cavernous,  ii.  261 

cerebral,  ii.  260 

anomalies  of,  viii.  203 

dural,  ii.  200 

epicranial,  ii.  260 

ethmoidal,  vi.  104;  vii.  235 

falcial,  ii.  3.56,  260 

frontal,  anatomy  of.  vi.  104  ;  vii. 
234 
measurements  of,  viii.  240 

great,  of  aorta,  i.  406 

inferior  petro-occipital,  ii.  363 

intracranial,  wounds  of,  iv.  .560 

lateral,  ii.  261 

lon.ffitudinal,  ii.  260 

maxillarj-,  vi.  104;  vii.  233 
measurements  of,  viii.  240 

measurements  of.  viii.  338 

occipital,  ii.  262 

occlusion  of,  ii.  262 

of  the  dura,  ii.  360 

phlebitis  of,  iii.  0.58 

of  the  nose,  vi.  104 

of  Valsalva,  iv.  571 
aneurism  of,  i.  343 

orbital,  vii.  236 

pocularis,  vi.  757 

prepetrosal,  ii.  261 
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Sola  111  ue* 

Sinuses,   sphcnoklal,    vi.    105:  vii. 

Skin,  embrvologv  of  tlie  derma,  viii. 

Skin,  tuberculosis  cutis  orifici- 

235 

.504 

alis,  vii.  323 

subpctrosal,  ii.  361 

of  the  e]iiderniis,  viii.  .552 

Skin,  tuberculosis  disseminata. 

subsplii'iioidal,  ii.  201 

of  the  liairs,  viii.  .563 

vii.  223 

superpc'li'osal,  ii.  201 

of  the  nails,  viii.  562 

Skin,  tuberculosis  of,  vii   222 

tentorial,  ii.  250,  201 

of  the  sebaceous  glands,  viii. 

Skin,     tuberculosis     verrucosus 

terniiualis,  i.  444 

558 

cutis,  vii.  223 

ihrombosis,  a  cause  of  headache. 

of  tile  sweat-glands,  viii.  5.56 

Skull  cap,  V.  379;  vii.  241 

iv.  5.53 

end-bulbs  of  Krause,  viii.  .562 

Skull,  the,  vii.  334 

torticular,  ii.  261 

epidermis,  viii.  552 

age  differences  in,  vii.  333 

transverse,  ii.  261 

layers  of,  viii.  552 

anatomical  points  of,  vii.  229 

vcnnsus.  i.  444:  iv.  508 

thickness  of,  viii.  552 

bonv  landmarks  of,  ii.  401:  vii. 

Sinusitis  frontalis,  iv.  271 

epithelioma  of,  iii.  8.52 

288 

Siphonaptera,  v.  154 

excretory  function  of,  vii.  217 

comjiarison  of   human   and   an- 

Siriasis, iv.  018 

fatty  layer,  viii.  ,555 

thropoid,  vii.  227 

Sirocco,  iii.  140 

fibroma  of,  iv.  1.55 

cranial  capacity,  vii.  2.30 

Sirolin,  vii.  741:  and  see  Thlocol 

folds  of,  viii.  5.52 

cranio-ence]>halic      topography. 

Site  for  houses,  iv.  750 

functions  of,  vii.  217 

vii.  339 

rxaiiiiii:ition  nf.  iv.  768 

furrows  of,  viii.  .552 

craniology,  vii.  229 

Sitka  Hot  Springs,  vii.  217 

general   characteristics  of,    viii. 

exterior  o"f,  vii.  234 

Sitotoxismus,  iv.  189 

550 

fosssB  of,  tumors  in,  ii.  448 

Sixth  nerve,  iii.  324 

glands  of,  viii.  556 

fractures  of,  ii.  421 :  iv.  .550 

Size,  aliudrmal,  of  ucw-bnrn.  vi.  276 

grafting  with,  vii.  220 

indexes  of,  vii.  230 

effect  cm  pulse  rate.  iii.  lOU 

hair,  anatomy  of.  viii.  .563 

in  insanity,  v.  51 

e.^timate  of.  viii.  246 

heat-regulating  function  of,  vii. 

interior  of,  vii.  335 

Skagg-'s  Hot  Springs,  vii.  217 

318 

osteoplastic  resection  of,  ii.  134, 

Skatol  as  a  geniiieide,  iv.  335 

in  childhood,  ii.  829 

407 

ptomaVn,  vi.  789 

in  diabetes  mellitus,  iii.  4;-il.  429 

percussion  of,  ii.  400 

in  urine,  viii.  45 

in    myelogenous    leukiemia,    v. 

pneumatic  spaces  in,  vii.  233 

Skatoxyl  in  urine,  viii.  45 

500 

sexual  dirt'erences  in,  vii.  333 

Skeleton,  acromegalic,  i.  93 

intercellular  spaces  of  the  stra- 

sutures of.  vii.  331 

in  cretinism,  iv.  393 

tum  mucosum,  viii.  553 

venous  openings  through,  ii.  363 

sexual  (iilferences  in,  ii.  .539 

lymphatic  vessels  of,  viii.  .561 

Slaughter-houses,  reguUuions  for. 

Skene's  curette,  iv.  460 

medication  by  way  of,  v.  735 

vi.  331 

tenaculum,  iv.  465 

medication  of,  v.  733 

Sleep,  iii.  559 ;  and  see  Drair^tDess 

Skewness,  measurement  of,  viii.  194 

muscles  of,  viii.  .555 

disorders  of,  iii.  261 ;  and  see  In- 

Skey's  arterial  compressor,  i.  536 

myoma  of,  vi.  76 

sotn  II  ia 

Skin,  viii.  550 

nails,  anatomy  of,  viii.  562 

in  infancy,  iv.  860 

abnormalities  of,  vii.  717 

nerve  endings  in,  iii.  820 

loss  of,  V.  169;  and  see  Insomnia 

absorptive  function  of,  vii.  218 

nerves  of,  viii.  561 

normal,  factors  producing,  v.  169 

adenoma  of,  i.  112,  115 

neurofibroma  of,  iv.  1.55 

causes  of,  v.  169 

adipose  layer  of,  viii.  .550 

neuroma  of,  vi.  358 

possibility  of  administering 

affections  "of,   in  arm  and  fore- 

of the  forearm,  iv.  238 

chloroform"  during,    without 

arm,  i.  454 

Pacinian  bodies,  viii.  563 

awakening,  iii.  9 

in  hand  and  fingers,  iv.  511 

painful  neuroma  of,  vi.  258 

Sleeping-sickness,  iii.  .561 :  vii.  343 

anatomy  of,  viii.  5.50 

panuiculus  adiposus,  viii.  556 

Sleeplessness,  iii.  560 

appendages  of,  viii.  ,563 

parasites  of,  vi.  500 

Slide  for  hanging-drop,  viii.  394 

application  of  remedies  to,  v.  733 

pars  papillaris  of    the  corium, 

Small  intestine,  bacteria  of,  iii.  85 

arteries  of,  viii.  559 

viii.  .5.56 

histology  of,  V.  183 

blood-vessels  of,  viii.  559 

reticularis    of    the   corium, 

lymphatics  of,  v.  638 

bronzing   of  the,   in  Addison's 

viii.  5.54 

secretion  of,  vii.  97 

disease,  i.  108 

post-mortem  changes  in,  ii.  535 

villi  of.  V.  183 

carbon  dioxide  eliminated  bv,  v. 

protective  function  of,  vii.  217 

Smallpox,  vii.  344 

768 

Ranvier's  tactile  discs,  viii.  563 

and  chiekenpox,  differential  di- 

carcinoma of,  ii.  631,  073,  680 

rete  Malpighii.  viii.  553 

agnosis  of,  vii.  249 

cleavage  lines  of,  viii.  .551 

.sebaceous  glands,  viii.  5.58 

and  febrile  lichen,  diagnosis,  vii. 

colloid  degeneration  of,  iii.  200 

sen.sory  functions  of,  vii.  218 

250 

color  of,  viii.  .551 

.special  seu.sations  of,  vii.  310 

and  impetigo  contagiosa,  diag- 

corium, viii.  .5.54 

stratum  corneum,  viii.  553 

nosis  of,  vii.  350 

cutis  propria,  viii.  .5.54 

granulosum,  viii.  553 

and   measles,   diagnosis  of,  vii. 

cysticerci  of,  iii.  344 

lucidum,  viii.  554 

2.50 

cysts  of,  iii.  344,  350 

mucosum,  viii.  5."i3 

and   pemphigus,     diagnosis  of. 

density  of,  viii.  551 

spinosum,  viii.  5.53 

vii.  250 

derma,  viii.  .5.54 

structure  of,  viii.  5.53 

and   syphilis,  diagnosis  of,  vii. 

dermoids  of,  vii.  717 

subcutaneous    connective-tissue 

349 

diet  in  diseases  of,  iii.  466 

layer,  viii.  555 

and     vaccination,     comparative 

in  Addison's  disease,  i.  108 

sweat  glands,  viii,  ,556 

protection   afforded    by,    viii. 

diseases  due  to  autointoxication. 

tactile  "corpuscles,  viii.  503 

133 

i.  644 

temperature-regulating  function 

confluent,  vii.  348 

eosinophilia  in,  v.  493 

of,  vii.  218 

death  rate  in,  «ee  Vaeciimiion 

Finsen     treatment     of,    vi. 

tensicm  of,  viii.  ,551 

definition,  vii.  344 

992 

termination   of  muscular  fibres 

differential  diagnosis,  vii.  349 

mercury  in  treatment  of,  v. 

in,  vi.  14 

disinfection  in,  vii.  252 
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tuberculosis  of,  vii.  232 

discrete,  vii.  247 

of  vulva,  viii.  102 

veins  of.  viii.  .560 

etiology,  vii.  246 

effect  of  massage  upon,  v.  696 

Skin-grafting,  vii.  220 

Finsen  method  of  treatment,  vi. 

elastic  tissue  of,  viii.  555 

Skins,    treating    and    tanning. 

993 

elasticity  of,  viii.  551 

regulations  for,  vi.  333 

hemorrhagic,  vii.  348 
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Smallpox,  history,  vii.  244 
lios|iital  for,  V.  23") 
iiimiunity   fri'iii.   of    tlie   vacc-i- 
nalecl  and  uuvaccinated,  viii. 
121 
iu  armies,  ii.  580 
iiiofulation,  vii.  246 
isolation  in,  vii.  2ol 
modilied,  vii.  248 
morbid  anatomy,  vii.  246 
morbidity  of,  as  alTtctcd  by  vac- 
cination, viii.  121,  126 
mortality   from,  as  affected    by 

vaccination,  viii.   121,  126 
jiliaryngitis  in,  vi.  593 
prognosis,  vi.  251 
propliylaxis.  v.  814;  vii.  251 
protection  afforded  by  vaccina- 
tion, vii.  246,  247,  251 ;  viii.  121 
quarantine  in,  vi.  824 

disinfection   of    vessels,   vi. 
826 
relation  of  vaccinia  to.  viii.  113 
stages  of,  vii.  247 
symptoms  and  course,  vii.  247 
treatment,  vii.  251 

by  red  light,  vi.  992 
vaccination,    vii.    251;    see   also 
I  iirrijiiition 
Smear  cultures,  viii.  389 
Smeg-ma  bacillus,  bacteriology  of, 

i.  6!i;i 
Smell,  centripetal  conduction  path 
of,  ii.  362 
classification  of,  vi.  354 
disturbance   of,   in   cerebral  tu- 
mor, ii.  445 
in  insanity,  v.  51 
localization  of  sense  of,  ii.  308 
loss  of,  vi.  131 
perversions  of,  vi.  131 
offensive,  a  public  nuisance,  vi. 

330 
sense  of,  see  O/furtori/  nen-e 

function  of  the  nose  in,  vi. 

106 
physiology  of,  vi.  363 
tests  for,  vi.  354 
Smellie's    craniotomy    scissors, 

vi.  315 
Smelling  salts,  i.  216 
Smilacin,  vii.  41 
Smilasaponin,  vii.  41 
Smilax,  china,  vii.  41 
gninditlora,  vii.  40 
medica,  vii.  40 
ornata,  vii.  40 
papyracea,  vii.  40 
pseudo-cliina,  i.  726 
Smith-Hodge  pessary,  viii.  83 
Smith-Rosin  test  for  bilirubin,  v. 

245 
Smith's  anterior  splint,  iv.  257 

method  of  reducing  dislocation 
of  humerus,  iii.  519 
of   reducing    dislocation   of 
hip.  iii.  525 
Smith's  fermentation  tube,  viii. 

404 
Smith's  (T.)  operation  for  harelip, 

iv.  .-)38 
Smoke,  a  public  nuisance,  vi.  330 
Smokeless  powder,  iv.  430 
Smothering,  signs  of  death  from, 

i.  673 
Smuts,  iv.  282 
Snails,  viii,  ,566 
edible,  viii.  .567 


Snails,  jjoisoning  from,  viii.  567 

sea.  viii.  .567 

wild,  viii.  567 
Snake-bite,  poisonous,  vi   711 
Snake  poison,  iiiitidoie  to,  i.  373 
Snake   poisoning,  serum   therapy 

in.  vii.   1;13 
Snakeroot,  Canada,  vii.  254 

seneca.  vii.  113 

Te.xas.  vii.  254 

Virginia,  vii.  2.54 
Snakes   and    snake,  poisons,  see 

PnisdllOUf  nptili>i 

Snakes,  hair,  vi.  224 

impression  of  teeth  of,  vi.  710 
poisonous,  vi.  708 
Snake  venoms,  vi.  710 
antidote  to,  i.  373 
serum  Iheranv  in.  vi.  715 
Snellen's  test  letters,  vi.  392,  305 
Snow  blindness,  vi.  9.58 
among  troops,  ii.  619 
Soap,  vii.  2.55 

amount  allowed  soldiers,  v.  799 

as  an  antidote,  i.  372 

Castile,  vii.  255 

German,  vii.  255 

green,  vii.  2-55 

hard,  vii.  255 

liniment,  vii.  255 

manufacture  of,  regulation  for, 

vi.  332 
plaster,  vii.  255 
soft,  vii.  255 
Spanish,  vii.  2.55 
Soap  bark,  vii.  256 
Soap  cysts,  viii.  482 
Soap  root,  vii.  256 
Soapwort,  vii.  256 
Sociological  conditions  as  affected 

liv  castration,  ii.  713 
Soda  as  a  caustic,  ii.  7.58 
as  a  germicide,  iv.  336 
caustic,  vii.  2.56 
chlorinated,  iii.  6 
cooking,  vii.  257 
hvpochlorite  as  a  germicide,  iv. 

"333 
native,  vii.  257 
plain,  ii.  659 
washing,  vii.  257 
Soda  water,  ii.  665 
Sodio-ferric  phosphate,  v.  227 

pyrophosphate,  v.  227 
Sodium,  vii.  256 
acetate,  vii.  257 
alpha-eigon,  iii.  730 
arsenate,  i.  534 
benzoate,  i.  745 

as  a  cholagogue,  iii.  31 
biborate.    germicidal   action   of, 
iv.  336 
'  bicarbonate,  vii.  257 

as  a  cholagogue,  iii.  30 
borate,  vii.  257 
bromide,  ii.  485 
caffeine  salicylate,  viii.  318 
carbonate,  vii.  357 

as  an  antidote,  i.  372 

as  a  preservative  of  milk,  v, 

839 
in  milk,  determination  of,  v. 

840 
poisoning  by,  v.  844 
chlorate,  vii.  258 
chloride,  iii.  4 

as  an  antidote,  i.  373 
as  a  germicide,  iv.  336 


Sodium  chloritle,    therapeutic   ii.ses 
of,  iii.  4 
einnaniate.  iii.  03;  iv.  688 
comiiciunds    used    in     medicine^ 

vii.  256 
di-iodo-salicylate,  v.  210 
di-thio-salicylatc.  vii.  9.  258 
ethylate.  as  a  caustic,  ii.  7.58 
fluoride,  iv.  786 
hydiatc,  vii.  256 

poisoning  bv,  v.  844 
hj'droxide.  vii.  256 

poisoning  liy,  v.  844 
hypophosphite,  iv.  824 
liyposulphite,  vii.  558 

antidotal  action  of,  i.  373 
germicidal  action  of,  iv.  336 
iodide,  v.  203 
iodo-albuminatum.  iii.  730 
in  the  urine,  viii.  .55 
nitrate,  vii.  258 
nitrite,  vi.  291 
oleate,  iv.  16;  vii.  258 
para-tiuoro-benzoate,  vii.  2.58 
persulphate,  vi.  574;  vii.  2.58 
phosphate,  vii.  258 

as  a  cholagogue,  iii.  31 
as  a  purgative,  vi.  811 
pliosphates  and  carbonates,  alka- 
linity of  blood  due  to,  ii.  24 
properties  of  the  compounds  of. 

vii.  2.56 
pyroborate,  vii.  257 
pyrophosphate,  normal,  vii.  358 
salicylate,  vii.  8 

as  a  chohigogue,  iii.  29 
salts  as  cholagogues,  iii.  29 
sulphate,  vii.  257 

as  a  cholagogue.  iii.  31 
as  an  antidote,  i.  373 
normal,  vii   257 
sulphite,  vii.  .558 

as  a  germicide,  iv.  336 
normal,  vii.  .558 
sulphocaft'eate,  vi.  149 
sulphoearbolate,  vii.  5.58 
sulphoricinate.  vi.  731 
tellurate,  vii.  663 
tetraborate,  vii.  257 
thiophenstdphonate.  vii.  741 
thio.sulphate,  vii.  558 
Sodomy,  signs  of,  vi.  849 
Softening  of  the  brain,  ii.  305 
dia.gnosed  from   brain  tumor,  ii. 
4.50 
Soil,  a  means  of  spreading  cholera, 
viii.  3.59 
bacteriological    examination   of, 

viii.  403 
character  of,  for  houses,  iv   751 
influence   of,   on   dysenterv.  iii. 
566 
upon  climate,  iii.  140 
in  relation  to  health,  vii.  258 
of  house,  examination  of.  iv.  768 
relation  of  ab.sorption  and  radia- 
tion of  heat  in  various  kinds 
of.  iii.  140 
Soil  pipes,  ventilation  of.  iv   764 
"  Solace,"  ambulance  ship,  vi.  186 
Solanaceae,  vi.  699;  and  see  Bittcr- 
stceet 
poisonous,  i.  610 

plants  of,  vi.  694 
Solanin,  i.  763 
Solanine,  i.  763 

effect  of,   upon  body  tempera- 
ture, ii.  571 
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Solanum  ciuUamaia,  i.  763;  vi.  699 

niiiniin,  vi.  699 
Solar  jiiiiis'lidii.  vii.  578 

pli'.\iis,  vii.  578 
Soldiers,  diseases  of,  ii.  573 

wci^lit  cif.  iv.  430 

til  lie  eanied  by.  v.  797 
Soldier's  heart,  iv.  613 
Soleus  muscle,  v.  480 

aiiiMiialies  (if,  vi.  58 
Solifugas,  v.  160 

Solis-Colien's   apparatus  for    iu- 
lulling  I'lmipressed  air  aud  e-xlialing 
into  rarefied  air,  i.  133 
Soluble  silver,  vii.  216 
Solution,  a  form  of  medicine,  v.  738 

compiiuud,  of  iodiuc.  v.  205 

Donovan's,  i.  o'24 

Fowler's,  i.  534 

Labarraque's,  iii.  6 

Lugol's,  V.  205 

Magendie's,  v.  864 

Monsel's.  v.  238 

normal,  ii.  43,  68 

of  acetate  of  ammonium,  i.  316 
of  iron,  v.  325 

of  arsenate  of  sodium,  i.  534 

of  arsonious  acid,  i.  524 

of  arsenite  of  potassium,  i.  5'34 

of  chlorinated  soda,  iii.  6 

of  citrate  of  iron,  v.  226 
of  magnesium,  v.  673 
of  potassium,  vi.  744 

of  hydrogen  dioxide,  iv.  786 

of  iodide  of  arsenic  and  mercury, 
i.  5'24 

of  iron,  V.  227 

of  nitrate  of  iron,  v.  238 
of  mercury,  v.  754 

of  persulphate  of  iron.  v.  238 

of  phosphorus,  vi.  621 

of  potassa,  vi.  743 

of  soda,  vii.  256 

of  subacetate  of  lead,  v.  471 

of  subsulphate  of  iron,  v.  328 

of  sulphate  of  iron,  v.  228 
of  morphine,  v.  864 

of  zinc.  viii.  339 

physiological,  ii.  43 

preparation  of,  for  hypodermatic 
use,  iv.  821 

Tliomjisou's,  vi.  621 
Solutions,  hyperisotonic,  viii.  417 

hypertonic,  viii.  417 

hypotonic,  viii.  417 

isotonic,  viii.  417 
Solveol,  vii.  261 
Solvin,  vi.  731 
Somatology,  witness  of,   to  man's 

ancestry,  iv.  38 
Somnal,  vii.  261 
Somnambulism,  iii.  261 

catalepsy  with,  ii.  718 

induced  by  hypnosis,  iv.  812 
Somnolence,  accompanied  by  sleep- 
lessness, iii.  .560 

forms  of.  iii.  560 
Boor,  viii.  488 
Sophora,  vi.  702 

coralloidcs,  vi.  702 
Sopor,  iii.  561 
Sore,  Kandahar,  i.  170 

Natal,  i.  170 

Pendjeh,  i.  170 

Sahara,  i.  170 
Sore  throat,  v.  410;  andscePhuryn- 

aplilhous.  vi.  591 


Sore  throat,  clergyman's,  see  Pha- 
rynyitis.  c/tmiiic follicular 

common  membranous,  vi.  591 

hosiiital,  vi.  592 
Sorghum  sugar,  vii.  548 
Soroche,  i.  1.50 
Sorrel,  vi.  706 

held,  vi.,  706 

salt  of,  vi.  453 

sheep,  vi.  706 

wiiiiil.  vi.  706 
Soudan  coffee,  see  Kola  nut 
Souffle,  funic,  iv.  342 

uterine,  iv.  342 
Sound  or  sounds,  as  an  aid  iu  the 
iud2;nient  of  direction,  iii.  493 

bell,  ii.  818 

cracked-pot.  ii.  816 

curved  steel,  viii.  21 

direction  of,  i.  624 

distance  of.  i.  634 

friction,  ii.  819 

harmonic,  i.  613 

interference  with,  i.  614 

of  the  heart,  iii.  106 

physics  of,  i.  611 

quality  of,  i.  613 
origiii  of,  i.  613 

range  of  pitch  of  audible,  i.  612 

respiratory,  cause  of,  ii.  81? 

sensation  of,  i.  613 

uterine,  iv.  465 

vibrations,  i.  611 

waves,  i.  Oil 
Sour  Spring,  i.  320 
South  America,  history  of  v'ellow 

fever  in.  viii.  .585 
South  Carolina,  historj'  of  yellow 
fever  iu.  viii.  587 

requirements  for  medical  prac- 
tice iu,  iv.  48 
South    Dakota,    requirements    for 

medical  jiractice  in.  iv.  48 
South  Dakota  Hot   Springs,  vii. 

261 
Southern  pines,  vi.  636 
Sozins,  iii.  844 
Sozoiodol,  vii.  363 
Sozol,  vii.  262 
Sozolic  acid,  i.  .570 
Space,  ejiidural,  ii.  211 

parasinusal,  ii.  262 
Spain,  Pharmacopceia  in.  vi.  585 
Spanish  fly,  ii.  651;  v.  166 

plaster  of,  ii.  15 
Spar,  heavy,  i.  734 
Sparkling  Catawba  Springs,  vii. 

262 
Sparta  Mineral  'Wells,  vii.  262 
Sparteine,  ii.  49s 

as  cardiac  stinndant.  ii.  703 
Spasmodic  disorders,  table  of,  iii. 

275 
Spasmotoxin,  ptomain.  vi.  790 
i,  see  Coinyihinns 

arlicidatory,  iv.  833 

in  braiu  tumors,  ii.  439 

laryngeal,  v.  438 

lingual,  iv.  823 

masticatory,  iv.  823 

meaning  of  tlie  term.  iii.  275 

of  the  curdia  of  the  stomach,  vii. 
503 

of  the  constrictors  of  the  pha- 
ryn.x,  vi.  605 

of  tlie  diaplnagm,  iii.  436 

of  the  glottis,  v.  4'29 

of  the  hand,  iv.  .531 


Spasms  of  the  pylorus,  vii.  502 
Spatula,  for  histological  work,  iv. 
716 
Roux'.  viii.  386 
Spearmint,  vii.  262 
Species,  in  lieredity.  iv.  6.59 
Specific-gravity  method   of  esti- 

nialing  haiiingliibin.  ii.  59 
Specific  ulcers,  vii.  944,  947 
Spectacles,  vii.  263 
Spectometry  of  blood,  ii.  77 
Spectroscopy,  medical,  vii.  273 
Spectrum,  vii.  272 

lit  bliiiid,  ii.  76,  77 
Spectrum    analysis   of   blood 

stains,  ii.  76 
Speculum,  cvstoscopic,  i.  779 
ear.  iii.  662 
gynecological,  iv.  462 
nasal,  vi.  107 
Speech,    v.    451  ;    and   .see   Larynx, 
plnjMoloyy  of 
area  of.  i.  411 
centres  for.  i.  411 
defects  of,  v.  456 ;  and  see  Stam- 
mering and  stuttering 
disorders  of,  in  cerebral  tumors, 

ii.  445 
in  feeble-minded  children,  v.  148 
physiology  of,  v.  452 
Spence's  method  of  amputation  at 

shoulder,  i.  254 
Spermaceti,  vii.  277 
Spermatic  ai-tery,  anomalies  of.  i. 

533 
Spermatic  colic,  vii.  192 
Spermatic  cord,  livdrocele  of,  vii. 
1«7 
structure  of,  iv.  326 
tumors  of,  vii.  190 
Spermatic  plexus,  vii.  578 
Spermatic  veins,  anomalies  of,  viii. 

206 
Spermatids,  iv.  326;  vi.  865 
Spermatocele,  iii.  351;  vii.  187 
Spermatocyte,  iv.  3'25;  vi.865;  vii. 

2,so 
Spermatogenesis,  iv.  325:  vii.  280 
Spermatogone,  iv.  325 
Spermatogonia,  vi.  865;  vii.  279 
Spermatorrhoea,  vii.  192 
Spermatozoa,  iv.  326;  vii.  277 
embrj'ology  of,  vi.  865 
entrance  of,  into  the  ovum,  iv. 

847 
histogenesis,  vii.  280 
historical,  vii.  277 
iu  the  urine,  viii.  57 
morphology,  vii.  279 
structure  and    development   of, 

vii.  279 
varieties  of,  in  different  species, 
vii.  279 
Spermin,  ptomain,  vi.  786 
Sperm  nucleus,   formation  of.  iv. 

847 
Sphacelia  segetum,  iv.  1 
Sphacelinij  acid,  iv.  3 
Sphacelium,  iv.   1 
Sphacelotoxiu,  iv.  3 
Sphaeriales,  iv.  380 
Sphecius  speciosus,  v.  167 
Sphenoidal  sinus,  vi.  105;  vii.  286 

iliscasi.s  of.  vi.  147 
Sphenopharyngeus     muscle,    vi 

47 
Spherical  aberration,  iv.  84,  91 
Spherospermia,  vii,  277 
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Sphex  ichneumonea,  v.  1G8 

peniislyvanica.  v.  1G8 
Sphinctei'  ani  muscle,  anomalies 
(if.  vi.  01 
spfisiii  i>f,  i.  4(1") 
Sphincter  pupillse,  iv.  To 
Sphygmograms,  vi.   779;  vii.  283; 

ami  --ix'  I'lih,  and  Ptihe  tracinys 
Sphygmograph,  criticism  and  ap- 
pn-riatioii  of.  vi.  803 
Dudiieun's,  vii.  284 
Marty's,  vii.  283 
Kicliardsou's.  vii.  284 
Sphygmography,  vii.  283 
(oinbiiu'd.  vii.  285 
direct,  vii.  283 
indirect,  vii.  284 
Sphygmomanometer    of     Mosso, 
ill.  98 
of  von  Basch,  vi   803 
Sphygmometer   of   Hill  and   Bar- 
nard, vi.  i-io:; 
Spica  bandage,  i.  728 
Spices,  adiilleration  of,  iv.  183 
Spider  cancer,  vi.  90 
cells,  vi.  238 
na-vns,  vi.  90 
Spiders,  i.  42S;  v.  1.59 
bird,  V.  1.59 
bite  of,  i.  428 
poisonous,  v.  159 
scorpion,  v.  1.59 
tarantula,  v.  1.59 
wolf,  V.  1.59 
Spigelia,  vi.  036 

antliehnia,  vi.  037 
marilandica.  vi.  (530 
used  for  round-worm,  i.  362 
Spigeline,  vi.  637 
Spike  oil,  v.  408 
Spina  bifida,  vii.  285.  695 
aspiration  in,  i.  .581 
cystica,  vii.  096 
differential  diasnosis  of  varieties 

of,  vii.  289 
genesis  of.  vii.  697 
kyphosis  in,  v.  377 
natural  history  of,  vii.  289 
occulta,  vii.  291,  697,  720 
pathology,  vii.  285 
treatment,  vii.  290 
with  tali]ies,  iv.  232 
Spinal   accessory   nerve,    surface 

markings,  vi,  llil 
Spinal  anaesthesia,  vii.  291,  345 
Spinal  apoplexy,  vii.  349 
Spinal  ataxia,  vii.  346 
Spinal  bath,  iii.  193 
Spinal   canal,   defects    caused    by 

inijiri  tVrt  closure  of,  vii.  695 
Spinal  cocainization  and  lumbar 

puncture,  vii.  291 
Spinal  column,  anatomy  of,  v.  877 

curves  of,  v.  377 
Spinal  cord,  vii.  293 

anterior  funiculus,  vii.  305 

roots,  vii.  304 
arteries  of,  vii.  299 
blood  supply  of.  vii.  299 
■  Cauda  equina,  vii.  301 
central  canal,  vii.  303 

motor  neurones,  vii.  323 
sensory  neurone  system,  vii. 
320 
cerebello-spinal  neurone  system, 

vii.  336 
cerebrospinal    motor  neurones, 
vii.  323 


Spinal    cord,    centrifugal    neurone 
system,  vii.  323 
centripetal  paths  in.  vii.  317 
columna  grisea  anterior,  vii.  307 
grisea  lateralis  sen  interme- 

diolateralis,  vii.  311 
grisea  posterior,  vii.  309 
intermedia,  vii.  311 
commissiira    centralis    anterior, 

vii.  312 
conduction  method  of  Flechsig, 
vii.  313 
method  of  Golgi,  vii.  312 
method  of  Gotch  and  Hors- 

ley,  vii.  317 
method  of  von  Gudden,  vii. 

316 
method  of  Waller  or  Tiirck, 

vii.  315 
paths  of.  vii.  312 
W  e  i  g  e  r  t's    myelin-sheath 
method,  vii.  312 
coverings  of,  vii.  298 
examination  of,  in  autopsies,  ii. 

658 
functions  of  the  segments  of,  vii. 
338     ■ 
localization  of,  vii.  340 
general   description  of  the,  ma- 
croscopic appearances,  vii. 
293 
sensory  paths  in,  vii.  317 
growth  changes  in,  ii.  314 
in  medico-legal  autopsy,  i.  659 
in  the  cervical  vertebric,  vi.  200 
lateral  funiculus  of,  vii.  305 
length  of,  vii.  301 
lesions  of,  a  cause  of  hemiplegia, 

iv.  633 
limits  of,  vii.  300 
raacroscopical  details  of,  vii.  300 
mesencephalospinal  neurone  sj's- 

tems,  vii.  325 
methods  for  localization  of  con- 
duction paths,  vii.  312 
microscopic  anatomy,  vii.  304 
rayelencephalospinal  neurone 

system,  vii.  326 
olivospinal  neurone  system,  vii. 

326 
peripheral  sensory  neurone  sys- 
tems, vii.  317 
pontospinal  neurone  sv.stem,  vii. 

336 
portions  involved  in  knee-jerk. 

v.  366 
posterior  fimiculus,  vii.  308 

roots,  vii.  304 
relations  of  gray  and  white  mat- 
ter, vii.  302 
of  segments  of,  to  spinous 
]irocesses,  \n.  301 
retro.spinal  neurone  system,  vii. 

325 
sclerosis  of,  vi.  498 
sect'on    of,    influence  on    knee- 
jerk,  v.  366 
in  new'-born,  vi.  275 
sensory  or  centripetal  paths,  vii. 

317 
softening  of,  vi.  498 
spinopetal  neurone  system,  not 

pyramidal,  vii.  325 
substantia   grisea   centralis,  vii. 

.311 
thalamospinal   neurone   system. 

vii.  325 
veins  of,  vii.  .300 


Spinal   cord,    vestibulospinal    neu- 
rone systems,  vii.  326 
weight  of,  vii.  3U1 

at  different  ages,  ii.  317 
Spinal  cord,  diseases  of,  a  cause  of 
headaclie.  iv.  553 
acute  and  chronic  myelitis,  vii. 
353 
anterior    poliomyelitis,    vii. 

361 
ascending  paralysis,  vii.  327 
cerebrospinal  fever,  vii.  329 
cerebro-spinal      meningitis, 

vii.  329 
external  meningitis,  vii.  332 
purulent      leptomeningitis, 

vii.  .329 
secondary    leptomeningitis, 

vii.  333 
spinal  meningitis,  vii.  329 
amyotropic  lateral  sclerosis,  vii. 

3ol 
cervical     hypertrophic    pachy- 
meningitis, vii.  333 
chronic   spinal    meningitis,   vii. 

334 
combined  degenerations,  vii.  335 
dorsal  and  lateral  systemic 

disease,  vii.  337 
sclerosis,  vii.  335 
sj'stemic  disease,  vii.  337 
congestion  of.  vii.  337 
diagnosis  of  local  lesions  of.  vii. 

338 
diffu.se  degeneration,  vii.  335 
disturbances  of  spinal  reflex,  vii. 

346 
electrotherapeutics  in,  iii.  760 
epidemic   cerebro-spinal   menin- 
gitis, vii.  329 
Friedreich's  ataxia,  vii.  347 
Gowers'  ataxic  paraplegia,  vii. 

337 
hemorrhage  in,  vii.  349 
hereditary  ataxia,  vii.  347 
Landry's  paralysis,  vii.  327 
lateral  sclerosis,  vii.  350 
meningeal  hemorrhage,  vii.  353 
meningitis,  syphilitic,  vii.  335 
myelitis,  vii.  353 
poliomyelitis  anterior,  vii.  361 
spinal  hemiplegia,  vii.  373 
subacute    combined     degenera- 
tion, vii.  335 
spinal  ataxia,  vii.  335 
symptoms  leading  to  the  diag- 
"  nosis  of  k)cal   lesions  in  the. 

vii.  344 
syringomyelia,  vii.  373 
tabes,  vii.  378 

tuberculous  meningitis,  vii.  333 
tumors,  vii.  383 

character  of,  vii.  384 
Spinal  irritation,  see  Si  nrnslhcHia 
Spinalis    cervicis   muscle,   anom- 
alies i>f.  vi.  00 
Spinalis   dorsi   muscle,  anomalies 

of,  vi.  00 
Spinal  nerves,  vii.  294 

coniiicisitinn  of  tyjiical.  iii.  313 
Spinal  paralysis,  vii.  :^44 
Spinal     progressive   muscular 

atrophies,  vi.  04 
Spindle,  amtic.  i.  407 
Spindle-cell  sarcoma,  vii.  33 
Spindle  tree,  viii.  273 
Spine,  acute   osteomyelitis   of.   vii. 
388 


r5T 


Splnp. 

sipruo-ooolpital  iiiiispIp. 


GENERAL  INDEX. 


Spine,  adoli-sci'iit   kvpliosis  of,  vii. 

cells,  iii.  8."4 

cervical  arthritis  of,  vii.  388 

cliaiiiros  ill  nails  in  diseases  of, 

vi.'tm 
cuvvatuie  of,  anterior,  v.  .571 
deformities  of,  ii.  804 
dislocations  of,  iii.  510 

causing  kyphosis,  v.  ;!7T 
fracture  of.  causing  kyphosis,  v, 

:iTT 
gonorrha'al  arthritis  of,  vii.  388 
gunshot  wounds  of.  iv.  451 
Iiysterical  spine,  vii,  389 
lateral  curvature  of.  v.  456:  and 
see  Sroliosis 
deviation,  v.  457 
rotation  of,  v.  457 
malignant,  vii.  387 
meningocele  of,  vii.  287 
neurotic  s|)ine,  vii,  38!) 
osteoarthritis  of,  vi,  247 
rachitic,  vii.  388 
spondylitis  deformans,  vii,  388 
spondylolisthesis,  vii,  390 
surgery  of,  vii.  390 
syphilis,  vii.  387 
torsions  of.  causing  kyphosis,  v. 

377 
traumatic  spondylitis,  vii.  388 
traviniatism  of,  vii.  388 
tuberculous  disease  of,  vii.  394 
■•tvphi.iil."  vii.  388 
Spiraea,  vi.  1000 
Spiral  bandage,  i.  727 
Spireme,  iii    7'- 
Spirillum,  i.  681 
clieese.  i.  716 
cholera,  i.  714;  viii.  363 

biological    characters,    viii. 

365 
morphology,  viii.  364 
Finkler-Prior's,"  i.  719 
Metsehnikov's,  i.  717 
of  relapsing  fever,  i.  717:  vi.  885 
Spirit,  a  form  of  medicine,  v.  738 
aromatic,  of  ammonia,  i.  215 
Columbian,  v,  781 
compound,  of  captol.  ii.  654 

of  ether,  i.  361:  iv.  13 
methylated,  i.  168 
of  ammonia,  i.  215 
of  chloroform,  iii,  8 
of  cinnamon,  iii.  95 
of  ether,  iv.  13 
of  gaultheria,  viii,  313 
of  glouoin,  vi,  293 
of  juniper,  v.  299 
of  iavcuder,  v.  468 
of  lemon,  v,  483 
of  Mindererus,  i,  21G 
of  uitrovis  ether,  vi.  290 
of  orange  peel.  vi.  398 
of  peppermint,  vi.  .554 
of  phosiihorus.  vi.  621 
of  spearmint,  vii.  263 
of  turpentine,  vii.  913 
oil.  i.  169 
pyoracetic,  i,  65 
I)yroligneous,  v,  780 
pyroxylic,  v.  780 
rectified,  of  turpentine,  vii   913 
sweet,  of  nitre,  vi.  290 
wood.  V.  780 
Spirits,  as  beverages  for  soldiers,  v. 

Spirituous  liquors,  distilled,  i.  169 


Spiritus  fvumenti,  i.  167 
niyrcia',  i.  737 
oddriiliis.  i.  747 
vini  gallici,  i.  167 
Spirochaete,  i.  (iSl 

( )birmeieri.  vi.   885 
Splanchnic  nerves,  vii.  577 
Splanchnoptosis,  viii.  431 
Splay  foot,  iv.  198 
Spleen,  vii.  410 

alinormulities  of,  vii.  425 
alinormal  placement  of.  vii.  425 
abscess  of,  vii.  427.  429 
amyloid,  i.  32 

degeneration  of.  i.  270 
anatomy  of.  i.  14:  vii.  429 
arteries  of.  vii.  414 

within  the  loliule,  vii.  419 
capsule,  structure  of,  vii,  410 
condition  of  the,  in  diphtheria, 

iii.  484 
cysts  of,  iii.  350:  ^'ii.  480 
diseases  of,  vii.  424 
echinococcus  cysts  in,  i,  32 
enlarged,  acute,  i.  31 
chronic,  i.  31 

diagnosed  from  renal  tumor. 
v"  328 
experiments  on   the  circulation 

through  the,  vii.  422 
extirpation    of,   results    of.  vi. 

414;  vii.  429 
extract  of,  injection  of,  vi,  414 

therapeutics  of.  vi.  414 
framework  of.  vii.  410 
ha-matopoietic   function  of.    vi. 

413 
hyperplasia,  acute,  of,  vii.  435 

chronic,  of,  vii.  426 
infarcts  of.  vii.  427 
in  Hodgkin's  disease,  iv,  729 
injuries  of.  i.  17 

iu'leuka-nna.  v.  499.  503;  vii.  430 
lobule  of.  vii.  417 

arteries  within,  vii.  419 
lymphatics  of,  v,  638 
malformations  of,  vii.  705 
movable,  vii.  425,  430 
nerves  of,  vii.  424 
jiassive  congestion  of.  i.  32 
pulp  of.  vii.  424 

cords  of.  vii.  417 
cords,  reticulum  of,  vii.  419 
reticulum  of.  vii.  413 
rupture  of.  vii.  426 
seat    of    formation   of   erythro- 
cytes, ii.  18 
surgical  affections  of.  vii.  429 
syphilitic  lesions  of.  vii.  624 
topography  of,  ii.  814 
trabecuhie,    structure     and     ar- 
rangement of.  vii.  411 
tumors  of.  i.  31 :  vii.  428,  430 
veins  of.  vii.  415 
wandering,  i.  32:  vii.  425.  430 
Splenectomy,  effects  of.  vi.  414:  vii. 

429 
Splenic  anaemia,  vii.  428 
Splenic   extract,  injection   of.   vi. 
414 
theraiV'Utics  of.  vi.  414 
Splenic  fever,  i.  363 
Splenic  tumor,  vii.  425 
Splenitis,  acute,  vii.  425 
Splenius  accessorius  muscle,  vi. 

(ill 
Splenius  muscle,  anomalies  of,  vi. 
60 


Splenolymph  gland,  iv.  469;  and 

MC   JLtti/nhlnilili  (jUtii.d 

Splints,  iii.  5.j6;  and  see  Dreisings, 
mirr/ioil 

adhesive  plaster,  iv.  354 

lioard,  iv.  254 

coaptation,  iv.  266 

distraction,  v.  281 

Esmarch  's  double-inclined  plane, 
iv.  2.56 

felt,  iii.  .557 

for  traction  on  the  knee.  v.  287 

gutta-percha,  iv.  456 

ilodgen's.  iv.  265 

Hammond's  wire,  v.  253 

interdental,  v.  253 

leather,  iii.  557 

liquid  glass,  iv.  255 

mechanical,  iv.  255 

metallic,  iii.  556 

moulded,  iv.  254 

plaster-of-Paris.    to    make.    iv. 
254 

protection,  v.  382 

side.  iv.  266 

silicate  of  soda.  v.  2.55 

Smith's  anterior,  iv.  257 

Thomas,  v.  278 

tin.  iii.  .556 

traction,  v.  280 

Volkmann's.  iv.  255 

wood.  iii.  5.56 
Spondylitis  deformans,  vii.  :388 

rliizonielia.  vi.  970 

traunintica.  vii.  388 
Spondylolisthesis,  see  Spine.  (Us- 

Sponges,  vii.  430 

carbonized,  vii.  430 

grass,  vii.  430 

Levant,  vii.  430 

Mediterranean  bath.  vii.  430 

preparation  of,  i.  .567;  iii.  555 

reef.  vii.  430 

sheepswool,  vii.  430 

sterilization  of,  i,  567 

Turkey,  vii.  430 

velvet!  vii.  430 

Zimncca.  vii.  430 
Sponge  tents,  vii.  430 
Spongia  usta,  vii.  430 
Spongioplasm,  ii    7(jl 
Spontaneous  combustion,  ii.  533 
Spoon-nails,  vi.  93 
Spores,  lorniation  of,  i.  681 

germination  of,  i,  681 

methods  of  staining,  viii.  397 
Spots,  germinal,  vi.  448 

of  Sonimering.  iv.  77 

]iost-mortem,  ii.  536 

yellow,  iv.  77 
Spotted  fever,  vii   930;  viii.  .574 
Sprague's  rubber  bag,  iii.  595 
Sprains,  i.  4l)5;   \ .  2S9 

ballet-dancers',  iii.  274 

diairnosis,  v.  290 

fracture,  v.  390 

massage  for,  v.  698 

of  tfie  spine,  vii.  392 

pathology,  v.  290 

prognosis,  v.  291 

sequela',  v.  291 

symptoms,  v  390 

treatment,  iii,  274;  v.  390 
Spray,  v.  734 

atomized,  v.  733 

douche,  iii.  194 
Sprengel's  disease,  ii.  806 
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Sprengel's  method  of  resection  of 

lii|i.  vi.  1)41 
Spring-  Lake  Well,  vii.  -131 
Spunk,  i.  13S:  vii.  431 
Spur,  broncliial,  v.  .577 

lit  tiachc;!.  V.  576 
Spurge  family,  iv.  17 

p.iisniimis,  vi.  705 
Spurred  rye,  iv.  1 
Sputum,  vii   431 

|i:ira-iili's  in,  vi.  ."iOl 
Squamous  epithelium,  iii.  854 
Squaw  root,  iii.  I'Jl 
Squill,  vii.  434 

action  of,  upon  tlie  lieart,  ii.  703 

as  a  diuretic,  iii.  048 

as  an  expectorant,  iv.  .50 

compared  with  digitalis,  ii.  703 
Squint,  vii.  530 

|iaralytic,  vii.  53'3 
St.  Leonards,  England,  see  Hast- 

ii,i;s  ,11. , I  .sc.   Ijnii.irds 
St.  Begis  Spring,  v.  699 
St.   Vitus'   dance,  iii.  41 :  and  see 

Stab  cultures,  viii.  3.S9 
Stachys  betonica,  i.  751 
Stacke's    mastoid    operation,    v. 

7o:i.  713 
Stafford  Mineral  Spring,  vii.  434 
Stafford  Springs,  vii.  433 
Stage,  mechanical,  ii.  66 
Stagger  bush,  vi.  707 
Staining,  double,  iv.  721 

jar  for  serial  .sections,  iv.  717 

metallic,  iv.  7'..'1 

metliods  of.  iv.  7ls 

for  nerve  tissues,  ii.  325 

(if  liaeteria,  viii.  395 

of  blood,  ii.  61 

reaction  of  blood  corpuscles,  ii. 

67 
special,  iv.  721 
Stains,  Gram's,  viii.  397 

used  in  microscopical  technique, 
ii.  65 
Stammering  and  stuttering,  vii. 
435 
].livsiiiliii;y  nf.  v.  4.'i6 
Stamp-lickers'  tongue,  vi.  321 
Standardization   of    media,    viii. 

:-;7s 
Stannous  chloride  as  a  germicide, 

iv.  336 
Stapedectomy,  iii.  673 
Stapedius  muscle,  i.  619 
Stapes,  i,  (il7 ;  iii.  5S6 
Staphisagria,  vii.  454 
Staphisagrine.  vii.  454 
Staphylococcus,  i.  6S0 
pyogenes  albus.  i.  705 
aureus,  i.  709,  704 
aureus,  effect  of,  upon  body 

temperature,  ii.  570,  571 
citreus,  i.  705 
epidermidis  albus.  i.  705 
in  dissection  and  operation 

wounds,  iii.  .530 
in  pldegmons.  vi.  611 
tefragenus,  i.  705 
Staphyloma  of  the  cornea,  iii.  283 

111  the  srlera.  vii.  75 
Staphylorrhajihy,  iii.  134,  135 
Starch,  vii.  439 

action  of  ptyalin  upon,  iii.  471 
arrowroot,  i.  522;  vii.  440 
as  an  antidote,  i.  373 
corn.  vii.  440 
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VII. 


445 
443 


Starch,  ueueral  description  of,  vii. 
439 
glycerite  nf,  vii.  441 
in  milk,  detection  of,  v.  840 
iodized,  v.  205;  vii.  441 
maize,  vii.  440 
maranta,  i.  522 
medical  and  surgical  uses  of,  vii. 

440 
potato,  vii.  440 
rice,  vii.  440 
sago,  vii.  440 
tapioca,  vii.  440  . 
varieties  of,  vii.  440 
wheat,  vii.  440 
Star  grass,  i.  170 
Stark  Mineral  Spring,  vii.  441 
Starvation,  vii.  441 

as  a  therapeutic  measure,  iii.  42 
body   temperature    during,    vii. 

443 
changes  in  tissues  during,  v 
circulation  during,  vii.  442 
clinical  observations  during. 

444 
death  from,  -i.  674 
dietetic  treatment  after,  vii. 
duration  of  life  during,  vii 
fa'ces  during,  vii.  443 
from  fluids,  but  not  from  solids, 

vii.  443 
from  solids,  but  not  from  fluids, 

vii.  443 
loss  of  weight  durina;,  v.   768; 

vii.  441 
nitrogen  output  during,  v.  768 
respiration  during,  vii.  442 
treatment,  vii.  445 
urinary  secretion  during,  vi.  443 
Star  wort,  mealy,  i.  170 
Stasis,  see   Ciroiliitinii.  juitluilorni  of 
State  medicine  and  insanity,  v. 

71 
Static  brasiliensis.  i.  737 
Static  electricity,  iii.  75() 

ill  insanity,  v.  73 
Static  machines,  iii.  758;  vi.  983 
Statistics,  vital,  viii.  246 
Status  epilepticus,  iii.  847 
Status  lymphaticus,  vii.  446 

assueiation   with  other  diseases, 

vii.  451 
cardiac  and  arterial  hypoplasia, 

vii.  447 
clinical  manifestations,  vii.  448 
death  from  trivial  surgical  and 
medical    procedures,    vii. 
449 
in  water  from,  vii.  450 
definition,  vii.  446 
diagnosis,  vii.  451 
epilepsy,  vii.  449 
etiology,  vii.  452 
history,  vii.  446 
idiopathic  tetany  of  infancy,  vii. 

449 
infantile  eclampsia,  vii.  449 
lyniphadenoid  hyperplasia,  vii. 
"  447 
lowered   resistance  to  infection 

in.  vii.  450 
morbid  anatomy,  vii.  446 
rachitic  bone  changes,  vii.  447 
relationship  to  associated  clinical 

manifestations,  vii.  453 
sudden  death  in.  vii.  450 
synonyms,  vii.  446 
treatment,  vii.  4.53 


Stavesacre,  vii.  4.54 

Steam  as  a  disinfectant,  iii.  499 

<lisiufeeting    chamber,    iii.    -500; 
vi   S32 
Steamboat  Springs,  vii   454 
Steam  heating  for  houses,  iv.  760 
Steapsin.  iii.  474;  vi.  4(53 

a.tinn  iif,  iii.  474;  vi.  480 
Steatadenoma,  i.  115 
Steatoma,  vii.  455;  viii.  478.  480 
Steel  dust,  elTects  of  inhaling,  vi. 

324 
Steel  workers,  liealth  of,  vi.  334 
Steeple  bush,  vi.  1000 
Stegomyia,  v.  N67 
fa.sciata,  v.  868 

in  etiologv  of  yellow  fever, 
viii.  331) 
Stem  pessaries,  viii.  82 
Stenopseic  apparatus,  i.  .594 
Stenosis,  aciiuirril.  nf  canal  of  cer- 
vix uteri,  viii.  68 
aortic,  ii.  .824 
mitral,  ii.  824 
of  the  colon,  iii.  202 
of  the  larynx,  v.  437.  441 
of  the  (esophagus,  vi.  338,  346 
of  the  pharynx,  vi.  600 
of  the  ureter,  viii.  11 
of  the  vagina,  viii.  156 
of  the  veins,  viii.  215 
pulmonary,  ii.  825 
pyloric,  vii.  519 
trieusiiid.  ii.  824 
Stenson's  duct,  injuries  to,  vi.  510 
Stephanion,  vii.  229 
Sterculia,  ii.  546 
Stere,  viii.  299 
Steriform  chloride,  iv.  246 

iodide,  iv.  246 
Sterility  in    con.sanguineous   mar- 
riages, iii.  25? 
in  the-  fem.ale,  vii.  4.55 
causation,  vii.  455 
prognosis,  vii.  4.57 
treatment,  vii.  4.57 
in  tlie  male.  vii.  193 
etiology,  vii.  193 
symptoms,  vii.  193 
treatment,  vii.  139 
Sterilization,  viii.  380 
fractional,  i.  086 
methods  of,  viii.  380 
of  iiloves.  iv.  873 
of  milk,  V.  839 
Sterilizer,  Arnold's  steam,  viii.  381 
Koeh's  dry-heat,  viii.  880 

steam,  viii.  380 
Xovy's  steam,  viii.  381 
Sternalis   brutorum  muscle,    vi. 

49 
Sternalis  muscle,  anomalies  of,  vi. 

49 
Sternal    lymphatic    glands    and 

plexus,  V.  644 
Sterne  -  chondro  -  scapular  mus- 
cle, vi.  50 
Sterno-clavicular  joint,   diseases 

of.  V.  277 
Sterno-cleido-mastoideus,  anom- 
alies of,  vi.  44 
lui?matoma  of,  in  the  new-born, 
vi.  277 
Sterno-fascialis  muscle,  vi.  45 
Sterno-hyoideus,  anomalies  of.  vi. 

44 
Sterno-mastoid  muscle,  vi.  44 
Sterno-occipital  muscle,  vi.  44 
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Steruopag-us,  vii.  0S(> 

Sterno-scapularis,  vi.  fiO 

Sterno-thyroideus,  v.  409 
;iiinrH;ilic<  of,  vi.  4.T 

Sternum,  defoiinilies  (if,  ii.  805 
(lislocalions  of.  iii.  .il3 
frac-t  lives  of,  iv.  'i&J 
osteomyelitis  of,  vii.  7-54 

Sternutatories,  vii.  457 

Stethograph,  vi.  9.51 

Stethonieter,  vi.  9.51 

Stethoscopes,  vii,  4.')8 

idiisliuetioii  of,  vii.  460 
historica!  slieteli.  vii.  458 
value  of,  vii.  460 

Steward,  hospital,  i.  4^3 
duties  of.  i.  483 
qualifications  for,  i.  483 

Stewart's     cover-glass    forceps, 
viii.  305 

Stiff  joint,  i.  35;);  ami  see -l/iA'^wii's 

Stigmata,  bleeding,  iv.  466 

Stigmata  maidis,  iii.  291 

Stigmata  of  insanity,  v.  51 

Still-births,  ii.  533;   viii.  248 

Stiller's  sign,  viii.  434 

Stillicidium  laci-imarum,  v.  395 

Stillingia,  vii.  461 
sylvafiea.  vii.  461 

Stimson's   method    of    reducing 
dislocation  of  Iiip,  iii.  512 
of  sliouliler,  iii.  511 

Stimulants,  cardiac,  ii.  693 
cold  as,  iii.  193 
heat  as,  iv.  021 
in  infantile  dianluea,  iii.  448 
in  insanity,  v.  72 

Stimulation  of  nerves,  vi.  227 

Stimulation,  threshold,  v.  233 

Stimuli,  ii.  762 

Stimulus,  V.  282 

Stink  weed,  vii.  534 

Stirrup,  iii.  5S(i ;  and  see  Stripes 

Stitch  in  the  side,  iii.  312 

Stockings  for  soldiers,  v.  79.5 

Stoddard's  medium,  viii.  875 

Stolz's  operation  for  vesico- vagiual 
eystocele,  viii.  159 

Stomacace,  viii.  488 

Stomach,  vii.  461 

aeiion  cif  antipyrin  on,  i,  880 
adenomata  of,  i.  113 
anatomy  of,  i.  13 
atony  of,  vii.  497 
blood-vessels  of.  vii.  409 
cancer  of,  i.  29;  ii.  636;  vii.  488, 

513 
carcinoma  ventriculi,  vii.  513 
clianses  occurring  in  chyme  iu, 

iii."83 
diet  in  affections  of,  iii.  450 
dilatation  of,  i.  30 
diseases  of,  vii.  488 
displacements  of,  vii.  533 
examination  of  contents  of,  vii. 
490 
of  functions  of,  vii.  489 
foreign  bodies  in,  vii.  .523 
functions  of,  iii.  473 
glands  of,  vii.  403 
histology  of,  vii.  461 
hypersecretion  in,  vii.  .501 
intlammation   of,    vii.    .505;  and 

see  Ofixtritu 
lipoma  of,  vii.  .531 
lyiiipliatics  of,  v.  637,  638 
malformations  of,  vii.  703 
measurements  of,  viii.  239 


Stomach,  medication  of.  v.  734 

methods  of  examining,  vii.  488 

motor  iusuflieiency  of,  vii.  497 
neuroses  of,  vii.  ,503 

movements  of,  vii.  .538 

influence     of      sympathetic 

system  on,  vii.  586 
inhiliition  of,  v.  24 

nerves  of,  vii.  471 

neuroses  of,  vii.  501 

occlusion  of,  i,  603 

operations  on,  vii.  478 

anterior  gastro-cnterostomy, 

vii.  484 
exploratory  laparotomj-,  vii. 

487 
gastrectomy,  vii.  487 
gastroduodenostomy,       vii. 

486 
gastro-euterostomy,  vii.  482 
gastrogastrostoni}',  vii.  486 
gastrojejunostomy,  vii.  483 
gastrolysis,  vii.  479 
gastrope.xy,  vii.  479 
gastroplasty,  vii.  486 
gastroplieation.  vii.  479 
gastrorrliaphy,  vii.  478 
gastrostomy,  vii.  480 
gastrotomy,  vii.  480 
jejunostom}',  vii.  487 
posterior  gastro-enteros- 

tomy,  vii.  485 
pylorectomy,  vii.  486 
pyloroplasty,  vii.  486 

phlegmon  of,  vi.  617 

position  of,  vii,  .537 

pj'loric  stenosis,  vii,  519 
diet  in,  iii.  456 

secretion    of,    disturbances    of, 
effect   on  metabolism,    v, 
773 
influence     of     sympathetic 
system  upon,  vii.  ,583 

secretory  neuroses,  vii.  503 

sensory  neuroses,  vii.  .503 

shape,  vii.  536 

.structure  of,  vii.  461 

surgery  of.  vii.  477 

syphilitic  lesion  of,  vii,  633 

transposition  of,  vii.  534 

tmnors  of,  i.  29;  vii.  .521 

ulcer  of,  i.  29;  vii,  487,  510 
Stomach  pump,  i.  370:  v.  784 

contraindications  to,  i.  370 
Stomach  tube,  passage  of,  iii.  578 
Stomatitis,  viii.  487 

acute,  viii.  487 

aphthous,  viii.  488 

catarrhal,  viii.  487 

croupous,  viii.  488 

diet  in,  iii.  456 

erythematous,  viii.  487 

fetid,  viii.  488 

follicular,  viii.  488 

gangrenous,  iv.  307;  viii.  488 

lierpetic,  viii.  488 

membranous,  viii   488 

mercurial,  viii.  489 

mycotic,  viii.  488 

parasitic,  viii.  488 

phlegmonous,  viii.  488 

pultaccous,  viii.  487 

pustulosa  contagiosa,  iv.  735 

simple,  viii.  487 

superficial,  viii.  487 

ulcerative,  viii.  488 

vesicular,  viii.  488 
Stomatol,  vii.  725 


Stomatomycosis,  viii.  488 
Stomatoplasty,  vi.  904 
Stonecutter's  phthisis,  v.  594 
Stouham's     method    of    reducing 

dislocation  of  hip,  iii.  525 
Stools,  see  Fi'ves 

iilood  in.  signiticauce  of,  iii,  441 

colored,  iii.  442 

in  diarrliiea.  iii.  438 
Storax,  vii.  .529 
Storesin,  vii.  580 
Storm  Lake  Mineral  Spring,  vii. 

530 
Stout,  i.  109 

Stoves,  for  heating  houses,  iv.  759 
Strabismus,  vii.  .530 

accommodative,  vii.  531 

advancement  of  tendon  for,  vii. 
582 

alternating,  vii.  ,531 

amblyopia  with,  vii.  531 

concomitant,  vii.  .531 
treatment,  vii.  581 

constant,  vii.  531 

convergent,  vii,  581 

convulsive,  vii.  531 

diplopia  in,  vii.  .580 

divergent,  vii.  .531 

hysterical,  vii.  .531 

intermittent,  vii,  531 

latent,  vii.  .583 

mixed  forms  of,  vii.  .533 

mr'nolateral   or  monocular,   vii. 
531 

objective  symptoms,  vii.  530 

parallel,  vii.  ,531 

paralytic,  vii.  533 

treatment,  vii.  533 

periodic,  vii.  .531 

tenotomy  for,  vii.  583 

vertical,  vii.  .531 
Strabotomy,  vii.  .533 
Straight  sinus,  anomalies  of,  viii. 

3(14 
Straits  of  the  pelvis,  vi.  .539 
Stramonium  leaves  and  seed,  vii. 

534 
Stramonium,  poisonous  plant,  vi. 

Tdl 
Strangulated  hernia,  iv.  667 
Strangulation,   causing  asphyxia, 
i.  574 

evidences  of  death  from,  i.  073: 
vii.  535 

intestinal,  treatment,  v.  175 
Strapping,  for  sprains,  v.  391 
Stratum  corueum,  viii.  558 

gianulosum,  viii.  553 

rucidum,  viii.  554 
Strawberry,  see  Rnxacca' 
Streak  cultures,  viii.  888,  389 
Streptobacillus,  i.  680 
Streptococcus,  i.  680 

invasion  of  fascia  of  arm,  i.  4.58 

pyogenes,  i.  705,  709 

in  dissection  and  operation 

♦  -svoiiuds,  iii.  .580 

in  phlegmons,  vi.  Oil 
Streptothrices,  i   719 
Streptothrix  actinomyces,  i   719 
Stress  and  strain,  effect  of,  on  dif- 

feienli.ilion.  iii.  408 
Stretchex's,  (Jilion's,  vi,  188 

Mahau's,  vi.  188 
Strife  gravidarum,  iv.  340 
Strieker's  gas  chamber,  iv.  705 

warm   stage  and  gas  chamber, 
iv.  705 


760 


GENERAL   INDEX 


Strriiopagus. 


Stricture,  intestinal,  v.  172 
rectal,  i.  397 
virttliral.  viii.  30 
Stronger  orange  flower  water,  vi. 

3'JS 
Stronger  rose  water,  vi.  lUOU 
Strongylidse,  vi.  319 
Strongyloides,  vi.  '308 
iiitc'Stii)alis,  vi.  2(18 
stcrcovalis,  vi.  207,  208,  209,  504 
Strongylus  apri,  vi.  219,  .502 
broiichialis,  vi.  212 
(luodenalis,  vi.  221 
elongatus,  vi.  219 
gigas,  vi.  £30 

of  kidne.v,  v.  344 
longaivagiuatus,  vi.  219 
paradoxu.s,  vi.  319 
quadridentatiis,  vi.  221 
renalis,  vi.  320 
sublilis,  vi.  219 
siiis,  vi.  219 
Strontia  Mineral  Spring,  vii.  .540 
Strontium,  vii.  .540 
bruniiile,  ii.  48.5 
iodide,  v.  303 
laotatc,  vii.  .541 
Strophanthidin,  vii.  .541 
Strophanthin,  vii.  .541 

action   of,    on   lieart,   coinjiarcd 
with  digitalis,  ii.  701 
Strophanthus,  vii.  541 

action,   coMiparcd  witli   tliat   of 

digitalis,  ii.  701 
glabcr,  vi.  430 
bispidus,  ii.  701 ;  vii.  541 
in  iieart  disease,  iv.  filO 
konibe,  ii.  701 :  vii.  .541 
Strophulus  albus,  v.  818 
Struggle  for  existence,  a  factor  of 

organic  evolution,  iv.  25 
Struma,  iv.   370;  vii.  .542;  and  see 
Goitre 
antemenstnialis,  iv.  380 
congenita,  vi.  381 
cystica,  diagnosed  from  branch- 
ial cysts,  ii.  400 
suprarenalis  aberrans,  see  Ut/per- 
lup/iivinii 
Strumitis,  iv.  387 
Strumpell  johenomenon,  vi.  876 
Strychnic  acid,  vi.  308 
Strychnin  or  strychnine,  vi.  307; 
vii.  542;  and  see  JSn.r  romiea 
as  a  cardiac  .stinudant,  ii.  703 
effect  of,   upon   body  tempera- 
ture, ii.  571 
tijion  the  f<i'tus,  vi,  379 
hypoiierniatic  nseof,  iv,  820 
poisoning  by,  analj'sis,  vii.  545 
dilfereutial    diagnosis,     vii. 

.544 
duration,  vii.  .544 
failure  of  detection,  vii.  546 
influence    of     putrefaction, 

vii.  546 
lethal  dose,  vii.  .544 
post-mortem  appearances,  i, 

664;  vii.  545 
symptoms,  vii.  548 
tests,  vii.  545 
treatment,  vii.  544 
Strychnin-like  ptomains,  vi.  792 
Strychnos,  iii.  :i38 

castelna-ana,  iii.  339 
Crevauxii,  iii.  339 
Gubleri,  iii.  339 
iucaga,  iii.  338 


Strychnos  Ignatii,  iv.  843 
kipapa,  iii.  338 
nu.\  vomica,  iii.  338;  vi.  307 
tiente,  iii.  33.S 
toxifera.  iii.  339 
Stryker  Mineral  Springs,  vii.  541! 
Stump,  after  amputation,  i.  245 
suitable   for  artificial   limbs,  v. 
514 
Stupor,  epileptic,  v.  100 
Sturrock's  method  of  reducing  dis- 
location of  hip,  iii.  525 
Stuttering,  vii.  435 
Stylo-auricularis  luvtscle,  vi.  47 
Stylochondrohyoid    muscle,     vi. 

40 
Styloglossus     muscle,    anomalies 

of,  vi.  47 
Stylohyoideus   alter   muscle,  vi. 

46 
Stylohyoid  muscle,  anomalies  of, 

vi.  W 
Stylohyothyroid  muscle,  vi.  46 
Stylopharyngeus,    anomalies    of, 

vi.  47 
Stylopharyngeus  muscle,  anom- 
alies of,  vi.  47 
Styptic  collodion,  vii.  637 
Stypticiu,  vii.  546 

in  dysmenorrbcca,  iii.  577 
Styptics,  iv.  478 
Styracol,  iv.  425 
Styrax,  vii.  .529 
benzoin,  i.  745 
licjuide,  vii.  .529 
pra'paratus,  vii,  529 
Styrol,  vii.  .530 
Styron,  vii.  547 
Subanconeus  muscle,  vi   53 
Subaponeurotic    cephalhsenxato- 

mata,  ii.  764 
Subarachnoid  cocaine  injections, 
see  Sjunidrnritlnhatinii  finil  huithitr 
piiiirttire 
Subastragaloid     amputation    of 

the  foot,  i.  257 
Subcentral  fissure,  ii.  193 
Subcerebellar  veins,  ii.  257 
Subcerebral  vein,  ii.  255.  257 
Subchloride  of  mercury,  v.  751 
Subclavian  artery,  vi.  194 
anomalies  of,  i.  .527 
compression  of,  i.  537 
ligature  of,  vi.  195 
Subclavian  vein,  vi.  196 
anomalies  of,  viii.  204 
Subclavicular    dislocation    of    hu- 
merus, iii.  .520 
region,  access  to,  by  temporary 
resection  of  clavicle,  iii.  131 
Subclavius  muscle,  anomalies  of, 

vi.  50 
Subclavius   posticus   muscle,  vi. 

50 
Subcoracoid    dislocation    nf    hu- 
merus, iii.  .520 
Subcranial   cephalhsematomata, 

ii.  765 
Subcrureus  muscle,  anomalies  of, 

vi.  57 
Subdiaphragmatic   abscess,  viii. 

.502 
Subfissures,  ii.  201 
Subfrontal  fissure,  ii.  193,  203 

gyre,  ii.  193.  203 
Subglenoid     dislocation    of    hu 

merus,  iii.  517 
Subgyres,  ii.  201 


Subinvolution  of  the  uterus,  viii, 
100 
of  the  vagina,  viii.  104 
Sublimate,   corrosive,  v.   7.53;  see 

also  Miii-Hi-ji,  bichloride  of 
Sublamine,  vii.  547 
Subluxation  of  joint,  v.  297 
Submaxillary  gland,  vi.  199 
Submaxillary  lymphatic  glands, 

vi.   199,  (i30 
Submersion,   causing  asphy.xia,   i. 
574 
signs  of  death  from,  i.  672 
Subnasal  point,  vii.  229 
Subpericranial      cephalhaemato- 

mata,  ii.  764 
Subphrenic  abscess,  iii.  437;  viii. 

506 
Subscapularis  minor  muscle,  vi. 

51 
Subscapularis   mviscle,  anomalies 

of,  vi.  51 
Subscapulo  -  capsularis     muscle, 

vi.  51 
Subumbilical  clefts,  vii    703 
Subvertebi-al   rectus   muscle,  vi. 

61 
Succinum,  i.  308 
Succus,  V.  736 

entericus,  iii,  475;  vii.  97,  .547 
tbebaicus,  vi,  383 
Succussion,  ii.  819 

Hip]iocratic,  vi.  668 
Sucramine,  vii.  548 
Sucrol,  iii.  562 
Sucrose,  vii.  .548 
Suction,  for  cataract,  ii.  726 
Sudden  death,  due  to  infarction  of 
heart,  iv.  .580 
due  to  status  Ivmphaticus,  vii. 
450 
Sudorifics,  iii.  432 
Suet,  vii.  548 

Suffocation,  as  cause  of  asphyxia. 
i.  576 
varieties  of.  i.  576 
Sugar,  vii.  543 

action  and  uses,  vii.  549 
amount  allowed    in  rations,   v. 

799 
as  an  antidote,  i.  371 
barley,  vii.  549 
Chinese,  vii.  549 
excretion  of,  diminished  by  jam- 

bul,  V.  344 
in  milk,  v.  819 
in  urine,  iii.  428 
invert,  vii,  549 
Leo's,  see  Liilose 
maple,  vii.  548 
of  lead,  V.  471 
of  milk,  see  Lactnse 
preparation  of,  vii.  549 
rock,  vii.  .548 
sorghum,  vii,  .548 
Sugarine,  vii.  .549 
Suggestion,  iv.  811 
liy|uiotic,  iv.  811 
post-hypnotic,  iv.  Sll 
Suggestive  therapeutics,  viii.  511 
Suggillation,  iii.  273;  vii.  .549 
Suicide,  vii.  5.50 

among  troops,  ii.  614 
and   homicide,   probabilities  be- 
tween, vi,  693 
and  insanity,  v,  28 
automatic,  vii.  .5.53 
by  suggestion,  vii.  .5.53 
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Suicide,  causes  of,  vii.  552.  553 

(lingnosis  of,  vii.  555 

cloiibii'.  vii.  552 

epidemic,  vii.  .552 

feigiud,  vii.  552 

liisUny  of,  vii.  550 

ill  children,  vii.  552 

in  infinity,  v.  72;  vii.  551 

)nclIiod  of,  vii.  554 

multiple,  vii.  552 

nature  of,  vii.  .551 

prophyla.xis  of,  vii.  555 

statistics  of,  vii.  5.50 

syniptiims  of.  vii.  555 

tendency  to,  in  insanity,  v.  70 

treatment  of  a  tendency  to,  vii. 
.550 
Sulcus  clioroideus,  ii.  175 

fuieal,  ii.  160 

of  Munro,  ii.  166 

]ieiluncular,  ii.  160 

tcriiiinalis,  iv.  568 
Sulfosot,  vii.  .5.56 
Sulphaminol,  vii.  556 
Sulphate  of  aluminum,  i.  207 

of  cadmium,  ii.  541 

of  ciiichoiiidine.  iii.  91 

of  copper,  iii.  278 

emetic  action  of,  iii.  812 

of  iron,  v.  22:1  228 

of  magnesium,  v.  673 

of  manganese,  v.  686 

of  potassium,  vi.  745 

of  quinidiuc,  iii,  92 

of  quinine,  iii.  90 

of  thallium,  vii.  731 

of  zinc,  viii.  3:^9 

emetic  action  of,  iii.  812 
Sulphated  saline  waters,  v.  848 

American,  v.  S4S 

Eumiieaii.  v.  8-lN 
Sulphates  in  the  urine,  viii.  58 

("iijugate.  \iii.  4o 

lUeformed.  viii.  54 
Sulphides,  vii.  556 

black,  V.  756 

mercuric,  v.  756 

mercurous.  v.  756 

nf  arsenic,  iioisoiiing  by.  viii.  346 
Sulphites  and  hyposulphites,  vii. 

Sulphocarbolates,  vii.  558 
as  germicides,  iv.  336 
of  silver,  vii.  216 
of  snilium,  vii.  5.58 
Sulphocarbolic  acid,  vii.  5.58 
SuliDhocyanate  of  acrinyl,  vi.  68 
Sulphocyanides,  vii.  558 

c.xcictiiin  of,  vii.  .559 
Sulphonal,  vii.  .560 

as  a  hypnotic,  iv.  816 
poisoning  by,  vii.  560 
Sulpho-paraldehyde,  vii.  .561 
Sulpho-Saline  S.pring,  vii.  .561 
Sulphvir,  vii    .561 

as  a  laxative,  v.  41)9 
baths,  vii.  557 
dio.vide,  vii.  .562 

apparatus    fjv     scenerating, 

iii.  502 
as  a  disinfectant,  i.  688:  iii. 

490,  501 
as  a  germicide,  iv.  336 
means  of  generating,  vi.  822 
flowers  of,  vii.  .561 
fumigation  by,  iii.  498 
gases,  action  of,  ou  animal  sys- 
tem, i.  154 


Sulphur  in  the  urine,  viii.  51 

icidiile,  vii.  .562 

lotnm,  vii.  561 

jireeipitated  milk  of.  vii.  561 

]ireci]ntatum.  vii.  .501 

sulilimatum,  vii.  .561 

vegetalile.  v.  016 

washed,  vii.  .501 
Sulphurated  lime,  vii.  .557 
Sulphurated  potassa,  vii.  556,  557 
Sulphurated     waters,    American, 
V.  bi4y 

as  a  bacterial  product,  i.  684 

as  a  germicide,  iv.  330 
Sulphureted     hydrogen,     as    an 
antidote,  i.  373 

in  urine,  vii.  54 
Sulphuric  acid,  vii.  .562 

aromatic,  vii.  563 

as  a  caustic,  ii.  757 

as  a  germicide,  iv.  336 

burns  from.  ii.  520 

in  the  urine,  viii.  53 

poLsoning  by,  i.  69 

post-mortem  appearances  in,   i. 
661 

toxicology  of.  i.  69 
Sulphurous  acid,  vii.  563 
Sumac,  vii.  563 

|ioisonnus  plant,  vi.  697 
Sumach  or  sumac,  vii.  563 

dwarf,  iii.  425 

poison,  iii.  425 

swamp,  iii.  425 

•walnut  leaved,  iii.  425 
Sum'oul,  vii.  563 

Bo  ml  lay.  i.  217 
Summer  cholera,  iii.  33 
Summer    diarrhoea   of    children, 

iii.  443 
Summerville- Augusta,  i.  0:j4 
Summerville,  S.  C,  vii.  564 
Summit  Soda  Springs,  vii.  .565 
Sunburns,  ii.  517 
Sunlight,  an  element  of  climate,  iii. 
143 

germicidal  power  of,  iii.  499 
Sunshine,  at  health  resorts,  iv.  564 
Sunstroke,  iv.   617;  and  see  Beat- 

among  troops,  ii.  017 
cold  for,  iii,  195 
Supercallosal  fissure,  ii.  193 
Supercentral  fissure,  ii.  193 
Superextensibility  of  thumb  at 

dillcrent  ages.  iv.  515 
Superfecundation,  iv.  341  ;  vii.  .565 
Superfoetation,  iv.  341;  vii.  .565 
Superfissures,  ii.  201 
Superfrontal  fissure,  ii.  193 

gyre.  ii.  193 
Superimpregnation,  vii.  565 
Superinvolution  of  the  uterus,  viii. 

104 
Superior    constrictor    of    the 

pharynx   muscle,  anomalies   of. 

vi.  47 
Superior       longitudinal     sinus, 

anomalies  of,  viii.  203 
Superior  maxilla,  anatomy  of.  vi. 
942 
resection  of,  vi.  941 
Superior  mesenteric  plexus,   vii. 

578 
Superior  petrosal  sinus,  anomalies 

of,  viii.  204 
Superior  thyroid  artery,  surface 

markings  of,  vi.  191 


Supertemporal  tissure.  ii.  193 

gyre.  ii.  193 
Supinator  brevis  muscle,   anom- 
alies ol,  vi,  54 
Supinator  longus  muscle,  anom- 
alies (if.  vi.  .54 
Supplementary     respiration,    ii. 

817 
Suppositories,  v.  789 
of  glycerin,  iv.  374 
Suppressed  expiration,  ii.  817 
Suppuration,  v.  0 

in  fractures,  iv.  257 
renal,  v.  358 
Supra-acromial      nerve,     surface 

marking,  vi.  191 
Supraclavicular      lymphatic 
glands,  V.  Ii31 
in  carcinoma  of  breast,  ii.  633 
Supraclavicular  muscle,  vi.  44 
Supraclavicular     nerve,    surface 

marking,  vi,  11)1 
Supracostalis  muscle,  vi,  00 
Suprahyoid   lymphatic    glands, 

vi,  199 
Suj^ramastoid  crest,  vii.  229 
Suprameatal  triangle,  v.  704 
Supra-orbital     branch,     of     fifth 

nerve,  herpes  zoster  of.  iv.  117 
Supra-orbital  neuralgia,  vi.  245 
Suprarenal    bodies,    see    Ailrenal 
rjUuKh,  i.  127 
actinomycosis  of.  vii.  .567 
affectioirs  of.  v.  362 
effect  of,    upon   metabolism,  v. 

775 
malformations  of,  vii.  705 
pathology  of,  vii,  566 
physiology     of,    see     Secretion, 

'pliysiohigy  of 
progressive  changes  in,  vii.  .567 
removal  of,  vi.  411 
retrograde  changes  in,  vii,  .567 
syphilis  of,  vii.  567 
tuberculosis  of.  vii.  567 
tumors  of,  vii,  567 
Suprarenal  capsule,  extract  of,  vi.' 
411;   see   AdreiuiHn.  and    Or- 
fjanotherapy 
tumors  of.  diagnosed  from  renal 
tumor.  V.  328 
Suprarenal  extract,  vi.  411 
as  a  hcemostatic.  iv.  478 
in  the  treatment  of  ura'inia,  viii.  7 
Suprarenal  plexus,  vii.  578 
Suprarenal  vein,  anomalies  of,  viii. 

200 
Suprascapular   artery,   anomalies 

of.  i.  528 
Suprascapular  vein,  anomalies  of, 

viii.  204 
Supraspinatus  muscle,  anomalies 

of.  vi.  51 
Suprasternal  nerve,  surface  mark- 
ing, vi.  191 
Surface  water,  vi.  108 
Sufgeon,  ambulance,  i.  212 
resjionsibility  of.  v.  682 
Surgeon  and  assistants,  prepara- 
tion of,  tor  operation,  i.  560 
Sui-gery,  general,  cocaine  in,  iii.  160 
intestinal,  v.  176 
of  peritoneum,  v.  176 
of  the  brain,  ii.  398 
]ilastic.  of  bone.  ii.  723 
Surgical  dressings,  iii.  .552 
Surgical  operations,  cau.se  of  in- 
sanity. V.  35 
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Surgical  operations  duriug  prcg- 

luuicy,  iv.  34y 
Surgical    procedures,    produciug 

iin-iK>|i;iuse,  ii.  799 
Sus  scrofa,  \'.  405 
Susceptibility,  variation  iu,  iv.  843 

to  [loisoiKius  |)lauts,  iii.  4^5  i 

Susotoxin,  )itomaiM.  vi.  790  I 

Suspended  animation,  i.  5.59 
Suspension  of  uterus,  viii.  84 
Suspensory  bandag-es,  vii.  .568 
Sutherland  Springs,  vii.  568 
Sutures,  iii.  5.'i'2 ;  vii.  .568 
Cushiug's,  V.  177 
Czeruv-Lemberfs,  v.  177 
Council,  V.  178 
coutiuiious,  V.  177 
Halsted's,  v.  177 
liealiug  of  arteries  after,  i.  .538 
interrupted,  v.  178 
kinds  of,  vii.  ,569 
lateral  implaiitatiou,  v.  179 
Lembert's,  v.  177 
materials  for,  vii.  568 
preparation  of,  i.  568 
purse-string,  v.  177 
Senu's,  v.  179 
sterilization  of,  i.  568 
to  stop  lieniorrhage.  iv.  635 
Suwanee   Sulphur   Springs,    vii. 

,5  Til 
Swallowing,  advantages   of  medi- 
cation l)y.  V.  734 
disadvantages  of  medication  bv. 
V.  734 
Sweat,  vii.  217 
l)li)ody,  iv.  466 
blue,  iii.  70 
(■olored.  iii.  70 
diminution  of,  i.  357 
excessive,  iv.  796;  and  see  By- 

pen'drosis 
green,  iii.  70 
luminous,  vi.  620 
odorous,  ii.  486 
phospliorescent,  iii.  70 
red,  iii.  70 

secretion  of,  effect  of  sympathe- 
tic nervous  system  on,  vii.  583 
Sweat  glands,  viii.  .5.56 
(■arriniinia  of,  ii.  683 
embryology,  viii.  .5.56 
histological  anatomy,  viii.  557 
secretion  of,  vii.  100 
Sweat-shop  work,  dangers  of,  vi. 

3"*'2 
Sweden,  PlianiiacDjKi'ia  of,  vi.  .586 
Swedish  movements,  v.  694 
Sweet   Chalybeate   Springs,   vii, 

571 
Sweet  flag,  ii.  549 
Sweet  oil,  vi.  356 
Sweet  spirits  of  nitre,  vi.  290 
Sweet  Springs,  vii.  571 
Sweet   tincture   of   rhubarb,    vi. 

'.174 
Swine,  diseases  among,  detection 

(.f.  V.  7i7 
Swinepox,  ii.  826 
Swelling,  cloudy,  iii.  394 
Swertia  chirayita,  ii.  835 
Switzerland,  food  adulterations  in, 
iv.  166 
Pbarmacopa'ia  of,  vi.  586 
Sycosis,  vii.  ,571 

and  eczema,  differential  diagno- 
sis of,  iii.  723 
Sydenham's  disease,  iii   41 


Sylvester's    method    of    aititicial 

respiration,  i.  560 
Sylvian  fissure,  ii.  205.  276 

methods  ot  locating,  ii.  405;  vii. 
240 
Symblepharon,  i,  603;  iii.  2.50;  vii. 

699 
Syme's  external  uretlirotomv,   viii. 
24 
method  of  amputation.  1.  258 
operation,  cheiloplasly.  vi.  902 
Symbiosis,  i.  685 

in  phlegmon  prodtiction.  vi.  612 
Symijathetic  irritation,  vii   594 
Sympathetic     nervous     system, 
vii.  573 
anatomy,    gaugliated    cords    of 
the,  vii.  575 
of  the  plexuses,  vii.  577 
diseases  of,  vii.  591 
functional  interrelation  of  sym- 
pathetic    and     cerebro-spinal 
systems,  vii.  .589 
general  survey  of  anatomv.  vii. 

573 
histology,  vii.  579 
morphological    organization    of 

the  ratni,  vii.  .581 
physiology,  vii.  .582 

cardiac  fimctions.  vii.  585 
involuntary  and  atUomove- 

meiUs.  vii.  .586 
retlex  action,  vii.  589 
respiratory    functions,    vii. 

585 
secretory  functions,  vii.  ,582 
trophic  and  tonic  functions, 

vii.  588 
vascular  functions,  vii.  .584 
structure   and   connection   with 
the  cerebrospinal  system,  vii. 
574 
Sympathetic  neurosis,  vii.  594 
Sympathetic  ophthalmia,  vii.  591 
Sympathetic    ophthalmitis,    vii. 

.591 
Symphorol-lithium,  vii.  595 
Symphorol-sodium,    vi.    149;   vii. 

595 
Symphorol-strontium,  vii.  .595 
Symphyseotomy,  vi.  315:  and  see 
Obftttric  iipiiati'jns a.nd  Felces. 
deformed 
contraindications,  vi.  315 
indications,  vi.  315,  530 
methods,  vi.  315 
Symphytum,  iii.  227 

ot1i<'inale,  iii,  227 
Sympus  apus,  vii.  715 
dipus,  vii.  715 
monopus,  vii.  715 
Synapsis,  vi.  866,  870 
of  neurones,  ii.  334 
Synarthroses,  i.  5.53 
Synchondroses,  i.  551.  5.53 
Synohysis  seiutillaus,  viii.  267 

spaiklmn-.  viii.  207 
Synchytrium,  iv.  275.  278 
Syncope,  ii.  '-24 
Syncytioma,  iii.  392;  vii.  ,595 
deciduoma  maligniun.  vii.  ,595 
malignum,  iii.  61;  vii.  595;  viii. 
95;  and  see  Deddiwma  malirj- 
niim 
Syncytium,  iii.  50;  vi.  646 

fatal,  phenomena  of.  iii.  377 
irrowth  of.  iii.  788 
Syndactylism,  iv.  494;  vii.  715 


Syndesmo  -  pharyngeus  muscle, 

vi.  47 
Synechias  of  nasal  cavities,  vi.  124 
Synophthalmus,  vii.  699 
Synorchism,  vii,  179 
Synovia,  vii.  597 

Synovial    cavities    of    the   wrist- 
joints,  viii.  :;17 
Synovial     fringes     in    the    knee- 

joiiil  \'.  275 
Synovial  membranes,  vii.  ,596 
diseases  affecting  the,  v.  261 
inflammation  of,  see  Si/noiiliii 
of  Unee  joint,  v.  370 
Synovial     sheaths    of    hand,    iv. 

244 
Synovitis,  ii.  529 
acute,  vii.  .596 

diagnosis,  vii.  .599 
pathology,  vii.  .597 
prognosis,  vii.  600 
symptoms,  vii,  .597 
treatment,  vii.  600 
varieties  of.  vii.  .598 
anatomy,  vii.  596 
arljorescent  tuberculous,  v.  263 
catamenial.  vii.  599 
dry,  v.  261 

exanthematous.  vii.  599 
gonorrho'al,  iv.  403;  vii.  599 
gouty,  vii.  .599 
of  the  ankle-joint,  v.  273 
of  tlie  elbow,  i.  464 
of  the  hand.  iv.  513 
of  the  hip. 


of  the  knee-joint,  v.  273 


376 


of  the  shoulder-joint, 
purulent,  vii.  .598 
serous,  v.  261 
syphilitic,  vii.  .599 
tiaumatic,  vii.  .59.S 
Synthetic  products,  poisoning  by, 

vii.  (io2 
Syphilis,  vii.  002,  944 

affections  of  the  bones  and  car- 
tilages in.  vii.  6'29 
of  the  ciiculatorv  organs  in, 

vii.  624 
of  the  digestive  tract  in.  vii. 

622 
of  the  ear  iu.  iii.  674 
of  tlie  eyes  in,  vii.  619 
of  the  genito-urinary  organs 

in,  vii.  625 
of  the  hair  and  hair  follicles 

in,  vii.  616 
of  the  nuiscles,  tendons,  and 

articulations,  vii.  629 
of  the  nails  in.  vii.  617 
of  the   nervous  system   in, 

vii.  636 
of  the  respiratory  tract  in, 
vii.  621 
among  troops,  ii.  608 
and  cancer,  diagnosis  of,  iii.  675 
and  cliancroid,  diagnosis  of,  ii. 

797 
and  eczema,  diagncsis  of,  iii.  714 
and  licheu  planus,  diagnosis  of. 

V.  .506 
and  licheu  scrofulosorum,  diag- 
nosis of,  V.  ,509 
and  lupus,  diagnosis  of,  v,  611, 

615 
and     pemphigus     neonatorum, 

diagnosis  of,  vi.  .543 
and  pemphigus  vegetans,  diag- 
nosis of,  vi,  548 
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Syphilis  and  psoriasis,  diagnosis  of, 

Syphilitic  meningitis,  vii.  335 

Tabacosis,  v.  594 

vi.  W3 

myiisitis,  vi.  33 

Tabacum,  vii.  787 

and     rliinoscleroma,     diagnosis 

svnnvitis.  vii.  599 

Tabanidse,  v.  105 

of,  vi.  U3 

iilcer.  vii.  944,  947 

Tabanus,  v.  105 

and  seborrliaa,  diagnosis  of.  vii. 

urethritis,  viii.  30 

atralus.  v.  165 

89 

Syphiloderm,  vii.  608 

Tabes,  vii.  378 

and  smallpox,  diagnosis  of,  vii. 

bullous,  vii.  612 

diagnosis,  vii.  380 

249 

gummatous,  vii.  613 

diu'ation,  course,  and  prosrnosis. 

as  a  cause  of  paresis,  v.  86,  88 

macular,  vii.  609 

vii.  381 

bacillus  of,  i.  093;  vii.  003 

malignant,  vii.  015 

etiology,  vii.  378 

bubo  in,  ii.  500 

palniar  and  plantar,  vii   010 

relation  to  jiaresis,  v.  93 

cerebral,  ii.  427 

papular,  vii.  009 

symptoms,  vii.  378 

cimgenital,  vii.  630 

pustular,  vii.  611 

treatment,  vii.  381 

definition,  vii.  603 

relation  of,  to  systemic  intoxica- 

Tablets, v.  739 

evolution  of,  in  ])eriods,  vii.  603 

tion,  .vii.  "618 

-     compressed,  v,  739 

general  paralysis  from,  vii.  C3T 

to  other  infections,  vii.  018 

hypodermatic,  v.  739 

geographical    distribuli<ni,    vii. 

rupia,  vii.  611 

Tac,  V.  11 ;  and  see  lnjlnenza 

603 

serpiginous,  vii.  615 

paroxysmal,  vi.  800 

lieadaelie  in,  iv.  .').")3 

treatment  of,  vii.  616 

Tachycardia,  iv.  .596 

hereilitaiy,  vii.  68J 

tuberculous,  vii.  613 

Tactile  cnrpuseles.  viii.  562 

history,  vii.  603 

vesicular,  vii.  612 

sense,  function  of,  in  maintain- 

in armies,  ii.  008 

Syphiloma,  gumma,  vii.  618 

ing  etpiilibrium,  iii.  8.j8 

in  etiology  of  epilepsy,  iii.  849 

lit  the  subcutaneous  glands,  vii. 

scnsiljility.  vii.  118 

initial  lesion  of,  vii.  000 

618 

Taenia,  i.  333 

insanity  in,  v.  33,  i)o 

of  the  vagina,  vii.  625 

K'gyptica,  ii.  791 

in  the  new-born,  vi.  27T 

Syringe,  fountain,  v.  734 

africana,  ii.  785 

joint  affections  of.  v.  304 

by  piidermatic,  iv.  819 

capensis,  ii.  784 

kyphosis  in.  v.  378 

pVii-tati*',  ritzmann's,  vi.  761 

confusa,  ii.  787 

leucorrhwa  in,  v.  494,  495 

Syringomyelia,  vii.  373 

crassicoUis,  ii.  787 

mucous  patches,  vii,  633 

course  and  jjrognosis,  vii.  377 

cucumerina.  ii.  792 

nature  of,  vii.  603 

etiology,  vii.  374 

demerariensis,  ii.  790 

of  bone,  ii.  133 

diasnosed   from  acromegaly,  i. 

diminuta,  ii.  791 

of  the  adrenals,  vii.  567 

95 

ecliiuococcus,    ii.    788;    v.   .539: 

of  the  aorta,  ii.  107 

differential  diagnosis,  vii.  376 

vi.  .504;  viii.  233 

of  the  auditory  nerve,  iii.  684 

of  the  upper  extremity,  i.  467 

elliptica,  ii.  793 

of  the  blood-vessels,  ii.  105 

pathological  anatomy,  vii.  373 

fenestrata,  ii.  784 

of  tlic  brain,  ii.  437 

symptomatology,  vii.  374 

flavopunctata,  ii.  791 

of  the  bronchi,  v,  445 

tiie  hand  in.  iv.  500,  533 

hirudinacca,  vi.  334 

of  the  bronchial  glands,  v.  588 

treatment,  vii.  377 

lata,  ii.  793 

of  the  chorion,  iii.  59 

Syrups,  V.  739 

leptocepliala,  ii.  791 

of  the  decidua,  iii.  391 

of  altlKca,  V.  694 

lophosoma,  ii.  784 

of  the  Eustachian  tube.  iii.  681 

of   calcium    lactophosphate,    ii. 

marginata.  ii.  787 

of  the  external  auditorv  canal. 

552 

minima,  ii.  791 

iii.  676 

of  citric  acid,  v.  483 

moniliformis,  ii.  793 

of  the  hands  and  fingers,  iv.  .505 

of  ferrous  iodide,  v.  234 

nigra,  ii.  784 

of  the  heart,  iv.  601 

of  L'arlie,  iv.  308 

pellucida.  ii.  785 

of  the  kidney,  v.  361 :  vii.  636 

of  hyilriddic  acid.  iv.  775 

sasinata.  ii.  780,  783,  784:  viii. 

of  the  labyrinth,  iii.  6S3 

of  liypophiisphites,  iv.  825 

233 

of  the  larynx,  v.  443 

of  hvpophdsphites  witli  iron,  iv. 

serrata,  ii.  781,  787 

as  a  cause  of  stenosis,  v.  440 

825;  V.  223 

solium,  ii.  779,  786;  viii.  333 

of  the  liver,  v.  560 

of  ipecac,  v   313 

tenella,  ii.  786 

of  the  lungs,  vii.  631 

of  lactophosphate  of  calcium.  \'. 

treatment  of,  i.  362 

of  the  mastoid  process,  iii.  677, 

403 

varesina,  ii.  791 

682 

of  lactucarium,  v.  408 

vulgaris,  ii.  785,  793 

of  the  mediastinum,  v.  733 

of  lemon,  v.  483 

Tseniadse,  ii.  779 

of  the  nasal  cavities,  vi.  148 

of  lime,  ii.  551 

Tsenise,  see  Cestoda  and  Anthclmin- 

of  tlie  cpsophagus,  vi.  343 

of  orange  flowers,  vi.  398 

ti'rs 

of  tlie  omentum,  vi.  361 

of  lioppy  capsules,  vi.  735 

Tagliacozzi's     operation,    rhiuo- 

of  the  pituitary  gland,  vi.  640 

of  rhubarb,  vi.  974 

]il.isty,  vi.  905 

of  the  spine,  vii.  387 

of  rose,  vi.  1000 

Taka  diastase,  iii.  449 

of  the  testicle,  vii.  1.S4 

of  senega,  vii.  114 

Taliaferro's  method  of  tamponade. 

of  the  thymus,  v.  729 

of  senna,  vii.  117 

viii.  179 

of  the  thyroid,  iv.  389 

of  squill,  vii.  434 

Talipes,  iv.  316 

of  the  tongue,  vii.  795 

of  sweet  orange  peel,  vi.  398 

arcuatus,  iv.  310 

of  the  tonsil,  vii.  S20 

of  tar,  vii.  639 

calcaneo-valgus,     acquired,    iv. 

of  the  trachea  and   bi'ouchi.   v. 

of  the  phosphates  of  iron,  qui- 

236 

446 

nine,  and  strvchnine,   iii.   90; 

•        calcaneo-varus.  acquired,  iv.  336 

of  the  ureters,  viii.  13 

V.  337;  vii.  543 

calcaneus,  iv,  316 

of  the  uvula,  viii.  109 

of  the  triple  phosphates,  iii.  90; 

acquired,  iv.  334 

of  the  veins,  viii.  218 

v.  237;  vii.  543 

congenital,  iv.  331 

of  the  velum  palati,  viii.  110 

of  wild  clierry.  ii.  804 

cavus,  iv.  310 

retinal  changes  in,  vi.  9.5s 

of  verba  santa.  viii.  334 

congenital,  iv.  317 

stage  of  inva.sion,  vii.  COT 

sinqile.  vii,  549 

comjiarcil  witliaccjuired,  iv. 

synonyms,  vii.  602 

Systems,  Haversian,  ii.  115 

318 

treatment  of,  i.  1 ;  vii.  633 

Systolic  murmur,  ii.  833 

diagnosed  from  acquired,  iv. 

vaccinal,  viii.  136 

aortic,  ii.  833 

233 

Syphilitic  dactylitis,  iv.  506 

in  aneurism,  i.  342 

equino-valgus,  acquired,  iv.  337 

infiltration,  iv.  873 

mitral,  ii.  883 

cqujno-varus,  iv.  318 
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Talipes  equino- varus,  acquired,  iv. 
236 
congeuital,  iv.  218 
equinus,  iv.  216 

acquired,  iv.  232 
congenital,  iv.  231 
etiology,  iv.  216 
paralytic,  iv.  237 
plantaris,  iv.  210 
statistics  of,  iv.  218 
valgus,  iv,  216 

congenital,  iv.  231 
varieties,  iv.  216 
varus,  iv.  216 

acquired,  iv.  233 
congenital,  iv.  231 
Talley's  Springs,  vii.  63o 
Tamarind,  vii.  635 
Tamarindus  indica,  vii.  635 
Tampa,  Fla.,  vii.  636 
Tamponing-  the  vagina,  viii.  177 
Tamponade,  viii.  178 

indications  for,  viii.  178 
Taliaferro's     method     of,     viii. 
179 
Tampons,  use  of,  viii.  177 

ill  luitritis,  V.  785 
Tanacetum,  vii.  638 
vulgare,  vii.  638 
Tangerine,  iii.  127 
Tannal,  vii.  636 
Tannalbin,  vii.  636 
Tannate  of  colchicine,  iii.  192 
Tannic  acid,  vii.  636 

as  a  gerniieide.  iv.  336 
Tannigen,  vii.  637 
Tannin,  vii.  636 

as  an  antidote,  i.  371 
Tannoform,  iv.  246;  vii.  637 
Tanno-geoform,  iv.  328 
Tannon,  iv.  2-!6;  vii.  637 
Tannopin,  iv.246;  vii.  637 
Tannosal,  vii.  638 
Tansy,  vii.  638 
Tapetal  cell,  vi.  869 
Tapeworms,  i.  362;  ii.  779 

occurrence  of  various  species,  ii. 

782 
of  animals,  in  relation  to  public 

liealth,  viii.  233 
specilics  for,  ii.  782 
treatment  of,  i.  362 
Taphosote,  vii.  638 
Tapioca,  vii.  638 
Tapotement,  v.  694 
Tar,  vii.  638 

as  an  expectorant,  iv.  51 
camphor,  vi.  100 
cancer,  ii.  682 
Tarantism,  iii.  43 
Tarantula,  v.   158 
American,  v.  159 
fasciventris.  v.  158,  159 
"  Tarantula  killer,"  v.  168 
Tarasp-Schuls,  vii.  639 
Taraxacum,  iii.  352 
otlirinule.  iii.  352 
Tarsal  joints,  drainage  of,  v.  394 
Tarsectomy,  anterior,  vi.  935 

Bardeuheuer's  operation,  vi. 
925 
complete,  of  Wladimiroff-Miku- 
licz,  vi.  928 
indications,  vi.  928 
posterior,  vi.  927 

after-treatmeut,  vi.  938 
indications,  vi.  927 
result,  vi.  928 


Tarso-metatarsal  amputation,  i. 

256 
Tarsus,  resection  of :  see  Tariiectomy 
Tartar,  cream  of,  vi.  744 

crude,  vi.  744 

vitriiilated,  vi.  745 
Tartar  emetic,  i.  370,  375 

as  cardiac  depressant,  ii.  691 

as  an  emetic,  iii.  811 

as  an  expectorant,  iv.  49 

as  a  pustulant,  iii.  305 

poisoning  by.  i.  376 
Tartaric  acid,  "vii.  640 

as  a  gernucide,  iv.  336 

diphenvl  ester,  vii.  641 
Tartarlithine,  vii.  641 
Tartrate   of    antimony   and   potas- 
sium, i.  375 

of  chinoline.  ii.  834 

of  iron  and  ammonium,  v.  226 
and  potassium,  v.  326 

of  potassium  and  sodium,  vi.  744 
as  a  laxative,  v.  469 
Tartrophen,  vii.  641 
Taste,  vii.  641 

centripetal  conduction  path  of. 
ii.  362 

disturbance   of,  in   cerebral   tu- 
mors, ii.  445 
in  insanity,  v.  51 

localization  of  sense  of.  ii.  308 
Tate  Spring,  vii.  641 
Tattoo  marks,  vii.  642 

pigment  usetl  in,  vi.  635 
Tauriii,  i.  68 
Taurine,  i.  754 

Taxis  in  the  reduction  of  hernia, 
iv.  668 

contraindications,  iv.  668 

dangers,  iv.  668 
Taxonomy,  i.  758 
Taylor's  brace  for  club-foot,  iv.  223 

ha'moglobinometer.  ii.  57 
Tchike,  ii.  828 
Tea,  vii.  644 

adulterations  of,  iv.  183 

as  beverage  for  soldiers,  v.  805 

continental,  vi.  707 

in  infusion,  v.  736 

James",  vi.  707 

Labrador,  vi.  707 

marsh,  vi.  7U7 

Mexican,  viii.  315 

New  Jersey,  ii.  759 

Paraguay,  v.  713 

swamp,  vi.  707 
Tea-berry,  viii.  313 
Teale's  method  of  amputation,  i, 

243 
Tear  duct,  obstruction  of,  vi.  395 
Tears  of  ammoniac,  i.  318 
Teats,    diseased,    a   cause   of    un- 

healthv  milk,  v.  835 
Teel  oil",  i.  743 
Teeth,  vii.  645 

abscess  of  the  pulp.  vii.  6.56 

affections  of.  a  cause  of  head- 
ache, iv.  .549 

alveolar  abscess,  vii.  660 

anatomy  of,  vii.  645 

anomalies  of,  iii.  404 

calcification  of  the  pulp.  vii.  056 

canine,  vii.  646 

caries  of.  vii.  657 

cementum  of,  vii.  649 

chemistry  of,  ii.  128 

congestion  of  the  pulp,  vii.  655 

crusta  petrosa,  vii.  649 


Teeth,  dentine  of,  vii.  047 

disease  of  the  peridental  mem- 
lirane,  vii.  659 
of  the  pulp,  vii.  654 
enamel,  vii.  649 

erosion  of,  vii.  658 
eruiJtion  of,  vii.  650 

anomalies  in  time  of,  iii.  404 
disorders    during,    iii.    405; 
vii.  651 
extraction  of,  vii.  661 
accidents  in,  vii.  662 
hemorrhage  after,  vii.  663 
formation  of  secondary  dentine 

in,  vii.  656 
formula  of,  vii.  645 
fracture   of,   during  extraction, 

vii.  662 
functions  of.  vii.  650 
fusion  of,  vii.  654 
gangrene  of  the  pulp,  vii.  056 
growth  of.  in  children,  ii.  830 
livpertrophy  of  the  cement,  vii. 

"658 
in  hereditary  syphilis,  vii.  654 
incisor,  vii.  646 
iuHammation  of   the   pul]),    vii 

655 
irregular,  vii.  651 
malformations  of.  vii.  653 
malpositions  of,  vii.  651 
microscopic  anatomy  of .  vii.  647 
molar,  vii.  646 
of  the  lower  .iaw,  vii.  645 
of  the  upper  jaw,  vii.  645 
parts  of,  vii.  646 
pathology  of,  vii.  051 
peg,  vii.  654 

peridental  membrane,  vii.  649 
permanent,  vii.  645 
physiology  of,  vii.  650 
pitting  of,  vii.  653 
polypus  of  the  pulp,  vii.  656 
pulp,  cavity  of,  vii.  647 
relation  of,  to  food  and  to  form 

of  jaw,  v.  700 
sensitive  sprouting  of  the  pulp, 

vii.  657 
structure  of.  vii.  654 

anomalies  in.  vii.  654 
supernumerary,  vii.  651 
temporary,  iv.  858;  vii.  646,  648 
tumors  of,  see  Odontoma 
wisdom,  vii.  651 
Teevan's  modification  of  Maison- 

neuve's  urethrotome,  viii.  23 
Teichmann's  crystals,  ii.  74;  viii. 
33 
test  for  blood   pigment  in   the 
urine,  viii,  33 
Tela,  ii.  139 

Telangiectasis,  see  Aiiffioma 
Telangioma,  see  Aiii/ionm 
Teleangiectatic     tumors    of     the 
conjunctiva,  iv.  108 
of  the  iris.  iv.  110 
of  the  orbit,  iv.  114;  vi.  405 
of  the  retina,  iv.  113 
Telegony,  iv.  644 
Teleodendrions,  ii.  334 
Telini  fly,  v    166 
Tellicherry  bark,  iv.  733 
Tellurates,  vii.  663 

of  potassium,  vii.  663 
of  sodium,  vii.  663 
Tellyseniczky's  fluid,  iv.  708 
Telodendrion,  vi.  234 
Telophases,  li.  764 


765 


Teiii  poral  uroa 
'Tliooi'lii. 


GENERAL  INDEX. 


Temperature,   a  coiiditiou   of    cli- 
mate,  1.  149:  iii.  114 
comparative  tabic  of  thcFahren- 
licit  and  centigrade  scales,  vii. 
733 
ciTect  of,  upon  bacteria,  i.  686 
ii|ion  (litVcrciiliation.  iii.  408 
upon  eleclralonus.  iii.  770 
upon  heart,  v.  23 
upon  wiiitc  blood  cells,  ii.  32 
instruments  for  detei'mininc.  vii. 

732 
of  (Iwelling-lionses.  iv.  7.5.T 
of  lieultli  resorts,  iv.  .")64 
of  tlie  human  liotiy.  vii.  734;  and 

see  Trinpcrntiin.  luxli/ 
relation  of,  to  liuniidity,  iii.  142 
Temperature,  body,  effect   of  cu- 
teroelysis  upon,  iii.  833 
of  quinine  upon.  iii.  90 
of  starvation  upon,  vii.  442 
extreme,  as  a    cause  of  disease 

among  troops,  ii.  617 
high,  iv.  020 
in  appendicitis,  i.  424 
in  disease,  vii.  734 
intiuence  of,  upon  conductivity 
of  nerves,  vi.  229 
upon  dysentery,  iii.  .507 
in  hwilth,  vii.  734 
in  insanity,  v.  .53 
in  myelogenous  leukicniia,  v.  000 
of   tiie   cavities   in    the   human 

body,  vii.  734 
of  the  head,  in  intracranial  tu- 
mors, ii.  417 
of  the  internal  parts  of  the  body, 

vii.  734 
reduced,  a  sign  of  death,  ii.  53.5 
subnormal,  iv.  619 
Temporal   artery,  compression  of 
the,  i.  .537 
superficial,   anomalies  of  the,  i. 
.527 
Temporal   bone,    fractures  of,   iii. 

OS!l 
Temporal  crest,  vii.  229 
Temporal   lobes,   diagnosis  of  tu- 

mois  (if,  ii.  447 
Temporal  muscle,  anomalies  of,  vi. 

43 
Temporalis  minor  muscle,  vi.  43 
Temporo-maxillary  articulation, 

diseases  ol'.  v.  2.58.  277 
Temporo-maxillary   vein,    anom- 
alies of,  viii.  202 
Temulentic  acid,  vi.  701 
Temuline,  vi.  701 
Tenaculum,  iv.  405 
Tenderness,  a   sign   of  cancer,  ii. 
628 
points  of,  in  joint  lesions,  ii.  128 
Tendo  Achillis,  v.  481 

division  of.  in  talipes,  iv.  227 
strain  of.  iv.  210 
Tendon   reflex,   see   liiue-jerk  and 

liiHiMrs.  clinirid 
Tendons    and    tendon    sheaths, 
acute  suppvuation  of,  vii.  604 
adherent,  of  hand   and  lingers, 

iv.  .516 
cysts  in,  iii.  350 
dislocation  of,  i.  408;  vii.  665 
histology  of,  iii.  2.54 
injuries  and  diseases  of,  i.  468; 

vii.  663 
open  wounds  of.  vii.  665 
operations  on,  vii.  665 


Tendons    and    tendon    sheaths, 

paralysis  of  e.Meusor  commu- 
nis and  peronei.  vii.  668 
of  gastrocnemius,  vii.  008 
of  tibialis  anticus  and  tibialis 
posticus,  vii,  665 
rupture  of,  i.  468 
splicing,  iv.  238 
subcutaneous  rupture,  vii.  605 
suppuration  of,  vii.  004 
termination   of   muscular   libres 

in.  vi.  12 
transplantation,    for     relief     of 

paralytic  talipes,  iv.  237 
tuiiereulosis  of.  vii.  664 
Tenesmus,  on  urination,  viii.  484 
Tennessee,  history  of  yellow  fever 
in,  viii.  588 " 
requirements  for  medical  prac- 
tice in,  iv.  48 
Tenonitis,  vi.  400 
Tenon's  capsule,  iv.  65 
(linpsy  of.  vi.  400 
intlanimatiou  of,  vi.  400 
Tenosyngvitis,  vii.  064 
acute,  vii.  6()4 
chronic,  vii.  604 
of  the  hand.  iv.  516 
of  the  upper  extremity,  i.  408 
Tenotomy,    subcutaneous,    in   tali- 
pes, iv.  226 
Tension,    muscular,    in   appendi- 
citis, i.  42;! 
Tensor  fasciae  plantaris,  vi.  58 
Tensor  palati  muscle,  viii.  107 
Tensor  trochleas,  vi.  43 
Tensor  tympani  muscle,  i.  619 
Tensor  vaginae  femoris  muscle, 
vii.  737 
anomalies  of,  vi.  56 
Tenth  nerve,  iii.  318 
Tentorium,  ii.  211 
Tents  and  camps,  v.  809 
Teratoid  cysts,  vii.  720 

tumnrs,  vii.  719 
Teratology,  vii.  668;  and  see  Mal- 
foniKitioiis 
abnormal  development  affecting 
the  entire  embryonic  area,  vii. 
673 
abnormalities    of    position,    vii. 

673 
abrachius,  vii.  714 
acardiac  monsters,  vii.  679 
acardius,  vii.  678 
acephalus,  vii.  678.  681 
acormus,  vii.  680 
acranius,  vii.  697 
amehis,  vii.  714 
amorphus.  vii.  679,  683 
amyelus,  vii.  695 
ankyloblepharon,  vii.  699 
anophthalmus.  vii.  099 
aprosopus.  vii.  700  ♦ 

apus,  vii.  714 
arhiuencephalus,  vii.  699 
astomus.  vii.  701 
Bohemian  twins,  vii.  683 
Brazilian  sisters,  vii.  686 
Carolina  twins,  vii.  682 
causation,  vii.  670 
cephalo-thoracopagus,  vii.  685 
eheilo  -  gnatho  -  prosoposchisis, 

vii.  701 
cheilo-gnatho-schisis,  vii.  700 
cheilo-gnatho  -  uranoschisis,   vii, 

700 
cheiloschisis,  vii.  700 


Teratology,  classiHcation,  vii.  073 

crauioi>agus.  vii.  684 
jiarasiticus.  vii.  6S5 

cranio-rachischisis,  vii.  097 

cranioscliisis,  vii,  071,  097 

cryplophthabnus.  vii.  099 
.cyclocephalus,  vii.  (iOS 

cyclojiia,  vii,  671,  0',)!) 

cyclostomus,  vii.  099 

cyclotus,  vii.  099 

defects  due  to  arrested  develop- 
ment of  cranial  vault,  vii.  697 

diagnathus,  vii.  701 

diastematoniyelia,  vii.  697 

dicephalus,  vii.  0S4 

diprosopus.  vii.  084 

dioplithahnus.  vii.  684 
monostomus,  vii.  684 
tetrophthalmus,  vii,  684 
triophthalmns,  vii,  684 

dipvgus,  vii.  689 

"  parasiticus,  vii.  688.  689 

double  monsters,   vii.   675.   682; 
and  see  Dvjilidiien 

duplicitas  parallela.  vii.  085 

dui)licities,  vii.  674 

acardiac  monsters,  vii.  679 
asymmetrical,  vii.  689 
classification  of,  vii.  677 
etiology,  vii.  676 
middle  union,  vii,  685 
parasitic,  origin   of.  vii.  693 
posterior,  vii.  684 
production,  mode  of,  vii.  687 
symmetrical,  vii.  677 
theories  accounting  for,  vii. 

675 
u  n  c  q  u  a  1      nionochorionic 
twins,  vii.  678 

encranius,  vii.  690 

epignathus.  vii.  690 

exencephalus,  vii.  697 

gastroschisis,  vii.  702 

hemiacardius.  vii.  679 

hemicrania,  vii.  697 

hermaphroditism,  vii.  711 

history,  vii.  668 

holoacardius,  vii.  679 

holorachischisis,  vii.  695 

Hungarian  sisters,  vii.  682 

hydrocephalus,  vii.  698 

ileotlioracopagus,  vii.  683 

iniencephalus,  vii.  698 

ischiopagus,  vii.  683 
parasiticus,  vii,  683 

ischiothoracopagns,  vii.  683 
tetrabrachius,  vii.  683 

janus  asymnictros.  vii.  685 
svmmetros.  vii.  685 

Laloo",  vii,  088,  689 

macrocardius,  vii.  679 

macrosomia.  vii.  673 

macrostomus,.  vii.  701 

malformations,      frequency     of, 
vii.  673 
hermaphroditic,  vii.  711 
of  tlie  abdomen,  vii.  703 
of    the  circulatory  organs, 

vii.  706 
of  the  diaphragm,  vii.  703 
of  the  digestive   tract,  vii. 

703 
of  the  external  sexual  or- 
gans, vii.  710 
of  the  extremities,  vii.  718 
of  the  face.  vii.  699 
of  the  heart,  vii.  706 
of  the  integument,  vii.  717 
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Teratology,  inalfoimations  of  the 
ueck,  vii.  (i'.m 

(if  the  organs,  vii.  695 

of  tlie  respiratorv  tract,  vi;. 

705 
of  tlie   st.Mial    glands  ami 

ducts,  vii.  709 
of  tlie  llionix.  vii.  702 

of  tlie  urogenital  organs,  vii. 
707 
Marie-Rose  Drouin,  vii.  684 
maternal  impressions,  vii.  672 
meroracliiscliisis,  vii.  695 
micrenceplialus,  vii.  698 
raicrobracliius,  vii.  714 
microcardius,  vii.  679 
niicroceplialus,  vii.  698 
inicrognatbus,  vii.  701 
micromelus,  vii.  714 
riiicroplitbalmus,  vii.  699 
micropus,  vii.  714 
microsomia,  vii.  673 
uiicrostomus,  vii.  701 
monobradiius.  vii.  714 
monopus,  vii.  714 
multiplicities,  vii.  688 
nauoceplialus,  vii.  6!>8 
paracepbalus,  vii.  678 
parasites,  abdominal,  vii.  692 

cepliaiic,  vii.  690 

cervical,  vii.  691 

engastric,  vii.  693 

sacral,  vii.  691 

thoracic,  vii.  691 
parasitic  monsters,  vii.  689 
-    perobracbius,  vii.  714 
perodactylism,  vii   715 
peromelus,  vii.  714 
peropus,  vii.  714 
pbocomelus.  vii.  714 
polydactylism,  vii.  716 
]ioienceplialus,  vii.  698 
p.seudoeardius.  vii.  679 
pygopagus,  vii.  683 
nicliiscbisis,  vii.  695 

cystica,  vii.  695 
Rilta-Cbristina.  vii.  684 
Siamese  t.wins,  vii.  685 
Siren,  vii.  715 
spina  bifida,  vii.  695 

cystica,  vii.  696 

occulta,  vii.  697 
sternopagus,  vii.  686 
symmelus,  vii.  671,  715 
sympus  apus,  vii.  715 

dipus,  vii.  715 

monopus,  vii.  715 
syncepbalus.  vii.  685 
syndactylism,  vii.  715 
synopbtbalmus,  vii.  699 
synotus.  vii.  699,  701 
tetrabrachius,  vii.  683 
thoracogastroscbisis,  vii.  703 
thoracopagus,  vii.  685 
thoracosehisis,  vii.  702 
tricephalus,  vir.  688 
triple  monsters,  vii.  689 
xiphopagus,  vii.  685 
Teratoma,  vii.  719,  909 
autochtlionous.  vii.  724 
congenital,  vi.  281 
cysts,  complex,  vii.  721 

simplex,  vii.  720 
malignant,  vi.  281 ;  vii.  724 
of  tlie  ovary,  vii.  723;  viii.  581 
of  the  testis,  vii.  723:  viii.  581 
of  the  "Wolffian  body,  viii.  581 
treatment,  vii.  734 


Terbromide  of  formyl,  ii.  487 
Teiebene,  vii.  725 
Terebinthina,  vii.  9!3 
Terebinthinaceae,  i.  271 
Teres  major  muscle,  anomalies  of, 

vi.  .-)!    ■ 
Teres  minor  muscle,  anomalies  of. 

vi.  51 
Terpineol,  vii.  725 
Terpin  hydrate,  vii.  725 

iis  an  ixpcctorant,  iv.  51 
Terpinol,  vii.  725 
Tessin,  I'liarniacnpo  i;i  in,  vi.  .586 
Testamentary  capacity  of  insane. 

V.  77 
Testicle,  iv.  324 

absence  of  the,  vii.  709 
adenoma  of  the,  i.  115 
anatomy  of  the,  Iv.  324 
anomalies  of  the,  vii.  179 
atrophy  of  the,  vii.  180 
cancer  of  the,  ii.  639 
contusions  of  the,  vii.  180 
coverings  of  the,  iv.  324 
cysts  of  the,  iil.  351 
dermoid  cvsts  of  the,  viii.  581 
.lescenl  of'the,  iv.  318,  319,  324 
ectopic,  vii.  179 
effect  of  removal  of  the,  vi.  415 
extract  of,  vi.  415 

therapeutics  of,  vi.  415 
gangrene  of  the,  vii.  180 
hypertrophy  of  the,  vii.  180 
iiiflammation  of  the,  vii.  180, 182 
injuries  of  the,  vii.  180 
in  tlie  perineum,  vi.  567 
initable,  vii.  180 
luxation  of  the,  vii.  180 
lymphatics  of  the,  v.  636 
malfonnations  of  the,  vii.  709 
neuralgic!  vii.  180 
phlegmon  of  the,  vi.  616 
retained,  vii.  179 
syphilitic  lesions  of  the,  vii.  625; 
"  vii.  184 

teratoma  of  the,  vii.  723;  viii.  581 
tuberculosis  of  the,  vii.  902:  vii. 

183 
tumors  of  the,  vii.  184 
wounds  of  the,  vii.  180 
Testicular  extract,  vi.  415 
Test-letters,  in    geometrical     pro- 
gression, vi.  393 
Test-meals,  vii.  489 
Tests  for  albumin  in  tbe  urine,  viii. 
30 
for  acetone  in  urine,  i.  66,  67 
for  bile,  i.  754 
for  bilirubin,  v.  245 
for  diacetic  acid.  iii.  430 
for  globulin  in  urine,  viii.  31 
bvdiostatic,  i.  673 
Tetanilla,  vii.  727;  and  see  Tetany 
Tetanin,  [toinain,  vi.  790 
Tetanotoxin,  ptomain,  vi.  790 
Tetanus,  vii.  725 

amputation  in.  i.  237 
antitoxin,  i.  389 
bacillus,  i.  698,  719 
bacteriological  diagnosis  of,  viii. 

400 
dyspnoea  in,  iii.  580 
hand  in,  iv.  532 

in  animals,  a  cause  of  unwhole- 
some milk,  V.  836 
neonatorum,  vi.  281 
seium  therapy  in.  vii.  133 
Tetany,  vii.  727 


Tetany,  an  auto-intoxication,  i.  643 

I  lie  Icauil  in,  iv,  .532 
Tete  carree,  vi.  977 
Tetra  -  allyl  -  ammonium     alum, 

vii.  729 
Tetrabrachius,  vii.  6s;i 
Tetrachlormetht^ne,  ii.  G65 
Tetracoccus,  i.  Hf^O,  709 
Tetra-ethyl-ammonium-hydrox- 

ide,  vii.  729 
Tetra-iodo-di-chlor  -salicylic 

acid,  vii.  729 
Tetraiodophenolphthalein,  v.  208 
Tetra-iodo-pyrrol,  v.  207,  209 
Tetramethylenediamin,  ptomain, 

vi.  7s5 
Tetramethylthionine  chloride,  v. 

7*^2 
Tetronal,  vii.  881 

poisoning  by,  see  tiynthetie  prod- 
uftn,  U/ricology  of 
Tetronerythrin,    au    animal    pig- 

Tiient,  iii.  225 
Tetter,  iii.  708 
Teucrium,  v.  379 

cbaiiiadiys,  v.  379 
Texas,  vii.  729 

cattle  fever,  detection  of,  v.  726 

fever,  see  Arachnidti 

history  of  yellow  fever  in,  viii. 

588 
requirements  for  medical  prac- 
tice in,  iv.  48 
sarsaparilla,  v.  859 
screw-worm,   in   nasid   cavities, 
vi.  142 
Texas  Sour  Springs,  vii.  70o 
Textile     industries,    dangers     ol 

working  iu.  vi.  324 
Thalamus  of  brain,  relation  to  lat- 
eral ventricles,  ii.  176 
opticus,  .see  Brain 
relation  to  paracele,  ii.  176 
Thallin,  effect  of,  upon  body  tem- 
perature, ii.  571 
Thalline,  vii.  730 

sulphate,  vii.  730 
Thallium,  vii.  730 
Thalmann's  agar,  viii.  373 
Thanatol,  iv.  425 
Thapsia,  viii.  1 

garganica,  viii.  1 
Thea,  bohea,  vii.  644 
camellia,  ii.  545 
japonica,  vii.  645 
sinensis,  ii.  545;  vii.  644 
viridis,  vii.  644 
Thebaicine,  vi.  385 
Thebaine,  vi.  385,  386 
Thebenine,  vi.  385 
Theca  foUiculi,  vi.  451 

of  dura,  ii.  211 
Thecitis,  purulent,  i.  469 
Thecosoma  haematobium,  vii.  873 
Theine,  ii   545,  546 
Thelyotoky,  vi.  514 
Thelyphonus,  v.  159 
Theobald's  lachrymal  probe,  v. 

399,  400 
Theobroma,  ii.  531 ;  and  see  Cacao, 

oil  of 
cacao,  ii.  531 
oil  of.  ii.  531 
Theobromine,  ii.  531 

diuri.'lic  action  of.  iii.  548 
Theobromine-lithium  salicylate, 

see  I'ropherin 
Theocin,  vii.  731 
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Theophylline,  vii.  T31 

Thomas  wrench,  iv.  222 

Trombosis,  sequeUv.  iii.  123 

Therapeutics,  suggestive,  viii. 

511 

Thomasville,  Ga.,  vii.  743 

treatment,  vii.  764 

Theraphosids,  i.  4i8 

Thompson's     solution    of   phos- 

varieties of,  vii.  757 

Thermsesthesiometer,  i.  137 

phorus,  vi   (i21 

Thrombus,  arterial,  vii.  761 

Thermal  Acid  Springs,  vii.  73 

1 

Thomsen's  disease,  vi.  28 

canalization  of,  i.  541 

Thermal  waters,  v.  f<l'J 

due  to  aut"-into.\icatiou.  i.  644 

capilUuv.  vii.  761 

American,  v.  y4!1 

Thoracic  aorta,  aneurism  of,  ii.  825 

fate  of,  vii.  759 

European,  v.  830 

Thoracic  dvict,  v.  645:  vii.  743 

fibrin,  vii.  7.57 

Thermic  fever,    iv.    C17:    and 

see 

anatomy  of.  v.  045;  vii.  743 

formation  of,  i.  539 

ll,,il-.-<ti;ilu 

anomalies  of.  vii.  745 

hyaline,  vii.  757 

Thermin,  vii.  732 

jiathology  of.  vii.  744 

leucoeytic.  vii.  757 

Thermo-anaesthesia,  deliuilion 

of. 

tliromljosis  of,  vii.  745 

Incalization  of,  vii.  760 

i,  o-^-.^ 

tul.)erculosis  of.  vii.  746 

mode  of  development  of.  vii.  759 

Thermodin,  vii.  73i 

wounds  of.  V,  666 

red,  vii.  757 

Thermo-electric     apparatus. 

for 

Thoracic  wall,  phlegmon  of,  vi.  016 

venous,  vii.  761;  viii.  214 

measuring    animal    temperatures. 

Thoraco-gastroschisis,  vii.  7tl2 

white,  vii.  757 

vii.  733 

Thoracopagus,  vii.  085 

Thrush,  viii.  488 

Thermograph,  vii.  738 

Thoracoplasty,  vii.  7.55 

of  the  a'sophagus.  vi.  342 

Thermometers,  vii.  732 

Thoracoschisis,  vii.  702 

of  the  vulva,  viii.  161 

application  of.  vii.  732 

Thorax,  vii.  747 

Thuja,  i.  438 

avitrcous,  vii.  732 

contents  of,  vii.  748 

articidata,  vii.  19 

clinical,  vii.  732 

contusions  of,  vii.  7.52 

occidentalis,  i.  438 

description,  vii.  732 

deformities    of,   determined    by 

orientalis,  i.  438 

graduation  of.  vii.  733 

cyrtometer,  iii,  341 

Thumb,  iv.  487 

history,  vii.  732 

distended,  ii.  811 

ami)utation  of  the,  i.  250 

use  of,  in  diagnosis,  vii. 

734 

cmphvseniatous.  ii,  811 

dislocations  of  the.  iii.   523;  iv. 

use  of,  in  prognosis,  vii. 

735 

inllated,  ii.  811 

513 

use  of.  in  treatment,  vii. 

735 

injuries  of,  vii.  7.52 

Thus,  vi.  3.55 

metastatic,  vii.  733 

a  cause  of  death,  i.  670 

Amerieanvim.  vii.  913 

surface,  vii.  733 

in  medicolegal  autopsy,  i.  6.59 

Thymacetin,  vii.  704 

Thermometric  scales,  comparison 

lymphatic  glands  of,  v.  644 

Thyme,  vii.  704 

of  Fahrenheit  and  Centigrade, 

iv. 

lymphatics  of.  v.  641 

garden,  vii.  764 

133 

malformations  of,  vii.  702 

wild,  vii.  765 

Thermometry,  medical,  vii.  732 

muscles  of,  anomalies  of.  vi.  61 

Thymegol,  iii   727 

Thermo-regulators,  viii.  384 

nerves  of,  vii.  751 

Thymic  asthma,  and  status  lym- 

Thiersch's  operation,  rhinopla 

sty. 

section  of,  in  new-born,  vi.  275 

phatieus.  vii.  448 

vi.  IKXi 

surgery  of,  vii.  752 

Thymoform,  iv.  246;  vii.  765 

Thigh,  vii.  73.j 

veins  of  the.  vii.  751 

Thymol,  i.  163;  vii.  763 

amputation  of,  i.  263 

wounds  of.  vii.  7.53 

as  an  anthelmintic,  i.  362 

Ivmiihatics  of  the,  v.  683; 

vii. 

Thornapple,  vii.  534 

as  a  germicide,  iv.  336 

"  73(5 

poisiiMdUs.  i.  610 

carbonate,  vii.  765 

Thilanin,  vii.  741 

Thoroughwort,  vii.  756 

chlor-methyl-salicylate,  vii.  765 

Thiocol,  iv.  42.T;  vii.  741 

Thread-worms,  i.  363 

iodide,  i.  449 

Thiocyanates,  vii.  .5.58 

Three  Springs,  vii.  757 

urethane,  vii.  766 

Thioform,  vii.  741 

Throat,  bacilli  in.  iii.  481 

used  fnr  tapeworm,  i.  362 

Thiogenol,  vii.  741 

examination  of,  v.  421 

Thymotal,  vii.  765 

Thiol,  vii.  741 

lierpes  of,  vi.  .591 

Thymus  gland,  v.  728;  vii.  766 

Thiolinic  acid,  vii.  741 

Thrombase,  iii.  843 

anatomy  of  the,  v.  728;  vii.  766 

Thiolum  liijuidum,  vii.  741 

Thrombin,  iii.  843 

atrophy  of,  v.  728 

siecum.  vii.  741 

in  coagulation  of  blood,  iii.  151 

cysts  of  the,  v.  729 

Thiophene,  vii.  741 

Thrombo-arteritis,  ii.  97 

development  of  the,  viii.  568 

diiodide.  vii.  742 

Thrombo-phlebitis,  ii.  97;  viii.  210 

dose  of,  vi.  413 

Thio-resorcin,  vii.  742 

gaugra-nosa,  viii.  212 

embryology  of,  vii,  766 

Thio-salicylic  acid,  vii.  742 

orgauisatoria.  viii.  212 

enlargement  of,  v.  7'28 

Thiosapol,  vii.  742 

puiulenta.  viii.  211 

extract  of.  vi.  413 

Thiosavonal,  vii.  742 

supp\irativa.  viii.  211 

histology  of  the,  vii.  767 

Thiosinamine,  vii.  742 

Thrombosis,  iii.  123;  vii.  757 

intlammation  of  the,  v.  729 

Thiosulphates,  vii.  .557 

causes  of.  iii.  123 

in  status  lymphaticus,  vii.  446 

Third  nerve,  iii.  325 

cerebral,  ii.  296 

pathology"  of  the,  vii.  769 

Thirst,  vii.  741 

symptoms  of,  ii.  896 

persistence  of  the,  v.  728 

in  dialx'tes  mellitus,  iii.  428 

clieraico-physics  of,  vii.  7.58 

physiology  of  the,  vii.  769 

sensation  of.  vii.  120 

in  the  new-born,  vi.  281 

removal  o'f  the,  vi.  413 

Thiry-Vella    fistula,    see    Succus 

in  the  upper  extremity,  i.^470 

retrogression  of  the.  vii.  768 

1  nil  rir/t,\ 

of  the  cerebral  sinuses,  ii.  415 

syphilis  of  the.  v.  729 

Thiuret,  vii.  743 

of  the  central  arterv  of  retina,  vi. 

therapeutics  of.  vi.  413 

Thoma's  frog  plates,  iv.  703 

954 

tuberculosis  of  the,  v.  729 

hip  splint,  V.  278 

of  the  central  vein  of  letina,  vi. 

Thymus  serpyllum.  vii.  765 

knee  splint,  v.  286 

953 

vulgaris,  vii.  764 

knock-knee  brace,  v.  373 

of  the  heart,  iv.  614 

Thyro-arytenoid  muscle,  v.  409 

method  of  suturing  in  fracture 

of  the   lateral   sinus,  diagnosed 

Thyro-epiglottic  ligament,  v.  408 

of  lower  jaw.  v.  253 

from  intracranial  abscess,   ii. 

Thyro-hyoid  ligaments,  v.  4i)8 

shoe  for  metacarjial  disease 

V. 

413 

Thyro-hyoid  muscle,  v.  409 

289 

of  the  placenta,  iii,  53 

anomalies  of,  vi.  45 

sliding  microtome,  iv,  713 

of    the    sigmoid    sinus,    septic. 

Thyroid  artery,  inferior,  anomalies 

Thoma-Zeiss   corpuscle     counting 

operation  for,  v.  712 

of,  i.  .528 

apiiaratus,  ii.  42,  43 

of  the  thoracic  duct,  vii,  745 

middle,  i.  526 

"Thomas,"   U.   S.  Army  trans- 

of the  veins,  viii.  214 

superior,  anomalies  of,  i.  527 

port,  section  of,  i.  519,  520 

phlebO",  viii.  210 

Thyroid  axis,  anomalies  of,  i.  528 
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Thyroid     cachexia,    see    Tltymid 

,il.,,„l 
Thyroid  extract,  vi.  409;  and  see 

Oftjiinoihtrnpij 
Thyroid   g-land,   iv.    377,  384;  vi. 
197;  vii.  770;  and  see  Ooitre, 
Cretinism,  an<l  Mi/mdema. 
accessory,  iv.  878,  38-5;  vi.  .506; 

vii.  77o 
active  principle  of  the.  vi.  410 
adenoma  of,  i.  115;  iv.  381,  383 
administration  of,  vi.  409 
anatomy  of,  iv.  376;  vi.  197;  vii. 

770 
as  a  source  of  auto-iutoxication, 

i.  646 
atropliy  of  the.  vii.  775 
cartilage,  v.  407 
changes  in,  vii.  775 
chemistry  of  the,  vii.  772 
circulatory  disturbances  of  the, 

vii.  775 
colloid  of,  iii.  199  _ 
congestion  of  the,  iv.  380 
cystic  degeneration  of,  iii.  350 
cysts  of,  iii.  350 
dermoid  cysts  of,  v.  730 
desiccated,  symptom  of  overdose 

of,  v.  144 
development   of,    vii.    771 ;  viii. 

571 
dose  of,  vi.  410 
echinococcus  of,  iv.  389 
effect  of,  upon   metabolism,   v. 

775 
enlargements  of  the,  vi.  281 ;  and 

see  Strumii 
extract,  vi.  409 
function  of  the,  vi.  409 
functional   relation   to  parathy- 
roids, vi.  507 
histology  of,  vii.  771 
hypertrophy  of,  iv.  381 
in  chondrod3'strophia,  viii.  426 
in  dwarfism,  viii.  426 
infections  of,  vii.  776 
intralaryngeal,  iv.  385 
pathology  "of,  vii.  774 
physiology  of,  iv.  378;  vii.  773 
preparations  of,  vi.  410 
relation  of,  to  cretinism,  iv.  391, 

895 
removal  of  the,  vi.  86,  409 
secretions  of  the,  iv.  377;  vii.  101 
syphilis  of,  iv.  389 
therapeutics  of,  vi.  410 
tuberculosis  of,  iv.  389 
tumors  of,  iv,  381;  v.  730;  vii. 
776 
Thyroid  treatment  of  obesity,  i. 

125 
Thyroid     vein,     middle,     surface 

niarUing  of,  vi.  191 
Thyroidectomy,  iv.  397 
Thyroidism,  vi.  409 
Thyroiodin,  vi.  410 
Thyrolingual  cysts,  vi.  200 
duct,  patent,  vii,  775 
tistuhv.  vi.  200 
Thyrolytic  serum,  viii.  477 
Thyrotomy,  vii.  833;  and  see  Tra- 

rlieiihimy 
Tibia,  congenital  anterior  displace- 
ment of,  iv.  698 
fracture  of,  iv.  267 
peculiarities  of,  v.  476.  477 
Tibial  artery,  anterior,  v.  479 
ancinialies  of.  i.  535 
Vol.  viii. -49 


Tibial   artery,    anterior,    compres- 
sion of,  i.  537 
posterior,  v.  481 

anomalies  of,  i.  .535 
compres.sion  of,  i.  537 
Tibial  nerve,  anterior,  v.  479 
Tibialis  anticus  muscle,  anomalies 

cif.  \  i.  .")7 
Tibialis  posticus   muscle,  anom- 
alies (if.  vi.  511 
Tibialis  secundus  muscle,  vi.  .59 
Tibio-accessorius  muscle,  vi.  .58 
Tibio-astragalus    anticus    mus- 
cle, vi.  57 
Tibiocalcanean  joint,  resection  of, 

vi.  <)2(> 
Tibiofascialis  anticus  muscle,  vi. 

57 
Tic  douloureux,  vi.  245 
Tick  fever  or  spotted  fever,  viii. 

574 
Ticks,  i.  435 

African,  i.  436 
American  dog,  i.  436 
Creole,  i.  437 
Senegal,  i.  436,  437 
Tics,  cleetrii-tlieraiieutics  in,  iii.  760 
Tidal  wave  of  pulse,  vi.  798 
Tigretier,  iii.  43 

Tigroid,   disintegration  of   the,  vi. 
264 
granules,  vi.  336 
Tigrolysis,  v.  301 ;  vi.  201,  264 

varieties  of,  \  i.  268 
Tilia,  V   515 

Hdwers.  v.  515 
Tillandsia  usneoides,  ii.  483 
Timbre,  i.  618 
Tin,  poisoning  by.  vii.  786 
Tincture,  v.  '739" 

comjiound,  of  aconite,  i.  84 
of  aloes,  i.  194 
of  aloes  and  mvrrh,  i.  194; 

vi.  85 
of  benzoin,  i.  725,  746 
of  catechu,  ii.  739 
of  cinchona,  iii.  89 
of  gentian,  iv.  328 
Hu.\hara's.  iii.  89 
of  arnica  flowers,  i.  .521 

root,  i.  .521 
of  asafetida,  i.  563 
of  belladonna,  i.  743 
of  benzoin,  i.  746 
of  bitter  orange  peel.  vi.  398 
of  blot)d-root,  ii.  73 
of  bryonia,  ii.  499 
of  Ca"labar  bean,  ii.  249 
of  Canada  snakeroot,  vii.  2.54 
of  cannabis  indioa.  ii.  649 
of  cantharidcs,  ii.  6.53 
of  capsicum,  ii.  6.54 
of  cardamom,  ii.  687 
of  chamomile,  ii.  795 
of  cliirata.  ii.  835 
of  chloride  of  iron,  v.  237 

germicidal  action  of,  iv.  333 
of  cimicifuga,  iii.  88 
of  cinchona,  iii.  89 
of  cinnamon,  iii.  94 
of  colchieiun.  iii.  192 
of  columlio.  iii.  226 
of  cypri|iediuni,  iii.  340 
of  digitalis,  iii.  478 
of  flowering  dogwood,  iii.  550 
of  gelsemium,  iv.  315 
of  ginger,  iv.  3.52 
of  guaiac,  iv.  423 


Tincture  of  hops,  iv.  736 
of  hyoscyamus,  iv.  638 
of  ignatia,  iv.  843 
of  iodine,  v.  204 
of  ipecac  and  opium,  v.  212;  vi. 

387 
of  kino,  V.  363 
of  kola,  V.  376 
of  laetucariuni.  v.  403 
of  larch,  v.  405 
of  lobelia,  v.  .566 
of  matico,  v.  714 
of  musk,  vi.  67 
of  mvrrh.  vi.  85 
of  niitgall,  vi.  307 
of  nu.x  vomica,  vi.  308 
of  olibanum,  vi.  3.55 
of  opium,  vi.  836 
o'  Tiellitory,  vi.  .523 
of  Pulsatilla,  vi.  797 
of  quassia,  vi.  837 
of  rhatany,  vi.  964 
of  rhubarb,  vi.  974 
of  rhus  toxicodendron,  v.  239 
of  saffron,  vi.  243 
of  sanguinaria,  ii.  73 
of  serpentaria,  vii.  255 
of  squill,  vii.  434 
of  stramonium,  vii.  .535 
of  sunibul,  vii.  564 
of  sweet  orange  peel,  vi,  398 
of  tolu,  i.  725 
of  valerian,  viii.  181 
of  vanilla,  viii.  182 
of  veratrum  viride.  iv.  626 
Warlnirg's.  i.  87S 
Tinctures  of  fresh  herbs,  v.  739 
Tinder,  i.  188 
Tinea  barlja\  vii.  783 
circinata,  vii.  782 

and  eczema,  differential  di- 
agnosis of,  iii.  714 
corporis,  vii.  782 
favosa,  vii.  780 

and      eczema,      differential 
diagnosis  of,  iii.  732 
imbricata,  vii.  783 
sycosis,  vii.  783 
tonsurans,  vii,  782 
treatment  of,  vii.  784 
tricophytiua,  vii.  781 

diagnosed  from  seborrhoea, 
vii.  89 
unguium,  vii.  783 
versicolor,  vii.  783 

and  eczema,  d  i  ff  e  r  e  n  ti  a  1 
diagnosis  of,  iii.  715 
Tineas,  the,  vii.  780 
Tinkle,  metalli^,  vi.  838 
Tinnitus  aurium,  vii.  784 

in  ear  diseases,  iii.  6.59 
Tinnitus,  nervous,  iii.  603 
Tinospora,  v.  8.59 

cordifolia.  v.  859 
Tissue,  adenoid,  iii.  2.54;  v.  657 
areolar,  iii.  254 
changes  in,  during  starvation,  v. 

768 
connective,  ii.  351 
effect  of  salt  solutions  on,  viii.  418 
growth  a  function  of,  iv.  415 
infiltration,  iv.  872 
interstitial,  iii.  254 
irritability  of,  v.  331 
lymphoid,  iii.  254;  v.  657 
muscular,  see  Muscle 
resistance  of,  to  septic  infection, 
iii.  534 
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Tissue,  technique  for  studying,  iv. 

Tongue,  injuries  of,  vii.  796 

Tonsils,  lipoma  of,  vii.  832 

7():i 

insect  slings  of,  vii.  797 

Lusehka's,  vii.  823 

Toadstools,  Iv.  282 

keloid  of.  vii.  796 

lymphatics  of.  v.  629 

]niisi]iiiiig  by.  jiost-niortcm  iip- 

leju-a  of,  vii.  790 

lymphoma  of.  vii.  823 

peaniuces,  i.  664 

lichen  ]danus  of,  vii.  796 

mucous  patches  on,  vii.  821 

Tobacco,  vii.  7H7 

lupus  of,  vii,  796 

of  the  tongue,  vii.  826 

effect  of  inliiilinir  the  dust  of,  vi. 

lymphangioma  of,  i.  353 

parasites  in,  vii.  820 

335 

lymphatics  of,  v.  629 

phaiyngeal.  vii.  823 

headache  from  use  of,  iv.  .548 

malformations  of.  vii.  703 

removal  of.  vii.  824 

Indian,  v.  566 

moisture  of,  vii.  793 

physiology  of,  vii.  811 

mountain,  i.  520 

movements  of,  v.  710;  vii.  792 

removal  of,  vii.  817 

pliysiological  actions,  vii.  788 

nigritics  of.  vii.  796 

supernumerary,  vii.  810 

poisoniu!,'  by.  vii.  788 

papilloma  of,  vii.  797 

sy])iiilis  of,  vii.  821 

workers  ill,  "liealtli  of.  vi,  325 

paralysis  of,  iv.  824 

tuberculous    ulceration   of,    vii. 

Toenail,  ingrown,  v.  18 

pemphigus  of.  vii.  796 

S21 

Toes,  amputation  of.  i.  255 

prolapsus  of.  vii.  794 

tumors  of.  vii,  ^22 

great,  painful,  iv.  213 

removal  of.  vii.  800 

Tonus  theory  of  knee-jerk,  v.  367 

hammer,  iv.  315 

scalds  of,  vii.  797 

Tooth,  see  Tuth 

overlapping,  iv.  215 

stretching  of  lingual  nerve,  vii. 

Toothache,  vii,  655 

pigeon,  iv.  214 

805 

Tooth-grinding,  in  insanitv,  v.  .58 

Toison's  solution,  ii.  43 

surface  of,  vii.  793 

Topeka  Mineral  Wells,  vii.  827 

Tokelan  ringworm,  vii.  783 

surgery  of,  vii.  796 

Tophi,  in  goul.  iii,  230 

Tolenas  Springs,  vii.  791 

syphilitic  diseases  of.    vii.  023, 

Topo  chico,  vii,  19 

Tolerance,  iv.  S42 

"  795,  799 

Topography  of  brain,  in  its  surgi- 

Tolipyrine,  vii.  792 

tonsil  of,  vii.  836 

(".iX  relations,  ii,  399 

Toluifera  lialsamum,  i.  725 

tulierculosis  of,  vii.  799 

Toponyms,  ii.  137 

jirreira".  i.  724 

tumors  of.  vii.  798 

Torcel,  v,  153 

Tolysal,  vii.  792 

ulcers  (jf,  vii.  798.  947 

Tormentilla,  vi,  1000 

Tones,  fundamental,  i.  613 

vascular  tumors  of.  vii.  798 

Toronto,  Canada,  vii.  827 

musical,  i.  613 

volume,  vii.  793 

Torsion,  i.  .543 

pitch  and  louilness  of,  i.  612 

wounds  of.  vii.  797 

healing  of  arteries  after,  i.  .538 

production  of.  i.  613 

Tongue  depressor,  vi,  108 

in  arresting  of  liemorrhage,  iv. 

resultant,  i.  615 

Tongue-holding  forceps,  iii.  12 

635 

Tongue,  abnormal  mobility  of,  vii. 

Tongue-tie,  vii.  797;  viii.  490 

of  arteries,  i.  .543 

794 

Tonics,  vii.  805 

Torsion  of  ureters,  viii,  11 

abscess  of,  vii.  795 

cardiac,  ii.  696 

Torticollis,  vii.  839 

absence  of,  vii.  793 

cold  as.  iii.  193 

acipiired,  vii,  830 

actinomycosis  of,  vii.  795 

in  insanity,  v.  73 

congenital,  vii,  f<29 

amputation  of,  vii.  800 

Tonite,  an  explosive,  vii.  910 

irregular  forms  of,  vii.  881 

aniEsthesia  of.  vii.  794 

Tonka  bean,  camphor,  iii.  338 

Torula  morbillorum,  v.  721 

artificial    discolorations  of.    vii. 

to  mask  the  smell  of  iodoform, 

Touch,  i,  134;  vii,  219 

793 

V.  307 

Touchwood,  i.  138;  vii.  431 

atrophv  of.  vii.  793 

Tonometer  of  Gaertner,  vi.  803 

Tourniquets,  i.  239 

bifid,  vii.  794 

Tonsillar  calculi,  iii.  232 

abdominal,  i.  264 

black,  vii.  796 

diet  in,  iii.  456 

handkerchief,  iii.  558 

burns  of,  vii.  796 

Tonsillitis,  vii.  HU 

hor.seshoe,  i,  239 

carcinoma  of,  ii.  635;  vii.  799 

chronic,  vii.  815 

Jhirel's,  i.  239 

operations  for,  ii.   635;  vii. 

classification,  vii.  812 

Petit 's,  i.  239 

800 

cold  for.  iii.  194 

Tow,  V.  517 

palliative  treatment  of,  vii. 

differential  diagnosis,  vii.  815 

Toxaemia  of  pregnancy,  iv.  344 

805 

duration,  vii.  813 

didwsiness  in.  iii.  560 

chancre  of,  vii.  795 

etiologv.  vii.  812 

Toxalbumins,  i,  642;  vii.  831 

coating  of,  vii.  792 

follicular,  vii.  813 

Toxicodendric  acid,  vi.  696 

color  of,  vii.  792 

pathology,  vii.  811 

Toxicodendrol,  vi.  696 

condylomata  of.  vii.  795 

prognosis,  vii.  813 

Toxicodendron,  iv.  17 

deformities  of,  vii.  793 

symptoms,  vii.  812 

Toxines,  i,  684 

diseases  of.  vii.  793 

treatment,  vii.  814 

for  inoperable  cancer,  ii.  645 

erysipelas  of,  vii.  795 

varieties,  vii.  813 

Toxins,  i,  642;  vii,  831 

excision  of.  vii.  801 

Tonsillotomes,  vii.  818 

effects  of,  on  fietus,  vi.  279 

after-treatment,  vii.  804 

Tonsillotomy,  vii.  818 

nature  of,  viii.  468 

dangers  of.  vii.  804 

after-treatment,  vii,  820 

relation  to  Inemolysis,  viii.  470 

division  of  the  jaw  in,  vii. 

anoesthetics  in.  vii.  S19« 

structure  of.  viii.  470 

803 

hemorrhage  after,  vii.  819 

Toxi-tuberculides,  v.  611 

lingual  nerve,  vii.  805 

objections  to,  vii.  819 

Toxophore,  viii,  470 

list  of  operations,  vii.  803 

results  of,  vii.  820 

Toynbee's  artificial  tj'mpanic  mem- 

results, vii.  804 

Tonsils,  vii.  809 

brane,  iii.  630 

various  methods,  vii.  801 

anatomy,  vii.  810 

Trachea,  vi.  198:  vii.  752 

form  of,  vii.  793 

angioma  of,  vii.  823 

anatomy  of,  v.  576 

functional   disturbances  of,  vii. 

blood  supply  of.  vii.  810 

atresia  of,  i.  603 

794 

calculi  in,  i.  159 

foreign  bodies  in,  i.  160 

gumma  of,  vii.  795 

carcinoma  of.  vii.  83? 

fracture  of,  v.  420 

liemiatrophy  of.  vii.  793 

chancre  of,  vii.  821 

lymphatics  of,  v.  644 

herpes  of,  vii.  796 

diseases  of,  vii.  811 

malformation  of.  vii.  705 

hyperajsthesia  of,  vii.  795 

fibroma  of,  vii.  822 

measurements  of,  viii.  240 

hypertrophy  of,  vii.  794 

foreign  bodies  in,  i.  159;  vii.  830 

osteoplastic  closing  of  defect  in, 

in  diseases  of  the  stomach,  vii. 

gumma  of,  vii.  821 

ii.  135 

493 

hypertrophy  of,  vii.  815 

pressure  on,  cause  of  dyspnoea, 

inflammation  of,  vii.  795 

itiflammation  of,  vii.  811 

iii.  579 
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Trachea,  spur  of.  v.  576 
stenosis  of,  i.  003 
sypliilis  of.  V.  445 
sypliilitic  affi'ction  of.  vii.  631 
tnpojirapliy  of,  ii.  813 
Trachelorrhaphy,  vi.  311 

s('c(>iiilai\',  vi.  31 1 
Tracheotomy,  vi.  I'JS;  vii.  833 
advantages  uf  intubation  over, 

V.  lil'.r 
after-treatment,  vii.  841 
ana'stlietics  in.  vii.  837 
anatomical    considerations,     vii. 

836 
cannula,  vii.  837 
care  of  tlie  eunnnla.  vii.  844 
cataniial    intlamniatiou    of   the 

traeliea  following,  vii.  843 
complications  of,  vii.  840 
asphyxia,  vii.  840 
displacement  of  trachea,  vii. 

841 
enipliysema,  vii.  841 
failure  to  introduce  cannula 

into  trachea,  vii.  841 
faulty    incisions     into     the 

trachea,  vii.  841 
hemorrliage.  vii.  840 
syncope,  vii.  841 
diphtheria  of  the  woimd  after, 

vii.  842 
faulty  incisions  into,  complicat- 
ing tracheotomy,  vii.  841 
gangrene  of   the   wound   after, 

vii.  843 
granulations  in  the  trachea  fol- 
lowing, vii.  844 
hemorrliage  in.  vii.  840 
indications  for,  vii.  833 
inferior,  vii.  836,  838 
instnnnents  for,  vii.  837 
laryngeal   spasm    attending   re- 
moval of  the  cannula,  vii.  845 
median,  vii.  836 
operation,  vii.  838 
phle.gmon  of   the  wound  after. 

vii.  842 
position  of  patient  in,  vii.  838 
preliminary    to    other    surgical 

jirocechires,  vii.  835 
preparations  for  operation,  vii. 

838 
pressure  sores  following,  vii.  843 
pseudo-membranous  exudate  in 

the  trachea  after,  vii.  842 
secondary  hemorrhage  after,  vii. 

842 
superior,  vii.  836,  839 
treatment  of  the  wound,  vii.  842 
varieties  of,  vii.  836 
Trachoma,  iii.  244;  iv.  121 

as  a  cause  of  blindness,  ii.  9 
granulations,  iii.  244 
of  the  vocal  bands,  v.  416 
Traction  hook    for  removing  for- 
eign bodies  from  external  auditory 
canal,  iii.  (i47 
Traction  splints,  v.  280 
Trade  eczema,  iii.  424 
Trades  ilangerous  to  health,  vi.  324 

olfensive,  vi.  330 
Tragacanth,  vii.  845 
Trager,  i   220 
Tragus,  i.  637 

variation  in,  i.  640 
Training,  effect  of.  \ipon  the  heart, 
iv.  612 
physical,  vii.  846 


Training  schools  for  nurses,  vi. 

302 
Tramontana,  iii.  140 
Trance,  i.   648;  iii.  261 
Transfusion,  ii.  37;  vii.  846 

ellict  (if,  in  animals  of  different 

species,  ii.  25 
in  lu'iiiorrhage.  iv.  636 
Transitional  epithelium,  iii.  855 
Transplantation  imtastasis.  v.  778 
of  bone,  indications  for.  ii.  123 
of  ovary,  vi,  431 
Transportation  of  the  disabled, 
vii.  S4S 
ambulance,  vii.  851 
by  railway,  vi.  836 
horse  litter,  vii.  849 
in  army  hospital  corps,  i.  491 
on  shipboard,  vi.  187 
wheeled  litter,  vii.  848 
Transposition  of  viscera,  vii.  .524, 

673,  S5S 
Transudates,  iv.  60 
chyliform.  iii.  78 
chylous,  iii.  78 
ditierences  .  between     exudates 

and,  ivj  60 
in  (edema,  nature  of,  vi.  335 
Transversalis    abdominis    mus- 
cle, i.  4 
annnialies  of,  vi.  61 
Transversalis    cervicis    anterior 

muscle,  vi.  48 
Transversalis     cervicis     medius 

muscle,  vi.  47 
Transversalis  fascia,  i.  4 
Transverse   cervical  vein,  anom- 
alies (if.  viii.  203 
Transverse      innominate      vein, 

anoMialii-s  of.  viii,  202 
Transverse  presentations,  v.  393 
Transversus  menti  muscle,  vi.  43 
Transversus   nuchae   muscle,   vi. 

44 
Transversus   orbitae   muscle,   vi. 

43 
Transversus  pedis  muscle,  anom- 
alies of.  vi.  60 
Transversus   pedis    superficialis 

muscle,  vi,  60 
Transversus       perinei      muscle, 

anomalies  of.  vi.  62 
Trapezius   muscle,    anomalies  of, 

vi.  48 
Traps,  in  house  plumbing,  iv.  765 
Trauma,  as  cause  of  bursitis,  ii.  528 
of  carcinoma,  ii.  677 
of  epilepsy,  iii.  849 
of  insanity,  v.  35 
during  pregnancy,  iv.  349 
relation  of,  to  nervous  diseases, 
vi.  238 
Traumatic  pleurisy,  vi.  667 
Traumatol,  vii.  860 
Treacle,  vii.  549 
Tree  of  heaven,   poisonous  plant, 

vi.  706 
Trehalase,  an  enzyme,  iii.  848 
Trematoda,  vii.  860 
Trembles  in  animals,  v.  843 
Tremor  cordis,  iv.  599 
Tremor,  in  lirain  tmnors,  ii.  439 

in  paralysis  a.gitans.  vi.  4S6.  487 
Trendelenburg  tracheal  inhaler, 

iii.  14 
Trendelenburg's  cannula,  v.  424 

rod.  to  control  hemorrhage,  i.  265 
Trentham  Spring,  vii.  874 


Trepanning    or    trephining,    ii. 
407;  vii.  874 
danger  of,  ii.  399 
for  arrested  development,  ii.  426 
indications,  vii.  874 
in  fracture  of  skull,  iv.  560 
o]ieratiiiii.  the.  vii.  875 
Trephine,  tor  removing  portion  of 

nasal  si  piuni.  vi.  148 
Trephining,  see  '/'rijaiuiinr/ 
Treskow's  apparatus  for  measur- 
ing media  inln  tubes,  viii.  380 
Triamins,  ptnniaVns.  vi.  786 
Triangles  ct  the  neck.  vi.  189 
Triangular   ligament,    in  the   fe- 
male, vi.  567 
in  the  male.  vi.  5(i5 
Triangularis    menti   muscle, 

aiiiinialies  of.  vi.  43 
Triangularis       sterni       muscle, 

annnialies  nf.  vi.  60 
Tri-benzol  gallic  acid,  vii.  878 
Tribromophenol,  ii   4SS 
Tri-bromphenol-bismuth,  vii.  878 
Tri-brom-salol,  vii.  878 
Tricephaius,  vii.  6f<s! 
Triceps  extensor  cubiti,  i   453 
Triceps  extensor  cubiti  muscle, 

anomalies  nf.  vi.  52 
Triceps  muscle,  accessory,  vi.  .53 
Trichiasis,  iv.  12(1 
Trichina  cystica,  vi.  213 
intestinal,  vi.  216 
muscle,  vi.  217,  218 
spiralis,  vi.  217 

in  muscle,  vi.  32 
of  heart,  iv.  583 
Triohinella,  vi.  207.  217 

spiralis,  vi.  217.  504 
Trichiniasis,  see  'J'lir/iinosis 
Trichinosis,  vi.  217,  218;  vii.  87S 
aiming   swine,    detection  of,  v. 

727" 
blood  changes  in,  ii.  69 
death    from,    post-mortem     ap- 
pearances, i,  665 
Trichloracetic  acid,  vii.  880 

as  a  caustic,  ii.  757 
TrichocephalidsB,  vi.  215 
Trichocephalos,  vi.  216 
Trichocephalus  ilispar,  vi.  216 
hominis,  vi.  216 
trichiurus,  vi.  216 
Tricholoma,  iv.  284 
personatum,  iv.  284 
siilfureum,  iv.  284 
Trichomonas  canlata.  viii.  536 
elongata,  viii.  536 
flagellata.  viii.  536 
intestinalis,  viii.  535.  536 
hominis.  viii.  535 
pulmonalis.  viii.  .')36 
vaginalis,  viii.  535 
Trichomycosis  nodosa,  vi.  633 
Tricophyton,  i.  720 
megalosporon,  i.  720 

ectothrix,  vii.  788 
mierospnion.  i.  720 
Trichophytosis,  vii.  780 
Trichorrhexis  nodosa,  i.  605 
Tricresol,  vii.  881 
Tricresolamine,   see   Ethylene-dia- 

nthw 

Tricuspid  regurgitation,  ii.  824;  iv. 
608 

stenosis,  ii.  824;  iv.  608 

valve,  iv.  .569 
Triethylamin,  ptomain,  vi.  785 
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Tympanic  inonibrane. 

Trifacial  in'ive.  iii.  831 

Tropical  liver,  v.  533 

Tuberculosis,  miliarv,  chronic,   v. 

nruriiliiiii,  vi.  245 

Tropical  malaria,  v.  680 

001 

Triferrin,  v.  SM) 

Tropical  ulcer,  vii.  944 

subacute,  v.  601 

Trifolium  pratense,   iii.  149 

Tropics,  see  Acclimatizfition 

of  bone,  v.  261,  263 

Triformol,  iv.  ■,>40:  vi.  4t<a 

diseases   liable   to  attack   Euro- 

of Cowper's  glands,  iii,  307 

Trigger  finger,  iv.  520 

peans  in,  i.  .53 

of  Fallopian  tubes,  iv.  137;  viii. 

Trigone,  i.  TTi 

rations  for  soldiers  in  the,  v,  803 

105 

Trigonella  foenum  grsecum,  iv,  145 

Trousers,  military,  v.  795 

of  the  adrenals,  vii.  567 

Triiodometacresol,  v.  207 

Truncus  jugularis,  v.  630 

of  the  ankle,  v.  275 

Triiodoniethane,  v.  207 

Trunk,  bursa'  of.  ii.  .523 

of  the  auricle,  iii.  610 

Trikresolamine,  iv.  14 

muscles  of,  anomalies  of,  vi.  60 

of  the  bladder,  viii.  36 

Trimethylacetic  betain,  ptomai'n, 

Trusses,  for  hernia,  iv,  083 

of  the  bronchial  glands,  v.  588, 

vi.  7^<7 

Trypanosoma,  viii,  533 

73!» 

Trimethylamin,  vii.  881 

lirucei,  viii,  .533 

of  the  cervi.x.  viii.  106 

liyclioi'iiloridf,  vii.  881 

Castellanii,  viii,  534 

of  the  choroid,  iii,  67 

Trimethylenediamin,  ptomaiu,  vi. 

equinum,  viii,  533 

of  the  decidua,  iii,  391 

78(i 

equiperilum,  viii.  .533 

of  the  hands  and  fingers,  iv.  504 

Trimethylethylene,  vi.  550 

Evausii,  viii.  533 

of  the  heart,  iv.  602 

Trimethyloxeth  ylammonium 

gambiense,  viii.  ,534 

of  the  joints,  v.  261,  263 

hydroxid,  pldiiiain,  vi.  7S(i 

hominis,  viii.  .534 

of  the  kidneys,  v.  345 

Trimethylpropionic   betain,  jito- 

Lewis,  viii.  533 

of  the  knee-joint,  v.  273 

maVn.  vi.  787 

Xepveu,  viii,  534 

of  the  laryn.x,  v.  447 

Trimethylvinylammonium     hy- 

Tlieileri, viii.  .533 

of  the  liver,  viii,  483 

droxid,  |itoiniiTn.  vi.  780 

Trypanosomida,  viii.  .533 

of  the  lungs,  v.  599 

Trinitrophenol,  vi.  C83 

Trypsin,  iii.  474;  vi.  403 

of  the   lymph  glands,  differen- 

Trional, vii.  881 

actjon  of,  iii,   474,  843;  vi.  479. 

tiated  from  Hodgkin's  disease, 

as  a  liypnotic,  iv.  816 
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iv.  730 

poisoniug  by,  see  Synthetic  jirnd- 

Tryptophan,  vii.  886 

of  the  lymph  nodes,  v.  667 

vets.  tiLrleology  of 

Tscherning's         ophthalmopha- 

of  the  mamma,  ii.  474 

Trioxymethylene,  iv.  240;  vi.  4S3 

kometer,  vi.  394 

of  the  middle  ear,  iii.  690 

Triphenetol     guanidine     hydro- 

Tschicke, ii.  828 

of  the  nasal  cavities,  vi.  149 

chloride,  vii.  882 

Tschik,  ii.  828 

of  the  a>sophagus,  vi.  343 

Triphenin,  vii.  823 

Tsuga  canadensis,  vi.  639 

of  the  omentum,  vi,  361 

Tripier's  method  of  amputation  of 

Tu,  ii.  828 

of  tlie  ovary,  vi.  435 

foot,  i,  258 

Tuber  cinereum,  ii.  165 

of  the  patella,  vi.  519 

Triple  phosphate  calculi,  iii.  235 

Tuberales,  iv    3-^1 

of  the  penis,  vii.  177 

Triplets,  inouocliononic,  vii.  688 

Tubercle  bacillus,  i.  697 

of  the  pericardium,  vi.  563 

Tripper  Faden,  iv.  403 

bacteriology  of,  i.  689 

of  the  periosteum,  vi.  569 

Trismus,  vii    725 

differentiated  from  smegma  ba- 

of the  peritoneum,  viii.  507 

Trithialdehyde,  vii.  561 

cillus,  v.  349,  850 

of  the  placenta,  iii.  60;  vi.  651 

Triticin,  iii,  298 

in     dissection     and     operation 

of  the  prostate,  vi.  770 

Triticoglossus  muscle,  vi.  47 

woiuids,  iii.  .530 

of  tlie  sennnal  vesicles,  vii.  190 

Triticum,  iii.  398 

methods  of  staining,  viii.  397 

of  the  skin,  vii.  323 

Trituration,  v.  739 

Tubercle,  Darwinian,  i.  637 

of  the  spine,  vii.  394 

of  elatcrin,  iii.  731 

Tubercula  miliaria,  v.  818 

kyphosis  in,  v.  378 

Trocar  and  cannula  for  penetrat- 

sebacea,  v.  818 

of  the"  testicle,  vii.  183 

ius  antrum  of  Highmore,  vi.  145 

Tuberculine,  i.  693;  vii.  889 

of  the  testis,  vii,  183 

Troches,  v.  739 

effect   of,   upon   body  tempera- 

of the  thoracic  duct,  vii.  746 

of  ammouium  chloride,  iii.  4 

ture,  ii.  571 

of  the  tonsil,  vii.  831 

of  catechu,  ii.  739 

in    pulmonary   tuberculosis,    v. 

of  the  thymus  gland,  v.  739 

of  chalk,  ii.  553 

605 

of  the  thyroid  gland,  iv.  389 

of  ipecac,  v.  312 

test  for  tuberculosis  in  animals. 

of  the  ureters,  viii.  13 

of  iron,  v.  235 

viii.  227 

of  the  uterus,  viii.  104 

of  liquorice  and  opium,  vi.  387 

Tuberculosamin,  vi.  791 

of  the  vagina,  viii.  104 

of  morphine  and  ipecac,  v.  313, 

Tuberculosis,  vii.  886 

of  the  veins,  viii.  217 

864 

actiuotherapy  in,  vi.  993 

of  the  vulva,  viii.  106 

of  potassium  chlorate,  vi.  746 

among  troops,  ii.  .591 

pliaryngeal,    vi.    .597;    and    see 

of  santonin,  vii.  30 

as  a  cause  of  insanity,  v.  33 

Phiirynyitis,  tnhercnloiis 

of  soilium  bicarbonate,  vii.  257 

bacilli,  differences  in,  vii.  890 

pulmonary,  v.  599;  vii.  901 ;  and 

of  tannic  acid,  vii.  637 

bacillus  of  the,  vii.  888 

see  Liiiiffs.  tuheiruhsis  of 

Trombidiidse,  i.  434 

bacteriological  diagnosis  of,  viii. 

open-air  treatment   for.  vi. 

Trommer's  test  for  glucose  in  urine. 
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363;  and  see  Falkenstein. 

viii.  39 

death  rate  in,  viii.  254 

Ooerbersdorf,   and    Health 

Troops,  health  of,  see  Military  hy- 

detection  of,  v.  736 

rewrts 

ijiciie 

distribution   by   the   blood,  vii. 

sputum  in,  vii.  434 

water  supply  for,  vi.  168 

898 

treatment  of,  at  Falkenstein, 

Tropacocaine,  as  local  aua>sthetic. 

hepatic,  viii.  483 

iv.  132 

i.  2S8 

historical,  vii.  886 

relation  of.  to  lupus  erythemato- 

hyilroehloride, vii.  823 

in  animals,  v.  736;  vii.  890;  viii. 

sus,  v.  611 

Trophic  functions  of  the  sympa- 

336 

renal,  v.  345 

thetic  nervous  system,  vii.  588 

in  animals  a  cause  of  unwhole- 

Roentgen ray  diagnosis  of,   vi. 

Trophic  nerves  as  a  factor  in  bed- 

some milk,  v.  836 

990 

sores,  i.  740 

infection,  vii.  894 

sanatorium     for.     at    Rutland, 

Trophic  neuroses,  vi.  271 

in  man,  vii,  893 

Mass.,  vi.  1003 

Trophoneurosis,  facial,  viii.  448 

in  the  new-born,  vi,  278 

sea  voyages  in  treatment  of,  i. 

Tropical  abscess,  v.  .533 

metastasis  of,  v,  778 

641 

Tropical    diseases,    general  intro- 

methylene blue  in,  v.  782 

suitability  of  climate  of  Adiron- 

duction,  vii.  833 

miliary,  acute,  v.  600 

dacks  for,  i,  136 
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Trirarial. 

Tfiupault'  membrane. 


Tuberculosis,  svmptomatologj'.vii. 
'Ml 
transmission  of.  from  animals  lo 

man.  viii.  i38 
treatment,  vii.  902 
tuberculin  in,  vii.  889 
vaccinal,  viii.  137 
verrucosa,  of  hand  ami  lingers, 

iv.  504 
virulence,  differences  in,  vii.  8'JO 
Tuberculous  bronchitis,  vii.  900 
l)roneliopneuMionia,  vii.  900 
dactylilis,  iv.  50.") 
Tuberculous  glands,  health  resorts 

for.  iv.  5(15 
Tuberculous  infiltration,  iv.  872 
Tuberculous  mening-itis,  ii.   431; 

vii.  333 
Tuberculous    meningo-encepha- 
litis,  diagnosed  from  brain  tumor, 
ii.  449 
Tuberculous  myositis,  vi.  33 
pleurisy,  vi,  66() 
pneumonia,  vii.  900 
syphilides  of  auricle,  iii,  G75 
ulcer,  vii,  945,  947 
ulceration  of  cervix  titeri,  viii.  68 
Tubotympanic  cavity,  vii.  236 
TuUy's  powder,  v.  864 
Tumenol,  vii.  903 
sulphone.  vii.  903 
sulphonic  acid.  vii.  903 
Tumeur  perlee,  iii.  36 
Tumor  albus,  v.  272,  273 
Tumors,  vii   903 

aniputalion  for.  i.  237 
apparent,  vi.  778 
as  a  cause  of  jaundice,  v.  245 
of  larvnireal  stenosis,  v.  440, 

441" 
treatment,  v.  442 
as  indication  for  Caisarean  sec- 
tion, ii.  544 
aspiraticm  of,  i.  581 
cavernous,  i.  350 
classification,  vii.  905 
composed  of  blood-vessels,  ii.  110 
compression   by,   causing   para- 
plegia, vi,  498 
cystic,  iii.  341 
derived      from     Wolffian    body 

rests,  viii.  581 
desmoid,  iii.  427 
disappearing,  vi.  778 
embryonal,  of  the  sexual  glands, 

vii."  092 
epithelial,  vii,  908 
erectile,  i.  350 
gelatinous,  vi.  87 
growth  of,  vii.  904 
in  cranial  fossa',  ii.  448 
infiltration,  iv.  872 
intiammatory,   of  omentum,   vi. 

359 
in  the  new-born.  vi.  281 
intracranial,  ii.  415 

cause. of  headache,  iv.  551 
diagnosed  fiom  abscess,  ii. 
413 
kucocytosis  in.  v.  492 
lenkaraic,  iii.  25 
metastasis  of,  v.  778;  vii.  904 
mixed,  vii.  909 
midtiplicity  of.  vii.  905 
non-epithelial,  vii.  907 
of  lilood-vessels,  i.  350 
of  C'owper's  glands,  iii.  307 
of  lymph-vessels,  i.  3.52 


Tumors  of  the  adrenals,  iv.  805;  v. 

330;  vii.  567 
of  the  arm  and  forearm,  i.  473 
of  the  bladder,  diagno.sed  by  cys- 

toscope.  iii.  346 
of  the  brain,  ii.  435 

elTect  on  intelligence,  ii.  437 
of  the  carotid  gland,  viii.  412 
of  the  Cauda  equina,  vii.  386 
of  the  cerebellum,  ii.  240 
of  the  chorion,  iii.  60 
of  the  choroid,  iv.  111 
of  the  ciliary  body,  iv.  110 
of  the  colon",  i.  38;  iii.  204 
of  the  conjunctiva,  iv.  108 
of  the  cornea,  iii.  291;  iv.  110 
of  the  diaphragm,  iii.  436 
of  the  ethmoidal  cells,  vi.  408 
of  the  eye,  iv.  105 

as  cause  of  blindness,  ii.  11 
of  the  eyelids,  iv.  105 
of  the  Fallopian  tulies,  iv,  137 
of  the  frontal  sinus,  iv.  274 
of  the  hands  and  fingers,  iv.  501 
of  the  heart,  iv,  593 
of  tlie  intestines,  v.  187 
of  the  iris:  iv.  110 
of  the  joints,  v,  264 
of  the  kidneys,  v.  322.  329 
of  the  lachrymal  gland,  iv.  115; 

V.  395;  vi.  406 
of  the  larynx,  v.  431 
of  the  liver,  v.  554 
of  the  lower  jaw,  v.  255 
of  the  lungs,  v.  605 
of  the  lymph  nodes,  v.  661 
of  the  mamma,  ii,  475 
of  the  mediastinal  glands,  v.  730 
of  the  mediastinum,  v.  730 
of  the  mucous  tissue,  vi,  87;  and 

see  Myxoma 
of  the  muscle,  vi.  39 
of  the  neck,  vi.  200 
of  the  nose,  vi.  138 
of  the  u'sophagus,  vi.  343 
of  the  omentum,  vi.  360 
of  the  optic  nerve,  vi.  407;   iv. 

113 
of  the  orbit,  vi.  405;  iv.  113 
of  the  ovaries,  vi.  435 

papillomatous,  vi.  439 
of  the  pancreas,  vi.  470,  478 
of  the  parotid  gland,  vi,  510 
of  the  pelvis,  effect  on  labor,  vi. 

528 
of  the  penis,  vii.  177 
of  the  pericardium,  vi.  563 
of  the  periosteum,  vi.  569 
of  the  peritoneiun.  vi.  570 
of  the  pharvnx,  vi.  602 
of  the  pituitary  gland,  vi.  640 
of  the  placenta,  vi.  652 
of  the  prostate,  vi.  769 
of  the  pylorus,  vii.  .520 
of  the  retina,  iv.  112 
of  the  round  ligaments,  viii.  98 
of  the  salivary  glands,  vii.  14 
of  the  scapula,  vii.  45 
of  the  sclerotic,  iv.  110 
of  the  spermatic  cord.  vii.  190 
of  the  spinal  cord,  vii.  382 
of  the  spleen,  vii.  428 
of  the  stomach,  vii.  521 
of  the  teeth,  see  Odontoma 
of  the  testicle,  vii.  184 
of  the  thoracic  duct,  vii.  746 
of  the  thvroid  gland,  iv,  381 ;  v. 

730;  v'ii.  776 


Tumors  of  the  tonsils,  vii.  822 

of  the  nndjilicus.  viii.  6 

of  the  upper  jaw.  v.  249 

of  the  ureters,  viii.  13 

of  the  uterus,  viii.  86.  96 

of  the  uvula,  viii.  109 

of  tlie  veins,  viii.  218 

of  the  vertebra',  vii.  385 

of  the  vulva,  viii,  163 

phagocytic,  vii   905 

phantom,  iv.  343;  vi.  778 

psendoleuka'mic.  iii.  25 

pyoktanin  in  treatment  of,  vi.  817 

recurrence  of.  vii.  9(i5 

retroperitoneal,  vi.  571,  960 

structure  of.  vii.  904 

subungual,  vi.  93 

under  the  nails,  vi.  93 
Tunga,  ii.  828 
Tungay,  ii.  828 
Tunica  granidosa.  vi.  451 

vaginalis,  iv.  326 
Tuning  forks,  iii.  661 
Tunnel  work,  harmful   conditions 

in.  vi.  322 
Tunnelliiig,  dangers  of,  vii.  909 
Turacin,  iii.  225 
Turbinate  body,  vi.  105 
Turkey,  Pharmacopaia  in.  vi.  .586 
Tui'meric,  iii.  339 
Turnera  diffusa,  iii.  3-52 
Turnip,  Indian,  vii.  913 

wild.  vii.  913 
Turntable,     for     mounting    speci- 
mens, iv.  727 
Turpentine,  vii.  913 

as  an  anthelmintic,  i.  362 

as  an  antidote,  i.  372 

oil  of,  as  a  diuretic,  iii.  547 
as  an  expectorant,  iv.  51 
Turpeth  mineral,  v.  754 

root.  fal?e.  viii.  1 
Tuscan  Springs,  vii.  914 
Tuscarora  Lithia  Spring,  vii.  014 
Tvissilago  farfara,  iii   225 
Tussol,  vii.  914 
Twins,  placenta  in,  vi.  649 
Twisting  tongs,  viii.  173 
Tydeus  molestus,  i.  435 
Tylophora  astbmatica,  i.  565 
Tylosis,  ii.  557 

palma',  v.  304 

planta?.   v.  304;  and  see  lunito- 
(hrniii  jKibiiitrc  et  jihintari 
Tympanic   cavity,  foreign   bodies 
in.  iii.  648 

measurements  of.  viii.  240 
Tympanic  membrane,  i.  616 

abscess- of,  iii.  625 

alterations  in.  due  to  disease,  iii. 
621 

anatomy  of,  iii.  580 

appearance  of.  in  intiammatiou, 
iii.  588 

blood-vessels  of,  iii.  584 

calcification  of.  iii.  623 

cholesteatoma  of.  iii.  629 

color  of,  iii.  580.  622 

depression  of.  iii.  (24 

folds  of,  iii.  581 

incision  of.  iii.  670 

inclination  of,  iii.  581 

in  health   and  disease,  iii.    622, 
623 

"kneeing  of.''  iii.  624 

opacity  of,  iii,  623 

operations  upon,  iii.  670 

paracentesis  of,  iii.  670 


Xj-iupanie  meiubrane. 
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Urliie. 

Tympanic     membrane,     luifora- 

Tyrogrlyphinae,  i.  433 

Ulcer,  ulceration,   spreading. 

vii. 

tious  of,  iii.  02(>,  (iS!^ 

Tyroglyphus  infestaus.  i.  434 

942 

rt'tractiou  of.  iii.  024 

longior.  i.  433,  434 

symptoms  and  course,  vii.  941 

rupture  of.  iii.  ii'Zo 

sir(K  i.  434 

syphilitic,  vii.  944 

special  properties  of.  i.  G18 

Tyrosin,  i.  68;  vi.  788 

treatment,  vii.  946 

thickening  of,  iii.  G'ii 

in  the  lu'ine.  viii.  00 

tropical,  vii.  944 

Toynliee's  artitieiiil.  iii.  030 

Tyrotoxicon,  iv.  188;  vi.  791 

tuberculous,  vii.  945 

ulcer  of.  iii.  025 

in  milk.  v.  834 

typhoid,  v.  182 

Tympanites,  asjiiralion  iu,  i.  "i81 

Tyrotoxismus,  iv.  189 

varicose,  vii.  943 

ill  ilianiiica.  iii.  439 

varieties,  vii.  936 

Tympanitic  resonance,  ii.  810 

Udder,    diseased,    a    cause    of    un- 

weidi.  vii.  942 

Tympanum,  i.  010 

heullhy  milk.  v.  835 

Ulerythema  ophryogenes,  v. 

307 

Tyndalization,  i.  686 

Udransky's  test  for  bile  acids,  viii. 

Ulmus,  iii.  780 

Tyndall's     fractional     steriliza- 

50 

americana.  iii.  786 

tion,  viii.  380 

TJkiah  Vichy  Springs,  vii.  936 

campestris.  iii.  787 

Typhoid  fever,  vii.  914.  9ol 

XJlcer,  ulceration,  vii.  936 

fulva.  iii.  786 

among  troops,  ii.  .593 

acute  tiaumatic.  vii.  941 

Ulna,  <lislocation  of.  iii.  521 

antipyretics  in.  vii.  925 

amputation  in.  i.  337 

fractures  of.  iv.  363 

bacillus  of.  i.  ()9T 

Annam.  vii.  944 

Ulnar  artery,  anomalies  of,  i.  530 

bacteriological  diagnosis  of,  vlii. 

annular,  vii.  942 

compression  of.  i.  .537 
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callous,  vii.  943 

Ulnaris  quinti  muscle,  vi.  54 

bacteriology  of,  viii.  576 

chronic,  vii.  942 

Ulno-carpus  muscle,  vi.  54 

bilious.  vi.'884 

cleansing    and   sterilization    of. 

Ultzmann's  syringe,   iv.   403 

vi. 

Brand  batli  in,  iv.  791 

vii.  94'7 

701 

cold  iu.  iii.  195 

complications  and  sequelae,  vii. 

Umbelliferae,  viii.  1 

complications  aud  scquchv.  vii. 

-946 

jioisoncius  plants  of.  vi.  695 

926 

congested,  vii.  943 

Umbelliferou,  iv.  388 

convalescence,  vii.  928 

cro\ipous,  vii.  942 

Umbilical  cord,  vi.  643;  viii.  1 

course  of,  vii.  918 

diabetic,  vii.  944 

at  liirth.  viii.  3 

death  rate  in.  vii.  951 ;  viii.  254 

differential  diagnosis,  vii.  946 

blood-vessels,  viii.  4 

diagnosed    from    cerebrospinal 

dracuncular,  vii.  944 

coverings  of,  viii.  3 

meningitis,  ii.  776 

epithelioraatous,  vii.  945 

embryology,  viii.  1 

from  yellow  fever,  viii.  595 

erethistic,  vii.  943 

lymphatics,  viii.  5 

diagnosis,  "vii,  920 

etiology,  vii.  937 

Wharton's  jelly,  viii.  3 

diarrlKva  iu,  iii.  440 

exciting  causes,  vii.  938 

Umbilical  heniorrhage,  vi.  380 

diet  in,  iii.  462;  vii.  923 

exuberant,  vii.  942 

Umbilical  veins,  anomalies  of. 

viii. 

disinfectants,  vii.  927 

fungating.  vii.  943,  946 
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due  to  milk,  v.  837 

Gaboon,  vii.  944 

Umbilical  vesicle,   viii.  334; 

and 

exciting  causes,  vii.  910 

gastric,  vii.  510 

see  Yiilk  Kid' 

followed  by  blindness,  ii.  13 

gouty,  vii.  944 

Umbilicus,  viii.  3 

by  gall-stones,  iii.  230 

granulating,  vii.  942 

hernia  of,  iv.  679;  viii.  6 

history,  vii.  914 

healing,  vii.  943 

inflammations  of.  viii.  6 

how  to  avoid,  in  camp   v.  813 

indolent,  vii.  943 

malformations  of,  viii.  5 

iu  the  uew-boru.  vi.  278 

iuHammation  in.  v.  11 

surgical  affections  of,  viii.  5 

kyphosis  resulting  from.  v.  378 

intestinal,  iii.  833 

tumors  of,  viii.  6 

leucocytes  iu,  v.  493 

irritable,  vii.  943 

Umbo  of  tympanic  membrane. 

iii. 

parotitis  following,  vi.  512 

malignant,  vii.  945 

581 

pathology,  vii.  920 

non-specific,  vii.  941 

Unaka  Springs,  viii.  6 

pharyngitis  in,  vi.  593 

a?dematous,  vii.  943 

Uncinaria,  vi.  220 

predisposing  causes,  vii.  915 

of  the  auricle,  iii.  607 

americana.  vi.  221 

serum  diagnosis  iu.  vii.  133 

of  the  cervix  uteri,  viii.  68 

ditfeientiated      from      stror 

gy- 

therapy  in,  vii.  133 

tuberculous,  viii.  68 

loides.  iv.  210 

treatment,  "vii.  923 

of  the  cornea,  iii.  383,  387 

duodenalis.  vi.  230,  331 

baths,  vii.  925 

of  tlie  larj'nx.  v.  448 

Uncinariasis,  vi.  330 

Widal's  serum  test.  viii.  402 

of  the  mucous  surfaces,  vii.  946 

Uncinariosis,  vi.  330 

Typhoid  spine,  vii.  388 

of  the  oesophagus,  vi.  343 

Undershirts,  military,  v,  795 

Typho-malarial  fever,  vii.  928 

of  the  stomach,  vii.  510 

Underwood  Spring,  viii.  6 

Typhomania,  V,  ,80;  aud  see //)«<(»- 

of  the  tongue,  vii.  798 

Undulant  fever,  v.  085 

if//,  rniifusiuiud 

of  the  tympanic  membrane,  iii. 

Unguis  incarnatus,  vi.  93 

Typhotoxiu,  ptomaiu.  vi.  790 

625 

Uniceptor,  viii.  471 

Typhus  fever,  vii.  930 

lathology,  vii.  94(t 

Unicorn  root,  i.  170 

among  troops,  ii.  000 

:'eudjeh,  vii.  944 

Union,  delaved.  after  fracture. 

iv. 

deiinition.  vii.  930 

]ieptic.  vii.  510 

•2r,'Z.  3.58 

diagnosis,  vii,  935 

perforating,  v.  182;  vii.  510,  943 

faulty,  after  fracture,  iv.  352. 

258 

etiology,  vii.  931 

of  foot.  vi.  557 

United  States,  food  and  drug  adul- 

history",  vii.  930 

phagedenic,  vii.  943 

teratiou  in,  iv.  167 

in  new-born,  vi.  378 

predisposing  causes,  vii.  937 

epidemics  of    j'ellow   fever 

iu, 

modes  of  conveyance  of,  vii.  931 

raw,  vii.  943 

viii.  588 

morbid  anatomy,  vii.  932 

rectal,  i.  395 

Pharmacopoeia  of,  vi.  586 

parotitis  following,  vi.  512 

rodent,  vii.  946 

prevalence  of   vellow  fever 

in, 

prognosis,  vii.  935' 

round,  of  oesophagus,  vi.  342 

viii.  .5.SI! 

prophylaxis,  vii.  935 

of  .stomach,  vii.  510 

Upper     extremity,     muscles 

of. 

quarantine  iu.  vi.  825 

routine  treatment  of.  vii.  950 

anomalii's  of.  vi.  48 

sinking,  ii.  767 

scirrhous,  vii.  940 

Upper  Red  Boiling  Springs, 

v'iii. 

symptomatology,  vii.  932 

scorbutic,  vii.  944 

6 

treatment,  vii.  935 

■serpiginous,  vii.  945 

Upper  Soda  Springs,  viii.  7 

Tyratol,  vii   765 

sloughing,  vii.  9-12 

Ura,  v.  153 

Tyrian  pui-ple,  iii.  235 

specific,  vii,  944,  947 

Urachus,  persistent,  viii.  6 
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"Uraemia,  i.  64o;  v.  334 

iliiiiTlia'a  iu.  iii.  440 

diet  iu.  iii.  460 

drowsiness  iu.  iii.  oGO 

erytlienia  of,  iv.  7 

headaclie  in.  iv.  547 

treatmfnt  of.  viii.  7 
Uragoga  ipecacuanha,  v.  210 
Ural,  viii.  11 
Uralium,  viii.  11 
UraniurQ,  viii.  .j49 

acetate,  viii.  11 

nitrate,  viii.  11 

radiators  of,  viii.  .549 
Urates,  as  basis  of  caleuli,  iii.  234 

deposit  of,  iii.  390 
Urea,  viii.  33 

decomposition  of,  by  bacteria,  i. 
684 

excretion  of,  viii.  33 

formaldehyde,  iv.  240 

formation  of,  in  body,  v.  771 

iu  the  urine,  v.  318 

estimation  of,  viii.  34 
Uredinales,  iv.  283 
Uresin,  viii.  11 
Ureteritis,  viii.  12 
Uretero-vaginal  fistula,  viii.  168 
Ureters,  ill iseuce  ot,  viii.  11 

anatomy  of,  viii.  13 

atresia  of,  viii.  11 

development  of,  v.  315 

double,  viii.  11 

examination  of,   by  cystoscope, 
iii.  347 

foreign  bodies  iu,  viii.  12 

grafting  of   the,   to  bowel,  viii. 
26 

implantation  of,  viii.  14 

inflammation    of,    viii.     11,    14; 
and  see  L' reteritin 

lymphatics  of,  v.  637 

malformations  of,  vii.  708;  viii. 
U 

measurement  of,  viii.  239 

methods  of  reuniting  cut  ends, 
after  resection,  viii.  14 

obstruction  of,  viii.  11,  14 

palpation  of.  i.  778 

pathology  of,  viii.  11 

relations  of,  viii.  14 

stenosis  of,  viii.  11 

surgery. of,  viii.  13 

sj'philis  of,  viii.  13 

torsion  of,  viii.  1 1 

traumatism  of,  viii.  13 

tuberculosis  of,  viii.  12 

tumors  of,  viii.  13 
Urethane,  vi.  827;  viii.  15 

ethylic,  viii,  15 

thymol,  vii.  766 
Urethra,   anatomy   of,  ii.    747 ;  iv. 
322;  viii.  15 

atresia  of.  i.  004 

calibration  and  dilatation  of  ori- 
fice of,  i.  783 

caruncle  of,  i.  770 

catheterism  of,  ii.  739 

chancroid  of,  i.  770 

constrictions  and  dilatations  of, 
ii.  749 

dilatation  of,  viii.  22 

dimensions  of.  ii.  748 

female,  acquired  deformities  of, 
i.  765 
atrophy  of,  i.  768 
contraction  of.  i.  767 
dilatation  of,  i.  766 


Urethra,    female,    diseases  and  in- 
juries of,  i.  765 
dislocation  of,  i.  766 
eversiou  of,  i.  766 
extroversion    of    bladder 

through,  i.  767 
foreign  bodies  iu,  i.  768 
hypertrophy  of,  i.  768 
stricture,  i.  767 
tumors  of,  i.  770 
foreign  bodies  iu,  viii.  17 
intlaunuation   of,    viii.    17;   and 

see  UretJirifis 
injuries  of,  i.  771- 

and  diseases  of  the,  viii.  15 
irrigatiou  of,  viii.  18 
lymphatics  of.  v.  635 
male,  iv.  332 
malformation  of,  vii.  709 
medication  of,  v.  783 
myoma  of,  vi.  76 
operations  on,  preparations  for, 

viii.  23 
ratio  of  size,  to  that  of  penis,  ii. 

748 
removal  of  bodies,  growths,  etc., 

through,  i.  769 
ru])ture  of,  viii.  15 
stricture  of,  viii.  20 

complications,  viii.  25 
diagnosis,  viii.  31 
location  of,  viii.  21 
pathology,  viii.  20 
prognosis,  viii.  25 
results,  viii.  25 
symptoms,  viii.  31 
treatment,  viii.  22 
\'aneties,  viii.  20.  31 
Urethral  injections,  iv.  400 

syringe,  iv.  400 
Urethritis,  viii.  17 

chancroidal,  viii.  20 
chronic,  viii.  19 
circum.scribed.  i.  772 
diagnosis  of,  i.  776 
gonorrha'al,  i.  771 ;  viii.  17 

Cowperitis  in,  iii.  306 
posterior,  iv.  401 
simple,  viii.  19 
.syphilitic,  viii.  20 
varieties,  viii.  17 
Urethrocele,  i.  766;  viii.  1.58 
Urethrometer,  Otis',  iv.  402 
Urethroscope,  iv.  403 
Urethroscopy,  i.  778 
Urethrotome,  viii.  23 
Urethrotomy,  viii.  23 
external,  viii.  23 
interual,  viii.  23 
Urethro-vaginal  fistula,  viii.  168 
Urethylane,  v.  782 
Urg-inea  maritima,  vii.  434 
Uric  acid,  i.  69 
calculi,  iii.  233 
deposit,  iii.  396 
diathesis,  piperaziu  iu,  vi.  638 
formation  of,  iu  body,  v.  773 
infarction,  iv.  868 

in  the  new-born,  vi.  281 
in  the  urine,  v.  318;  viii.  35 
significance  of  excess  of.  v. 
775 
Uricacidaemia,  diet  in,  iii.  403 
Uricidiu,  viii.  25 
Urinals,  iv.  763 

in  school  buildings,  vii.  71 
Urina  potus,  viii.  28 
Urinary  ash,  viii.  53 


Urinary  bladder,  extirpation  of, 

viii.  25 

after-treatment,  viii.  27 

indications,  viii.  25 

management  of  the  ureters,  viii. 
26 

results,  viii.  27 

techniciue,  viii.  26 
Urinary  calculi,  iii.  233 

casts,    viii.    58;    and  see    Casts, 
■urinnn/ 
Urinary  organs,  diseases  of.  elec- 
trotherapeutics in,  iii.  765 

lymphatics  of,  v.  637 
Urinary  sedatives,  viii.  27 

sediments,  viii.  .56 
Urine,  v.  318;  vii.  100;  viii.  28 

acetone  iu,  viii.  49 

aciility  of.  iii.  233 

action  of  copaiba  on,  iii.  278 

albumin  iu,  viii.  30 

albumose  in.  viii.  32 

alloxuric  bases  in,  viii.  36 

ammouia  in.  viii.  .56 

bases  iu,  viii.  55 

behavior  toward  polarized  light, 
viii.  29 

Beuce-Joues'  albumin  iu,  viii.  32 

beta-oxybutyric  aciil  iu,  viii.  48 

bile  acids  iu,  viii.  50 

pigments  in,  viii.  .50 

blood  corpuscles  iu.  viii.  56 
pigment  in,  viii.  32 

calcium  iu,  viii.  .56 

carbonate  crystals  in,  viii.  59 
oxalate  crystals  iu,  viii.  59 
sulphate  crystals  in.  viii.  59 

carbamic  acid  in.  viii.  33 

carbohydrates  in.  viii.  38 

carbonates  iu.  viii.  .55 

chemical  examination  of,  viii.  30 

chlorides  iu.  viii.  02 

cholesteriu  iu,  viii.  52 

color,  viii.  29 

composition  of.  v.  317 

conjugate  sulphates  iu.  viii.  53 

cryoscopy,  viii.  30. 

cy.stiu  iu,  viii.  .54,  60 

dextrin  in,  viii.  43 

diacetic  acid  in,  viii.  49 

diamius  in,  viii.  33 

etlcct  of  benzoic  acid  on,  i.  744 

electric  couductivitj'  of,  viii.  30 

enzj'uies  iu,  viii.  52 

epitheliiun  iu,  viii.  .57 

examination    of,    during    preg- 
nancy, iv.  344;  v.  380 
iu  life  insurance,  v.  513 

excretion  of,  v.  316 

extravasation    of.   as  cause    of 
phlegmon,  vi.  612 

fat  in,  viii.  51 

flbiin  in,  viii.  32 

fluorescence,  viii.  29 

freezing  point  of,  viii.  30 

fructose  in,  viii.  43 

globulin  iu,  viii.  31 

glucose,  viii.  39 

hismatoporphyriu  in,  viii.  51 

hivmoglobin  in.  viii.  33 

histon  in,  viii.  33 

hydrofluoric  acid  iu,  viii.  .58 

hydrogen  peroxide  in,  viii.  55 

hydroquinoue  iu.  viii.  44 

iu  amyloid  kiduey.  v.  321 

in  childhood,  ii.  831 

in  chorea,  iii.  43 

iu  chronic  prostatitis,  vi.  7.59 
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Valerianates. 

Urine,  incontinence  of,  in  cystitis, 

TJrine,  spermatozoa  in.  viii.  57 

Uterus  biforis,  viii.  78 

ii.  777 

sul|ihureted   liydrogcu    iu. 

viii. 

bilocidaris,  viii.  76 

in  iirctliiitis,  i.  777 

54 

cancer  of,  viii.  89 

in  cystitis,  i.  794 

sulphuric  acid  in,  viii.  .53 

cervix,    abnormal     plication    of 

inilicun  in,  viii.  44 

total  svdphates  in,  viii.  53 

cavity  of,  viii.  78 

iniloxyl  in,  viii.  44 

trauspareuc}',  viii.  30 

abiasions  of,  viii.  69 

in  Kout.  iv.  40(i 

tyrosin  in.  viii.  00 

absence  of.  viii.  73 

in  insanity,  v,  39,  54 

urea  in,  viii.  33 

adeuo-carcinoma  of,  viii.  88, 

iu  ucpliritis,  v.  334,  339.  341 

uric  acid  iu,  viii.  35 

89 

inorganic  constituents  of,  viii.  52 

crystals  iu,  viii.  .58 

affections  of,  viii.  64 

inositc  in,  viii.  53 

urobilin  in,  viii,  .50 

amputation  of,  viii.  67 

iu  passive  congestion  of  kidney. 

xantliin  bases  in.  viii.  36 

atresia  of,  viii.  08 

V.  3-22 

Uriniferous  tubules,  v.  310 

atrophy  of,  viii.  64,  73 

in  renal  tiniior.  v.  327 

Urisolvin,  viii    (iO 

cancer  of,  viii.  87 

in  uietlirilis,  i.  777 

XTrnings,  v.  134 

chancre  of,  viii.  08 

iron  in,  viii.  .50 

Urobilin  in  urine,  viii.  .50 

chancroid  of,  viii,  68 

kreatinin  in,  viii.  37 

tTrobilinuria,  viii.  ,50 

cysts  of,  iii.  351 

lactic  acid  in,  viii.  48 

haniatogenous,  viii.  51 

dilatation  of,  viii.  69 

luiose  in,  viii.  42 

Urogenital     development,     chro- 

discission of,  viii.  09 

leucin  in,  viii,  60 

nology  of.  iv.  321 

divulsion  of,  viii,  69 

Icvulosc  in.  viii.  42 

Urogenital  organs,  malformations 

erosions  of,  viii.  88 

magnesinni  in.  viii.  56 

of,  vii.  707 

hypertrophy  of.  viii.  66 

melanin  in.  viii.  51 

Urogenital  system,  representation 

laceration  of,  viii.  69 

nietha?moglobin  in.  viii.  32 

of.  iv.  319 

laceration  of,  a  cause  of  sub- 

mucin in,  viii.  31 

Uroleucinic  acid  in  urine,  viii. 

47 

involution,  viii.  103 

neutral  sulphur  in,  viii.  54 

Urometer,  viii.  29 

sarcoma  of,  viii.  94 

nitrates  in,  viii.  55 

Uronephrosis,  v.  357;  and  see 

Ihj. 

stenosis  of,  viii.  68 

nitrites  in.  viii.  55 

(lr"iii'/i/irt''sis 

traumatic  affections  of,  viii. 

nitrogenous  equililirium,  viii,  33 

Uropherin,  viii.  00 

69 

nuclein  buses  in,  viii.  36 

benziiate,  viii.  GO 

tuberculosis  of,  viii.  lOG 

nuclco-liiston  in.  viii,  33 

Urosin,  viii.  (iO 

tuberculous    ulceration    of. 

odor,  viii.  30 

Urostealith  calculi,  iii.  235 

viii.  08 

optical  properties  of,  viii.  29 

Urotoxic  coefficients,  i.  645 

ulceration  of,  viii.  68 

organic  constituents  of.  viii.  30 

Urotropin,  iv.  240;  viii.  60 

wounds  of,  viii.  69 

overflow  of.  in  cystitis,  i.  777 

Urticaria,  viii.  00 

changes    iu,    caused    by    preg- 

oxalic acid  in,  vfii.  38 

bullosa,  viii.  01 

nancy,  iv,  338 

o.xaliiric  acid  in,  viii.  38 

caused  by  drugs,  iii.  423 

congenital     malformations    of. 

parasites  in,  vi.  .501 

diagnosed  from  eczema,  iii. 

714 

viii,  72 

pentoses  in,  vi,  5.50 

factitia,  viii.  61 

congenitally  displaced,  viii.  78 

peptones  in,  viii.  32 

gigas,  viii.  01 

cystadenonia  of,  iii.  344 

phosphate  crystals  in,  viii.  59 

bivmorrhagica,  viii.  61 

cystomyoma  of,  vi.  70 

phosphates  in.  viii.  55 

of  the  pharynx,  vi.  951 

cysts  of,  iii.  351 ;  viii.  98 

phosplioric  acid  iu,  viii.  ,55 

papulosa,  viii.  61 

deficient  development  of,  viii.  77 

physical  properties  of,  viii.  28 

perstans,  viii.  61 

development  of,  viii.  73 

pignieuts  in,  viii.  .50 

pigmento.sa,  viii.  63 

didelphys,  viii.  76 

poisonous,  i.  645 

Uruguay,  Pharniacopreia  in.  vi. 

586 

diductus,  viii.  76 

potassiinn  in,  viii.  55 

Ustilaginales,  iv.  282 

displacements  of,  viii,  78 

preformed  sulphates  in,  viii.  .54 

Ustilago,  viii.  64 

in  pregnancy,  iv.  347 

ptoniains  in,  viii.  .52 

mayilis,  viii.  04 

meuorrhagia  in,  v.  741 

puriu  bodies  iu,  viii.  35 

Utah,     requirements     for    medical 

shortening    of    utero-sacral 

quantity  of,  viii.  28 

piactice  in,  iv,  48 

ligaments  for,  viii.  85 

reaction  of,  viii.  29 

Utah  Hot  Springs,  viii.  64 

double,  viii.  70 

retention  of,  viii.  486 

Utah  Warm  Springs,  viii.  64 

double-mouthed,  viii.  78 

aspiration  in,  i.  580 

Uterine  bruit,  iv.  :142 

duplex  separatus.  viii.  76 

in  cystitis,  i.  777 

tlisorders,  cause  of  headache 

iv. 

effects  of  aniEsthetics  upon,  v. 

in  uVctln-itis.  i.  777 

549 

388 

secretion  of,  conditions  modify- 

moles, iii.  803 

examination  of,  iv.  4.59 

ing,  iii.  543 

plexus,  vii.  579 

faulty  development  of,  viii.  77 

effect  of  cocaine  on,  iii.  1.58 

probe,  iv.  465 

flbromyoma  of,  viii.  96 

effect   of    starvation   upon, 

soutfle.  iv.  342         • 

fixation  of,  viii.  84 

vii.  442 

Utero-sacral  ligaments,  shorten- 

hernia of,  viii.  78,  86 

influence  of  nervous  system 

ing  of,  viii.  85 

during  pregnancy,  iv.  349 

on,  vii.  100 

Uterus,  vii.  157;  and  see.  Sexual  or- 

hypoplasia  of,  viii.  77 

influence     of     sympathetic 

r/diis,  feiiiiile,  and  Gestntior 

. 

incarceration   of,  in  pregnancy. 

system  on,  vii." 584 

abuormal  communications  with, 

iv.  348 

sediments  in,  viii.  56 

viii.  78 

infantile,  viii,  77 

serum  albumin  in,  viii.  30 

absence  of,  viii.  72 

inversion  of,  viii.  85 

signs  of  disturbances  of  metab- 

adenoma of,  i.  112 

involution,    subinvolution,   and 

olism  in,  v.  775 

adenomyoma  of,  viii.  9& 

snperinvolution  of,  viii.  98 

silicates  iu,  viii.  55 

anatomy  of,  vii.  157 

lateral  disidacements  of,  in  preg- 

silicic acid  in,  viii.  55 

antefiexion.  viii.  .80 

nancy,  iv.  348 

skatol  in,  viii.  45 

auteiior  displacements  in  preg- 

leiomyoma of,  vi.  75 

skatoxyl  in,  viii.  45 

nancy,  iv.  348 

lymphatics  of,  v.  637 

sodium'  iu,  viii,  55 

anvil-siiaped,  viii.  75 

lualforniation  of,  vii.  709 

solids    excreted   in,    relation    to 

atresia  of.  i   004 

malignant  tumors  of,  viii.  86 

specific  gravity,  viii.  29 

atro|iliy  of,  viii.  04 

medication  of,  v.  734 

specific  gravity  of,  viii.  28 

benign  tumors  of,  viii.  96 

movements    of,  effect    of  sym- 

spectrum, viii,  30 

bicoruis,  viii.  74 

pathetic  system  upon,  vii.  587 
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Vaiorlauates. 


Uterus,  myoma  of,  vi.  75 ;  viii.  96 

uerves  of,  vii.  .579 

uou-malignaut   tumors  of,   viii. 
96 

obliquity  of,  viii.  77 

oue-liorut'd,  viii.  73 

partial  iuversiou  of,  viii.  85 

polypus  of,  viii.  86 

premature  development  of.  viii. 
78 

procidentia  of,  viii.  83 

prolapse  of,  viii.  83 

in  pregnancy,  iv.  848 

retroversion  and  retroflexion  of, 
viii.  80 
and  retroflexion  of,  in  preg- 
nancy, iv.  347 

rhabdomyoma  of,  viii.  98 

rudimentary,  viii.  73 

sarcoma  of,  viii.  94 

septus,  viii.  76 

duplex,  viii.  76 

subinvolution  of.  viii.  100 

subseptus,  viii.  76 

superinvolution  of,  viii.  104 

suspension  of,  viii.  84 

tuberculosis  of,  viii.  104 

tumors  of,  i.  36 

diagnosed  from  ovarian  tu- 
mors, vi.  438 

two-cbambered,  viii.  76 

two-horned,  viii.  74 

unicornis,  viii.  73 

with  atrophied  second  horn, 
viii.  74 

vaginal  fi.xation  of,  viii.  85 
Utricle  or  utriculus,  i.  621 
Uva  passa,  iv.  413 

ursi.  i.  738 
Uveitis,  malignant,  vii.  .591 

sympathetic,  vii.  591 
Uvula,  viii.  107 

abscission  of,  viii.  108 

absence  of,  viii.  109 

amputation  of,  viii.  108 

asymmetry  of,  viii.  109 

bifurcation  of,  viii.  109 

diseases  of,  viii.  107 

elongation  of,  viii.  109 

iutlammation  of,  viii.  107 

malformations  of,  viii.  109 

neuroses  of.  viii.  Ill 

paralysis  of,  viii.  Ill 

rela.xed,  viii.  108 

syphilis  of,  viii.  109 

tumors  of,  viii.  109 
Uvula  of  the  cerebellum,  ii.  155 
Uvula  vesicae,  vi.  757 
Uvulitis,  viii.   107 

acute  catarrhal,  viii.  107 

fhronic  catarrhal,  viii.  108 

phlegmonous,  viii.  107 
Uvulotomy,  viii.  108 

Vaccaria  vaccaria.  vi.  701 

vulgaris,  vi.  701 
Vaccinating  table,  viii.  139 
Vaccination,  vii.  251;  viii.  Ill 

age     at     which     revaccination 
should  be  performed,  viii. 
116 
for  primary,  viii.  117 
alleged  increased   genei'al  death 
rate  resulting  from,   viii. 
1.50 
increased   liability  to  other 
diseases  caused   by,   viii. 
150 


Vaccination,  alleged  inefficacy  of, 
viii.  150 
amount   of     lymph    obtainable 

from  one  heifer,  viii.  137 
and  smallpo.x.  comparative  pro- 
tection afforded  by,  viii.  133 
animal,  viii.  134 
asepsis  in.  viii.  118 
auto-vaccination,  viii.  117 
bovine,  viii.  133 

advantages  of,  viii.  136 
collection    of    lymph,    viii. 

140 
region  to  be  selected  for  in- 
oculation, viii.  139 
scarificator  for,  viii.  119 
technique  of,  viii.  138 
by  puncture,  viii.  118 
by  scariflcatiou,  viii.  118 
by  scraping,  viii.  118 
capillary  tubes,  viii.  142 
care  of  instruments,  viii.  119 
circumstances  calliiig  for  imme- 
diate, viii.  119 
collection   of   lympli,    viii.   140, 

143 
compulsoj-y,  viii.  137 
contested  points  in  relation  to, 

viii.  129 
crusts,  viii.  141 

degeneration  of  vaccine,  viii.  138 
development  of  the  vesicle,  viii. 

140 
disinfection  in,  viii.  118 
displacement  of  mortality  as  an 

argument  against,  viii.  150 
dry  lymph  in  crusts,'  viii.  141 
in  ivory  points,  viii.  141 
in  powder,  viii.  142 
duration  of  protective  power  of, 

vii.  133 
effect  of  climate,  viii.  116 

upon  the  age  distribution  of 
the  mortality  from  small- 
pox, viii.  130 
extent  to  whieli  it  is  now  prac- 
tised, viii.  119 
for  influenza,  v.  17 
glvcerinate<l  lymph,  viii.  142 
health  of  individual,  as  affecting, 

viii.  118 
liistory  of,  viii.  113 
instruments  employed,  viii.  119 
insusceptibihty  to,  viii.  117 
investigations   relative   to,    viii. 
146;  and  see  Vnceinia,  bacteri- 
ology of 
ivory  points,  viii.  119 
lancet,  viii.  119 

laws  of  different  countries  rela- 
tive to,  viii.  147 
of  the  United  States  relative 
to,  viii.  148 
legal  definition  of.  viii.  Ill 
methods  of,  viii.  117 
moist  lymph,  viii.  143 
necessitv  for  revaccination,  viii. 

117 
needles,  viii.  119 
objections  against,  viii.  149 
opposition  to,  viii.  1,50 
protection  afforded  bv,  viii.  121, 

133 
revaccination,  viii.  116 
statistics  of  results,  viii.  120 
teclinique  of,  viii.  117 
vaceiuization.  viii.  117 
Vaccine,  degeneration  of,  viii.  138 


Vaccine,  government  production  of, 
viii.  138 
lymph,  etTieiency  of,  viii.  140 

prejiaration  of.  viii.  140 
.scarifier,  viii.  119 
vesicles,  gausre   for  measuring, 
viii.  119 
Vaccinia,  iii.  307;  viii.  113 
bacteriology  of,  viii.  144 
constitutional    symptoms,    viii. 

113 
distribution,  viii.  113 
incubation,  viii.  113 
irregular  forms,  viii.  115 
modified,  viii.  115 
phenomena  of,  in  cow,  viii.  113 

in  man,  viii.  115 
relation  of,  to  variola,  viii.  118 
spurious  eruptions,  viii  113 
Vaccinization,  viii.  117 
Vacuolar  degeneration  of  the  neu- 
rones, vi,  ','1)2 
Vacuoles,  ii.  7iil 
Vacuum     method    of    ventilating 

ships,  vi.  157 
Vagina,  absence  of,  viii.  153 
anatomy  of,  vii.  164 
atresia  of,  i.  604;  viii.  154 
cancer  of,  ii.  640 
congenital     malformations     of, 

viii.  153 
cysts  of,  iii.  351 ;  viii.  1.58 
development  of,  viii.  1.53 
diseases  of,  viii.  158 
divided,  viii.  157 
duplex,  viii.  157 
faulty  communication   of.  with 

other  cavities,  viii.  157 
tistul.T  of,  viii.  168 
infantile,  viii.  158 
inflammation  of,  viii.  63;  and  see 

Viif/iiiitis 
inversions  of  mucous  membrane 

of,  viii.  157 
lymphatics  of,  v.  637 
malformation  of,  vii.  709 
measurements  of,  viii.  239 
medication  of,  v.  734 
modifications  of,  in  pregnancy, 

iv.  340 
stenosis  of,  viii.  1.56 
subinvolution  of,  viii.  104 
syphilitic  lesion  of.  vii.  626 
tamponing,  viii.  177 
tuberculosis  of,  viii.  104 
Vaginal  touch,  iv.  343 
Vaginismus,  viii.  179 
Vaginitis,  viii.  163 
in  eliildren,  viii.  163 
in  the  married,  viii.  164 
in  the  unmarrieil,  viii.  164 
senile,    leucorrlnea    accompany- 
ing. V.  496 
specific,  viii.  166 
Vagus  nerve,  iii.  318;  v.  30 

action  on  respiration,  vi.  9.53 
Valentine's  apparatus   for  irrigat- 
ing the  urethra  and  bladder, 
viii.  19 
knife,  iv.  713 
Valerian,  viii.  180 
American,  iii.  340 
as  an  antispasmodic,  i.  387 
Valeriana  officinalis,  viii.  180 
Valerianates,  viii.  181 
of  iron.  V.  227 
of  quinine,  iii.  90 
of  zinc,  viii.  339 
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Valerianic  acid,  viii.  181 
as  a  irfniiicidf.  iv.  337 
Valeric  acid,  viii.  181 
Valeridin,   vii.   105;  viii.   181;  aud 

see  Stiliitiii 
Valerin,  viii.  181 
Valerine,  i.  567 
Validol,  \iii.  181 
Valise,   obstetric,   contents  of,   v. 

384 
Vallet's  ferniiriuous  pills,  v.  223 

mass,  V.  2^3 
Valsalva,  aneurism  of.  i.  343 

sinuses  of,  i.  406 
Valsalva's   method  of  e.xamiuing 
Die  middle  ear.  iii.  664 
of  inllating  middle  ear.  iii,  664 
"Value  globulaire,"  ii.  61 
Valves  i>f  heart,  location,  iv.  573 
of  Thebesius,  iv.  .569 
rujiture  of,  iv.  613 
Valvulse    conniventes,    histology 

of.  V.  185 
Valzin,  iii.  502 

Vance's  aesthesiometer,  i.  135 
Van  Ermengem's  metbod  of  stain- 
ing Hagella.  viii.  8118 
Van  Fleet's  modification  of  Pana's 

operation  for  ptosis,  iv.  121 
Vanilla,  viii.  181 

planifcilia.  viii.  181 
Vanillic  aldehyde,  viii,  183 
Vanillin,  viii.  183 

paraphcnetidiu,  viii.  183 
Vanlair's   modification  of  Flem- 

ming's  liardeuiug  Huid.  iv.  707 
Vaporization  calorimeter,  ii.  561 
Vapors,  otleusive,  mitigation  of,  vi. 

338 
Variability,  iv.  639:  viii.  183 
coelticieut  of,  viii.  191 
measure  of.  viii.  193 
Variation,  viii.  183 

a  factor  of  organic  evolution,  iv. 

23 
and  chance,  viii.  185 
blastogenic.  viii.  183 
classilication,  viii.  184 
collection  and  tabulation  of  data, 

viii.  188 
correlation  of,  iv.  24:  viii.  194 
evidence  of,  in  evolution  of  man, 

iv.  89 
homoeotic,  viii.  184 
homotypic,  viii.  184 
individual,  viii.  184 
measure  of  variability,  viii.  191 
nieristic,  viii.  184 
normal,  viii.  184 
precision  of  the  constants,  viii. 
.  197 

racial,  viii.  184 
sliewness,  viii.  194 
somatogenic,  viii.  183 
substantive,  viii.  184 
theoretical  curves,  viii.  193 
what  it  is  not,  viii.  183 
Varicella,  ii.  826;  and  see  Chicken- 
po.v 
conoides,  ii.  837 

diagnosed  from  impetigo,  iv.  847 
gloljata,  ii.  827 
lenticularis.  ii.  827 
pliaryngitis  in,  vi.  593 
Varices,  viii.   198,  aud  see  Varicose 
reins 
in  pregnancy,  iv.  346 
in  the  upper  extremity,  i.  470 


Varices,   ivmphalic,  cau,ses   of,  iii. 
78 

oesophageal,  vi.  338 

of  urethra,  i.  770 
Varicocele,  vii.  188 
Varicose  tumors  of  vulva,  viii.  163 
Varicose  ulcer,  vii.  948 
Varicose  veins,  viii.  198 

eonipiieation.s,  viii    199 

diagnosis,  viii.  199 

etiology,  viii.  198 

of  the  leg,  V,  478 

symptoms,  viii.  199 

treatment,  viii.  199 
Variola,  see  .'^iiiiillpu.r 

followed  by  blindness,  ii.  12 

in  the  new-lxirn.  vi.  278 

relation  of  vaccinia  to,  viii.  113 
Varix,  viii.  215 

anastomoticus,  viii.  216 
Vas   deferens,  see    Genital  organs, 

IIHll,- 

Vasa  vasorum,  i.  408 

Vascular  system,  general  account 

of.  iii.  97 
VasciiJitis,  ii   96 
Vasectomy,  vii.  183 

for  hvpertrophy  of  ]irostate,  vi. 
769" 
Vaseline,  vi.  576 

Vaso-motor    centre,   lesions  in,   ii. 
294 
of  heart  and  circulation,  iii. 
117 
inhibition,  v.  24 
reflexes,  iii.  117 
Vaso-motor  nerves,  iii.  115 

cllect  on  circulation  of  blood,  iii. 
115 
Vaug-han's  cage,  viii.  393 
Vegetable  foods,  poisonous,  iv.  189 
Vegetable  organism,  food  of,    i. 

178 
Vegetable  sulphur,  v.  616 
Vegetables,    amount    allowed   sol- 
diers, V.  799 
as  food  for  invalids,  iii.  4.55 
Vegetation,  effect  of  climate  on,  iii. 

148 
Veins,  actinomycosis  of,  viii.  218 
air  in,  viii.  214 
anomalies  of,  viii.  200,  308 
anterior  jugular,  vi.  196 
anomalies  of,  viii.  203 
surface  markings  of.  vi.  191 
atrophy  of,  viii.  209 
axillarv,  anomalies  of,  viii.  204 
az3-gos,  vii.  751 

anomalies  pf.  viii.  203 
basilic,  iv.  239 

anomalies  of.  viii.  204 
callosal,  ii.  257 
carcinoma  of,  viii.  219 
cardiac,  iv.  573 

anomalies  of,  viii.  201 
bruises  of.  viii.  214 
cardinal,  viii.  201 
cavernous  sinus,  viii.  204 
cephalic,  iv.  239 

anomalies  of.  viii.  204 
circular  sinus,  viii.  204 
coronary,  iv.  573 

sinus,    anomalies    of,     viii. 
201 
development  of  the  great,  viii. 

201 
dilatation  of.  viii.  215 
dural,  ii.  3.55 


Veins,  emissary,  of  the  skull,  ii.  262 
erosions  of.  viii.  214 
external  jugular,  vi.  196 

anomalies  of,  viii.  202 

surface  markings  of   vi.  191 
external  .saphenous,  viii.  207 

surface-markings  of,  vi.  191 
facial,  anomalies  of,  viii.  202 

surface  markings  of,  vi.  191 
femoral,  anomalies  of,  viii.  207 
foreisrn  bodies  in.  viii.  218 
Galen's,  ii.  2.56 
hepatic,  v.  528 

anomalies  of,  viii.  207 
histolog}-  of  the,  ii.  93 
iliac,  anomalies  of,  viii.  206 
inferior  cava,  vii.  751 

anomalies  of,  viii.  205 
inferior  thj-roid,  vi.  196 
inflammation  of,  viii.  210 
innominate,  vii.  751 

anomalies  of,  viii.  202 
internal  iliac,  anomalies  of,  viii. 

206 
internal  jugular,  vi.  196 

anomalies  of,  viii.  303 

surface  marking  of,  vi.  191 
internal  mammarv,  anomalies  of. 

viii.  303 
internal     saphenous,    anomalies 

of,  viii.  207 
jugular,  anomalies  of,  viii.  204 
lateral  sinus,  viii.  204 
longitudinal  sinus,  inferior,  viii. 
304 

superior,  viii.  304 
median,  iv.  239 
medidural,  vii.  2.55,  263 
mesenteric,  blood  of,  ii.  37 
middle   thyroid,    surface    mark- 
ings of,  vi.  191 
myoma  of,  vi.  77;  viii.  218 
obstruction  of,  viii.  315 
obturator,  anomalies  of,  viii.  306 
occipital  sinus,  viii.  304 
of  Galen,  ii.  356 
of  the  brain,  ii.  3.55 
of  the  diploe,  ii.  355 
of  the  lower  limb,  anomalies  of, 

viii.  307 
of  the  mamma,  ii.  470 
of  the  neck,  vi.  196 
of  the  portal  system,  anomalies 

of,  viii.  307 
of  the  spleen,  vii.  415 
of  the  upper  limb,  anomalies  of, 

viii.  204 
olfactory,  ii.  257 
ophthalmic,  ii.  263 
pathology  of,  viii.  208 
petrosal  sinuses,  viii.  204 
petrosquamous  sinus,  viii.  204 
popliteal,  anomalies  of,  viii.  207 
portal  system  of,  viii.  207 
posterior  vertebral,  viii.  201 
postjugular,  ii.  262 
postperforant.  ii.  257 
prebasal,  ii.  257 
precerebral.  ii.  257 
preperforant.  ii.  257 
pulmonarv.    anomalies   of.    viii. 

201 
radial,  iv.  239 

anomalies  of,  viii.  204 
renal,  anomalies  of.  viii.  206 
retrograde  changes  in,  viii.  209 
rupture  of,  viii.  314 
saphenous,  v.  478 
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Valeria  nil-  acid* 
Vliiofirar. 


Veins,  saphenous,  auonialicsof,  viii. 
307 
sarcoma  of.  viii.  219 
sclerotic,  ii.  10.5 
sinuses  of  the  brain,  varieties  of, 

viii.  203 
spermatic,  iv.  326 

anomalies  of.  viii.  206 
stenosis  of,  viii.  21.") 
straight  sinus,  viii.  204 
subccrebral,  ii.  2.57 
subclavian,  vi.  ISX! 

anomalies  of,  viii.  204 
subcornual,  ii.  257 
sube\itaneous   ligation    of,    viii. 

200 
subfronlal.  ii.  257 
suboccipital,  ii.  257 
supercercbral,  ii.  255 
superdural,  ii.  255 
superior  cava.  vii.  751 

varieties  of,  viii.  202 
suprarenal,    anomalies    of,    viii. 

206 
suprascapular,      anomalies     of, 

viii.  203 
S3-lviaD,  ii.  257 
temporo-maxillary,       anomalies 

of,  viii.  202 
thrombosis  of,  viii.  214 
torcular  Herophili,  viii.  203 
transverse  cervical,  anomalies  of, 
viii.  203 
innominate,  viii.  202 
ulnar,  iv.  239 

umbilical,  anomalies  of,  viii.  208 
tumors  of.  viii.  21S 
varicose,  viii.  198 
vertebral,  anomalies  of,  viii.  203 
vitelline,  viii.  335 
wounds  of,  viii.  214 
Vein-stones,  viii.  214 
Veldt  sore,  vii.  944 
Vellosine,  iv.  314 
Velpeau's   bandage,    i.    728,    730; 

iv.  2.59 
Velum,  ii.  180 
Velum  palati,  viii.  107 
neuroses  of.  viii.  Ill 
paralysis  of,  viii.  Ill 
syphilis  of,  viii.  110 
Vena  aberrans  of  Verga,  ii.  263 
medilacerata,  ii.  263 
subpetrosa.  ii.  203 
Vena  alba  thoracis,  v.  625,  645 
Vena  cava,  connected  with  pulmo- 
nary veins,  viii.  202 
inferior,  anomalies  of.  viii.  205 
superior,  anomalies  of.  viii   202 
connected   with   pulmonary 

veins,  viii.  202 
development  of.  viii.  201 
double,  viii.  202 
Venae  cordis  minimse,  iv.  573 
Venereal   diseases   among  troops, 

ii.  607 
Venereal  sores  of  eyelids,  iv.  117 
Venereal    warts    on   vulva,   viii. 

163 
Venesection,  ii.  71 

in  hi-ait  disease,  iv.  610 
Venezuela,    Pharmacopcria   in,   vi, 

586 
Venom,  see  Poisonous  reptiles 
Venoms,  liaMnolysis  liy.  viii.  474 
Venous    openings    through   the 

skull,  ii.  202 
Venous  tjulse,  iii.  102 


Ventilation,  vi.  948;  and  see  Air, 
and  UoHse-siinitiitioii 
imperfect,  as  cause  of  dvsenterv, 

iii.  .567 
in  army  transport  service,  i.  519 
of  barracks,  v.  808 
of  houses,  iv.  755 
of  school-buildings,  vii.  70 
of  shiji-s,  vi.  1,55 
of  workshops,  vi.  328 
test  of  efReiency  of.  i.  153 
Ventilators  for  lunisfs.  iv.  757 
Ventnor,  Isle  of  Wight,  viii.  219 
Ventral  hernia,  iv.  680,  681 
Ventricles,  cardiac,  iv.  569 

hypertrophy  of,  iv.  591 
influence   of,   ou  pulse,   vi. 
799 
lateral,  tapping  of,  ii.  426 
hernia  of,  v.  436 
of  the  larynx,  v.  406 
priilajise  of,  v.  436 
Ventricular  bands,  v.  406 
Ventricular  venous  pulse,  vi.  807 
Ventriloquism,  i.  624 
Venus'  fly-trap,  iii.  559 
Ver  macaque,  v.  1.53 
Vera  Cruz,  yellow  fever  in.  viii.  .5.85 
Veratridine,  viii.  220 
Veratrin,  iv.  626 
Veratrina,  viii.  220 
Veratrine,  ii.  690;  viii.  220 
Veratrinum,  viii.  220 
Veratroidine,  ii.  690;  iv.  625 
Veratrol,  viii.  221 
Veratrum,   iv.  625;  viii.   220;   and 
see  Jlelluhore 
poisoning  by,  iv,  626 
poisonous  plant,  vi.  704 
viride,  iv.  625 ;  and  see  IleUehon:, 
Amerimn 
action  of,  upon  the  heart,  ii. 
689 
Verbascum  thapsus,  vii.  77 
Verbena  oil,  iii.  126 
Verjus,  iv.  413 
Vermicide,  i.  362 
Vermifuge,  i.  362 
Vermilion,  v.  7-56 
Vermin-killers  containing  arsenic, 

poisoning  by,  viii.  347 
Vermont   Mineral   Springs,   viii. 

221 
Vermont,  recjuirements  for  medical 

practice  in.  iv.  48 
Veronal,  viii.  221 
Veronica,  v.  490;  a.nt\%ee Leptandra 
Verruca,  viii.  221 

acuminata,  viii.  221 
necrogenica,  iv.  504;  vii.  223 
plana,  viii.  221 

juvenalis,  viii.  221 
of  the  aged,  viii.  221 
seborrhoica,  vii.  88 
senilis,  vii.  88;  viii.  221 
vulgaris,  viii.  321 ;  an<l  see  yVart 
diagnosed  from   condyloma 
acuminatum,  ii.  238 
Version,  vi.  314 
cephalic,  vi.  314 
extraction  after,  vi.  314 
pelvic,  vi.  314 
podalic.  vi.  314 
Vertebrae,  cervical,  caries  of,  cause 
of  headache,  iv.  5.53 
siiiual  cord  in.  vi.  200 
Vertebral  artery,  vi.  195 
anomalies  of,  i.  528 


Vertebral  veins,  anomalies  of,  viii. 

202 
Vertex,  vii.  229 
Vertigo,  viii.  222 

as  symptom  of  intracranial  tu- 
mor, ii.  436 

aural,  viii.  224 

gastric,  due  to  atito-intoxication, 
i.  644 

in  chronic  p\irulent  otitis,  iii.  639 

in  ear  diseases,  iii.  660 

intestinal,  due  to  auto-intoxica- 
tion, i.  644 

lal)yrinthine,  viii.  224 

symptomatic,  viii.  222 
Verumontanum,  iv.  322;  viii.  15 
Vesical  hernia,  iv.  682 

paresis,  i.  768 

plexus,  vii.  579 
Vesicants,  ii.  14:  iii.  304 
Vesicle,  germinal,  vi.  448 

mnbilical,  viii.  334;  and  see  Yolk 
site 
Vesicles,  seminal,  vii.  190 
Vesico-uterine  fistula,  viii.  168 
Vesico-vaginal  cystocele,  viii.  158 
Vesico-vaginal  fistula,  viii.  168 

treatment,  viii.   171 
Vesiculse,  caused  by  drugs,  iii.  423 
Vesicular  breathing,  ii.  817 

cysts,  vii.  191 
Vesicular  epizootic  fever,  iv.  733 
Vesiculitis,  vii.  190 

comi'licating  giinorrlioa.  iv.  402 
Vesiculo-tympanitic    resonance, 

ii.  816 
Vespa  germanica,  v.  168 

maculata,  v.  168 

vulgaris,  v.  168 
Vespidae,  poisonous,  v.  168 
Vessels,  ligation  of,  in  amputation, 

i.  243 
Vestibular  sacs,  function  of,  i.  624 
Vestibule,  anatomy  of,  i.  620;  vii. 
169 

liullis  of.  vii.  172 
Vestigial   organs,  as  an  evidence 

iif  evolution,  iv.  21 
Veterinary  science  in  its  relation 

to  public  health,  viii.  224 
Vevey,  Switzerland,  viii.  233 
Vibices,  iii.  273 
Vibrio,  i.  681 
Viburnin,  viii.  335 
Viburnum  opulus,  viii.  234 

in  dysmenorrha'a,  iii.  577 

|irunifolium.  viii.  234 
Vicarious  menstruation,  v.  740 
Vichy,  France,  viii.  235 
Vicksburg,  Miss.,  viii.  236 
Victoria,  Australia,  viii.  236 
Victoria    Mineral   Springs,    viii. 

237 
Victory  Strontia  Spa,  viii.  237 
Vienna  caustic,  vi.  743 

mixture  as  an  an.esthetic.  i.  292 
Villacabras  Springs,  Spain,  viii. 

237 
Virgin  Hot  Springs,  viii.  238 
Villi,  anmiotie,  viii.  4 

chorionic,  iii.  48 

of  the  small  intestine,  v.  183 
Vine,  European,  iv.  413 
Vinegar,  v.  740 

adulterations  of,  iv.  183 

eel,  vi.  307 

of  opium,  vi.  386 

of  squill,  vii.  434 
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Vimim  album,  i.  169 

Vitelline  membrane,  vi,  448 

Volume,  relation  of,  to  weight,  viii. 

nibnim.  i.  169 

sac,  viii,  334 ;  and  see  Yolk  sac 

;iiMl 

Vioform,  viii.  238 

silver,  vii,  216 

specific,  viii.  300 

Violacese,  poisonous  plauts  of,  vi. 

veins,  viii.  335 

Volvulus,  iii.  204 

6!to 

Vitellus,  iii.  727 

treatmrnt,  v.  175 

Violet,  nifthyl,  vi.  817 

Vitiligo,  vi.  635;  viii.  264 

Vomer  bone  in  cleft  palate,  iii.  133 

|ioisoiuius  ]i]uiit,  vi.  705 

Vitis  vinifera,  iv.  413 

Vomiting,  vii.  495;  aud  see  Emetics, 

Viper  bite,  syniptoiu  of,  vi.  712 

Vitreous  body,  iv.  s2 ;  viii.  265 

iii.  son 

Viperin,  vi.  711 

auatomy,  viii.  365 

as  symptom  of  intracranial  tu- 

Virginia Beach,  vi.  ::i47 

anomalies  of,  viii,  265 

mor,  ii,  430 

Virginia,  liistoiy    of  yellow    fever 

cysticercus  ceIlulos;ie  in,  viii,  268 

central,  vii.  495 

in.  viii.  ")S7 

degenerations  of,  viii.  267 

cerebral,  vii.  503 

rcquiieuK-nts  for  medical  jirac- 

detachment  of,  viii.  267 

following  anaesthesia,  iii.  24 

tice  ill.  iv.  4S 

diseases  of,  viii.  265 

in  appendicitis,  i.  424 

Virginia  Hot  Springs,  iv.  746 

fatty  degeneration  of,  viii.  267 

in  heart  disease,  treatment,  iv. 

Virus  fixe  of  Pasteur,  vi.  831 

fluidity  of,  viii,  267 

610 

Viscera,  gunshot  wounds  of,  iv,  455 

formation  of  new  vessels  in  the, 

nervous,  vii.  503 

hollow  and  liony  sinuses,  meas- 

viii, 267 

of  pregnancy,  iv.  345;  viii.  269 

urement  of,  viii.  238 

hemorrliages  into,  viii.  267 

causes,  viii.  270 

neuralgia  of,  vi.  248 

iuflammation  of,  viii.  205 

diagnosis,  viii.  270 

termination   of  muscular  fibres 

opacities  of,  viii.  266 

treatment,  viii.  271 

in,  vi.  15 

ossification  of,  viii.  268 

periodical,  vii.  503 

transposition  of.  vii.  673,  858 

parasites  in,  viii,  268 

physiology  of,  iii.  810 

Viscum  album,  v.  571 

structures,  viii.  265 

process  of,  iii.  810 

Vision,  acuteuess  of.  iii.   215;  viii. 

Vitreous  corpuscles,  viii.  265 

reflex,  vii.  495 

24.-> 

Vitreoas  humor,  iv.  82;  viii.  265; 

spinal,  vii.  503 

examination  of.  iii.  215 

see  also  ]'itrmiis  Innly 

true.  vii.  495 

standards  of,  iii.  216 

Vitriol,  blue,  iii,  278 

Von   Basch's   sphygmomanome- 

astigmatic, i   591 

elixir  of,  vii.  .563 

ter,  vi.  ■'•02 

binocular,  viii.  244 

green,  v.  223 

Von  Fleischl's  h;emoglobinometer. 

test  for,  vi,  397 

oil  of,  vii.  .562 

ii.  55 

blue,  viii.  579 

white,  viii.  339 

ha-mometer,  ii.  55 

colored,  viii.  579 

Vitriolated  tartar,  vi.  745 

polarimeter.  vi.  730 

compared  with  hearing,  i.  624 

Viverra  eivetta,  iii.  127 

Von  Fleischl-Meischer  hannoglo- 

direct,  viii.  243 

zibetha,  iii.  127 

binoiuetcr.  ii.  57 

disorders  of,  ehloropsi:!,  viii.  579 

Vivisection,  viii.  208 

Von  Jaksch's  anaemia,  vi.  772 

chromatopsia,  viii.  579 

Vocal  cords,  in  inhalation,  v.  451 

Von  Noorden's  standard  diet,  iii. 

erythropsia,  viii.  579 

in  phouation,  v.  451 

404 

kyanopsia,  viii.  579 

paralysis  of,  v,  429 

Vouacapouaararoba,  iii.  75 

xantho'psia,  viii.  579 

trachoma  of,  v,  416 

Vowels,  articulation  of,  v.  454 

disturbances  of,  in  cerebral  tu- 

true, V.  400 

Vulva,'  anatomy  of,  vii.  168 

mors,  ii.  444 

Vocal  nodules,  v.  416 

aphth;c  of,  viii.  101 

green,  viii.  579 

Vocal  organs,  position  of  in  articu- 

atresia of.  viii.  160 

indirect,  viii.  243 

lation,  v.  455 

blood  supply  of.  vii.  172 

monocular,  viii.  244 

Voge's  animal  holder,  viii.  393 

cancer  of,  viii.  163 

physiology  of,  viii.  240 

Voice,  see  Larynx,  physiology  of,  v. 

chancre  of,  viii.  161 

range   of,    measurement   of,   vi. 

451 

chancroid  of,  viii.  161 

391 

amphoric,  ii.  818 

condyloma  of.  viii.  163 

red,  viii,  579 

auscidtation  of,  ii,  818 

cysts"  of,  iii.  351 

yellow,  viii.  579 

bronchial,  ii.  818 

diphtheria  of,  viii.  161 

Visual  area  of  brain,  ii.  306 

falsetto,  physiology  of,  v.  456 

diseases  of,  viii.  160 

Visual  field,  iv.  91 

larj-ngeal,  ii.  818 

elephantiasis  of ,  iii.  783;  viii.  183 

limits  of,  measurement  of,  vi.  393 

masculinity  of,  in  insanity,  v.  51 

ery.sipelas  of,  viii.  161 

to  determine,  iv.  029 

pulmonary,  ii.  818 

folliculitis  of,  viii,  162 

Visual  perception,  viii.  245 

registers  of  the,  v,  455 

functions  of,  viii,  160 

Visual  perception  of  form,  acute- 

training  of  the,  after  operation 

hifmatocele  of,  viii.  161 

ness  of,  measurement  of,  vi.  392 

for  cleft  palate,  iii.  136 

haMiiatoma  of,  viii.  161 

Visual  purple,  iv.  79 

Volatile  liniment,  i.  215 

hygiene  of,  viii.  160 

Visual  refraction,  viii.  241 

Volatile  oil  of  nmstard,  vi.  68 

hypertrophy  of,  viii.  163 

mechanics,  viii.  241 

of  nutmeg,  vi.  3U7 

inflammation  of,   viii.   161;  and 

binocular  tixation,  viii.  243 

Volhard's  method    of    estimating 

see  Viileitix 

monocular  fixation,  viii.  242 

quantity  of  chlorides  in  urine,  viii. 

injuries  of,  viii.  161 

sensation,  viii.  243,  344 

53 

kraurosis  of,  viii.  163 

Visual  sensations,  viii.  244 

Volition,  disorders  of,  see  Jiisanit!/ 

malformations  of,  viii.  160 

cnm|iared  with  auditory,  i.  624 

disturbances  of,  in  insanitv,  v. 

modifications  of,  iu  pregnancy. 

theories  of.  viii.  24^ 

60 

iv.  340 

Visual  tract,  iv.  030 

impairment  of,  a  symptom  of  in- 

nerve supply  of,  vii.  173 

Vital  capacity,  vi.  947 

sanity.  V.  46 

parasitic  affections  of,  viii.  163 

exhaustion  in  insanity,  v.  72 

Volkmaun's  arthrectomv  of  knee, 

pnu-itus  of,  vi,  772;  viii.  163 

statistics,  viii.  246 

vi.  930 

skin  diseases  of,  viii.  162 

Vital  statistics,  births,  viii.  247 

hiemodromometer,  iii.  100 

thrush  of,  viii.  161 

causes  of  death,  viii.  253 

sliding  rest,  iv.  266 

tuberculosis  of,  viii.  106 

deatlis,  viii.  248 

spoou,  viii.  144 

tumors  of,  viii.  163 

infant  mortality,  viii.  251 

T-splint,  iv.  255 

varicose  tumors  of,  viii.  163 

marriages,  viii."  247 

Voltaic  current,  effect  on  irritabil- 

vegetation    on,     during     preg- 

population, viii.  246 

ity  and  conductivity  of  mus- 

nancy, iv.  347 

Vitalism,  ii.  299 

cle,  iii.  770 

venereal  warts  of,  viii.  163 

Vitelline  arteries,  viii,  335 

excitation  effects  of,  iii.  770 

Vulvitis,  viii.  16! 

I 
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AVeiglilN  and  iiioa^ures. 


Vulvo-vaginal  amis.  viii.  Ibl 
gluud,  CTSts  nl,  i.  7:^.5 

Waconda  Spring,  viii.  273 

Wafers,  v.  73s 

Wages,  iiillueiice   of,  u;.oti  healtli. 

vi.  323 
Wagner  static  machine,  iii.  7o8 
Wahoo,  viii.  273 
Waldeburg's  apparatus  for  com- 

pix-ssiiic;  ;iir,  i    131 
Walker-Gordon  barn,  v.  841 
Walker's  suction  apparatus,  iii. 

.)■").■) 
Wall  decorations,  iv.  753 
Wallerian  degeneration,  viii.  273 
Walley's  Hot  Springs,  viii.  374 
Walnut,  l)l;irk,  ii.  529 
Warburg's  tincture,  i.  378 
Wardrop's     method    of     treating 

anevirism,  i.  332 
Warlomont's  expression  forceps, 

viii.  140 
Warm  stage,  iv.  705 
Wart,  viii.  221 

of  hands  ami  fingers,  iv.  501 
on  the  eyelids,  iv.  106 
oesophageal,  vi.  343 
post  mortem,  iv.  504 
seborrlKvic,  viii.  321 
telcangiectatio.  i.  34M 
venereal,  of  the  vulva,  viii.  163 
Wasatka   Mineral    Spring,   viii. 

274 
Wash,  black,  v.  755 

yellow,  V.  753 
Washed  sulphur,  vii.  561 
Washing  soda,  vii.  257 
Washington,  D.  C,  viii.  274 
Washington,       rcinnremeuts     for 

medieaJ  praetiee  in.  iv.  48 
Washington  Springs,  viii.  275 
Wasps,  digger,  v.  167 

poisonous,  V.  167 
Wassermann's  serum-n  u  t  r  o  s  e 

agar,  viii.  375 
Waste,  excessive,  a  cause  of  atro- 
phy, i.  608 
Wasting  palsy,  vi.  64 
Watch  glasses,  Syracuse,  iv.  718 
Water,  viii.  376 

aeration  of,  viii.  284 

a  form  of  medicine,  v.  740 

amount  required  by  soldiers  on 

the  march,  v.  805 
an  agent  in  the  spread  of  cholera, 

viii.  358 
analyses     of,     from    various 

sources,  viii.  289 
analysis,  viii.  285 
alum,  viii.  290 
appearance   and    turbiditv, 

viii.  385 
bacteriological  examination, 

viii.  290 
chlorine,  viii.  286 
color,  viii.  286 
copper,  viii.  289 
determination  of  ammonia, 

viii.  388 
hardness,  viii.  286 
iron,  viii.  290 
lead,  viii.  289 
microscopical   examination, 

viii.  292 
nitrates,  viii.  287 
nitrites,  viii.  287 
organic  matter,  viii.  288 


Water  analysis,  oxygen-consuming 
capacity,  viii.  289 
reaction,  viii.  286 
to  collect  water  for,  viii.  285 
total  solids,  viii.  286 

anise,  iii.  479 

artitieial  purification  of,  viii.  281 

as  an  alterative,  i.  202 

as  a  therapeutic  a.sent,  iv.  788; 
and  see  Uydrulliernpy 

as  food,  importance  of,  i.  174 

bacteria  in,  viii.  291 

bacteriological   examination   of, 
iv.  403 

boiling,  .scalds  from.  ii.  520 

calorimeter,  ii.  561 

cancer,  viii,  488 

chlorine,  iii.  5 

cliloroforni,  iii.  9 

contamination  of,  liy  galvanized 
pipes,  viii.  340 

co]>per  in,  viii.  289 

creosote,  iii.  328 

determination  of  alum  in,  viii. 
290 
of  albuminoid  ammonia  in, 

viii.  288 
of  chlorine  in,  viii.  386 
of  copper  in,  viii.  291 
of  free  ammonia  in.  viii.  "288 
of  iron  in,  viii.  390 
of  lead  in,  viii.  291 
of  nitrates  in,  viii.  287 
of  nitrites  in,  viii.  287 
of  oxygen-consuming  capac- 
ity, viii.  289 
of  reaction,  viii.  286 
of  total  solids,  viii.  286 

distilled  from  sea  water,  vi.  170 

effect  of,  upon  blood  stains,  ii. 
80 

fennel,  iv.  145 

fiuoroforni,  iv.  161 
,       for  soldiers'  use,  v.  804 

from  sea  water,  vi.  170 

ground,  vi.  168 

gum  arabic,  how  to  make,   iii. 
456 

influence  of,  upon  climate,  iii. 
139 

iron  in,  viii.  290 

Kissingen,  v.  363 

lake,  viii.  376 

lead  in,  viii.  389 

medicated,  v.  740 

nitrous  oxide,  vi.  293 

of  ammonia,  i,  215 

of  cinnamon,  iii.  95 

of  hydrogen  peroxide,  iv.  786 

of  orange  flower,  vi.  398 

of  peppermint,  vi.  554 

of  spearmint,  vii.  263 

oxygenated,  iv.  786 
aerated,  vi.  292 

oxygen-consuming  capacity  of, 
viii.  289 

pure,  viii.  288 

purification  of  artificial,  viii.  281 
by  freezing,  viii.  277 

rain,  vi.  168;  viii.  281 

relation  of,  to  cretinism,  iv.  391 

rose,  vi.  1000 

self-purification  of,  viii.  277 

storage  of,  effect  of,  upon  patho- 
genic bacteria,  viii.  277 

stored,  viii.  276 

supply,  viii.  276 

surface,  vi.  168 


Water,  well,  contamination  of,  viii. 

2S0 
Water-baths,  paraffin,  iv.  71IS 
Water-beds,  to  prevent  bedsores,  i. 

741 
Water-boatmen,  v.  160 
Waterbrash,  vii.  494 
Water-bugs,  v.  160 
Water-closets,  iv.  762 

in  school  buililings,  vii.  71 
Water  gas,  ii.  664 

compared  with  coal  gas,  i.  154 
poi.sonini!  l)v.  viii.  292 
Water-hammer  pulse,  vi.  802,  804 
Water  lilies,  vi.  308 
Waterproof,  to  render  clothing,  v. 

703 
Water  supply  for  school  buildings, 
vii.  71 
for  troops,  vi.  168 
impure,  cause  of  dysentery,  iii. 

567 
of  house,  iv.  763 
of  ships,  vi.  167 
Watson     operation    for    deviated 

nas.-il  s.  ptuni.  vi.  136 
Watson's  Springs,  viii.  392 
Watson's  tube  for  ventilation,  iv. 

757 
Waukesha  Mineral  Springs,  viii. 

293 
Waves,  pulse,  vi.  978 

sounil,  i.  611 
Wax,  viii.  293 

bayberry,  viii.  294 
Chinese,  viii.  294 
Japanese,  viii.  294 
of  ear,  i.  626 
Waxy  degeneration,  i.    268;   and 

si'c  Aiiii/hid  and  yecrosis,  vi.  201 
Weaning  of  infants,  iv.  860 
Weber's  asthesiometer,  i.  134 
canaliculus  knife,  v.  396 
test  for  hearing,  iii.  661 
Weeds,  jioisonous,  vi.  708 
Weighing  and  measuring,    viii. 

301.1 
Weight   and   height,    relative,  in 

childhood,  ii.  832 
Weight  at  birth,  iv.  418 
loss  of,  in  insanity,  v.  52 
in  starvation,  vii.  441 
relation  of.  to  volume,  viii.  300 
specific,  viii.  300 
Weights  and  measures,  viii.  294 
American,  viii.  296 
British,  viii.  296 
compromise  systems,  viii.  299 
decimal,  viii.  298 
earl}'  English  laws  concerning, 

viii.  294 
in  prescriptions,  viii.  301 
Jefferson's  decimal    sj'stcm   of, 

viii.  298 
metric  system,  viii.  398 
old,  viii.  296 
ordinary    subdivisions    of,    viii. 

296 
pharmacopoeial,  viii.  300 
Jirinciplesof  metrology,  viii.  295 
relation  of  arithmetic  to  metrol- 
ogy, viii.  295 
specific  weight  and  specific  vol- 
ume, viii.  300 
standards  of,  viii.  295.  297 
suitable  units,  viii.  299 
weiirhing   and   measuring,    viii. 
300 
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Weil's  ilisoasc,  viii.  301 

iiicat-]intato  iiiiiir.  viii.  376 
Weir-Mitchell's  rest  cure,  vi.  2'>-i 
Well  water,  (■iiiitiuninutioM  of.  viii. 

■.'.so 
Wells,  artesian,  viii.  279 

driven,  superior  to  sunlicii.  viii. 

380 
flnwinc:.  viii.  279 
Welsbacli  burner,  iv.  761 
Werder's  method  of  Iiy.slcrcctomy, 

iv.  827 
Werner-Schmidt  method  of  ilcter- 

niiiiinj;'  fat  in  milk.  v.  827 
West  Baden  Springs,  viii.  303 
West  Springs,  viii.  803 
West  Virginia,    roquircnieuts  for 

medical  practice  in.  iv.  48 
Westphal's  symptom,  v.  363;  vi. 

874;  and  sec  Kiwi-jirk 
Wetemis  Mineral   Springs,  viii. 

303 
Wet-nurses,  viii.  303 
exjicnse  of.  viii.  303 
how  to  obtain,  viii.  304 
mode  of  life  .snitable  for.  viii.  30.5 
qnaliticalions  for,  viii.  304 
phvsical  examination  of,  viii.  30.") 
Wet  pack,  iv.  790 
Wet-sheet   application  of  cold,  iii. 

103 
Weyl's  test  for  krcatinin  in  uriuc, 

viii.  37 
Whann  Alkaline  Lithia  Springs, 

viii.  ::;0<) 
Wharton's  duct,  concrctlon.s  in,  iii. 
233 
jelly,  iii.  3.13;  viii.  3 
Wheal,  viii.  60;  and  see  Urticaria 
Wheel-bug,  v.  162 
Wheelhouse's    fiperation,   external 
uretlirotomy,  viii.  34 
staff,  viii.  34 
Whey,  vi.  .'j.57 
alum,  i.  307 
cream  of  tartar,  vi.  74.5 
cnre.  the,  at  Meran,  v.  748 
Whey-cream  mixtures,  v.  833 
Whip-worm,      see       Tricocephalus 

fr/i'/iinnin,  vi.  216 
Whiskey,  i.  169 

Whispering,  jilivsiology  of,  v.  4.56 
White  lead,  v.  471 
White  oak,  vi.  309 
White  precipitate,  v.  7.5.5 
White  Sulphur  Springs,  Cal.,  ii. 

.5S0 
White   Sulphur   Springs,   Iowa, 

viii.  306 
White     Sulphur    Springs,    La., 

viii.  306 
White  Sulphur  Springs,  Mont., 

viii.  306 
White  vitriol,  viii.  339 
White  wine,  i.  169 
Whites,  v.  493;  and  see  Lcucorrlnva 
White's     apparatus    for     nitrous 
o.xidc,  iii.  18,  19 
for  nitrous  oxide  and  oxygen,  iii. 

Whiting's    rongeur    forceps,     v, 

703 
Whitlow,  iv.  503 

painless  v.  86.5 
Whitman's  brace  for  talipes  calca- 
neus, iv.  236 
Whooping-cough,  viii.  306 
complications,  viii.  308 


Whooping-cough,  dcalli  rate,  viii. 
5.52 

diagnosis,  viii.  309 

ctiolog_v,  viii.  308 

history,  viii.  306 

imthoiogy.  viii.  309 

prognosis,  viii.  310 

prophylaxis,  viii.  311 

.symptoms,  viii.  307 

syuouyms,  viii.  306 

treatment,  viii.  310 
Whorehouse  tea,  iii.  844 
Widal   test,   i.    703;   vii.   131,  920; 

viii.  402,  .577 
Wiesen,  sec  Ditros,  iii.  853 
Wilbur  Springs,  viii.  312 
Wild    ginger,    vii.    3.54;     and   sec 

Siiiikcniot 
Wilden  Spring,  viii.  313 
Wilde's  angular  forceps,  iii.  663 

car  s|iecula.  iii.  662 
Wilhoit's  Soda  Springs,  viii.  313 
Willett's  operation  for  calcaneus. 

iv.  235 
Willis,  circle  of,  ii.  251 
Willcfughboea,  iv.  422 
Willow,  vii.  14;  and  see  Sfilix 
Wills,  capacity  to  make,  iii.  128 

of  insane,  v.  77 
Wilson's  cyrtometer,  ii.  404 

work  on  artificial  parthenogene- 
sis, vi.  516 
Winds,  an  element  of  climate,  iii. 
143 

at  health  resorts,  iv.  564 

periodic,  iii.  140 

permanent,  iii.  140 

prevailing,  a  factor  of  climate, 
iii.  140 

variable,  iii.  140 
Wine,  i.  169 

a  form  of  medicine,  v.  740 

of  antimony,  i.  375 

of  colchicuin  root,  iii.  193 
seeds,  iii.  192 

of  ergot,  iv.  3 

of  ferric  citrate,  v.  236 

of  ipecac,  v.  313 

of  iron,  bitter,  v.  336 

of  opium,  vi.  386 

red,  i.  169 

white,  i.  169 
Winhuka,  v.  163 
Winkler's  method  of  treating  sinu- 
sitis, iv.  374 
Winnipeg,  viii.  313 
Winslow,  stars  of,  iv.  73 
Wintergreen*  viii.  313 

bitter,  vi.  638 

false,  vi.  638 
Winter's  bark,  ii.  646 
Wire  basket  for  sterilizing  tubes, 

viii.  ;179 
Wirsung,  duct  of,  vi.  460 
Wisconsin,  requirements  for  medi- 
cal practice  in,  iv.  48 
Wise's  stretcher,  vi.  187 
Witch  hazel,  viii.  313 
Witness,  competency  and  credibil- 
ity of  insane  as,  v.  77 

medical  expert,  iv.  53 
Witter's  Mineral  Spring,  viii.  314 
Wladimiroff-Mikulicz  method  of 

tar.sectomv,  vi.  938 
Wolfbane,"i.  83 
Wolf  spider,  v.  1.59 
Wolfer's    Mineral    Spring,     viii. 
314 


Wolffhtigel's  colony  counter,  viii. 

404 
Wolffian  body,  deiiuoid  cysts,  viii. 
.5S1 
malformations  of,  viii.  ,5.80 
pathology  of,  viii.  579 
teratoma,  viii.  .581 
tumors  derived  from  the  Wolf- 
fian body  rests,  viii.  .581 
Women,  bearded,  iv.  808 

di.seases  of,  as  cause  of  insanity. 

V.  33 
effects  of  castration  on,  ii.  713, 
715 
Wood  alcohol,  v.  780 
C'ampechy,  v.  566 
ilust,  effect  of  inhaling,  vi.  325 
naphtha,  v.  780 
oil,  iv.  456 
siiirit,  V.  780 
Woodman  and  Rich-ard's  method 
of  determining  the  CO;  in  ;ur.  vi. 
161 
Wood-tick,  see  Lvodidai,  i.  435 
Wool-fat,  bydrous,  v.  405 
Woollen   comforters,  for  soldiers, 

V.  797 
Wool-sorters'  disease,  i.  363;  vi. 

324;  and  see  Antlimx 
Wool  workers,  liealth  of,  vi.  3.  t 
Woorari,  iii.  .338 
Wootau  Wells,  viii.  314 
Word-blindness,  i.  414;  ii.  13 
Word-deafness,  i.  414 
Workshops,  amount  of  air  required 
in,  ii.  661 
construction  of,  hygienic  import 

of,  vi.  327 
im]iurities  in,  vi.  328 
Wormian  bones  and  fontanels, 

viii.  .581 
Worms,  a  cause  of  eclampsia  infau 
tum,  iii.  701 
a  cau.se  of  lencorrlicca,  v.  495 
cla.ssitication  of,  i.  362 
flat,  ii.  779 
guinea,  vi.  310 
hair,  vi.  324 

in  the  nasal  cavities,  vi.  143 
moss.  vi.  1 
pin,  i.  363 
round,  i.   363;  vi.   385;  and  see 

Xciiuttoda 
seat,  i.  363 
tape,  i.  363 
thread,  i.  363 
Wormseed,  American,  viii.  315 
Levant,  viii.  315 
]ioisouing  by,  viii.  315 
Wormwood,  viii.  316 
Wounds,  accidental,  i.  569 
aseptic  treatment  of,  i.  569 
bullet,  homicidalorsuicidal,  i.668 
in  medico-legal  autopsy,  i. 
666 
dissection,  iii.  530 
dressing  of,  i.  .568 

absorbent  material  for,  iii. 
555 
followed   by  dermatitis  repens, 

iii.  433 
gunshot,  iv.   427;  and  see  Qun- 
■i/iol  troiinds 
amputation  in,  i.  236 
of  joint,  V.  395 
irrigation  of,  i.  569 
multiple,  from  same  bullet,  iv. 
441 
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Moll's. 
Zluc. 

Wounds,  m\iltii)lc',   self-inflicted,   i. 

Xanthon-hcea  resin,  viii,  318 

Yellow  fever,  relation  of  mosqu"'- 

ms 

Xanthoxylin,  i.  570 

toes  to,   viii.  324 

•     of  tlie  brain,  gunshot,  ii.  421 

Xanthoxylum,  i.  570 

symptomatology,   morbid   anat- 

punctured, ii.  421 

americanuiu,  i.  570 

omy,  and  treatment,  viii.  590 

of  tlie  cervix  uteri,  viii.  69 

clava-Herculis.  i.  570 

transmitted   by   mosquitoes,    v. 

of  tlie  colon,  iii.  201 

caribfeum,  i.  571 

870 

of  the  conjiuK-tivii,  iii.  3oO 

senegaleuse,  i.  571 

treatment,  viii.  598 

of  the  hands  and  lingers,  iv.  501 

Xenia,  iv.  853 

tv]5es  of,  viii.  591 

of  the  heart,  iv.  61.5 

Xeroderma,  see  h-hthi/osis,  iv.  836 

Yellow  milk,  v.  823 

of  the  .ioiuts,  v.  2i)2 

Xerodermie   pilaire,    v.    307;  and 

Yellow  spot,  iv.  77 

of  the  lungs,  vii.  7,53 

see  Kt  tuittisiv  pthtriti 

Yellow  Springs,  viii.  3;!2 

of  the  mamma,  ii.  473 

Xeroform,  vii.  878 

Yellowstone  National   Park 

of  the  moutli,  viii.  490 

Xerophthalmia,  iii.  244 

Springs,  viii.  ;-!3 

of  the  muscles,  vi.  38 

Xerostomia,  vi.  512;  vii.  13 

Yellow    Sulphur    Springs,    viii. 

of  the  omentum,  vi.  361 

Xiphopagus,  vii.  685 

332 

of  the  pancreas,  vi.  472 

Xique,  ii.  828 

Yellow  wash,  v.  753 

of  the  parotid  gland,  vi.  .509 

X-rays,  vi.  982;   and  see  Roentgen 

Yerba  mate,  v.  713 

of  the  pharynx,  vi.  .591 

rtii/s 

santa,  viii.  333 

of  the  prostate,  vi,  7.57 

burns  from,  vi.  990 

Yersin's   "anti-pest"  serum,  in 

of  the  veins,  viii.  214 

dermatitis  from,  iii,  418 

bulionif  ]ilague,  ii.  511 

operation,  i.  569;  iii.  530 

gangrene  from,  iv.  303 

Yew-berries,  poi.sonous,  vi.  700 

post-mortem,  iii.  530 

in  diagnosis  of  fractures,  iv.  2.50 

Yolk  sac,  viii.  334 

scalp,  ii.  421 

treatment  of  lupus  vulgaris,  v. 

anatomy,  viii.  3.35 

surgical,  i.  569 

616 

embryology,  viii.  334 

treatment  of,  i.  .568 

ttd)e,  self-rcgulating,  vi.  986 

histolog)',  viii.  336 

Wrightine,  iv.  732 

Xylaria  polymorpha,  iv.  280 

pathology,  viii.  336 

Wright's  coaguloiueter  tubes,  ii.  61 

Xylene,  viii.  31S 

Young-Helmholtz  theory  of  color 

erosion  of  knee,  iv.  936 

Xylocopa  virginica,  v.  168 

sensation,  viii.  244 

method   of  section   cutting,   iv. 

Xylol,  viii.  318 

Young's   formula   for   dosage   for 

713 

cliildreii,  iii.  551 

Wrisberg,  cartila.ges  of,  v.  408 

Yadkin  Mineral  Springs,  viii.  318 

Young's  Natural  Gas  Well  and 

Wrist-drop,  v.   472;  and   see  Lead 

Yard,  ti.xed  standard  of,  viii.  297 

Mineral  Springs,  viii.  336 

pillxj/ 

Yarrow,  viii.  318 

Yuca,  vii.  038 

Wrist-joints,  iv.  481;  viii.  316 

Yawning,  viii.  318 

Yuma,  Arizona,  viii,  337 

amputation  at,  i.  2.50 

Yaws,  viii.  319 

Yxtlan  Spi-ings,  Mexico,  v,  239 

anatomy  of.  vi.  912 

Yearsley's     cotton     and     intro- 

ankylosis of,  iv.  513 

ducer,  iii.  631 

Zacharias'  fluid,  iv.  709 

arthritis  deformans  of,  v,  276 

Yeast,  viii.  321 

Zamba,  iii.  88 

bursK  of,  ii.  .524 

brewers',  viii.  321 

Zante,  iv.  413 

diseases  of  the,  v,  276 

cake,  viii.  .321 

Zea,  iii.  291 ;  and  see  Corn  silk 

dislocation  of,  iii.  .522;  iv.  512 

compressed,  viii.  321 

mays,  iii,  291;  vii.  439;  viii.  64 

drainage  of,  v.  294 

dry,  viii.  321 

Zedoary,  viii.  337 

ligaments  of,  viii.  317 

German,  viii.  321 

Zehender's  ophthalmoscope,    vi. 

markings  of,  iv.  482 

Yellow  fever,  among  troops,  ii.  601 

381 

resection  of,  vi.  912 

complications  of,  viii.  .595 

Zeiss'  warm  chamber,  iv.  705 

synovial  cavities  of,  viii.  317 

description,  viii,  ,590 

Zeller's  operation   for    syndactyl- 

tendons of,  iv.  483 

diagnosed  from  dengue,  iii.  402 

ism,  iv.  495 

tuberculosis  of,  v.  276 

from  malaria,  viii.  595 

Zellschicht,  iii.  49,  .50;  iv.  58 

Writer's  cramp,  iv.  529 

from    malignant    jaundice. 

Zem  Zem  Springs,  viii.  338 

apparatus  for,  iv.  .529 

viii.  596  " 

Zenker's  fluid,  iv.  709 

effect  of  massage  in,  v.  697 

from  typhoid,  viii.  .595 

hvaline  degeneration,  vi.  28 

Wry-neck,  vii.  839;  and  see  Torti- 

diagnosis  of,  viii.  595 

necrosis,  vi.  28;  vi.  203 

,;,llii, 

epideiuics  of,  viii.  588 

Ziehl-Neelsen  method  of  staining 

Wurtz's  apparatus  for  air  analysis. 

etiology,  viii.  323 

tubercle  bacillus,  viii.  397 

viii.  4(14 

geograpliical      distribution     of. 

Ziehl  solution,  preparation  of,  viii. 

Wyeth's  method  of  bloodless  ampu- 

viii, 583 

396 

tation  at  hip,  i.  265 

history,  viii.  322,  .583 

Zinc,  viii.  338 

of    arterial   compression,    i. 

how  to  avoid  in  camp,  v.  813 

acetate,  viii.  339 

.536 

mode  of  propagation,  viii.  323 

as  a  food  poison,  iv.  184 

pins,  in  amputation  at  shoulder. 

morbid  anatomy,  viii.  .596 

bromide,  viii.  339 

i.  253 

histology,  viii.  597 

butter  of,  viii,  338 

Wylie's  method  of  shortening  the 

prevalence  of ,  viii.  588 

carbonate,  viii.  338 

round  liffameut.5,  viii.  84 

in  Africa,  viii.  586 

poisoning  by,  viii.  340 

Wyoming,  requirements  for  medi- 

in Brazil,  viii.  585 

precipitated,  viii.  338 

cal  practice  in,  iv.  48 

in  Central  America,  viii.  585 

chloride,  viii.  338 

in  Cuba,  viii.  .584 

as  a  caustic,  ii,  7.58 

Xanol,  viii.  318 

in  Europe,  viii.  586 

as  a  deodorant,  iii.  412 

Xanthelasma   of   the  eyelids,  iv. 

in  Mexico,  viii.  585 

as  a  germicide,  iv.  337 

KMi.  118 

in  South  America,  viii.  585 

poisoning  by,  viii.  340 

Xanthin  bases  in  the  urine,  viii.  86 

in  the  United   States,  viii. 

compounds   used    in    medicine, 

calc\di,  iii.  235 

586 

viii.  338 

Xanthoma,  distinguished  from  col- 

in the  West  Indies,  viii.  584 

iodide,  viii.  389 

loid  degeneration  of  the  skin, 

prognosis,  viii.  596 

nitrate,  viii.  339 

iii.  200 

propagation  of.  viii.  331 

oleate,  viii.  339 

of  the  eyelids,  iv.  106 

prophylaxis,  viii.  .599 

oxide,  viii.  338 

planum,  iv.  106 
tuberosum,  iv.  106 

quarantine  in,  vi.  8"23 

poisoning  by,  viii.  340 

disinfection   of  vessels,    vi. 

phospliide,  vi.  622;  viii.  339 

Xanthopsia,  viii.  579 

825 

poisoning  by,  viii.  339 
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Zinc,  properties  of  compounds  of, 
viii.  338 
sulphate,  viii.  339 

as  a  germicide,  iv.  337 
as  an  emetic,  iii.  813 
dried,  viii.  339 
poisoning  by.  viii.  340 
therapeutics  of,  viii.  338 
valciianate.  viii.  339 
Zinc-hsemol,  iv.  466;  v.  230 
Zinc-leim,  iii.  719 
Zingiber,  iv.  351;  and  see  Ginger 

olticinale,  iv.  3.51 
Zona  radiata,  vi.  448.  4.51 
Zone  of  language,  i.  411 


Zone,  segmenting,  ii.  2 
Zonian  Springs,  viii.  341 
Zonula,  iv.  82 

injuries  to.  iv.  102 
Zoonerythrin,  an  animal  pigment, 

iii.  22") 
Zoster,  iv.  686 

Ijrachialis,  iv.  687 

caused  by  arsenic,  iii.  422 

facialis,  iv.  686 

femoralis,  iv.  687 

gangrenosus  hystericus,  iv.  686 

frontalis,  iv.  686 

lijcmorrhagicus.  iv.  686 

ophthalmicus,  iv.  686 


Zoster  pectoralis,  iv.  687 

recurrent,  iv.  686 
Zuckergussleber,  vi,  6 

dill'erential  diagnosis,  vi.  8 
Zygadenus,  poisonous  plant,  vi.  704 

venenosus,  vi.  704 
Zygomatic  arch,  vii.  238 
Zygomaticus  ma.ior  muscle,  anom- 
alies of,  vi.  43 

minor  muscle,  anomalies  of,  vi. 
43 
Zymase,  viii.  341 
Zymogen,  iii,  841 
Zymogens,  viii.  341 
Zymolysis,  viii.  342 
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